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subst r aLghoghighig dhaigaed @ Heiséd'® form geometric patterns in a surface
of a semiconductor substrate. During a 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 a 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 substrate that underlie the photoresist
layer.

During plasma etching, plasma is formed above the surface of a substrate by
adding large amounts of energy to a gas (or gas mixture) at low pressure. The
plasma may contain ions, free radicals, and neutral species with high kinetic
energies. 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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When the edge ring assembly is mounted in a plasma etching chamber, an
annular gap between the edge ring and the dielectric spacer ring and/or an annular
gap between the dielectric spacer ring and the substrate support surface is preferably
less than 0.25 mm, and an upper surface of the dielectric spacer ring and an

25  innermost upper surface of the edge ring are preferably substantially co-planar.

The edge ring assembly is preferably configured such that the distance
between the plane of the substrate support surface and the plane of the uppermost
surface of the dielectric spacer ring is less than about 0.25 mm, and the distance
between the plane of the substrate support surface and the plane of the upper surface

30 ofaradially inner portion of the edge ring is less than about 0.25 mm. Thus, when a

substrate is positioned on the substrate support surface, a gap between a lower
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having an upper showerhead electrode facing the substrate support surface. The
baseplate can comprise an RF driven electrode and/or the substrate support surface
can comprise an electrostatic chuck on an upper surface of a baseplate.
25 The edge ring assembly is preferably adapted to reduce at least one of (i) RF
coupling between the edge ring and the baseplate, (ii) arcing between the edge ring
and the baseplate, and (iii) polymer deposition on an underside and/or edge of a
substrate supported on the substrate support surface.
A method of etching a layer on a semiconductor substrate in a plasma
30  etching chamber having an edge ring assembly comprises supporting the substrate
on a substrate support surface positioned inside the chamber, supplying etching gas

to the chamber, energizing the etching gas into a plasma state adjacent an exposed
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an illustration of a parallel plate plasma etch reactor.
Figure 2 shows a parallel plate plasma etch reactor comprising an edge ring
assembly mounted on a coupling ring according to one embodiment.
25 Figure 3 shows a parallel plate plasma etch reactor comprising an edge ring
assembly according to a further embodiment.
Figure 4 shows a parallel plate plasma etch reactor comprising an edge ring

assembly mounted on a baseplate according to another embodiment.



Figure 2 shows a parallel plate plasma etch reactor
conprising an edge ring assenbly nounted on a coupling
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ring assenbly according to a further enbodi nment.
Figure 4 shows a parallel plate plasma etch reactor
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spacer ring can be bonded to the nenber such as via a

t hBierbeer garclhierunlivs riap Alnt gndarlierothe didleetric spacer ring and the edge
furthe - [ t [ [ cer . .

S PG R a5 S b POl o
By ripg om bié bondad o theandriber ss¢ipaseria b il@malRy cotdtetiva glagtamer

be, reduced be en the ed ring and_t he basepl ate.
FubpHE ?I,n aa%ff'eé%\éﬁ% hrerees _eﬁ%g?@nﬁe& a9 digleptaig spaqes eing jepd 2
20 Of ¢ h%&ﬁl%ﬁh%OﬁE@&ﬁ%mﬁt gQ@tv\/een the substrate
e ahd the edg

support —surfac r'i ng
By providing a dielectric spacer ring, RF coupling can be reduced between

the edge ring and the baseplate. Further, as explained in more detail below, insertion
of a dielectric spacer ring between the substrate support surface and the edge ring
can reduce the propensity of arcing between a conductive edge ring and the substrate
25  support/baseplate and/or reduce the deposition of polymer on the underside and/or
edge of a substrate that is supported on the substrate support surface during plasma
etching of the substrate. A plasma etch chamber comprises the edge ring assembly,
and a method of etching a semiconductor substrate comprises etching the
semiconductor substrate in a plasma etch chamber comprising the edge ring

