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- 11112112112112121121212112112111111 HOT EDGE RI'NGW TH
SLOPED UPPER SURFACE [ 0001] Thi s application clajns
priority under 35 U.S.C. 119 to U.S. Provisio /”WMIWIWW
Application No. 61/257,250 entitled HOT EDGE

SLOPED UPPER SURFACE, 5filed Novenber 2, 2009, —tlesoisos
entire content of which is hereby incorporated by

ref erence. Background [0002] Pl asnma processing

appar at uses HPF ERGERING WITdLH OPEDAIAPERISUREACE

substrates by techni ques including etching, physica

vapor deposition (PVD), chem cal vapor 10 deposition
(CVWD), and resist renoval. One type of plasma

[oBbﬂceSSrhﬂgap}@Pﬁ oellmt Hai n‘rksﬁ_ﬁoﬂ& lPI'L SRR BrSo(tC Ggﬁlgﬂ%) HOSt tP&ﬂ){lSlOﬂEﬂ

I ncl udes a 'on°Cha con a|n|ng

el ectrodes. A radi o frequenc éRF&\' ower is applied
ARRIERKAMNon 1 25 260 SREYER 6O e RIN G MIEH 5608 UPRED SURFACE,

plasma for processing seniconductor substrates in the
filee dbdveorbec N2EA9, the[£A0E]Oneerthall Weneisl Aeleby incorporated by
desi gners of plasma processing chanbers is that the
repér@§gga etch conditions create significant ion
borbar dnent of the surfaces of the processing chamber
gat are exposed to the plasma. This ion bonbardment,
#9UREd with pl asma chenistries and/or etch- .
byproducts, can produce significant erosion, corrosion
[0862] cBirsros povessingsamparaisdshaze pbastveproxgs sedicotdli@cesubstrates
of the 7
by techniques including etching, physical vapor deposition (PVD), chemical vapor
deposition (CVD), and resist removal. One type of plasma processing apparatus used
in plasma processing includes a reaction chamber containing top and bottom
electrodes. A radio frequency (RF) power is applied between the electrodes to excite a
process gas into a plasma for processing semiconductor substrates in the reaction
chamber.
[0003] One challenge facing designers of plasma processing chambers is that the
plasma etch conditions create significant ion bombardment of the surfaces of the
processing chamber that are exposed to the plasma. This ion bombardment,
combined with plasma chemistries and/or etch byproducts, can produce significant
erosion, corrosion and corrosion-erosion of the plasma-exposed surfaces of the
processing chamber. Another challenge is to control etch rate uniformity across a

semiconductor substrate (e.g., silicon substrate), in particular, to make the etch rate at

the center of the substrate equal to the etch rate at the edge. To alleviate such
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20 processing chanber. Another challenge is to contro

etch rate uniformty across a sem conductor substrate
(e.g., silicon substrate), in particular, to nmake the

etch rate at the center of the substrate equal to the

etch rate at the edge. To alleviate such Page 1
1111211111212121212121211212121111211 *00002*

nonuni formties, a hot edge ring and an underlying RF

nynPImigies,i hghcﬁavtgebeegl dndphrnEviedving i RR: icogplagoungl habe been

substrate. The hot edge ring is a consumabl e part and

ind| efted fite8d bund|tRaRLBErLE. I TRk e TRPE rmFtls 5 Ronsumable part
esirable to extend the lifetine of the hot edge ring

[ an ti ani.n
ar oL el S55ERE By PERER IR e SB0RETe P Bty B pretime o
A hot edge ring with extended RF Ilfetlne |s descri bed
thedyog eflge g gertoduapasa menn tidgbevweany deaningaptreplateanent and
surround a sem conductor substrate supported in a
toptés sasepthecas s ioh ®welkadiier AVREE @tife PingSlh ikt 'Rt Bdtime is
the hot edge ring 10 conprising an annul ar body having
ertical surface and a sl oped upper surface.
d%ﬁ%$%£ﬁ% ér body is configured to be supported on an
annul ar support surface of a substrate support. The
SYMMAFY vertical surface surrounds the substrate
support, and the sl oped upper surface extends upwardly

[0804] oathoaedgerifig Bradaptedaersupbeny agkmidodda&or SubeHded SUpported
substrate 15[ 0005] In a preferred enbodi ment, the

oyt nghe the
ms{‘ B%@%%n{??t&a@g ﬂﬁg’%\iﬂ [ 9113 i %e:lﬂé{azsél Qz ﬁo edge ring
the,flrst step has a hori zont al sunface with an outer
Coa*i‘poﬂfgtseﬁnotnnagbdtodx1hay'nene%é§oersm§tadrﬁwrfam yand a sloped upper
perpendi cular to a center axis of the hot edge ring,
suafade.hhieandulagbodit inaofiguréd trbeasupppped opeii dnaray safpdrhurface

i nner surface, the first step has a vertical surface

of4 §Jbsﬁaﬁesiugg$rt. The inner vertical surface surrounds the substrate support, and
the sloped upper surface extends upwardly and outwardly from the periphery of the
semiconductor substrate.

[0005] In a preferred embodiment, the inner surface has a diameter of about 11.7
inches, the sloped upper surface has a width of about 0.75 inches, the first step has a
horizontal surface with an outer diameter of about 11.9 inches, substantially
perpendicular to a center axis of the hot edge ring, and extending outwardly from an
upper periphery of the inner surface, the first step has a vertical surface with a height

of about 0.075 inch, substantially paraliel to the center axis of the hot edge ring and

extending upwardly from an outer periphery of the horizontal surface to an inner
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20o0f about 0.075 inch, substantially parallel to the

center axis of the hot edge ring and extendi ng

upwardly from an outer periphery of the horizontal

surface to an inner periphery of the sl oped upper

surface, and an opening angle of the truncated conica

surface of the sloped upper surface is about 175 to

179. [0006] In the preferred enbodi ment, the outer
pesiphericel thasiapediupner erfase, asban openiag prgihes the Huncated conical

second step has a vertical surface wth a height of

suataeelbf heklopet tippePsupfabe isamblal 75y tpaved. l el to the
center axis of the hot edge ri ng and extendi ng

rdi r | ower urfa

OBk S0 RUEim A SRIGEY: Qb Al QMBI e 12
di anet er of about 13.3 i nches subst antially

ingfigsp drliseeAnsr step hascaruesiicahsiefacs Withea Hsighsdefealpaui0-11 inch,
and extendi ng outwardly from an upper periphery of the

subetahtisial paralidlacahe eedtel axielof pies hphedge Ohg bhe eRi¢h@ing upwardly
surface. 10[0007] The edge ring can be made of

