An Edge Ring Assenbly for Plasma Etching Chanbers [0001] This application
clainms priority under 35 U S.C. 119 to U S. Provisional Application No.

61/ 265, 510 entitled AN EDGE RI NG ASSEMBLY FOR PLASMA ETCHI NG CHAMBERS,
filed Decenber 1, 2009, the entire content of which is hereby incorporated
by reference. 5Background [0002] Pl asma etching chanbers are comonly used
to etch one or nore |ayers fornmed on a sem conductor substrate. During
etching, the substrate AsEdagRingrAseembinfor Pgs tEkching Chappost wit hin the
chanber. A substrate support typically includes a clanpi ng nechani sm Edge
rings can [@odi spogeticaioo dnithstphieritywbgém3at eS. SUINord Ui Previsioral attichtioh @io,
substrate) for confining plasma 10 to the space above the substrate and/or
t o prot ect s1/hes suabsittRb eArs WEOEOr AING T ASTERBOSIFOR BRMSkRer RIHASITRHAVIRERE &y
rings, sonetimes called focus rings, can be sacrificial (i.e., consumable)
parts. Congehib¥er, a8wh, HRRNERNIHECH HHRAGENE IS cREFa@E SEfkdEte] N

commonl y- owned U.S. Pat. Nos. 5,805,408; 5,998,932; 6,013, 984; 6,039, 836
and 6’%§3’§§£mnb9p03] Li t hographi ¢ techni ques can be used to form geonetric
patterns in a surface of the 15 substrate. During a |ithographic process,
a pattern s an integrated circuit pattern can be projected froma
mask or r e't?J p@eﬁeésﬁn& SR PR SR mp%‘g{) Lbsgéﬁos%}fri’ & ‘fré’?%? ?Jyﬁﬁé?rg}egé’i'@t )
coating fornmed on the surface of the substrate. Plasma etching, in turn,
can be use@MGHHESHRY % EUPH F%P'ﬁg'ftg? TRETPIE EHEPRRSE OF esTUetatayéPotto one
or nore |ayers forned on the substrate that underlie the photoresist |ayer.
20[ 0004] DMEhHeshaabi: 2EEKRIAG, sSUproasTrRichlY Indiydesd caBwE nresaardum-fideeringds t he
substrate by supplying radi o-frequency (RF) el ectromagnetic radiation to a
| ow pr essueebedispased argard iz guhstrede suByorhllp usoind thelsebslarg faricodiningelasme i al  of
the substrate, charged species in the plasnma can be directed to inpinge
upon tihe suotHesspeceadbotditre Sullssrhteating/@nd ptonent elpysubsrmy eippait &ohbdrofien i) the at ons)
therefrom 100051 Pl asnma etching can be nade nore effective by using gases
that are ghemhoakbygd Ras sbvetinbsddliddreciRings, b b BRIt & N@RsunSdie ?érltsed
"reactive ion etching" conbines the energetic inpinging effects of the

pl asma W thndRgveCiMondbn&ilcatd BiheeinkesleSaltritad rir?@&wtn%yi@y-gﬁ%d %Qopaq] Ncﬁsn
et chi ng byproduct nmay undesirably deposit on a |ateral edge (e.g., bevel
edge) Or 5 g05,408; 5,998,932; 6,013,984; 6,039,836 and 6,383,931.
[0003] Lithographic techniques can be used to form geometric patterns in a surface of the
15 substrate. During 2 lithographic process, a pattern such as an integrated circuit pattern can be
projected from a mask or reticle and transferred to a photosensitive {e.g., photoresist) coating
formed on the surface of the substrate. Plasma etching, in turn, can be used to transfer the
pattern formed in the photoresist layer to one or more layers formed on the subsirate that
underlie the photoresist layer,
20 [0064] During plasrﬁa etching, plasma is formed above the surface of the substrate by
supplying radio-frequency {RF) electromagneﬁc radiation to a iow 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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5 undersi de 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 naxim ze yield, reduction in polyner buildup at

t he undersi de and on the bevel edge of the substrate woul d be desirable.
Summary 10[ 0007] Described herein is an edge ring assenbly used in a plasna
et ching chanber, the edge ring assenbly including a dielectric coupling

ri ng adapt é908lo P3ers ergiter @ndgade aase efffspivt by isinetsRees phaisrrechemishiivigactieanber |
and a conductive edge ring supported on the dielectric coupling ring such
that a subwithadhe rsawypore déd «ehedhéo sellpdt iredctves ipperctingv esrhizinggstha gpergetion of
the conductive edge ring. 15Brief Description O Figures [0008] Fig. 1is
an il | ust r atgirgmgeffeas pfahaplbeha pitathe cpéraisaretcdtrghifags charbere gasf 0009] Fig. 2A
shows an edge ring assenbly nounted on a substrate support in a parall el

pl ate pl asjeoat &MERBNE BAIBRICt mag GRddirdlly §&podif of BhAEiaBdde. (e.q., bevel EQRLO] Fi g.
28 shows an edge ring assenbly nounted on a substrate support in a parallel

pl ate 20pl agRiet SMiHds BRAIREhe BESOAE NRLES: A& di, SIBe 11
Fig. 3 shows a'top viealof a df%lggtric c8upﬁ?ﬁghgﬁn3gggﬁéﬁﬂaﬁ&?%h@?%. 2A.
ine A.in Fi 3

0012] Fi i i o h the. | 3.
oo13] i guetodpi Rl Ry 16 Ierk e OL B Mg BB dheteri o,

2A. yield, reduction in polymer buildup at the underside and on the bevel edge of the substrate

would be desirable.

. Summary

10 [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.
15 Brief Description Of Figures

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

[0008] Fig. 2A shows an edge ring assembly mounted on a substrate support in a paraliel plate

piasma etching chamber, according to an embodiment.

{0010} Fis. ZB shows an edge ring assembly mounted on a substrate support in a parallel plate

20 piasma eiching chamber, according 1o another embodiment.