30 assembly.
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commonly-owned U.S. Patent No. 5,948,704, the disclosure of which is hereby
incorporated by reference. Parallel plate reactors, electron-cyclotron resonance
(ECR) reactors, and transformer coupled plasma (TCP"") reactors are disclosed in
25  commonly-owned U.S. Patent Nos. 4,340,462; 4,948,458; 5,200,232 and 5,820,723,
the disclosures of which are hereby incorporated by reference.
By way of example, plasma can be produced in a parallel plate etch reactor
such as the dual frequency plasma etch reactor described in commonly-owned U.S.
Patent No. 6,090,304, the disclosure of which is hereby incorporated by reference.
30 A preferred parallel plate plasma etching chamber is a dual frequency capacitively
coupled plasma reactor including an upper showerhead electrode and a lower

electrode, the lower electrode (e.g., baseplate) having a substrate support such as an
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COPSL AR REN] £ P ™ LB i ORI P Gtamber
t hRfef&EbITE Vheuum pump is capable of maintaining a pressure within the
chamber of less than 200 mTorr while etching gases are flowed into the chamber.
The chamber 110 includes an upper electrode assembly 120 including an
upper electrode 125 (e.g., showerhead electrode), and a lower electrode assembly
140 including a baseplate (i.e., lower electrode) 160 and a substrate support surface
150 formed in an upper surface thereof. 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 surface 150.
A 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. Ina
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minute (sccm). The individual flow rates of the individual reactive components of
an etching gas mixture typically range from about 1 to 200 sccm for a 200 mm
substrate, and higher for larger substrates.

Plasma density refers to the density of positive ions within the plasma
etching region. Generally, plasma density is a function of the power provided to the
electrodes. A higher power tends to create a higher density of plasma that,
depending on other parameters, may increase the etch rate of layers previously
formed on a substrate by producing a large flux of ions to the substrate surface.
Medium density plasma can be characterized as comprising an ion density of from
about 10'° to 10" jons/em’, while high density plasma typically can have an ion

density of from about 10*! to 10 ions/cm’ or more.
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the substrate surface may b® higher than the vacuum
pressure set for the reactor chanber. To maintain a
| ow chanber pressure, preferably inert carrier gas is
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area so that the RF bias power can supply about 0-8 watts/cm” and preferably at least
2 watts/cm” of power to the substrate.

By supplying RF power to the lower electrode, a DC sheath voltage can be
formed with respect to the surface of the substrate. The sheath voltage is a function
of the bias power and is essentially independent of plasma generation. High bias
powers generate large sheath voltages, and during etching can result in energetic ion
bombardment of the substrate surface.

The gap width between the electrodes in a parallel plate reactor can affect the
etch rate of a dielectric layer. Selection of a desired gap width depends in part upon
the chamber pressure used during etching. Typically, at higher chamber pressures

(e.g., from about 75 mTorr to 1 Torr), a preferred gap width is from about 1 to 1.5



can be electrically grounded and RF power at two or
nore different frequencies (e.g., about 10-60 MHz and
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el ectrode. A continuous or 18 di sconti nuous RF bias can
be applied to the substrate during etching. The RF

bi as can determ ne the energy at which positive ion
flux inpinges the substrate surface. The RF power
preferably ranges from about 50 to 3000 watts, and the

RF bi as power applied to the | ower el ectrode can range
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t heudnowar 200l B&ldrade masesi y 240, including an edge
ring assenbly 270 according to a first enbodi nent, are
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coupling ring, which rests on the flange 262 of baseplate 260. The coupling ring

290 can be supported on the baseplate with or without mechanical or adhesive
fastening such as a plurality of bolts 224. A substrate 210 can be supported/clamped
on the substrate support surface so as to preferably overhang the dielectric spacer
ring 285 and at least a radially inner portion 281 of the edge ring 280.