» ] Ll I

A SRt SR BR85S SI A b e
Si C having a resrstrvrt of 5000 ohmcm or |ess.

with@oarer ﬁ’@???éro‘céﬁﬁ%ﬂ%‘éﬁf‘?heﬁh%'mtﬂ”t'é“ﬁgBerrpieﬂﬁ'cu'ar to a center
includes a flat edge at a single |ocation along an

axisnofetheplesti gdper yng) fant] hextdratinge datevarr dIp fran dinauen @leeiphery &of the
extending 15 between the sl oped upper surface and the

velrﬁé’ﬁguﬁé{:reft@%%@& pdHphBRIof®HYBufer Bgfaden thi's

enbodi nent, the hole has a diameter of about 0.3

i nches mnth a. cent of th hol e. about 6.4 inches from
[oppd cJﬁF@ﬂgﬁf”“lngé”ﬁ’@tmé@Fgé oMy esisHuty E%romr%qpeéorge'q-grvsta"me

| ocated on an opposite side of the hot edge ring from
silidoe Witk at irenistivfty thetwhen apouthé dridaflO@dg@-chooat €MDasiGubaving a

5.8 inches fromthe center of the hot edge ring and

resifivify 5086 8Rm-oth BB1ds8 an axial 20pl ane parallel to a
center axis of the hot edge ring, the axial plane

[088§]pqula%%;:r?err etrr?bodrment the hot edge ring includes a flat edge at a single
location along an inner periphery of the hot edge ring and a single hole extending
between the sloped upper surface and the lower surface of the hot edge ring. In this
embodiment, the hole has a diameter of about 0.3 inches with a center of the hole
about 6.4 inches from the center of the hot edge ring and the flat edge is located on an
opposite side of the hot edge ring from the location of the hole, the flat edge located
about 5.8 inches from the center of the hot edge ring and the flat edge lying in an axial

plane parallel to a center axis of the hot edge ring, the axial plane perpendicular to a

radial line passing through the center of the hot edge ring.
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radi al |ine passing through the center of the hot edge

ring. Brief Description O Figures [0009]Fig. 1

illustrates a portion of an enbodi nent of a showerhead

el ectrode assenbly and a substrate support for a

pl asma processi ng apparatus. [0010] Fig. 2 shows an

enl arged view of the area Ain Fig. 1. 5[0011] Fig. 3A

is a top view of a hot edge ring in Fig. 2. [0012]
Brigf@esgiption Qf figyrepecti ve vi ew of the hot edge ring in

Fig. 2 [0013] Fig. 3Cis a cross sectional view of the

[0009] edgg. 1iiNGtratesH Bortdon 6OS tmdodtmertt 61$a §Hoﬁ@r|h§581%¢ectrode
V|ewofthereg|onA|nF|g 3C. [O 5] Flg

f_a ho h a
o8Py 5HF 2Bt sttt rf 5Pl WofisyBe 3eBBehbnal vi ew
of the edge ring shovvn in Fig. 5A Detailed
[opeRlc rFigt2 %ﬁ\h{s@o.@elarw view efjthetasel diin Bigi 1. devi ces
continue to shrink in both their physical size and

[0011] Fig. 3Ais a top view of a hot edge ring in Fig. 2.

[0012] Fig. 3B is a perspective view of the hot edge ring in Fig. 2

[0013] Fig. 3Cis a cross sectional view of the hot edge ring in Fig. 2.

[0014] Fig. 4 is an enlarged view of the region A in Fig. 3C.

[0015] Fig. 5A is a top view of a hot edge ring with a modified configuration and Fig.
58 is a cross-sectional view of the edge ring shown in Fig. 5A.

Detailed Description

[0016] As integrated circuit devices continue to shrink in both their physical size and
their operating voltages, their associated manufacturing yields become more
susceptible to particle and metallic impurity contamination. Consequently, fabricating
integrated circuit devices having smaller physical sizes requires that the level of
particulate and metal contamination be less than previously considered to be
acceptable.

[0017] The manufacturing of the integrated circuit devices includes the use of plasma
processing chambers. A plasma processing chamber may be configured to etch
selected Iayérs of a semiconductor substrate. Such a processing chamber is configured
to receive process gases while a radio frequency (RF) power is applied to one or more

electrodes in the processing chamber. The pressure inside the processing chamber is
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their operating voltages, their associ ated

manuf acturing yi el ds becone nore susceptible to

particle and netallic inmpurity contan nation.

Consequently, fabricating 15 integrated circuit

devi ces having smal |l er physical sizes requires that

the level of particulate and netal contam nation be

| ess than previousl¥ consi dered to be acceptabl e.
alsoepriolled éorrha praliquipTintecass. Ypen pppl¥igeahe desiradcRi power to the

devi ces includes the use of plasma processing

eledirydes) Sthefp ol ess Ngased (IC Er5es L isdiadre edctiv@ed BBich that a plasma is
configured to etch 20 selected | ayers of a

: r
cr B AL s O B e Y B O UG RE ot DR Ered yers o
frequency (RF) power is applied to one or nore
théIS%'E‘tcPBE'é@O'inﬁﬁétepr ocessi ng chanber. The pressure
‘inside the processing chanber is also controlled for
[001&] padrie chdllangg famiesdesigdeanofiplabia pyoddssingleBambekrs R-that the
power to the electrode(s), the process gases in the
. i d..sue '
PR, EOrRIRe SR At 15, tRnaAREny, B PSR Rltes of the
etchi ng of selected |ayers of the sem conductor

- PrEgEssing athembsyr oHYES | MR e SMPSPY dfgthe asAY: deHligrieh sbagpbardment,

pl asma processing chanbers is that the plasma etch
coprioked withsplesreatcbermistniesf arclnt etabnbypoothat s naant profiudensignificant
surfaces of the processing chanber that are exposed to

erb88n PL&s8B0on THAS cdPssiIRERAIATBN tthe GARRhNELL MG NS uPfaBSITRF the

chem stries and/or etch byproducts, can produce
significant erqsion, corrgpsion and corrosi on-erosi on