[0011] Fig. 3 shpws a top view of a dielectric coupling ring as shown ir_z 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. & shows a cross sectional view through the fine D in Fig. 5.
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[0014] Fig. 6 shows a cross sectional
[0015] Fig. 7 shows a cross sectional

[0016] Fig. 8 shows a top view of a dielectric coupling ring as shown in

Fig. 2B. [0017] Fig. 9 shows a cross sectional

Fig. 8. [0018] Fig. 10 shows a top view of a conductive edge ring as shown
in Fig 2B. 00191 Fig. 11 shows a cross sectional view through the line B
in Fig. 1oI00 t &g I7éH°‘D‘eas%'PfiS|c§€<it6Ha'W@W?b’fugwhé lipafd fi@lP pl ate plasma etching

chanber wherein process gas is supplied through a showerhead el ectrode and

a sem condi®81@r Fig Glskewss ior gigpPd e tigttcioin caundinbyng sstsbowuindia: 8. s et ched by
pl asma generated by supplying RF energy through the showerhead and/ or
subst r at e [DOBN PO Bshovs asema samibfiad viawithrooginthbénak fretd. @d by RF coupl i ng
bet ween the substrate support and the plasna.

10

15

20

[0018] Fig. 10 shows a top view of a conductive edge ring as shown in Fig. 2B.

[0019] Fig. 11 shows a cross sectional view through the line B in Fig. 10.

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 ring 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
dieiectric coupling ring can be functional to reduce RF coupling and undesirable arcing
between the conductive edge ring and the substrate support.

[0022] The edée ring assembly can be incorporated in inductively coupled, heiicon, electron
cyclotron resonance, parallel plate, or other types of plasma etching chambers. For instance,
high density plasma can be produced in a transformer coupled plasma (TCP™) reactor, or in an

efectron cyclotron resonance {ECR) reactor. Transformer coupled plasma reactors, wherein RF
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[0021] To inprove the plasma uniformty, an edge ring assenbly can be
configured to surround the substrate support in the plasnma etching chanber.
The edge ring assenbly conprises a conductive edge ring and a dielectric
coupling ring arranged such that the 15 dielectric coupling ring surrounds
the substrate support and the conductive edge ring is supported on the
dielectric coupling ring. The conductive edge rlqg can decrease byproduct
deposi t i oneHB% =ﬁ@dﬂﬁHéW§Pwéeda'ﬁH> %’Fd%t‘trhéreéd@@blﬁf rarh éarg RBseprchtéerporsigrease
pl asma etching uniformty of the substrate, and/or reduce wear of plasm

et chi ng chéatert, Eviiporrsmrale oTheighifiey eesmp eeaémﬂp‘llait AL rPYide Wainddrsitf pipta onal
to reduce RF coupling and undesirabl e arcing 20between the conductive edge
ri ng and tihetissiirsitinabersojppemntd U.S. PEOAR] 5Bh& 7edgee distigsuas sewbicly iclareliye

i ncorporated in inductively coupled, helicon, electron cyclotron resonance,
paral | el phaidrgoratet bptdi@tndeypesienfiatp rastls, ekehd g cohranbessanEoEcRnsiance,
hi gh density plasma can be produced in a transfornmer coupled plasma (TCP/ m

react or, OfndithingBrredr@6LAIQNDIENE LI ONesRERIANGEIELR cdnfRGREwnelr @B sdor mer
coupl ed plasnma reactors, wherein RF energy is inductively coupl ed |nto the

reactor, a§g @vs@(?]h@zbueﬂé&w&mﬂs%ﬁarscﬁzo%pa{eaéigc@dzgreﬁo?%,arQ’JH ebdo

exanpl e of a hlg fTow plasma reactor that can provi iIg ensity Iasna

is disclosed i QQ“DQJJ wned U.S. Pat. No. 5,948,704, the disclosure of
orated by referenc

INCOT
whi ch i s heréby Tncorporated by reference. Parallel plate reactors,

el ectron- tron r sonance reactor ransf or ner coupled

ol asmm (T@Wf S e DL PR T PG PSS PLCE D i g O RALEHS PRES MBS

4, 340, 462; 948, 458; 5, 200, 232 and 5, 820, 723, the discl osures of whi ch are
her eby i n@&r“ﬁf'o‘?‘é’ﬂ EEOYspOY RlpsTiceRiehing FBOws] desFTaRdingPmealpwed dl-adith Nean be
produced in a parallel plate etching chanber such as the dual frequency

pl asnmil et EWPHGO% Hbmbthieriosdeesel rwibedds iharebv intotrotateivpie thfdde®e. Pateferds] pard@!

6, 090, 304, the disclosure of which is hereby incorporated by reference. A
pr ef err edplptr alabred gpdhivigectphéesmis etdifal figgedranbepadtselq duplkd foliagueraytor
capacitively coupled plasma reactor including an upper showerhead el ectrode

and a subsklahgas ufReEHowelREd pufpRRasd afulstrbtsupadr. o8y, puesRedirmret-sioaf t he
edge ring assenbly are described herein with reference to a parallel plate

type pl asg@p&diciier b admelng adehBAA dedcmab dbld] with Atde Rl 35 FBaislidi Bihd
chanber is illustrated in Fig. 1. The plasma etching chanber 100 conpri ses

a chanber,, 110 a0 Ly | ock 112, and an optional outlet |oad | ock
114, furtWé 98%ta?+s %famﬁggh are described in comonl y-owned U.S. Pat. No.

6, 8241’ 627[’00% /E paraﬁel p?r g%}ésxlng%%)ch%grcﬁgr%ge ¥ lErungaecrgm Eg. P 'ljhg Spla%rr;lgletg\tryg

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 commoniy-owned U.S. Pat. No. 6,824,627, which

fs hereby incorporated by reference in its entirety.