The substrate support 250 preferably includes passages therein for supplying
helium between substrate 210 and suppott surface 254 to cool substrate 210 during
plasma etching thereof in an amount sufficient to prevent burning of photoresist on
the substrate. Preferably, the substrate is maintained at a temperature of less than

about 140°C during plasma etching. In medium density plasma reactors, the



support 250 such as an electrostatic chuck (ESC)
conprising a substrate support surface 254 forned in
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(Il ower el ectrode) can conprise a conductive nateri al
and the ESC can conprise a ceramc material having an
el ectrode 252 buried therein. The ESC can be bonded to
an upper surface of the baseplate. The | ower el ectrode
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for providing RF matching, etc. The |ower electrode is
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t heromtigh paii aneridlhe AgdiishdldhLerials for the edge ring include aluminum
oxide, aluminum nitride, silicon nitride, quartz, etc. The edge ring may be
electrically floating or may be electrically coupled to a DC ground.

In order to reduce exposure of the substrate support and/or baseplate to the
ions/reactive species in the plasma, preferably the substrate support is sized such that
the substrate overhangs the substrate support surface. Referring still to Figure 2, the
substrate, which can overhang the substrate support surface by about 1 to 2 mm,
overhangs both the dielectric spacer ring 285 and a radially inner portion 281 of the
edge ring 280 (e.g., the dielectric spacer ring and a portion of the edge ring extend
under the periphery of the substrate). Thus, the dielectric spacer ring preferably has



support surface is disclosed in conmmonly-owned U.S.
Pat ent No. 6,140,612, the disclosure of which is
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290 may optionally conprisd2an edge ring chuck (not
shown) | ocated in an upper surface thereof. The edge

ring chuck, if provided, can be a nonopolar or a

bi pol ar chuck and can be supplied with DC power by a

DC power supply using suitable electrical connections
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In embodiments where there is a gap between the substrate support and the
dielectric spacer ring and/or between the dielectric spacer ring and the edge ring,
helium flow in the gap(s) can reduce the entry of etching gas and/or volatile
byproducts therein and thus reduce the deposition of polymer during plasma etching.
Referring still to Figure 2, an inner surface of the edge ring spaced outwardly
of the substrate is preferably shaped to form an angle with a plane substantially
perpendicular to the substrate surface. Thus, a preferred edge ring comprises a
radially inner portion 281 and a radially outer portion wherein the thickness of the
radially inner portion is less than the thickness of the radially outer portion, and the

thickness of the radially outer portion is greater than the thickness of the dielectric
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substrate support surface i18 | ess than about 0.25 nm
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to a preferred enbodi ment, an
edge of the substrate can be minimized.

The dielectric spacer ring can have a square cross section or a rectangular

25  cross section. Exemplary dielectric spacer rings have a width of about 0.5 mm to
2.5 mm, more preferably about 0.8 to 1.2 mm, and a height of from about 1 to 3 mm,
more preferably about 2.4 to 2.8 mm. According to a preferred embodiment, the
dielectric spacer ring is adapted to fit beneath the overhang of a substrate mounted
on the substrate support surface with a clearance gap (G) between the dielectric

30  spacer ring and the substrate of less than about 0.25 mm. According to a further
preferred embodiment, the distance between the plane of the substrate support

surface and the plane of the upper surface of the dielectric spacer ring is preferably
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that portion of a substratd4that overhangs the

substrate support surface. Alternatively, an upper

surface of the dielectric spacer ring can be higher or
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20 Ac édsntifal o the edge ving iescribedinsefesehceid Bui Figure 2 ¢rhizodiment, rests on
di 3h 30&F ﬂgr?gte\gep%rlltignhoef tHcle ranr(])giﬁ%fd c%ﬂglinsgur?nsgt 3 @(} € The %Po%ritried coupling
ring 390", which can be made of quartz, can rest on or be attached to (e.g., via bolts
324) a flanged portion 362 of baseplate 360.
A heat transfer gas such as helium can be used to improve thermal transfer

25  between the modified coupling ring assembly and the baseplate. The heat transfer
gas can be supplied from gas source 330 via gas passage 332 to the interface
between the modified coupling ring 390" and the baseplate 360 and/or to the
interface between the modified coupling ring 390" and the edge ring 380. The gas
passage 332 can extend through the baseplate 360 and modified coupling ring 390'