B eie GRRLRE. &3 postitoi Rle SRetERal et DO LR SBrg! and/or
chanber. As a result, surface materials are renoved by

chemjsil @dlaclanidtloding hernsiom| catdsirk and/oclcadiosign-@rasieron This attack
corrosi on and/ or corrosion-erosion. This attack causes

caREQDbRIHerh N GhAGHIRG shBRT ba Alfbtitkf, einkiBSed P3RS €@RRT particulate
part S cost S, part i cul ate contam nat i on, o0on- substrate

transition netal contannati an rocess drift. .
capkgtiEelip E T A e Felro anh et B fanBlo i Snd pragepy it parts
referred to as consunmabl es. Short 15lifetines of
with relatimely eshoatr litetimesr ergs eommenlyostferséd danas sbiqumables.  Short
[ 0019] Another challenge is to control etch rate

lifetiinkObNadnYurABle artd intPeHse Beletsst 6f owhdIshipate (e. g.,
silicon substrate), in particular, to nmake the etch

e at the ter.of th ubstrate equal to the et.ch
(0pFE AnotiE BB ioie irel 22y pEK Frifd i, arts scwiconductor
conditions are preferably designed for achieving
subplirpter(migt piligen sulstrate), subaticwee to make the etch rate at the center of

the substrate equal to the etch rate at the edge. Therefore, substrate boundary
conditions are preferably designed for achieving uniformity across the substrate in
regard to parameters such as process gas composition, process gas pressure, substrate

temperature, RF power, and plasma density.
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20regard to paraneters such as process gas
conposition, process gas pressure, substrate
tenperature, RF power, and plasna density. [0020]
Some pl asma processi ng chanbers are designed to have
an RF power applied to a powered el ectrode underlying
an el ectrostatic clanping electrode, both of which are
i ncorporated in a substrate support that supports a
(09264 copmaplasmagupeassiag ehambiers god desigriedsnape o 85 power applied
However, because the outer edge of the substrate may
toba Qﬁﬁélfé’drﬁledtmehmd%ﬂ?ﬂwg|aﬂ¢éléc@r%ta@i@@43%pi?&%@leaﬁode, both 8f which

i npedance path fromthe powered el ectro through th

I i.c cl ing electrode and substrate to the
orE) BEBEORAEA if PNBIAER TR PRE B e eaicongfier Substrate
froman outer portion of the powered electrode to the
unflesg9iag P'asma RIRfiesIen iR viever hesausetthe ahtarledgesitihesubstrate may
the edge of the substrate can |ead to nonuniform
o\ oIS EHenBotdmt dlectbatas hndfoe thd Q{FOiQ%thﬁ’ceabétﬂVfrahetl'ﬁeU'E_(B\Nered
nonuni formties, a hot edge ring and an underlying R

j ri 0 Lan) ittin round t he
CBQHBIS Bhoth{ B LML HIEILS W R IE s
by providing an RF_inpedance path which is simlar at
canpRe difterent tgﬂ’d the Bk impedansamath froe ameutegaiontdomphthepowered
processi ng. The RF i npedance path can be mani pul at ed

elbgtradectiotte pfasnial & hoadrsformddiemalierig which @Bultsha thEedge of the
coupling ring. 15 [0022] The hot edge ring shields
subbateah Q4 o PBnlhifdHnd 58%@%%@&%@&5&. The hot edge
ring i s a consumabl e part and requirés régul ar
[ eanin r replacement., It is desirable to extend the
105?% ot i ﬁg aﬁﬁv'ﬁ?esqut nQsyEormitigs.i ; hak @dee t@sianer emgaderlying RF
mean tinme between cl eaning or replacenent and to
calptingeisg hoveebesysimpémenredrfiting arolinbiahe edlgeraté.nnoléd plasma
extended RF |ifetinme is described herein. 20[0023]Fig.
n _ . . :
oy B 2D e TR i £ RF o path SR SRR o the
i n which segiconductor substrates, e.g., silicon
CORI AN AdBE OF 3 pubshiate KRdIgOINF RIaSTRPRTeRERS Breckth impsgance path
assenbly 110 includes a showerhead el ectrode
cainrixel roehipglatedittychelce of madlerialsldnd/ar tiasksings oo &F chdgdling ring.
secured to the top electrode 112, and a thernal

[0022)t I The Pofb8gel ARg skl iths RPIoSHMR Hel AGH SattdR. Bfe hot

found in commonl y-assigned U. S Patent Publication

ed¥aS 2008/030%§$§§ %%08/0090417 anp 2 051073316%5 _
S St Bratey! R\ NASRAHIEe EPBUIRT SRFEINBR e eRiRSEHEPL. It is
118 (only a portion of which is shown in Fig. 1)

désirahladp reytendubetlideninat of theotet edgk wimg @l eder tsiratéase mean time
clanping el ectrode (e.g., electrostatic chuck) is

bet@ebdh cRAfFg RERERARNIR ahBRo AeEEhiddR cbilof SWhdiehip! ASHBR edge

processi ng chanber. A substrate 120 subjected to
. pl aspa_ proc J is electrostatically clanped on a
”@%@@?F§§88§ﬁ§§@§ﬁ”§d??ﬁ%@g%géﬂsw-the substrate support
18 (e.g., an electrostatic
[0023] Fig. 1 illustrates an exemplary embodiment of a showerhead electrode

assembly 110 for a plasma processing chamber in which semiconductor substrates,

e.g., silicon substrates, are processed. The showerhead electrode assembly 110
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10chuck). [0024]In the illustrated enbodi ment, the top

el ectrode 112 of the showerhead el ectrode includes an

i nner el ectrode nenber 124, and an optional outer

el ectrode nenber 126 of any suitable material or

conbi nation of materials such as high purity single

crystal silicon, polycrystalline silicon, silicon

carbide (SiC). The inner electrode 15 nenber 124 is
ingudéser sixwerhead ¢lectdrdedatiudingao elegtrod@ 1, atmckioppasesbr 114

of silicon). The inner electrode nmenber 124 can have a

se@liaBlotheStop! dI8dtrddeain2, @AY thteﬂnaloéorhr%r %ngt tlliﬁgsl?e(tgl of such

substrate to be processed I nc

PR b Pl B0 2 H53R, ion o

assenbl y 110 is large enough for processing |arge
20033308328,52008/@190437 sadi2005/D733 160, sndospaoratedshe2Binhayviafigrence.
a dianeter of 300 mmor larger. For 300 mm substrates,

A bl tlaed s pdet 11808ni B drBodbf WRRA s mmp@ lgln%m'ar%ra bottom
Fbmever the showerhead el ectrode assenbly can

e proc ubstrate. size .