[00625] The load locks 112 and 134 {if provided) include transfer devices to transfer substrates
20 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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[ 0025] The | oad |l ocks 112 and 114 (if provided) include transfer devices to
transfer substrates 20such as wafers froma wafer supply 162, through the
chanber 110, and out to a wafer receptacle 164. A load | ock punp 176 can
provi de a desired vacuum pressure in the load | ocks 112 and 114. [0026] A

vacuum punp 172 such as a turbo punp is adapted to nmaintain a desired
pressure in the chanber. During plasma etching, the chanber pressure is
cont r ol | ed mamdingst af ariaid! yuffinilaiintcasystadn &t plasthevedo Bigh fa chaprter tpoesswrst@inn a
pl asma. Too high a chanber pressure can di sadvantageously contribute to
etch stop wkkdwentagenukipwostribltanbetchpsies suirile toanokeachastmbepbasitie can lead to
extinguishnent. In a nediumdensity plasnma reactor, such as a parall el

pl at e reachbREma pr@leERMNY. ih BenGAbelsitp pRSGb Feactss, JIBH B ApN18IEk| BlatcdrepRBSSUr €
beIOM/about 200 mrorr (e.g., less 5than 100 mlorr or |less than 50 mrlorr)

("about” ag.disemly h‘%rcﬁérﬂbé?%?e@@re 0% ntainddR%redR NERGIIHILPIHI £RNRE Jos

leg
connected to an outlet in a wall of the reactor and can be throttled %y a

val ve 13 ma.n%a*ﬁﬁmtrpr Q0o e %P‘aﬁﬁﬁ“!a?us'e@h&laﬁ rs{mp?ﬁ@ﬂ.epgﬁ; erably. the

vacuum punp 1S capab of nmal nt ai ressure w
The. chanbelto o T HabE B SR B Br SE1 Fotlbo Gt bl S5° THETGANAGSeF ubper
el ectrode 125 (e.qg., showerhead el ectrode), and a substrate support 150.
The upper %‘Ir‘ét(:’%‘? Bgé GLE BT 0f%8h 1 §°%ﬂn¥‘8d’”?%ﬁur§d“ dpperarHssirag kYo thethe
upper housing 130 can be noved vertically by a mechanism 132 to adjust the
gap bet weefRCEHR PUBP Ercapabiect’ meddainins @ RIS &VibiHse ﬁ@v@esafﬁp@rtbanlm mTorr

while etching gases are flowed into the chamber.

10  [0028] The chamber 110 includes an upper electrode assembly 120 including an upper
electrode 125 (e.g., showerhead electrode), and a substrate support 150. The upper electrode
assembly 120 is mounted in an upper housing 130. The upper housing 130 can be moved
vertically by a mechanism 132 to adjust the gap between the upper electrode 125 and the
substrate support 150.

15 {0029] An etching gas source 170 can be connected to the housing 130 to deliver etching gas
comprising one or more gases to the upper electrode assembly 120, In a preferred etching
chamber, the upper electrode assembly comprises a gas distribution system, which can be
used to deliver reactant and/or carrier gases to a regiﬁn proximate to the surface of a
substrate. Gas distribution systems, which can comprise one or more gas rings, injectors

20 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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15[ 0029] An etching gas source 170 can be connected to the housing 130 to
deliver etching gas conprising one or nore gases to the upper electrode
assenbly 120. In a preferred etching chanber, the upper el ectrode assenbly
conprises 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 systens, which can conprise one or nore gas rings,

i nj ectors c@@prispdiheror Thoaererisaltissneeedpparts haflie phessdthel eut potes) theadssired

di scl osed in comonly-owned U.S. Pat. Nos. 6,333,272; 6,230,651; 6,013,155
and 5, 824, éebiputidneofdithtiz@sumes upderwlectbdasre the selpyraienmopgpomay el fdoyned of
reference. [0030] The upper el ectrode 125 preferably conprises a shower head
el ectr ode, awhighble NGhtdda Ssugass radpage, ( Niadons bivsm) cdreidei Stminbut @ et abdng gas

t her et hrough. The shower head el ectrode can conprise one or nore vertically

spaced- apagitimbahd |08 cdh Rt fRnt thateof Ahef 124MER [id D€ s ARSI 178 darflhSdohhdreld 19 AhOf
etching gas. The upper electrode and the substrate support may be fornmed of

any sui:t ab| i i il UNN i m num
PR LR b S A QAL oy SR L A
source 174 gqn be congﬁfted to the 5Supper el ectrode assenbly 120 and

anot her heXP {FainePes i'qui d source can be connected to the substrate
support 150, f0031] Figs. 2A and 28 show details of substrate support
3567 %l noi A0S 26GET g o4e SR D 200 SELDUPRG 1 AR U TG
respectively. The substrate support 250 can incorporate an electrostatic
chuck ( ESGssqHbt 2Ehepiinedp teredthiodsteats 6&%@9"’6!%%% Hystaets gBRROFaE¥ a0 on
an upper surface 255 (support surface) of the substrate support 250. The
subst r at e isigpporte ap BRCccemAtisshpBUET e thobyhawn) R erstreesaticatidciampiona sybistrate
circuitry (not shown) for providing RF matching, etc. The substrate support
250 i 90pr ehanabbs sugnpenatsupmreantcd of @ sabatirarmyypppt L3N 3hd substrecd sghpor
heati ng arrangenent (not shown). The substrate support 250 is adapted to
support a 28hRE Be HOWEERO MY UGt RFT soattd Sint @t ngait Rirastra (0 GhdWh) G5 PORdiIRERWaf er
on the support 15surface 255. [0032] The substrate support 250 preferably

i ncl udes passagestd RBE elbsuhey sgiBR! Yiong helddbm widRkatiRecostbddr #emdd0 to

cool the substrate 210 during plasna etching thereof in an anount

suf fi ci e_“tog&gm %ﬁn%;@wapéé&ng DoarBLmPROR ARG TR tessl&gﬁér{f’éo‘?s adiptilifiod of

controllin erature of a substrate by introducing a pressufrized gas

Into a Sp%&pepoaeatssmrlxegﬁense%spc%nductor substrate such as a 200 mm or 300 mm wafer on the support