30  at one or more locations spaced around the baseplate 360, e.g., extending through

passages in bolts 324.



surface and the plane of the upper surface of the
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surface of the substrate.
According to a preferred embodiment, the axially upward extending portion
385 of the modified coupling ring 390' is adapted to fit beneath the overhang of a
25  substrate mounted on the substrate support surface with a clearance gap (G) that is
less than about 0.25 mm.
Exemplary operating conditions for a plasma etch reactor for etching a
dielectric material such as SiO, are as follows: wafer diameter of about 200 mm or
300 mm; dielectric material thickness on the substrate of at least about 200 nm;
30  dielectric material density of at least about 90% of theoretical density; lower
electrode temperature of from about 0°C to about 90°C; chamber pressure of from

about 0 Torr to 2 Torr, preferably up to about 200 mTorr; substrate temperature of



passage 332 can extend through the baseplate 360 and
nodi fied coupling ring 390" at one or nore | ocations
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t hrough passages in bolts 324. An upper inner surface

of the edge ring 380 spaced outwardly of the substrate

is preferably shaped to forman angle with a pl ane
substantially perpendicular to the substrate surface.
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20  surface of the substrate. Exemplary carrier gases include hehum neon argon,
krypton and/or xenon. Argon is a preferred inert carrier gas. These and other gases
may be used in combination in an etching gas mixture.

An example of a dielectric etch process carried out in a 2300 Exelan® or
Exelan® HPT dual frequency medium density parallel plate plasma chamber

25  available from Lam Research Corporation, Fremont, CA is set forth below wherein
the etching gas chemistry in a main etch step is a mixture of octafluorocyclobutane
(C4Fs), difluoromethane (CHyF>), nitrogen (N,) and argon (Ar). Additional etch
steps, which may comprise additional etching gases, can be used. Although the
optimal flow rates and ratios of the gas mixture may change depending on the choice

30 ofplasma etch reactor, substrate size, etc., in the case of etching a silicon oxide layer

on a 300 mm silicon wafer, the individual constituents of the etching gas can be

supplied to the reactor chamber at flow rates of 2 to 20 sccm hexafluoro-1,3-
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TS T R N
2366p£><tﬁétﬁhﬁbﬂfy)gr@ﬁm oxide, un-doped or doped tetracthoxyorthosilicate (TEOS)

deposited silicon oxide, and inorganic or organic low dielectric constant (i.e., low-k)
layers. Such layers can form part of a damascene structure. Dopants for dielectric

25  materials can include, but are not limited to, boron, fluorine, phosphorus and/or
arsenic.

The dielectric layer can be formed on a semiconductor substrate or the
dielectric layer can be formed on a conductive or semiconductive layer. For
instance, the dielectric layer can overlie a conductive or semiconductive layer such

30  aspolycrystalline silicon, a metal layer comprising aluminum, copper, titanium,
tungsten, molybdenum, nitrides such as titanium nitride, silicides such as titanium

silicide, cobalt silicide, tungsten silicide, molybdenum silicide, and the like.
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hergi.f,,i er,ence.  The diel ectric |ayer
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si | i con Voitiale wishigghtods Houb®bi bty itk biesd @t 98 dielectric
spin-on glass, silicate glasses such as boron
spacer ring reduces RF coupling into the edge ring and increases RF coupling into
the periphery of the substrate. By increasing RF coupling into the periphery of the
substrate, the etch rate at the periphery of the substrate can be increased.
Incorporation of the dielectric spacer ring around the substrate support also
decreases the buildup of polymer at the underside and along the edge of the
substrate. Such polymer is typically generated during the etch steps (e.g., as a
byproduct of etching photoresist and/or dielectric material).
The buildup of bevel polymer (e.g., polymer at the underside and or edge of
the substrate) was measured after completing dielectric etching. Without