eifefithy oo noR PR B bt BTy 8 z%fgr%t%we thuck) s
|Ilustrated enbodlnent, t he i nner electrode menber 124

pgsiianied epencatin thaulier relacerode Ol 12Fy thy olaswei prpceBignechamber. A
substrates, the outer electrode nenber 126 is provided

subbetrgpepanol iubjiecﬁhdam@t;ﬂésnﬁﬁ groeestinp iel @eétr@efichily ddnbed on a
about 15 inches to about 17 inches. The outer

onti nuo

st Bt Flcs; 122, G2 By B G Kot Brctrostatic
segnent ed nenber (e.g., including 2-6 separate

chygfrent s arranged in a ring configuration, such as
segnments conposed of silicon). In enbodi nents of the

[0024] el ectheoitiestiated tehidodimetty dee eopreletirpli€ 132 WTRAE showerhead
outer el ectrode nenber 126, the segnments preferably

eIQ&Y qulgaesb%. %Ye%E odl a'flgeroﬂhe annpgégo%%f o@trer electrode

| yI'ng bon |ng materi a ron1exposure
ails og such arrangenents can be found in
PG Ohary &H@&'W@ter%%mmbnawrtat m@teriads such as high purity
2007/0187038 i ncorporated herein by reference. [0026]
sifgie ciyatat siliedre qlotyeelgtatirebalicoh2 diliguret bl | ($iCh. nTheldefer electrode
mul ti pl e gas passages 128 extending through and in

m@ﬁ’ﬁa@?ﬁ’@%d[?r@f‘é?’at‘%tahcyﬂH(]jrliéapb%t@?ég.?@%ﬁ’ﬂge&m]p%geé 8f Bﬁ(%n). The
inner electrode member 124 can have a diameter smaller than, equal to, or larger than
a substrate to be processed, e.g., up to 12 inches (300 mm) or larger if the plate is
made of silicon. In a preferred embodiment, the showerhead electrode assembly 110

is large enough for processing large substrates, such as semiconductor substrates

having a diameter of 300 mm or larger. For 300 mm substrates, the top electrode 112

is at least 300 mm in diameter. However, the showerhead electrode assembly can be

sized to process other substrate sizes or substrates having a non-circular configuration.
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in the backing nmenber 114 for injecting process gas
into a space between the top 15 electrode 112 and the
substrate support 118. Backi ng nmenber 114 i ncl udes
mul tiple plenuns 132 to distribute process gases to
t he gas passages 128 and 130 in the inner electrode
menber 124 and backi ng nenber 114, respectively.
[0027]Silicon is a preferred material for plasnma
[082Foskeths iltustrotes ephbedimenttiee inpkeelectoode member 122% wider than
the outer el ectrode nmenber 126. High-purity, single 20
subktystleal 208 IFok BRItetHind SO0ZR miraﬁsn@e'&ﬁeroéle@tl’%%trﬁ%ﬁér 126 is
during plasma processing and al so wears snooth
ing pla cess in ere m ni z
Pr el dp BBy 1 AT b PR iRee e g seut s
pl asma- exposed surfaces of the top electrode 112
ahong LY dnchpd| The guterplertiedesmemben 126EaD be a ApMindass member (e.g.,
exanple. In the illustrated enbodi nent, the backing
a b@itheibud plytmslalinesilRoR k), 09 a@e@ﬁ@nﬂéﬁ%@h‘b@? e Fn‘éludlng 2-6

i nner el ectrode 124 and a backlng ring 136 attached to

s 1B I50de S BT bl BRERtosea o
electrode 5 nenber 124 is co- exten3|ve with the

siliggeki Hyepbadienery of Hirytamelegieds 18 that ipdedene rivdtiplezgement,
is co-extensive with the surroundi ng backing ring 136.

outemeleetrode memback26) ghdsaghenisSdreta bl kb eneddee WoRigh bi@lap each
i nner el ectrode nenber 124 such that a single backing

otﬂg%o:;r)&?%igandé@t@ﬂghg boHGR rﬁat%.nﬁ d‘hﬂ'ﬁ%& ggu?{%«%sfg%ﬂa Details of

uter Iec
i nner el ectrode nepber 124 and the outer 10el ectrode
SUGR A@NBaPENtsr@N e faungdpn ycommeniyrassignedt YS. Batert Ryblication No.
menber 114 by a bondi ng material and/ or nechani cal
200340187688, .indoop8tedHeeibaykefegerpeat e 130 and backi ng
ring 136 are preferably nmade of a material that is.

[0626M GRkli¥nSURAd 3' rﬁenWibEhlglf ?&?@ébQQEag%&srﬁﬂlt@% gas passages

prOCGSSI ng sem conductor su rates ‘i n

rocessin nbe and is electrically and thermall
12% extendsng t%roug Jm correspondence with multigle gas passages 130yformed

in the backing member 114 for injecting process gas into a space between the top
electrode 112 and the substrate support 118. Backing member 114 includes multiple
plenums 132 to distribute process gases to the gas passages 128 and 130 in the inner
electrode member 124 and backing memb'er 114, respectively.

[0027] Silicon is a preferred material for plasma exposed surfaces of the inner
electrode member 124 and the outer electrode member 126. High-purity, single
crystal silicon minimizes contamination of sﬁbstrates during plasma processing and
also wears smoothly during plasma processing, thereby minimizing particles.

Alternative materials that can be used for plasma-exposed surfaces of the top
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15conductive. Exenplary suitable materials that can be
used to make the backi ng nenber 114 include al um num
al um num al | oys, graphite and SiC. [0029] The top
el ectrode 112 can be attached to the backing plate 134
and backing ring 136 with a suitable thermally and
el ectrically conductive el astoneric bondi ng materi al
that accommobdates thermal stresses, and transfers heat
elaetdodd Bt intlodé pelvenysipllin@sditow SiC bhalN, & exbepte: ddehd IRistrated
and the backing plate 134 and backing ring 136. The
erHS@d@fen?|tﬁ§%9£ﬁﬁ%5mfeﬁfbep@;§]ﬂiri%ﬁad'é@g%tat?ﬁﬁg EH&J ?§@§tt9éheﬂr{o inner
el ectrode assenb y is descri bed for e mh
ed U.S 577,
/R4, 20 arehTie BJE TapeNEibeY  $iie” ElRiTpds 125, extending
[OOSOéén a capacitively coupled plasm proceSS|ng
argHadible perphasy of daekingypletmiB4rain thiesembedioeet) the inner electrode
addition to the ground el ectrode. For exanple, the

mehidet rat as Tosdxpirive With thardckins Wistea1 Otdn@MHRl 8Glef Mietrode
which is supplied RF energy at one or nore frequencies