15 surface 255.
[0032] The substrate support 250 preferably includes passages therein 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 subsirate. A method of controlling a
temperature of a substrate by introducing a pressurized gas info a space between the
20  substrate and the subsirate support surface is disclosed in commonly-owned U.S. Pat. No.
6,140,612, the disclosure of which is hereby incorpora_‘céd 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 mechanica! or adhesive

fastening. A conductive edge ring 280 is supported on an upper surface of the dielectric
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20substrate and the substrate support surface is disclosed in

commonl y-owned U. S. Pat. No. 6,140,612, the disclosure of which is hereby

i ncorporated by reference. [0033] As shown in the Fig. 2A enbodi nent, a
dielectric coupling ring 285 is supported on a flange surface 260 of the
substrate support 250, with or w thout nechanical or adhesive fastening. A
conducti ve edPe ring 280 is supported on an upper surface of the dielectric
coupl i ng r FHRglirESEE 285-ph éj%f*P'bgPOS’I@‘@(ﬁ'e'@%@c ‘Eﬂ’i“éﬁ@dmgﬂ@ iclipgpieddpeiasy i85 i s
di sposed between the substrate support 250 and the conductive edge ring
280. A subsibsiztte sppgert aa¥0bends tippoendedihvel atgsednoe8Che /s upiporte U0 frac ene255.
In order to reduce exposure of the substrate support 250 to the

i ons/ r eact suggorsipiddingsedion thtieugpbasomace PhR B uwbddrraieiusse ppotire 250e isGbstrate
preferably 5 sized such that the substrate 210 overhangs the substrate
support swubgae2 RAB tRNidnd/he cileQp &k irdie Bhnmande aMeirhieCuilord BB prarefad i al |y
i nner portion 281 of the conductive edge ring 280. [0034] The conductive

edge risng 280 sgantrlale_tn@%osirram@ SRMAENMCLIRGQ! s Bbaetlirgal 1% Sangucti ve

material such as silicon (e.g., single crystal silicon or polycrystalline

o o . _ cryst it
silicon) o§&t!oh%gf5‘ar%3JJBHQ%t Ke?stgrama‘ﬁpﬁg&P@&s%@ﬁﬁ%ﬁﬁé%gﬁe d%dg% Hifoko.

car bi de). e to direct exposure to I edge

ring 280 i erably .nmade fro i gh puri materials. The conductive edge
ing 280 HRPhaneI Bt FiErTa SOkl A3 B mats) BE &ioeliPiukine SCBGHE o a
DC ground. %@035] A Preferred“enb@?ineg%bof the dielectric Qoupying ring is
shown in EPYYCHVE AT suph@s JilietneEtsi Bt ndicrn my robsveiatias sficonder an
annul ar body 320 and an annul ar projection 310. 15The dielectric ring 285
can opti offancarideeledn cAX iR v§PE EEBPHIEH & iCon spthidt ) Hilecto 3tBBcti epashes tarihail ar
body 320, for receiving a pick-up pin. [0036] Wth reference to Fig. 4, the
di el et®ri olagrouphe ngnaictiep 285 frgs28@nis ipmiemnblg yhadedirero dlighs purftacet82k. Whd h a
dianeter of 11.6 to 11.7 inches and a height of 0.49 to 0.50 inch; an outer
cyl i ndri cadndsttivk adge 323281 inhy ae diearietie fioafng kd.n2avt i didctdcatinedi@sd ta ahei ght  of
0.39 to 0.40 inch and

ground.

[0035] A preferred embodiment of the dielectric coupli.ng ring is shown in Figs. 3 and 4. The
dielectric coupling ring 285 consists of an annular body 320 and an annuiar projection 310,
15  The dielectric ring 285 can optionally have an axially extending stepped hole 330 in the annular
body 320, for receiving a pick-up pin.
[0036] With reference to Fig. 4, the dielectric coupling ring 285 has an inner cylindrical surface
321 with a diameter of 11.6 to 11.7 inches and a height of 0.49 to 0.50 inch; an outer
cylindrical surface 323 with a diameter of 13.2 to 13.3 inches, a height of 0.39 to 0.40 inch and
20  concentric with the inner cylindrical surface 321; a lower surface 322 perpendicular to a center
axis of the outer cylindrica% surface 3.23 and extending from a lower periphery of the outer
cylindrical surface 323 to a lower periphery of the inner cyiindrical 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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20 concentric with the inner cylindrical surface 321; a |lower surface 322
perpendi cular to a center axis of the outer cylindrical surface 323 and
extending froma | ower periphery of the outer cylindrical surface 323 to a
| ower periphery of the inner cylindrical surface 321; an upper surface 324
perpendi cular to the center axis of the outer cylindrical surface 323 and
extending inwardly from an upper periphery of the outer cylindrical surface
323; an aniii &fensing REVIEN from en é‘ﬁ?@rf&f’ﬁ@e%l?ﬂt\ﬁé‘? Hingr FriBRTEhs e’ petd phery
of the inner cylindrical surface 321 and upwardly from an inner periphery
of the upp@rvasgly frapandmgr perisen v theairpr oy e 38ntheronWanirpigeten3aP Hivingof
0.09 to 0.11 inch and a width of 0.04 to 0.05 inch. [0037] Upper edges of

t he annul ag hqigho pe&9 Y. Blitchzad e widh ofadd ©rls0sofictat nobst 0. 01 inch 5 wi de.
Al'l other edges of the dielectric ring 285 can be rounded to suitable radi
(such as 0[p6#7] or@R edwed o ti@barinnahbrojsltiopld amal 4tcappre brad:en®®80.0¢0msi St s
of an upper cylindrical void 331 and a |ower cylindrical void 332

concentsr i Gyidk.t iy 6th6r deRPEsT thY bibREit 6l 2860af b33dundBd S RLiBhIe RdiSsef af 161,V0i ds
331 and 332 is parallel to the center axis of the dielectric coupling ring

285 and | qp@ta‘?lg 0 u@zhf @gﬁ'(ﬁslttor%! %9&%‘8@10@%3@ c&ns‘s% cﬁ ag ub%@ﬁ%d&{a@v LI! % aﬁgnt er

axis of the dielectric coupling ring he upper cylindrical void

So1nes o SLARISLE 0880 0eD, g @Rl TRes Ut e Lo Upper

di aneter of. 0,20 t h.,and a dep sured fromth ower surface
395" ot 0. 8 Sgrs g7 nr e Bagu ok e el e Tescfead it dbper
surface 324 and the edge of the stepped hole 330 and the | ower surface 322
have 45 cRdAf@distace %g&tm@ 2gachen Hmvﬁ"%iée“fi’"?[’@ﬁg]’e Fisleriripicpirrae pag #85%ul at e
contam nati on orlglnatlng fromthe coupling ring 285, exposed surfaces of
t he cd¥pl iThgurrengliogBacwid I hegpe Fgmater gf %ﬂ@:rm@%ymfzeﬁw deptly eeastraddrare aci d
(HF) for about 60 minutes at roomtenperature. [0039] A preferred

enbodi nmentheofpptheirieonidcdliovad tedgd indhndhie sovedtawimdrine! Fbig 832 Bas/a Theeeontuct i ve
edge ring 280 has an inner cylindrical surface 540 with a dianeter of 11.7
to 11.8 @2Qokcchemcantt adéeh glabsuedd oS b@eOsul@s 3226410.18R0 01 @ich. The
cylindrical surface 520 with a dianeter of 13.35 to 13.45 inches and a

hei ght of edde Je@tﬁeqte%pédlm;@@éb AR C UYL FbL320 4rld thdEideRRBYe stpbbdclid w
surface 540, a |lower surface 530 perpendicular to a center axis of the

