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PLASMA CONFI NEMENT RI NGS | NCLUDI NG RF ABSORBI NG
MATERI AL FOR REDUCI NG POLYMER DEPGSI TI ON BACKGROUND

wW( 00091863 asma processi ng chanmbers can i ncl udeP@NUSIIPE023198
el ectrode and a | ower el ectrode. The upper el ectrode

PLASYAECEMENRITERT SN INET NG B peRB e et HIBAL For

During the pREDBCINGFOEYMER DEROSIHON/PPIied to one
or both electrodes to activate the process gas and

d th I t th bstrate. [0002
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anmber conprises a surface and ossy mat
and Prcﬂh@eﬂhelpd%’?a tmpmoeas the substeate ve to couple RF energy

ff t
100021 Y30 AF oA AR B hEb R YoBhBlre e
selected mnaﬂeaa&prba@@dvasaayéﬂ@,a)rpb @Wﬂcﬁmﬁdtmra‘té nQ‘hle%)rocessmg
posed to plasma in the asma processi ng chanb

Cond't'qft%@”@] chaseaisodhahibrplasma fitpla@,srde%lfﬁﬁ fesdurestin then @yers

assenmbly for a plasma processing chanber conprises at

| east two plasma confi ngs arranged in a
ol §8Wﬁ\ﬁh§y

stack. Each of the nement rings conprises
[0003] a Al emadimerdsdd piasma-rdmérmmt RRgIfosa plasma coafinement ring

assembly 1.4 P i OE PSSR RBTEEL SPRLP R R o AGe B kN s gssy
materiallBTRE IR |ds8y ehdteaAl i¥ @ffcetiv@UPLESUSIE F@F"Sﬁ@b@ C%Loiﬁn,f\ thB8ihe

t he pl asma-exposed surface of each plasnma i nenment
surfacepaghesa shfficientlytigh éerperajuis tgrsubstardiadly ueduceopolymer

b
depositfii 3 e Stack IVEGH fife B8 Bt ftRTien PR BatPRes o Blesma n
the plagphapracassiiyg aremeiér. ri ng assenbly for a plasna
processi ng chanber conprises at | east two plasma

[0004] c&wméﬁémeniloaﬁ@solwmarc@@aneme@t §lﬂﬁcﬂ$SGE@bhf0cﬁfa plasma

processi’rllﬁégﬁgﬁg an%ﬂﬁé‘% 8{3 féa%gﬁta/f& Eﬁ{sﬁae% n[gt s p,nggsn%?ﬁjged ina
stack. kach bhtheepiasmarapsfinemenk pings dohprisks amlasma-exposed surface
and an RF lossy material. When the plasma confinement rings are exposed to

plasma in the plasma processing chamber, the RF lossy material is effective to
couple RF energy such that the plasma-exposed surface of each plasma
confinement ring reaches a sufficiently high temperature to substantially reduce
polymer deposition on the plasma-exposed surface.

[0005] Another embodiment of a plasma confinement ring assembly for a plasma
processing chamber comprises at least two plasma confinement rings arranged in a
stack. Each of the plasma confinement rings comprises a plasma-exposed surface
of an RF lossy material. When the plasma confinement rings are exposed to plasma
in the plasma processing chamber, the RF lossy material is effective to couple RF
energy such that the plasma-exposed surface of each plasma confinement ring
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in the plasma processing chanber, the RF | ossy
material is effective to couple RF energy such that
wo b@7pbmeia- exposed surface of each pl asna conPCTEN®NGE/023198

ringreaches a sufficiently high tenperature to
. r r it e

esche W) o SRR KRR A0S Bl s o
the plagmptexposedsuffacenent ring assenbly for a plasm

progessi ng chanbe onprises at |least two plasmm
toooe] ¢ fiFknebotied! of 3 Ascee aninaaelinEasterablyiinea plasma