BB 5SS i P Sl b i 6, Hog B, e

grounded upper electrode. A secondary ground, | ocated
bagkingeniefiey1 3 camextpod beversl thet inpde eleatrode nwmmisarr Bdesuch that a
support 118 can include an electrically grounded

sipgé backing\platcaXBb sty 9euppatt lthe inhed eRlcBBge ﬁfé?ﬁl?érrlzﬂ%nd the
10 the substrate 120 to be processed but separate

thgp@léc%dﬁuggHb@F %20 X ifn hrOteIe§d$€ %ﬁﬁ%r?&%% a&ﬁ n\e outer
g

ge Tl 1 can g, gy Fleg

sen1conduct|ve naterlal whi ch becones heated durin
eIgt%n@gﬂ@raﬂ%a\r_e preferably attached to the backing member 114 by a

bonding material and/or mechanical fasteners.

[0028] The backihg plate 130 and backing ring 136 are preferably made of a material
that is chemically compatible with process gases used for processing semiconductor
Ssubstrates in the plasma processing chamber, and is electrically and thermally
conductive. Exemplary suitable materials that can be used to make the backing
member 114 include aluminum, aluminum alloys, graphite and SiC.

[0029] The top electrode 112 can be attached to the backing plate 134 and backing
ring 136 with a suitable thermally and electrically conductive elastomeric bonding
material that accommodates thermal stresses, and transfers heat and electrical energy
between the top alectrode 112 and the backing plate 134 and backing ring 136. The

use of elastomers for bonding together surfaces of an electrode assembly is described,
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[0031] For control of etch rate uniformty on
substrate 120 and matching the etch rate at the center
of the substrate to the etch rate at the substrate
edge, substrate 15 boundary conditions are preferably
desi gned for assuring continuity across the substrate
in regard to the chem cal exposure of the substrate
edge, process pressure, and RF field strength. In

fop @fampleo I pmoA-awBed LA, cPatentt N H8T 51, whieh fipincorporated
edge ring 138 is manufactured froma materia

hereimBtretdréndedn ithentsiebst rate itsel f. The material of
the hot edge ring 138 is essentially lowresistivity

n-.dao ' e- t ' Llicon with a
108860 00 A ESp-BDE SRR, fehd Bt btne, EFNRY  Bienagy ground
2 illustrates the proximty of a hot edge ring 238
mMayake e BiedtiRedgition toathe grappdelectrede. Ther example.dthe substrate
support 218 includes an outer vertical sidewall 218A,
suppoetnIlg ém ddipdera bettisrhad ectebld@BwhiaH e sapdlRbr Rt énergy at one or
support surface 222. The outer vertical sidewall 218A

- he a . S csurfa

G BRHGerRAR Yrd bR P BE BRI  B B BTG "6 the chamber
circular and extends inwardly fromthe outer vertica

thge Prvenegd elagpode dié vdihsie pgreundsed upgepelgetaepenrft serendary
substrate support 5 surface 222, the substrate 120

groued, Haceyed bhevadlysifrtat dostoppelettrsde frathe UBBtrateubpbhall8 can
the edge of the substrate 120 extends beyond the outer

R B Bl g oo Ao e b B BT e inaining
an RF co ing ring 24 | aced on the annul ar support

Pt 104 D Brsruroer byl SRR g RO GHPoi LAl B 3 hot edige
details of an enbodi nent of the hot edge ring 10 238.

riffh&3hoThetdgeedgangn® 388 can b dlirehackrallp adyddtaive og samiconductive
i nner surface 238C, an outer surface 238D, an upper

matdraPRRIcR BB mMEs hAEd d il RsEnZ e Rratorst ep 238E
bet ween the upper surface 238A and the inner surface

C, and tep,238F between the | ower rface 238B
10035} 2 ot < it SBHB NN PUREIECE 425 268 raRSGnE the etch
an annul ar surface substantially perpendicular to the
rageat the eeriter off thehsmibbtvatectdgberdtely r&8&t thtsubsttte edee, substrate
surface 238C is substantially parallel to the center

baidarylcohdiBohdtar€ qaefdramyg d”éf-’gne&xfo?né’s%u?%%ngnd@y iaBfdds the

("about" as used herein nmeans 10% upwardly from an

pnner .peri ry, of. the |ower surface 238B, and has a
P lEle B 3p S cnereel R aes S Sral et ptasspresure,
hori zontal surface 238Ea and a vertical surface 238Eb.
anthRf figld isrepgthl InsardestemiEgize substsatissoatamiastion, the hot edge ring
per pendi cular to the center axis of the hot edge ring
13838 mandfackirie@ Tetsim @uhi@Fidl dorahible € thel UGB rAte QAN The material
upper periphery of the inner surface 238C, and has an
ter dianmeter .about . .11.9 inches, The vertical .
o Herietc Mot 188 iRRhT NPy S ity BPepiapet “Tuaig gpstatine
axis of the hot edge ring 238, extends about 0.075
silicon with a resistivity between about 5 and 100 mQ-cm.

[0032] Fig. 2 illustrates the proximity of a hot edge ring 238 mounted on the

substrate support 218. The substrate support 218 includes an outer vertical sidewall
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inch upwardly from an outer periphery of the
hori zontal surface 238Ea. The step 238F has a
hori zontal surface 238Fa and a vertical surface 238Fb.
The.vertical surface 238Fb is substantially parallel
to the center axis of the hot edge ring 238, extends
about 0.11 inch upwardly from an outer periphery of
the | ower surface 238B, and has a diameter 5 of about
2183, 3n aneHearssupPhe shdadez2k@Bandsusubatcate3aBpart serface 222. The outer
substantially perpendicular to the center axis of the

veltfidal Sd@RaN i228A 23EbndSXbRAFHY PVEHIinhUidrWTbAHt %HHQEe 218B; and

peri phery of the vertical surface 238Fb, and has an

uter. di aneter. of . ab 13.4 inches. The oute urface
tn 5Bl Bl el 2gal iEuer PB8 re e Dp i RO e outer
the hot edge ring 238, extends about 0.10 inch
vertigghstgieyatl ”2d&AanVben dhe sebstrsiterlyY0a$ ptased lporthecbstrate support
surface 10 238Fa. The upper surface 238A is a

subfab@1222, @fle SOBYGAE 130167 RENSthE BGb G t& AP ForOsuffack B8P such that
from an upper periphery of the vertical surface 238Eb

o) r i y. of e outer surface. 238D. T

tnf B8 o RBE S BRC 120 obands BR8N B Blfer SERIGE S Tewal asa anc
upper surface 238A is about 177. Inner and outer

oveb el asige iBe 38 ulhebelsedreging 238dvcorfiggres, toggEpported on an
238B, 238C, 238Ea, and 238Eb on the hot edge ring 238