I nner Cy'ér{a%%]faﬁ)er%}{'f'%fééz%lféé@%sa@ﬁan%&%ﬁ%dﬁgo9&'$n‘é’ﬁl}\ﬁﬂey 0.7 to 0.8 inch from

a | ower periphery nner cylln rical surface 540, an upper surface
510 P& pe U'}oa}nm nﬁfe agﬁ"zgﬁa,?e (ole) zné}:oHtoh m?tlfjn &font hlelcggrlfjngcal 8%ur>{pgfc 520
and exten n I nwar ) 0 n upper e outer
surfaces of the coupling ring 285 can be optionaliy etched by 20 wt% hydrofluoric acid (HF) for
about 60 minutes at roo.m 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
20 inches and a height of 0.095 to 0.105 inch, an outer cylindrical surface 520 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
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 lower periphery of the inner cylindrical

surface 540, an upper surface 510 perpendicular to a center axis of the outer cylindrical
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cylindrical surface 520, a first annular surface 550a with a wdth of 0.04
to 0.05 inch, perpendicular to the center axis of the inner cylindrical
surface 540 and extendi ng outwardly from an upper periphery of the inner
cylindrical surface 540, a truncated conical surface 550b 5 with an opening
angle of 119 to 121 and a wdth of 0.20 to 0.22 inch, concentric with the
inner cylindrical surface 540 and extendi ng upwardly and outwardly from an
out er peri PHEFY ¢t 2ndhextending: inyamlyl & 19 G§ Bk Tmpan werHperiphrsy opdhd piery of
t he upper surface 510, a second annul ar surface 560a with a width of 0.065
to 0.075 iwvbhdricplesys@pad b2l afirst gnnier swracerSsaxiwittoh wilt olD@R toyd.0hdhchcal
surface 520 and extending inwardly froma | ower periphery of the outer 10
cyl i ndri capersamdfcaleeto26 ceraercaxisiafidind vadr ylindraciecuBaRIb40iahth esteh@hghitwefdy0. 085
to 0.095 inch, concentric with the outer cylindrical surface 520 and

ext endi ng ftéroEN apndr REGThepesfitRNan Dlindiibe seEReTdo ANk caded SoHifR6R:BOO@Lt O an
outer periphery of the |ower surface 530. The conductive edge ring 280 can

opt i onal | yyiayeogkriRlANERF hal-8o 270 WdtdwRithIBi .95 B haIRE Son@htfl- ieh e 0. 31
inch, for receiving a pick-up pin. A center axis of the through hole 570 is

parall el tg.& faﬁmagg g{rfa;lé% aqdoefxtetngﬁggutgsrzdwfyrldi &mrg@'rgotﬁﬁgi AR ée%%gmd

| ocated at a radi stance of 6. nches e center "axis of

t he outer lipdrical surface 520, [0040] Al edges on the conductive edge
g 280 SAHEET aifle s S80T B Pt i B o Maeecall s St ng
0.03 inch. To mnimz articulate contam natjon originating fromthe
conduct i vé“?‘iﬂ?fg”%%,% "ﬁg"téﬂr’(ﬂ t@tqfﬁé)sg&@@o?? RGhRsPeRdiRUIBEtoghE FoTiel 3 %t ched
by acid. 20 [0041] Referring to Figs. 2A, 3-7, when installed on the

subst r at e tReupfer dvlinsige! Stﬂfﬁaé«eég?uanﬁ:ﬁt@@%@@aﬁdﬁvﬁgﬂgscbovwﬁdpetiw@nc@fube PHE ri ng
285 are concentric. The through hole 570 and the stepped hole 330, if

provi #éd, cdindricbawéae ri28. a Fhlirgkipgssyriafe 66ty wihdubtipiteofedlges té G@e28achbet ween
the surfaces 550a and 530 is substantially equal to the height of the

annul ar prajceatit afth kG utdrgtreen strfree SUT fraicasendih framthn324br perlftencanigiuct i ve
edge ring 280 is preferably made of electrically conductive materials, such

as bor on- gepedamiurgbefes ysdaab lah natss ipkiigiany of B0 Mler bitae BEET Blel@Rductive
enbodi ment, the inner cylindrical surface 540 of the conductive edge ring

280 cont agdge r91§ 286 cdnfpabefly 8hRrseihtQugh RBIB7OMG L P01 BamEiel Bep & glept ri €
coupling ring 285,
inch, for receiving a pick-up pin. A center axis of the through hole 570 is parallel to the center
15  axis of the outer cylindrical surface 520 and located at a radial distance of 6.1 to 6.2 inches
from the center axis of the outer cylindrical surface 520.
[0040] All edges on the conductive edge ring 280 can be rounded to suitable radii such as
0.005, 0.01, 0.02 and 0.03 inch. To minimize particulate contamination originating from the
conductive ring 280, the conductive edge ring 280 can be optionally etched by acid.
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 through hole 570 and the stepped

hole 330, if provided, are concentric. Thickness of the conductive edge ring 280 between the

surfaces 550a and 530 is substantially equal to the height of the annular projection 310
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5 and the inner cylindrical surface 321 of the dielectric coupling ring 285
contacts or is located close to an outer periphery of the substrate support
250. As used herein, "close to" nmeans that a gap (e.g., an annul ar gap)

bet ween the conductive edge ring 280 and the dielectric coupling ring 285
or a gap between the dielectric coupling ring 285 and the substrate support
250 is less than about 0.01 inch, nore preferably |ess than about 0.005 in.
10[ 0043] THetwgnfthe eurBras Pl ane3di-eller e CREURSISE e rZBAGS PB&ralhd mape of
surface 550a of the conductive edge ring 280 are preferably positioned in
cl ose pr ox¢iggttiselly conthaivemderigls dechods hohe-dapd singlie ery2aline Jivensur f ace 311 and
the surface 550a are preferably substantially co-planar and configured to
under | i e tjoeazjomtd mafeakd tineodinbst tiat iend 1)indnias! sonerelRings thd@ndudibt bagee
support surface 255. 15[0044] Materials suitable for use as the dielectric
coupl i ng riifp® s8&8nth € b @ cBRE ABEE td ik b jadtDn SUC Bf B2 Bdibd:GOMBLANKIIh (085 J-
quartz) or alum num oxide, and polyner materials such as Vespel (r) and