$thgehB ol [ | i ] [
P O e (L0 PR RE Bl AR A igeq n @
stack. Eaplyobtha plasmeseenfinamant rings poasprisesan plasareexposetosurface

i n. the pl '
and an 3bRRASRE LR/ rBRIDH iR oot BEPR A Foant Woeptee
plasmaRienéinemgmt siHgh ard1akpbdirl @ [Fasman ﬁl‘i’é?ﬁsﬁh’é Eﬂfc%sﬁfn €4fdtnber
| asma confjnepent ring reaches a sufficiently |8h ’
the RF énatetipbisiaifestive taaourRlEIRF eBEgYesyRbl hatthedeipsmiatéxposed

e ] . b
surface R R ot ARREHL Ml s St bihtargpargturs to
substanialiy nedyoeopelysienglepbsitibe onthEplasAS-cXpoBEM ELFECE] NY
0007]| cl udi n Bm I nn?r ri ng adapted to be supported on an
[ 0 %ﬁ%ﬂ. odiment of 8PlasMg continermest tng rasemblkios eerlasma

processing'ehamBeF 86fpridBs A4h8iin aﬂﬁ%ﬁw&j}@ﬁ@ %\F’\‘%nﬁé’r @ﬁ?{jgﬁe@ﬁ to be

surface, and a coating o I'ycon
supported\@nean outeriring. ecinner riog indiedes s plassua-expesedinnet 8stface,

- dapted to be .
an outel W BBRRS BN QB TNk S ctiE e A o SOt Iaircaty-
conducthven o EBSHitpmenshatimmaiontr SuRidIOAt RasPRASBRZHD 2

._semnm conductor substrate in a plasm processing
confineraghbfinge 3res agapipr g beraiangedjas stack anduspended from the

mountin rrﬂfqe.SSi ng chamber conprising at |east two plasnma
@on nement rings arranged in a stack, where each of

[0008] t Ae gphiasdimendiof areethot of iphgce & iséfficéhductor substrate in a
l | asma- exposed surface and an RF | ossy material; and
plasma Botseinke IETRPaIsAMPRaR SURPIYIRG PEaeRSgaAsINty 8 pidsme a

rocessTUETIOSEL A By MO B RSO oo

stack, whetpbash RFthenplagmaseartiinehwnt rihgs poagres xplasthasefcied
[ reaches a sufficiently

f ,ea | asma confinepent. rjn
surface %Paﬁ”tc'gﬁﬁ%ﬁ%’t AT AdhROAHENGI A plasgm temdbeyareeess gas and
. Y ) ] F .
cohig SN0 M 58 GEBTAY BB B Qe o
etching, ithe (RET loasy snatefial adupresoRF anesgy sdehmitrat thé pasphaerposed

surface 6PELA5IEEMa EAMRSSE TP reaches a sufficiently high temperature to
substantially reduce polymer deposition on the plasma-exposed surface.

BRIEF DESCRIPTION OF THE DRAWING FIGURES
[0009] FIG. 1 illustrates a portion of an embodiment of a plasma confinement ring

assembly.

[0010] FIG. 2is a side view of another embodiment of a plasma confinement ring
having a two-piece construction.

[0011] FIG. 3Ais a top view of another embodiment of a plasma confinement ring
comprising embedded RF lossy material.



10

15

20

25

30

[0010] FIG 2 is a side view of another enbodi nent of
a plasma confinenent ring having a two-piece

w@on3neses i on. [001 1] FIG 3A is a top view OPCHOSI0NE023198
enbodi nent of a plasma confinenent ring conprising

[0012] Cl??;g%gg éQErds%Ssc‘é/ctﬁ%F\né\?hof[ﬂQ&? é?a]sn% & fﬁ%ménﬁmq ﬁréown in

onai - vi ew o SR cont | nensnt
FIG. 3A$éKBMlalbngHih@3BABt aken al ong line 3B-3B. [0013] FIG