RFadopiSpried 2A0plhsed siahdedntiar s@sbort Refawesgmbout 0. 002
and 0.05 inch. [0034] The sl oped upper surface 238A of

h e [ 3 . I .sheath,such .

bR, "I SRR R RERL 4 MR 2 e v
optimally extended. The oPtinaI openi ng angle of the

238¢ Jhe 1ok 8dgRring 438 siant arwlasbody bayippen inner sadece2288A, an outer
can vary depending on the plasma process carried out

surfacé P& henndymer stndice IBBIAAE C@weradurfate 2388, GlSePQBBE between the
| evel s used for plasna etching with different etch gas

uppf BhiFide! BBAl Sh LI AL gu‘?’fa%F'tBbé,yaqu of %F%%@ﬂggg le lower
substrates, the opening angle may set at an angle o
apout 175 to 179. [0035] Duri ngr processing of a

suglaps 23Rk AREoheseist suffecy A38D-pl Theniawsr suEaes R38R fmapannular
equi pped with the hot edge ring 238, the substrate is

susfiapg oulistaht@iy peependizstar ab ehs upqer bixi2 b8 thevhbe bddesring 238. The
surrounded by the hot edge ring 238. A process gas is

e i _ . S b

P35 s AN ARERIRI QORI SAURAL nobliting 25,

ubstrate n e enmhodi nent, the processi ng can _

x4 dBV d2 eBAHPHE Pl SRR TIERES S1Oi gVt from an inner
materials. In another enbodi nent, processing the

pesighetyr eft hedawei surfacde23BBghnrd bas b tdjarpétas o akowthi N7 irmhes. The
nmetals, dielectrics or photoresist stripping. For

st& 238 s PHARBASI F\Q’f&é@??ﬁ\??%ﬁ& QtvlgrtE%Perf%ﬂe Ye8E Rt AIY Mhizontal

openings In a dielectric material usi ng uor ocar non
r of r rbon hi n
su?fg(cje{ ?§81:Jg¥sdsu%sla%%aI?ycgerggndiceglgr to tﬁe center axis of the hot edge ring 238,

- extends outwardly about 0.1 inch from an upper periphery of the inner surface 238C,

and has an outer diameter of about 11.9 inches. The vertical surface 238Eb is

substantially parallel to the center axis of the hot edge ring 238, extends about 0.075
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10gas followed by in situ plasma cleaning. [0036]

According to a further enbodi nent, the hot edge ring

can be made of silicon carbide (SIC), preferably high

purity SiC (purity greater than 99.9% preferably

greater than 99.9995% nmade by chem cal vapor

deposition (CVD). The resistivity of the CVD SiCis

preferably | ess than 5000 ohmcm For exanple, the
incegpwaidiy trgmamnouser gerfibety af3bhimodmontal. syrfac8D38MO0 The step 238F

ohmcm 1-20 ohmcmor |less than 0.1 ohmcm [0037] As

h$shoNdtizbAtabiiface238ka &t a @Qﬁ@alrshﬁgcengBaYhé‘gerrtlﬁﬁ surface 238Fb
di mensi ons and configuration of e ge ring 238 can

i ncl yud t hr ough ho ext endi et
s sitbsrattiank RSt ek Featl Seb gt b 0523, S Fbout 0.11
The throufqh hol e 302 can have a unlform di anet er of
ingihopwa@Birpmcin etenperigherent the lowet siefate 2388 carat fed 22dlameter
about 6.4 inches fromthe center of the hot edge ring

of8Hdut ABE indifed. ST B6DHtSH %Gﬁfhé'lanZﬁFatlb@uM&nt%ﬂgg)e%é?ﬁhcular to
300 at the location of the hole 302. The hol e 302 can

th'erz:gmqumgfgth%qw eg 2 r| ZS %g{%(]rg?ggfﬁqralg fTO o~ UBB%e{goéerI%ﬁery of

The hot edge ring 300 can also include a flat edge 308
thervertical syiface 238F9, e hps an@uterghianagiemef eboutrﬂé 4 imqhes. The outer
peri phery 310 can have a dianmeter of 11.6 to 11.7

surfache3sbnid substahtidlly pstgRel 398theaterder hae Bk @He R Wdgh rthg 238,
inches fromthe center of the edge ring 300. The ﬁole

C d f ) e the f
s ARy 8T B ke, Rl Bl MgBREN0r B rohBuiephurtace
fromthe flat edge 308 with the center of the hqle 302
235 B s diheHppgt svidader HiRA ine Wengated penica! suffaesextending @lget 0.75
308. The flat edge 308 lies in an axial plane parallel
intlo francemupperapériphefy bhthehairtied garfidenzp 880 Govinelighien pekiphery of
axial plane is perpendicular to a radial |ine passing

th%rULﬁHtgﬂer@ £33t ef pérﬁﬁ%gl\%}le %hqg? 6{/1]?18&%9 COng;E?s{f?acg of the

recei ves pIC -up pi es fee
t he eIectrlcaIéR#fs 10 on a wafer undergoing plasm

URREH cUE a5 g3 BATIRAIONAL £t glNg0BNY QUIRESQMEsS APIVRIFNaSURERFRS 238A,
having a flat edge for wafer alignnment and precise

2380, 23884, 288Fb] DBEIB]2380) RaskahenHaI38ENg: tHenbotvedide ring 238 are
extended lifetime has been described in detai

preferably rounded to radii between about 0.002 and 0.05 inch.