Kapt ong(r),Qr i icak bL8beGk fHeC; L NGk j A y made
e i W e R S e R

coupl i ng ;clborlg ﬁ%ﬁo J(‘S%' p%H@‘%W cgfet‘l‘#e stﬁ*:ﬂg sq dpgﬂ%o SAlérufsgdcheer%gO' 'ggs ttgﬂﬁlﬁér%l%%tr ate

support 2 out nechani ca r ‘adhesive

conductive edge ring 290 is, supported on_ an per rface of the dielectric
Coupl i ng. 55 285" PRI PR D ndit Beo s gparidard g e srophEe
support surface 255. In order to reduce exposure of the substrate support
250 to thé‘”gB?é?rraegéélbif%e’éH@éji‘f‘é%c”i'crf‘}t‘Wé‘gﬁH”%%sﬁga?”dtth%S@ﬁ‘tﬁ%fﬁrsaﬁpé’”s?éﬁﬁfd?sﬁ 250
is preferably sized such that the substrate 210 overhangs the substrate
support shfreadeutisl isghdmeiear¢ie@bltiess HRgebertOdWF &l 1y i nner portion 291 of
t he conductive edge ring 290. [0046] The conductive edge ring 290 can be
made 10 om[@p48kiThe owdhre t3lhgpf ahe alidatnd calpliys com@ag taind eheratidadeal>0s ud thas
silicon (e.g., single crystal silicon or polycrystalline silicon) or 5

si licon casdductese(c@egring I80aim pakersiayp pasitbepd 8i didd psdxinieoR t68LRicde)e ofie t O
direct exposure to the plasma, the conductive edge ring 290 is preferably
nmade fromfysgheRus.ithy suritesiadng tHhQireenshs i -Rag8 JubAshtR80 . JBYnd end

electrically floating or nmay be electrically coupled to a DC ground.
configured to underlie the portion of the substrate 210 that overhangs the substrate support
surface 255.

15  {0044] Materials suitable for use as the dielectric coupling ring 285 inciude ceramic materials
such as silicon oxide {e.g., quartz) or aluminum oxide, and polymer materials such as Vespel®
and Kapton® or the like. The dielectric coupling ring 285 is preferably made from guartz.

[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 mecﬁanicai or adhesive

20 fastening. A conductive edge r'n?g 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

nlasma, the substrate support 250 is preferably sized such that the substrate 210 overhangs
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[00471 A preferred enbodi nent of the dielectric coupling ring is shown in
Figs. 8 and 9. The 10dielectric coupling ring 295 consists of an annul ar
body 820. (00481 Wth reference to Fig. 9, the dielectric coupling ring 295
has an inner cylindrical surface 921 with a dianmeter of 11.6 to 11.7 inches
and a height of 0.39 to 0.40 inch; an outer cylindrical surface 923 wth a
dianeter of 13.2 to 13.3 inches, a height of 0.39 to 0.40 inch and

concent ri cthgi hsteaRe SYARAE rSUBp9el Fdr Idatvedisr 3taleest goedially v pordigr f28¢E of i
perpendicular to a center 15 axis of the outer cylindrical surface 923 and
ext endi ng fandwtige pagreng p&t-i phery of the outer cylindrical surface 923 to a
| oner periphery of the inner cylindrical surface 921; an upper surface 924
per pendi culoa4s]t Thet dvadeeing edgeaxng 29 cdrhbe ondderfroyla seehitapalicteprdr atetr228 and
extendi ng from an upper periphery of the outer cylindrical surface 923 to

an upper pehiREes Yna@drial Rehi AN@ico Y4 . Nelrdle alysauishiaseoOgdyerd@d Pe49ico Ml 4r edges
of the dielectric ring 295 can be rounded to suitable radii (such as 0.01,

0.02, Q. 03ficoPedMisald &nRichiNGBar dBb &8 AR Y carbile. BHOGR DRLVEEDs O theper

surface 924 and the inner cylindrical surface 921 is rounded to a radius of

0. 08 1Bl PHSE B SE I Lt U TR By DR | o

surface 921 1S’ roun to aradius o I nch;
| ower surfac 22 nd.tE out er i Er'c | surface 923 is ro gyed h a
Fad usof <ogtsa sieh s A% Ptk BE S RGN RPaRRE PP R RS RE  he
outer cylindrical surface 923 is rounded to a radius of 0.02 inch. [00501 A
pref er r ed BEWB8di nent of the conductive edge ring is shown in Figs. 1041.
The conductive edge ring 290 has an inner cylindrical surface 1140 with a
di anet er d9047h Agpreferrad embslimeHes tiertielacteryhtingotineds g@sntip Figs- BoBdi%ndhe  an
outer cylindrical surface 1120 with a dianmeter of 13.35 to 13.45 inches and
a hei §ht dfeleotrit@ourdnringl29% netsistard ag arrodantp#c828 t h t he i nner cylindri cal
[0048] With reference to Fig. 9, the dielectric coupling ring 295 has an inner cylindrical surface
921 with a diameter of 11.6 to 11.7 inches and a height of 0.29 to 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 822 perpendicular to a center
15  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 perpendicuiar to the center axis of the outer cylindrical surface 923 and extending
from an upper periphery of the outer cylindrical surface 823 to an upper periphery of the inner
cylindrical surface 821,
20 [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, the edge between the upper surface 924 and the inner
cylindrical surface 921 is rounded tc 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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surface 1140, a | ower surface 1130 perpendicular to a center axis of the