incorporating a dielectric spacer ring around the substrate support, 55-65 nm of
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A preferred method of etching a semiconductor substrate in a plasma etching

chamber comprises mounting a substrate on a support surface of a substrate support
within the plasma etching chamber, supplying etching gas into the chamber,
energizing the etching gas so as to generate plasma adjacent an exposed surface of
the substrate and etching the substrate with the plasma, wherein an edge ring
assembly comprising an edge ring and a dielectric spacer ring surrounds the
substrate support. The edge ring surrounds the substrate support and the dielectric
spacer ring is interposed between the edge ring and the substrate support. Because

the dielectric spacer ring is a consumable part, it can be removed from the chamber
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chanber conprises nounting a substrate on a support
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chanber, energizing the etéhing gas so as to generate
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support. The edge ring surrounds the substrate support
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the edge ring and the substrate support. Because the
di el ectric spacer ring is a consunmable part, it can be
removed if r omAhedgehrphesanitly béptartedunotid asdistrete support
dielectric spacer ring after etching a predeterm ned

nubfaceoh aguasmastiehing eanahes SOWREIEES Wil e the

el ectro i { j ' hidd bA® substrat
SE qur es HedE e BRAGeIRRELS RlouaH SRBFRERARINS substac

et ghppgt ahrfaied @ the aliamigerand pagede a clgarassegdpl between a lower surface

i ncorporated therein can _be g{}st ructed such that the

s ul9d theatubstnr AR & wpen sifaorf i1<(Gdge e %hped) wi th

its pro R | SMhe b E Bihg bd@theURbstrat rt

Furt her Q‘e‘tﬁﬁlgg%%gsgﬁffﬁgé ggggn‘ol 3? cgn b% useo? toS Jéatecf]uppo

nonurfheecdilmensiondistoraatie provides ¢learance gapotwese st lowagsurface of a

“conprising” as used. herein are taken to specify th

10, subeer Broted B B bty sbroteuRie i BaBEhuithst Ofte
t heyid18&rifpdcBessy.t erms does not preclude the presence
or addition of one or nore other features, steps,

conmponents, or groups thereof. Al of the
above- tiongd referen N r . :
referenceé in eeeidge glﬁg ia?sgfn 3}) %{ gf {}%{eﬁsl avr%&g%rtggtd ?eggc‘??&bacer Hng

eaghbbiddd\b dhappdrahigiensa cvaplispend bi anlgper surthce of a baseplate.
i ndividually indicated to be incorporated herein by

15reference in its entirety. Wile the invention has

been desgrib i I ef f - between th
enbodi rresgr:it s, 1 evi%dégtr %ﬁgggeﬁﬂ) e(r)s lca)lggqt ﬁg?%\jﬂ]aar fag%ail gﬁ% ctween the
ancdgpdinf iand tiealidlectrly spreer fsgandéor 4 mdms gap bétwben the dielectric

apparent to those skilled in the art. Such variations
ancFPAT g @Rt ithsraibsirate PR S&E}J%%q Bl AR B0t he

purvi ew and scope of the invention as defined by the
claime appended hereto. WE CLAIM: 1. An edge ring .
20assenbl y.adapTieckdge ringrasembdy af Slais tly whereguibp diglectric spacer ring

s rﬁa?%ewiidﬂl oaf f?oln? g{)r(!)aut %tSC tr(])i f? m%rl] gn a? fleigl(l)trgyfiro%iﬂ. ggc:)ut 1 to 3 mm.

5. The edge ring assembly of Claim 1, wherein the dielectric spacer ring
comprises an axially upward extending portion formed on a radially inner surface of

25  acoupling ring.