[0034] The sloped upper surface 238A of the hot edge ring 238 shapes the plasma

sheath such that the lifetime of the hot edge ring 238 is optimally extended. The

optimal opening angle of the truncated conical surface of the upper surface 238A can

vary depending on the plasma process carried out in the chamber. For instance, at

various power levels used for plasma etching with different etch gas chemistries to

etch different layers on semiconductor substrates, the opening angle may set at an

angle of about 175° to 179°.
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with reference to specific enbodi nents thereof, it
w Il be apparent to those skilled in the art that
various changes and nodifications can be nade, and
equi val ents 15enpl oyed, w thout departing fromthe
scope of the appended clainms. W Claim 1. A hot edge
ring configured to surround a sem conductor substrate
in a plasnma processi nhg chanber wherein plasma is
[0935ler atDeding utocessidgtal prsemésadudter sebstcaadnlict plasma processing
substrate, the plasma processi ng chanber conprising: a

chakbRl f@lped WP RIK hof QERE 'ngF 3ga el Jbgﬁ.latesiislcggpﬁé)rlted on the

ext endi ng between an outwardly extendi ng annu
upport surface and. a circyl substrat e support )
suBS{f Pt supPi A 18, A é&%f@&ﬁﬁ%&‘ bv Dot eeANS dch rpapoess gas is
t he sem conduct or substrate is supported on the
intrablgteadainto thepplasma puodeasing ahaimber, ewhichhargiengizeeidigeo ofe plasma
t he sem conductor substrate extends beyond the outer

stotRl té pAdcesd BRVAIbktratd. At drhESHIRRARY, th&Bo@R4R: tiWinclude the
ring supported on 10t he annul ar support surface; an

L R TR S—

conprising: a |lower surface configured to be supported
thgnsylistrate- capuiprivde highrgensity plasmanefchingr ok umétatse dielectrics or

extending upwardly froman inner periphery of the
pHoRWREisE Wirfppafy. amdr GREMbEYNREcdsOng UhE QWBStriRecare Heiug@! etching

si dewal | ;

openings in a dielectric material using fluorocarbon and/or hydrofluorocarbon etching
gas followed by in situ plasma cleaning.

[0036] According to a further embodiment, the hot edge ring can be made of silicon
carbide (SiC), preferably high purity SiC (purity greater than 99.9%, preferably greater
than 99.9995%) made by chemical vapor deposition (CVD). The resistivity of the CVD
SiC is preferably less than SOOO ohm-cm. For example, the resistivity can be 1-5000
ohm-cm, e.g., 80-100 ohm-cm, 1-20 ohm-cm or less than 0.1 ohm-cm.

[0037] As shown in Fig. 5A, a hot edge ring 300 having the dimensions and
configuration of edge ring 238 can further include a through hole 302 extending
between the sloped upper surface 304 and lower surface 306. The through hole 302
can have a uniform diameter of about 0.3 inch with the center of the hole located
about 6.4 inches from the center of the hot edge rin‘g 300. Fig. 5B is a cross section of

the hot edge ring 300 at the location of the hole 302. The hole 302 can include a 0.005

to 0.015 inch radius at its upper edge and a 0.010 inch wide 45° chamfer at its lower
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15a first step extending outwardly from an upper
periphery fromthe inner surface and downwardly from
an i nner periphery of a sloped upper surface, and
configured to underlie the overhangi ng edge of the
sem conduct or substrate; t he sl oped upper
surface conprising a truncated conical surface
ext endi ng outwardly and upwardly from an upper
eqger | Piechat esigetring 300r ean dlseinclugeanflaiuedge 308rdrade inner periphery
ext endi ng downwardly from an outer periphery of the

3T, ORR @xarApR! tHeUhASCRSripABA, 310 can havé a RR&Er Sf €06 to 11.7 inches
extending inwardly froman | ower periphery of the

S AR A

wherein: the inner surface has a di aneter of about
3001 . The Releed02 cannie slighpl PTisphErpmsther eanserelsthg flitdidge G¥08. For
about 0. 75 inches; the first step has a

exaaiplg aht ables30 ameberbpgbsas f e flatodige0sakitmbButenter of the
11.9 inches, substantially perpendicular to a center

h(ﬁé I362 gffsétrh%onpﬁ ﬁgrqethg 'cgrgt,}e ?E‘At S?qh%q‘%'t %ggggégvaf %!e”at edge 308

I'nher s
flrst ste has a vertlcal surface with a hei ght of
liegip ap a@aboﬁsne pRiAllel 10 agapier ane Phtheyhqiedae rieg 3P wheeein the axial
center axis of the hot edge ring and extending
plapavisrplr yerfdicutara aotatial lime pasimgriirauigh tthe céiter dPtHedt ot edge ring
surface to an inner periphery of the sloped upper
360 hRHole 302 receives a pick-up pin which provides feedback on the electrical bias
on a wafer undergoing plasma processing. The flat edge 308 is used to align a wafer
having a flat edge for wafer alignment and precise orientation.
[0038] While the hot edge ring with extended lifetime has been described in 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 equivalents

employed, without departing from the scope of the appended claims.
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an opening angle of the truncated conical surface of
the sl oped upper surface is about 175 to 179. 153. The
hot edge ring of Caim1, wherein: the outer surface
has-a di aneter of about 13.4 inches; t he second
step has a vertical surface with a height of about
0.11 inch, substantially parallel to the center axis
of the hot edge ring and extending upwardly from an

Wg M periphery of the |ower surface; 20the second
step has a horizontal surface with an inner dianeter

1.0f abbut edgk fdng cuntfigBredstolsatr@nhd al deyhigudidpetod isahdtate troa plasma
center axis of the hot edge ring, and extending

pr%Ués?@ dchar%QmMrHigg?ﬁag riiPhgér%éﬁé)cfedt frd Vﬁgetdi ctgl process the

sur e to a | owner I phery o e outer Surface.
4. The hot edge ring of Claim1l, wherein an opening
segeAndlugtor s WoStraten dhe d¥psEh PEQsessing chwebet comerigngpe gubstrate

upper surface is 177. 55.The hot edge ring of Caiml,
suppodi aimpripires 8 evetticl Isideofall| oerdisd etweeny at auewardiio pe@nding
single-crystalline silicon with a resistivity between

arﬁiﬁ%gtg%é?cg??unr;&g ala Brc I?r su ?raﬁ(@uggg&%uﬁ%&g £ suds@af® support
, g essentiall'y of silicon carbide.