[0013] Bt 44 MR SIS B P PBPRG ST R e e SHOUREMAg! g
Compr,s[ng,Oalﬂ,],o bldée rfl%uhﬁn%@inﬁm arged partial view of the

ter ring ting ring shown in FIG 4A wth
[0014] aFEGipibistarekbalzeged partial ¥igw obﬂneaauierpmr@s)f the meuntieg ring

snoun 31651 Bl S G b BT A e A B 1

ring. support el errent received in the depressi on | n t he
outer ring 0016] FIG 5 illustrates a p
[0015] pFlﬁe‘t&nIh@tra Outﬁt[lwpﬁ@%ﬁoéﬁmr'ﬁﬁrﬁhoﬁm MG 48, with

the supRpe SRERERAELORRRM L RS BSSERTA the BERFLED, DESCR PTI ON

[0016] PFIG.E5BluBBatdsaaplista processing chpadiariinalgingaméemdodiment of
chanbers, include an u per el ectrode, such as a .
the plasgipoRNTRERERIfNG #3N0NNd a | over el ectrode. The upper

eI ectrode typically faces a sem conductor substrate to

%ﬁ&%ﬁ%sé@kﬁﬂgdwbmbmmeaeﬁmimmlmem is

roaes O acCtl vate
[0017] pParmlesp@as pmun@pmassuu@qmlwsasw@ ps eepasitively-coupled

crambest 4080 LS ERe SRS, S B AS5e e oPATS B g ower
eIectrodéOtthéJﬁf)ééreeﬁeétro@é gkﬁ”@hﬁl‘? faced é%@ﬁllcmdddt@raéumrate to be
surfaces nprised of insulating materials)

proceSSBdf fRureng t agma @0§a§ﬁ¢mg enpweb" iS gLPPHgA tye8e 8hbothese

electro fferﬁy%tﬁ ﬂﬂgﬁ%?g%?ssg de”tﬂﬁgi n@éerﬂﬁ 18] ?8 'tﬂ%

substraféar allel- pI ate plasma proceSS| ng charrber depends upon
the ion energy and the ion flux, su d to the part
[0018] ekpodeisyiadesfSUCARIoHNa Provessig § 'P PELIN E? P&W&%@

I a4 peRd
surface étg’u Fggtf %! saﬁ:%%gbgs an g:%‘&%?gs p@fﬁofag?gs r ecelsve
(comprlse@ of fiscting rateriads)g\Differamt phargyds supplied &6 rtimpingsseon,

these d?tfu eren th/jgest SP su#gcebsedurmg gsr?l%rﬁotcggsr}ngjl Ci'%te' Wegatﬂ?@r ts
characteristics of a chamber partin a parallel-plate plasma processing chamber
depends upon the ion energy and the ion flux supplied to the part’s exposed
surfaces, and also on the infrared (IR) energy absorption characteristics of the part.
Grounded (return path) surfaces and powered surfaces receive significant ion energy
from plasma. As a result, these surfaces tend to be heated more than floating parts
or surfaces, and also to reach significantly different temperatures.

[0019] Highly-palymerizing process gas chemistries, such as process gases
containing fluorocarbons, hydrofluorocarbons, or precursors of such gases, can be
used to etch dielectric materials, such as silicon oxide. During such plasma etch
processes, polymer can deposit on internal surfaces of the plasma processing
chamber. The polymer deposits are undesirable because they can flake off of the
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or surfaces, and also to reach significantly different
tenperatures. [0019] Hi ghly-polynerizing process gas

W@ h@mostsss es, such as process gases cont ai ni ngPCT/US2006/023198
fl uorocar bons, hydrofl uorocarbons, or precursors of

surface%“ér’fﬂ Séﬁtg in&t&br Q@e%%%d%{l tr%tt@ﬁed%l;] bf céenggg%SFé)aas well as

such as S ICO oxXi rmn
contampnaje éss ebamper y Meweven, abaae\ﬂcé fedtutest eontinlie o rghpipR it of

h I d t
oA A o 0
chambéhﬁﬁﬁé’de@ctﬂ’éarﬁfﬁgrrp\%fé‘ﬂb Redrer By Q C/p%%t?ﬁﬁiéﬂ*r?é%%results

(e.g., processed wafers), as vve
Accordmgahﬁgs depisalRlede redlscejeandcmefaarablyrteq)remnt; theeformation of

polyme? B e e AR A A oo
[0020] f rDuringqﬁlaSmtaqyrwé@'ng @péﬁéﬂoﬁ\éehé@t&% @é"tr%n@fg?tce%?ﬁom  and/or