i nner cylindrical surface 1140 and extending outwardly 0.8 to 0.9 inch from
a |l ower periphery of the inner cylindrical surface 1140, an upper surface
1110 perpendicular to a center axis of the outer 10 cylindrical surface
1120 and extending inwardly 0.5 to 0.6 inch from an upper periphery of the
outer cylindrical surface 1120, a first _annular, surface 1150a with _a wdth
of 0.09 t @ ing pitthe epes BrOWEANCLT drPef 8- {38 ‘b’f‘ﬂdet?‘e AREE YGRS ATt is
cylindrical surface 1140 and extending outwardly from an upper periphery of
t he inner reytdedde ¢ eaivsotPPHBEN- 1140, a truncated conical surface 1150b with
an opening angle of 119 to 121 and a width of 0.20 to 0.22 inch, concentric
with 15 t{pes0] merefarddi sndodaint ol Efeatpadaaive edael riex iseshdivngn GignalOcily TEwd
outwardly froman outer periphery of the first annular surface 1150a to an
i nner per icph@rcyveoddet eg pgEpes as immbagendrk2DurfacesH@O rdthantamhaer gunfacel.1160a
with a wwdth of 0.065 to 0.075 inch, perpendicular to the center axis of
the outer gybd 1AM Hotht 51065866 018203 RE ook et AG! tursed di2y WithGraiandtever

peri phery of the outer cylindrical surface 1120, a cylindrical surface

1160b wi t B335 het O inQfes IndBReid? ofb. 898 d.1Cihen an%QpQ&ﬂﬁ'@Witrhitﬁ%%érrbyﬁmﬁé?m er

cylindrical surtface 1120 and extending from an inner periphery of the
second ann r f t - [ ; l. rosurface
1530, AT e el e i Beth ALl R RALY B bnife T THEATD,
radii such as 0.005 0.01 0.02 .03 J nch [0051] Referri to Figs.
e . 11, wieh rcead purane oneBlingrasd Bibmam e Bub! roetiidle e Sage
ring 290 and the coupling ring 295 are concentric. The conductive edge ring
290 i s pr &fliBEEs W'F?ﬁ%iéi‘&g 2B |UBRY UERTE Y IR AGERFRHICYRT et EFtel s A Bh oUE
boron-doped single crystalline siLicon.ﬁé}OOSZ] In a preferred enbodi nent,

t he i bher odipiicativrieed 120 ppdedertingonwdrdy Ke tedrfidinet froe 2p dprer PRR)eROYT tiont act s
or is located close to an outer periphery of the substrate support 250. As
used her ebuter tybhdrgel sugécenidads firktannalagayfatelpOs wath aanidil 0.0§dp P-I6étoheen t he
conductive edge ring 290 and the substrate support 250 is | ess than about

0. 01 i nchperp@ioeupr ef Beabhtyr 4xa38 tichamerabioutic) s@®he 1m0 dha[RRB3hg Madvardhal s
suitable for use as the dielectric coupling ring 295 include ceramc

mat eri al spSHGA @hesbbhigheRy EXheenrle c@indriGdidZ) 1940, HIMRAWN @Xicaesurfand

pol ymer materials such as Vespel and Kenton(r) or the like. The dielectric
coupling {4588 wAR3n bpeMhElBlaRh Yo- 1B ae: Tah@ My BYUBKOS b 8fich, concentric with
15 the inner cyiindrical 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 annuiar surface 1160a with a width of 0.065 to 0.075 inch, perpendicuiar to the center
axis of the oﬁter 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,
20  concentric with the outer cylindrical surface 1120 and extending from an inner periphery of
the second annular surface 1;60a to an outer periphery 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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[0054] While the dielectric coupling ring and the conductive edge ring have
been described in 15detail with reference to specific enbodi nents thereof,
it will be apparent to those skilled in the art that various changes and

nodi fications can be nmade, and equi val ents enpl oyed,

wi t hout depar ti ngfront hescopeof t heappendedcl ains. PA OGS LLP W Caim 1. An
edge ring assenbly conprising a dielectric coupling ring and a conductive
edge ring (B ﬁﬁeﬁ"ﬁlﬁsﬁﬁseghﬁiﬁb Vhrintretalighedreithe sHRstdiceFeppt 250 dbpl i ng
ring is adapted to surround a substrate support in the plasma etching
chanber andondnetive edgrudtg 288 apdgiee qouplingirdigadapted ntotdhelhs uppbictieddgn rindie
dielectric coupling ring such that a substrate supported on the substrate
support ovesthangefaahhohtaderof ofiectdrelc onrdivctivev evaedigl, kicngss bdren-eclge sindhg

assenbly conpri si ng:

crystalline silicon.

5 f0052] In a preferred embodiment, the inner cylindrical surface 1140 of the conductive edge
ring 290 contacts or is located close to an outer periphery of the substrate support 250. As
-used herein, "close to"” means that a gap (e.g., an annular gap) between the conductive edge
ring 290 and the substrate support 250 is less than about 0.01 inch, more preferably less than
about 0.005 in.

10 [0053] Materials suitable for use as the dielectric coupling ring 295 include ceramic materials
such as silicon oxide {e.g., quartz] or aluminum oxide, and polymer materials such as Vespel®
and Kapton® or the like. The dielectric coupiing ring 285 is preferably made from aluminum
oxide.