6. The etch ring assembly of Claim 1, wherein an upper surface of the
dielectric spacer ring and an innermost upper surface of the edge ring are
substantially co-planar when the dielectric spacer ring and the edge ring are mounted

30 in the chamber.



an edge ring dinmensioned so as to underlie a substrate
| ocated on a substrate support surface in the chanber

war@7p1o¥e de a cl earance gap between a | ower sPCT/HS®06628844

t he substrate and an upper 28urface of the edge ring;

and a dielectric spacer ring between the edge ring and
the substrate support surface di nensioned so as to

provi de a cl earance gap between a | ower surface of a
substrate | ocated on the substrate support surface and

an upper_surface of the dielectric spacer ring. 2. The
edge ring ass&hpedregingassanrhly of (rémel, whetein thealieledtric spacer ring
sp ' [ r surface of a
coﬁégﬁiv%rghglg%dé’% 8? 9%%%8%1%1%(}9@%#@%2@ of a basepl ate. 3.

The edge ring assenbly of aim1l, wherein a radi al

gap between the edge ring and the dielectric spacer

ring an\él\g'or al heedeziringasseamhlyebhlaimd , tiherein theiedze piag srmade

| o co is Less than ...
56' %o%ﬂlc&ﬁ?@ﬁé&%ﬂ%& .aﬁiﬁ’ﬁﬂﬂﬁlto%c?é; Eﬁpﬁ 1§ in}rt?l%?’ s:il%cgﬁ Sitride,

. e edge ring asse o}
t hequditalog combmatipmabereof. ng has a wi dth of from about
0.5 to 2.5 mm and a height of fromabout 1 to 3 mm 5.
The edge ring assenbly of Caim1l, wherein the
di el ectrd.c SPARSigeiing SR 6FCIeR 13hBlela MR buter portion
extendi ng portion formed on a radialfy I nner surface
of of teedgeiring is thigker ¢hanThedielecticrspacgraimgenbl y of O ai m

101, wherein an upper surface of the dielectric spacer

15

20

25

30

ring and an i nnernost upper surface of the edge ring

are subsiant i e edgé einp haRAbIYEROIalh @, firflkefedhpsiPAIE st one
r|n% and the edge ring are nmounted in the chanber- 7.

The&28 g2 Ficuliretmughdhe qupling Ping whéhediasertlate, the gas passage

e e iR OB 4Rk RS o of E8ar) B e ring

whend/fon tlehiielectgie spacegring made fromsilicon, silicon
car bi de, al um num oxi de, alum numnitride, silicon
nitride, quartz or conbinations thereof. 9. The edge

ring asqqnblmffga | : ' . radial L v._outer
portion of t heﬁé1 d ge%trclmn c|h\é}4i]lt8 %ﬁeic&:l Elgramlg%gﬁ %g%]}émg assembly adapted
di & ewround asybeterte suppgrt siaceheheplaand eoBingeiafbéncoRfprising:

Gaim 2’a sqlgsrtltralgee srupg)grt Eulflilg g%u]?sttraltees%%}mr? ggrface;
an edge ring dimensioned so as to underlie a substrate and provide a
clearance gap between a lower surface of a substrate located on the substrate support
surface in the chamber and an upper surface of the edge ring; and
a dielectric spacer ring between the edge ring and the substrate support
surface dimensioned so as to provide a clearance gap between a lower surface of a

substrate located on the substrate support surface and an upper surface of the

dielectric spacer ring.

12. The plasma chamber of Claim 11, wherein a substrate is mounted on
the substrate support surface such that the outer edge of the substrate overhangs the

dielectric spacer ring and a radially inner portion of the edge ring.

13. The plasma chamber of Claim 12, wherein the dielectric spacer ring

has a width effective to electrically insulate the edge ring from the baseplate and a



gas passage extendi ng through the coupling ring or the

basepl ate, the gas passage being adapted to supply a
wheav/otqansf er gas to an adjacent surface of tPET/E8E6/028844

ring and/or the dielectric28pacer ring. 11. A plasma

et chi ng chanber including an edge ring assenbly

adapted to surround a substrate support surface in the

pl asma et chi ng chanber conprising: a substrate support

having a substrate support surface; an edge ring

di mensi oned so as to underlie a_ substrate and provjde

a helghtr@ffm@vg@pnmmm@almqrmﬂmmmpdwetvaee@l}b%fhnel@p@c
| ocat ed.on tcf;tﬁ ir{ate support surface in the