Accordin it is desirable to reduce

to Partsp?flﬁf e‘ﬁ*&s chambep sa&aeés by freermad wandaetiost (wienyther part ishin
physwa‘FI %881%'0% ﬁ/ftﬁ %nbﬂ"&ré%lacﬁ lfag%zlaggyvg%a ae%:arﬁ%é@ast& 0 1:arry

asnma processi

heat to andlmffm te partyard doavedtioniwHed el iOEARTdBVRE PESving fluid
conduction (when the part” is In

in the Cﬁﬂ(/@?@e Q'}é?ﬂcggé rr*\%lﬁ\t lossgs fest Patls inaegse withiincreasing
chamb&%@ébtﬁbe%qgﬁgiﬁéfu?e Wﬁ%& 8A’f,‘yof NeShsh2- S dc{ds%gypaﬁ or

part) and convection eat s carfrre
SUﬁacemlﬂQ@|a$ma processing déperds on tieoameant sEhé®aQ, laerieelo the

part or {EREEARNTS MELSTRE Al B GRLARNIAN SIS Tl essties
the following valaBGesHidT TN nikd ZB.MACBH RFRAY fBga‘b‘?\%WQ ‘P.l?nt Bhﬁe%t added

anmount of heat, Q added to the part “or sur
to a parf, Hacreasiag the pardmess depreases thewreass, lndémnmatme tof the part.

ConseaERl. ol At YOG i o8 i Bo4/ Bkl aBaw sk e 2

sufficientiyritigh ternpeatirediurliey PabaHoee sk Rﬁé@éldtd?ﬂyr‘nBF b€pssSition

eratyre of the part. Consequently

on plasrna\ﬁmggﬁqi gHTAeRSO{ he PArkh heat capacit y) may not reach
[0021] aGeHEF| ng&ﬁltﬁéerlyoe%gsﬁ?gpéeﬁ%tr% Ilﬁ%lglf{) lftg?%n gl & ng%rrmasma-

rocess

exposecgsmﬁm Githé pizsma brodessiay ¢harh@&2ddnr@9ﬁlééﬁid Brocessing

, d ts ar re likely to formon cool er
operatiof®. FeAtroed tiices $ad & Daroooks Swiasen, pRBeedbpmygsnerally
i AR t| il
more pr@h@fggg\é&?%ngg&ngé be co I%%P?aces%ﬁi %WEC%?
groundeglesistagesy m)re prone to devel op pol yner buil dup as

[0022] C‘gigcggf ﬁ%@ rrg%dgégé% gc)ﬁép% ] o—%?(gggp SEG&S@&? of some
parts in plaaﬁ‘@pr@m%ﬁg chEnfrRe€ TanbeSfIMessed by actively heating the
part(s). For example, chamber walls can be heated to keep their plasma-exposed
interior surface(s) at a sufficiently high temperature to avoid polymer deposition on
the surface(s). Active temperature control of showerhead electrode assemblies and
electrostatic chucks can also be used. However, because such surfaces are
powered or grounded and consequently are subject to high ion energy, polymer is
less likely to deposit on these surfaces than on floating surfaces even without active
heating of the powered or grounded surfaces.



10

15

20

25

30

parts in plasma processing chanbers can be addressed

by actively heating the part(s). For exanple, chanber
worirmosen be heated to keep their plasma- expoR€dUS2006/023198

interior surface(s) at a sufficiently high tenperature

100231 EHAHIE HETonifeL it RroknReb R R hesalibl e

removna@ dsebaned @@twrﬁer(ﬁeﬁmﬁkﬂomﬂhaﬂm@r Berfiess] . Folosgatfple,
ecause such surfaces are powered or grounded and

polymeé Sepegiteran pedemoyadiusing a@gnﬁasgweuni)@ﬁrea &hgiistgesy ner
Alternali ?elgeﬁ‘ﬁ% Ibgﬁl%ychta%ﬂﬁ%?l' Br—f\ ﬁ/%uy%%ﬁ d ﬁgr%"ﬁ‘é@é l;])to“@'ﬁefﬂ%posits

t surtraces even w |ve eat |
from chammimresilrfacegr dovdnerssudhacleaning@2shnigliee retaloe/@ioy:e% he
th I‘ﬁ) ymer deposition problemcan be addressed by
roug VI ng as-forned pol yner deposits from chanber