[0054] While the dielectric coupling ring and the conductive edge ring have been described in

15  detail with reference to specific embodiments thereof, it will be apparent to those skilled in
the art that various changes and modifications can be made, and eguivalents emploved,

without departing from the scope of the appended claims.
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the dielectric coupling ring haying an inner cylindrical surface with a
dianeter of 11.6 to 11.7 inches and a height of 0.49 to 0.50 inch, an outer
cylindrical surface with a dianmeter of 13.2 to 13.3 inches, a helght of
0.39 to 0.40 inch and concentric with the inner cyllndrlcalw”ﬁuL§Urface a
| ower surface perpendicular to a center axis of the outer cylindrical
surface and extending froma |ower periphery of the outer cylindrical
surface tdvellhiower periphery of the inner cylindrical surface, an upper
surface perpendicular to the center axis of the outer cylindrical surface
and ext endi ng Anwegediing dsseorhagempppes a pielettpheruplied ringradaupeductiyd 4daelring al
surface, an annul ar projection extending outwardly from an upper periphery
of the innerdidlbepimnechicathasefl aceeiand: digewn dloppingoime &redamadio pepuphery of
t he upper surface, the annular projection having a height of 0.09 to 0.11
inch and aubstrgichuedorOinQ4e blasta ODhine tHam@adand the conduche @Radugsiadeptedge ring
havi ng an inner cylindrical surface with a dianmeter of 11.7 to 11.8 inches

and a bei ghtuRbrid 09 thel el O ubighing dchariter subkkdtadijpeabd sMteacesttd h a
di ameter of 13.35 to 13.45 inches and a height of 0.10 to 0.11 inch and

concentri gup\ﬁ'o;tiavernﬁwg's Qrﬂgﬁloﬁ)ﬂHh@%du‘ﬁ@tlwe ea& r'ﬁ"lér {h@ce@ge ﬁﬂglaQWblysdéFn ﬁﬁ@g
perpendi cul'ar to a center axis of the inner cylindrical surface and

extendi ng out ‘S@-%CU Mechthotughn% rﬁléd"lrggggcser{ gg%rgcgﬂlrgfﬁggl sgﬁgée%hﬁlraydlg)r%etgngf 11%ner

cylindrical ace, an u ular to a center axis of the
i nch from an

outer c I f

upper pgrleﬂervco % i @Fé&gc§||n§9m8aﬁn°” gﬂ%dmﬁ?%"gu?th%ﬂ TFe58r f ace
with a mndt 0 5 endi cul ar tq th enter XIS of the
i nner %8“‘%8?ic§?§§6¢5§§t02h q@&i@ﬁﬁ?ﬁ@“ﬁﬁ?%ﬁﬁdﬁ?rWFoﬂﬁ AH @pper

perlphery of the inner cylindrical surface, a truncated conical surface
with Hh optlrhg 'angl erere pagepdcuis 1o Arf@NET AiEOh thes ougencylipdrisalosy Peecind
concentric with the inner cylindrical surface and extendi ng upwardly and
out war dl yextergingrerp ateyer periphisheritho puteheylingricgt sughaerutoar lowar paiiweery 6F B¢ i nner
peri phery of the upper surface, 5 a second annular surface with a wi dth of
0. 06 t o OinBdtbcviimbhal pefapendi crleasutfaetirepepdintler taxies coftert e autherouter
cylindrical surface and extending inwardly froma | ower periphery of the
out er cyl ¢ynedriceladurfacy fracexteratirgyihivardlyifem asuppaqerinhdrh ol thedght cy0hidr@al085 t o
0.095 inch, concentric with the outer cylindrical surface and extendi ng

from an i fngke, RArdnpIer Yropfctibhexs RGN dudanml BbmSaH [idee deRpry eUtRIinRer i phery
of the | ower surface. 102. The conponent of claim1, conprising the

dielegfri &n&%ﬂ's'ungcerédagum%&;@lfremt Jﬁemﬁéredeeﬁm of SRR deP Gurdc D ARt URAET
conprises a stepped through hol e between the upper surface and the | ower

surface apg, e&?o'}ksrx'a%%?gﬁgﬁto%ob'%{hiﬁé/ Aradr s&cﬂ'of%h%@ﬁgm& Loyer cylindrical

void concentric wt upper cy rical void

the conductive edge ring having an inner cylindrical surface with a diameter of 11.7 to

11.8 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

20  surface, a lower surface perpendicular to a center axis of the inner cylindrical susface 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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a center axis of the upper cylindrical void and |lower cylindrical void
being parallel to a 15center axis of the dielectric coupling ring and

| ocated at a radial distance of 6.1 to 6.2 inches fromthe center axis of
the dielectric coupling ring; the upper cylindrical Vé¥d-having a
di aneter of 0.40 to 0.45 inch and a depth of 0.20 to 0.21 inch;

the lower cylindrical void having a dianmeter of 0.20 to 0.25 inch and a
dept h of &btdticapegtaeganbegeming qitwardiyFronTae upRaiprsHeiary of thel iaemcylindrical
conprising the dielectric coupling ring , the dielectric coupling ring
consi st i ngurbice guamcztedroracatariacm ithat @eniak argle of 1381 tpridi” andieridtalof 024  The
conponent of claim 1, conprising the conductive edge ring wherein the
conduct i ve.2edgs, wintagptdawitthie ivenprindds! airfederandgintanding upivbdlyand nifeardiy

di ameter of 0.29 to 0.31 inch, wherein a center axis of the through hole
i s paral | eonta cat @afigiensofitte 0t 4nh elaCardieat i e redgeiphe e f rRd:phbacatied, at a

radi al distance of 6.1 to 6.2 inches fromthe center axis of the conductive
edge r§NQga 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 annular
surface to an outer periphery of the lower surface.

10 2 The component of claim 1, comprising the dielectric coupling ring wherein the
dielectric coupling ring further comprises a stepped through hole between the upper surface
and the lower surface 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 parallel to a

15  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

(.21 inch;

the lower cylindrical void having a diameter of 0.20 to 0.25 inch and a depth of about
20 0.18t0 0.20inch.
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 0.2 10 0.31
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5. The component of claim 1, conprising the conductive edge ring, the
conductive edge 5ring consisting of boron-doped single crystalline silicon.
6. The conmponent of claim1, wherein the first annular surface.of the
conductive edge ring is coextensive with an upper surface of fﬁ%“%rojection
of the dielectric coupling ring when the conductive edge ring is nounted on

the dielectric coupling ring. _
inch, wherein a cenfer axis of the through hole is paralle! to a center axis of the conductive

edge ring and located at a radial distance of 6.1 to 6.2 inches from the center axis of the

conductive edge ring.

5. The component of claim 1, comprising the conductive edge ring, the conductive edge
5 ting consisting of boron-doped single crystalline silicon.

6. The component of claim 1, wherein the first annular surface of the conductive edge

ring is coextensive with an upper surface of the projection of the dielectric coupling ring when

the conductive edge ring is mounted on the dielectric coupling ring.
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