chSRASE TNE, 3R eﬁ@ﬁ f%urface of the edge ring; and a

di el ectric spacer ring between the edge ring and the
substrate support surface di nensi onfevgteso ahea({o pr vi de

a cl ear dfice 529 plssmpshamber abwdans L, rategeip fhedi QY@H a
Ioc I rde

5 suPPUE St R bl ppL S RURRE s pISH ARG RE R Bl

c hatehetriodpatiraing id less vitaambout 0e2 smbs endtle disamshetweenerplane of
the substrate support surf hthat t.he qute

of TiaUbSIS EROE SO BIG e dRLPeRe SpEns8 fa i e
an oﬁmﬁ%ﬁ'ﬂ?ﬁo«i%e r?@ Cf leQthtclh%bLQfO Ashamedge ring. 13. The

alm 12, wherein the dielectric
spacer ring has a wwdth effective to electrically

i nsul ate _the r|n f om the. b e | at.e and i ght
10gffecti 3é Tﬁﬁegvf rR;[(H jWhelein a gap bgax?eegq lower
betsﬁ‘ﬁﬁd% df Ql?e éifb@tlr@cé Eﬁd Qn @lﬁrfe{derdﬁtﬁb’kﬁeltebtﬁcf‘spmt ¢iap 6s less than

e plasma chanber of Caim 11, wherein the
di sbauide2 mmuendha gapbeimeen lavyes sutiaes qféh@smﬁys @pd an upper

o i T el b Br 88T THE LSS, Bin M0 025 m

the di stance between a plane of the substrate support

surface and a plane of the er surface of radially
15i nner pdbti orT hefplaspa c@a@berrqfﬁﬁam 11.eulaerein e g‘s%m% et@ingg

g.g]tcaérg er-I;:r(])e ;{Tﬁarglmé}g?a% 3 tg%?\i)ﬂ% a1 %;‘Mll% @\gﬁhg%%ggctrode

surfgcaﬁgat}@fsubmt&g@beﬂtrl c spacer ring is less than
about 0.25 mm and a gap between a | ower surface of
the substrate and an upper surface of a radially inner

portion jof thg a8 dHafhbkSof €8fn | NAMhEERUhe QibdRateTupport

20 comprises an RF driven electrode.

18.  The plasma chamber of Claim 11, wherein the substrate support

comprises an electrostatic chuck.

25 19.  The plasma chamber of Claim 11, wherein the edge ring assembly is
adapted to reduce at least one of (i) RF coupling between the edge ring and the
baseplate, (ii) arcing between edge ring and the baseplate, and (iii) polymer
deposition on an underside and/or edge of a substrate supported on the substrate
support surface.

30

20. A method of etching a layer formed on a semiconductor substrate in

the plasma etching chamber of Claim 11, the method comprising the steps of:



16. The plasma chanber of O aim 11, wherein the plasma

et chi ng chanber conprises a parallel plate reactor
whanrooan upper shower head el ectrode faci ng tPET/US2006/028844

substrate support. 17. The2pl asma chanber of Caim 11,

wherein the substrate support conprises an RF driven

el ectrode. 18. The plasma chanber of Caim 11, wherein

the substrate support conprises an electrostatic

chuck. 19. The plasma chanber of Caim 11, wherein the

edge ring assenbly is adapted to reduce at |east one

of (i) REPRYLips thegsepueandueior sidbsatgonihamgpbatate sheport surface

ba (14) [ between edge ring and the
ba?gog}tg#gfl 1n%1ndg tli‘?a?}?ff}ﬁkpé& ymer deposition on an

under si deipplyitigostcidalg gasab the cHabser;at € supported on the
substrate support surface. 20. A nethod of etching a

| ayer f o HBHESPIasReAfiRSAERR PHPsElPEpapkhp subtate; and
spl asma eét&ﬁﬁ%&né:&qﬂa%rl? s SRk ok the %Hﬁcdfﬁh@t‘afi sdubs‘%r%tre with the