configured such that the semiconductor substrate is supported on the substrate
support surface and an overhanging edge of the semiconductor substrate extends
beyond the outer vertical sidewall; a radio-frequency (RF) coupling ring supported on
the annular support surface; and the hot edge ring supported on the RF coupling ring;
the hot edge ring including an annular body comprising:

a lower surface com;igured to be supported on the RF coupling ring;

an inner surface extending upwardly from an inner periphery of the lower
surface and configured to surround the vertical sidewall;

a first step extending outwardly from an upper periphery from the inner
surface and downwardly from an inner periphery of a sloped upper surface, and
configured to underlie the overhanging edge of the semiconductor substrate;

the sloped upper surface comprising a truncated conical surface extending
outwardly and upwardly from an upper periphery of the first step;

an outer surface extending downwardly from an outer periphery of the sloped

upper surface; and
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7. The hot edge ring of aim1l, consisting of CVD SiC
having a resistivity of 5000 ohmcmor |ess. 108. The

hot edge ring of Aaim1l1, further conprising a flat

edge at a single location along an inner periphery of

the hot edge ring and a single hole extendi ng between

the sl oped upper surface and the | ower surface of the

hot edge ring. 9.The hot edge ring of Claim8, wherein

t he @ngsicenth stepeextinaing iswarsly gbmuan W' paGPRaTy Wf the auter surface
center of the hole about 6.4 inches fromthe center of

aridhewiedly &daearn bo@r Péﬁpm of tre 1bat supfige. 1s | ocated on
an opposite side of the hot edge ring fromthe

Ioc f h flat edge | ocated about 5.8
|ncﬁ%§ t% %Eggggé @}io T TRE hot edge ring and the
flat edge lying in an axial plane parallel to a center

axi sthefnner surigge hag geliametgr ot sousti dlinglesne

perpendi cular to a radial |ine passing through the
centtte slpbed Dppdraurfacgrasd wiith 30dEbUAOPISaRERRsPr 0OCESSI Ng
chanber conpri si ng: a substrate support

m‘h%j’r&gst@P Vn%gt ' ﬁ@tjlzoﬁt ‘F%Wﬁhie W%e:ﬂtdb r %?J%gP o?gbout 11.9

out wa aonul ar support surface an

circul ar substrate support surface, the substrate
InfspBIoetapatYy RIPeRdistlentoreanter agsRdbe At edse ringmand axtending

is supported on the substrate support surface and an
owrwerdhafrgmreyn wrpge pefiphdrg oftheicmerdufhes; substrate

extends outwardly beyond the vertical sidewall; an RF

Couﬁlhbngrsf'sg ?ﬁgpﬁr\;e?ﬁ]c Pyt %P’P arl'te%]Hg%qrgbout 0.Q75 inch,

surface; ot e ge ring o supporte
The pl asma processing

subfiantial erreds kﬁgeenkﬁgéwé. the: 80 Bk 1§ 8nd aisBRInE upwardly

further conprises an electrostatic chuck operable to
frarh anpout erepergrnecpofithet larrizentab surédce torantiheersudbiphegi af the sloped
support surface.
upper surface;
an opening angle of the truncated conical surface of the sloped upper surface is
about 175° to 179°.
3. The hot edge ring of Claim 1, wherein:
the outer surface has a diameter of about 13.4 inches;
the second step has a vertical surface with a height of about 0.11 inch,
substantially parallel to the center axis of the hot edge ring and extending upwardly
from an outer periphery of the lower surface;

the second step has a horizontal surface with an inner diameter of about 13.3

inches, substantially perpendicular to a center axis of the hot edge ring, and extending
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12. A nethod of processing a sem conductor substrate,
t he nmethod conprising: 10transporting a sem conduct or
substrate into the plasnma processi ng chanmber of C aim
10 and supporting the substrate on the substrate
support; introducing a process gas into the plasm
processi ng chanber; energi zing the process gas into a
pl asma state; and processing the sem conductor

outwiasdly froe ow tipperireriphagynaf. the yegicahairfzet hod lokerGhaxipimery of the
12, wherein the processing includes deposition of

otenéltedceve or dielectric material on the substrate.
14. The method of C aim 12, wherein the processing

pl.asma e on the subst

*ynor BT ReEs ept Farma, el dn Srinkergle b botag conca
15. The nmethod of C aim 14, wherein the plasma etching

sustaap of theslapedhippgr ROtcesi IS in a dielectric materi al
usi ng fluorocarbon and/ or hydrofl uorocarbon etching

5.gas.The hot edge ring of Claim 1, consisting essentially of low-resistivity boron-

doped single-crystalline silicon with a resistivity between about 5 and 100 mQ-cm.

6. The hot edge ring of Claim 1, consisting essentially of silicon carbide.

7. The hot edge ring of Claim 1, consisting of CVD SiC having a resistivity of 5000

ohm-cm or less.

8. The hot edge ring of Claim 1, further comprising a flat edge at a single location

along an'inner periphery of the hot edge ring and a single hole extending between the

sloped upper surface and the lower surface of the hot edge ring.

9. The hot edge ring of Claim 8, wherein the hole has a diameter of about 0.3

inches with a center of the hole about 6.4 inches from the center of the hot edge ring

and the flat edge is located on an opposite side of the hot edge ring from the location

of the hole, the flat edge located about 5.8 inches from the center of the hot edge ring

and the flat edge Iy'ing in an axial plane parallel to a center axis of the hot edge ring,

the axial plane perpendicular to a radial line passing through the center of the hot

edge ring.

10. A plasma processing chamber comprising:

a substrate support comprising a vertical sidewall extending between an

outwardly extending annular support surface and a circular substrate support surface,
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the substrate support configured such that a semiconductor substrate is supported on
the substrate support surface and an overhanging edge of the semiconductor
substrate extends outwardly beyond the vertical sidewall;

an RF coupling ring supported on the annular support surface; and

the hot edge ring of Claim 1 supported on the RF coupling ring.
11. The plasma processing chamber of Claim 10, wherein the substrate support
further compl.'ises an electrostatic chuck operable to clamp the semiconductor
substrate on the substrate support surface.
12. A method of processing a semiconductor substrate, the method comprising:

transporting a semiconductor substrate into the plasma processing chamber of
Claim 10 and supporting the substrate on the substrate support;

introducing a process gas into the plasma processing chamber;

energizing the process gas into a plasma state; and

processing the semiconductor substrate with the plasma.
13. The method of Claim 12, wherein the processing includes deposition of
conductive or dielectric material on the substrate.
14.  The method of Claim 12, wherein the processing includes plasma etching a
Iayér on the substrate wherein the layer is metal, dielectric or photoresist.
15. The method of Claim 14, wherein the plasma etching comprises etching
openings in a dielectric material using fluorocarbon and/of hydrofluorocarbon etching

gas.
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