conprising the steps of” supporting the sem conduc
subdémat.e on the substrate support surface positioned
i nside the chanber; supplying etching gas to the
chanber; form ng a plasm adjacent an exposed surface

of the sybstrAhihdt BHIETLE heABleQFic BPdcRr HAY & fe plasma etching

formed on the sem conductor substrate Wth t%e pl s,
21.chamber ¢iddlaint 1t .eoprising remevidgdheditlertricspacse ringifrogn the
in the,plasma etching. chanper..of Claimll, conprisin
10, ¢ AB0RE" TG CalRee & Tt etostrie i et itk hg @
anchre@dratndidninibepof endiooidiRfor didn@tek! i ¢ spacer ring
after etching a predeterm ned nunber of sem conduct or

substrates. 22. A dielectric spacer ring dinensioned

urace A1 o AURAEeS SR ARG de Fa B W parance s

S Urfe@€en dloePHiaitd ofh cliishgtedbetdtsn ARbsahteRPSITt surface in a
surface of .the dielectric spacer ring, the dielectric

155 p ey stehing ehaneper and A HPRA SWiaGesH dF dislegisicispagsa ring, the
curT . ; .
andufae et A IR (AR FERAERRFE BbeXimblinded by an odge
betrimgadimensioned so as to underlie the substrate and provide a clearance gap between

a lower surface of the substrate and an upper surface of the edge ring.

20 23.  The dielectric spacer ring of Claim 22, wherein the dielectric spacer

ring has a width of from about 0.5 to 2.5 mm and a height of from about 1 to 3 mm.

24.  The dielectric spacer ring of Claim 22, wherein the dielectric spacer
ring comprises an axially upward extending portion formed on a radially inner

25  surface of a coupling ring.

25.  The dielectric spacer ring of Claim 22, wherein an upper surface of
the dielectric spacer ring and an innermost upper surface of the edge ring are
substantially co-planar when the dielectric spacer ring and the edge ring are mounted

30  in the plasma etching chamber.



a lower surface of the substrate and an upper surface

of the edge ring. 23. The dielectric spacer ring of
wa@rm®29 wherein the dielectric spacer ring PEEUS2006/028844

wi dth of fromabout 0.5 to22.5 nmand a height of from

about 1 to 3 mm 24. The dielectric spacer ring of

Claim 22, wherein the dielectric spacer ring conprises

an axially upward extendi ng portion formed on a

radially inner surface of a coupling ring. 25. The

dielectric spacer ring of Claim22, wherein an upper,

surface26f t e dicddotria spacersprecdrClpinh g2, avhiprein th%‘ﬁiéﬁﬁ’@i@tspacer

upper .sur(flac of the edge ring are substantially

cor BB ARG REW Y Fe di el ectric spacer ring and the edge

ring are nounted in the plasma etching chanber.26. The

dielectric spacer ring of Caim22, erein

wher t he . )
di el ect Ri’c sﬂ&l@ éielepq“trm@' sp@erﬁg&ofﬁla%g@,t\yhergp_therﬂglectnc spacer
dielegtric. ' i : @i
531 SPEEHE hO-BAIE 30T OB g LA R B g 02

todmO mm and a height of fromabout 2.5 to 2.7 nmm

28. The dielectric spacer ring of Caim22, wherein
the dielectric spacer ring is adapted to surround an

ESC in agpl aslgit@ﬁl 1&5&&3%}% inPOXCTLE 28] Wh&6ihthE dRRRBERS spacer

ring has a w ess an an overhang of a wafer _ ]
supingris adhponl tbserr&8@ anXSC fihepldsmh etchrechemberaendrthe diglpetric

10 bphith e i BOHSISe HOR o <ShaghE b 3BBF St e sc.
mat eri al .

29.  The dielectric spacer ring of Claim 24, wherein the dielectric spacer

ring and coupling ring consist of a single piece of quartz material.