[0024] SUlf RS to BERie®& @l@@irﬁbleﬁﬁb&f@ﬁ eﬁllﬁfé‘ﬁ%yaﬁdcé‘wh Bﬁlf&ﬁﬁw ed

using aggressive plasm chemstries ternative
plasmatgan e gontnechwithiara pmmcmtnmn@amadefmem%en the

upper i TR cieBRleh ST iR ndshe HihecaRg chambstp kasma
confinehier@ gl adsentislieb @ ieassd iy Erd@id@ﬁ%h ShEia @stneAnsht.
etch uniformty, plasm can be confined within a

Exemplgiry plagma aenf mmnt ringhessesmbliescensatisplesed ecappenianwned
U.S. Pétﬁ?ﬁ‘?ﬁlﬁ'@@f&&%ﬁ%@g PR | E ! éﬁ?g@g@f@ §§%9E%ﬂ,ré%ch

asna con ‘nerfent T'rNg’ ass
of whiclhiseihcompqrated liereuiby refersToe indisfermieatyntAs Exsurieariy U.S.

Patent Rty 5 ubaloea COERToTNERY S5esaply Gan indiidee maraiity of
plasma®opiifleMei ng %.7%_31'919%”9@%%@&%% steék o Bfaflﬁ\%‘?‘:ﬂ]%a?ity of

i ncor porat ed”herein reference in its ent
gas pasmesm@ehdmg tacﬁall)Pbetsvaeri\hﬂjaéerﬁafmg%Hnom am iphessarface to an

nfln i ng assenbl canlnclu urality qof
outer siifdte CRBect RS i i Bofe sl igell s figuistiicos pass
throughsmé%sis@g%fth@ﬁebiy Biniading m@fenﬁi@ﬁcy’ﬂﬁsﬁﬂﬁéhﬁﬁgee&%% the
radi al | y between "adj acent rin rom an inner “surface

plasmamnﬁnemw&zoa@.(lf%\cemcgnam@mngaﬁtth@p@ma) the plasma

ovzs) 25 ASHESLABAITS & Bt b 334720 s Bt

assemm|escrhay genfing polglmetr rd@pplsmﬁ&mmgfplm RétcH pl‘tﬁ:e(sbe@ to only
unconf i nenent " of pl asma). [0025] As al so

the plasiaa gspntigement tings thpg@S@l,\(ea\bl-loweggm itis desirgblgdawubstantially
ecucs S DRASERD £ 9,25 SR PEB BRI EBEo Ho TR emont s

in ordendbasm e tardialy mealrma andrpgeferbbllyq:eévem th-hmbeeand islbstate
contom Db o Bl SRS e e o RSB e S
performed8Semove as-formed- polymer deposits from the plasma confinement
rings.

[0026] In light of the above-described polymer deposition problem, it has been
determined that plasma confinement rings can be provided that are adapted to reach
sufficiently high temperatures on plasma-exposed surfaces of the rings to
substantially reduce, and to preferably prevent, polymer deposition on those
surfaces, without actively heating the surfaces. More particularly, the plasma
confinement rings can localize heating at selected portions of the rings that include
plasma-exposed surfaces. Heating is localized by an RF lossy material.
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in order to substantially reduce, and preferably

prevent, chanber and substrate contam nati on probl ens,
w@200r001868s t o avoi d addi ti onal chanber cl eani POI/ES®PE023198

performed to renove as-formnmed pol ynmer deposits from

[0027] { 1% BLEP RBr&iANE ¢ olf}fdnggyrrtaé‘t%ﬁal”[lé)gagleétﬂ?%lhg@ér}ocﬂkggg?naterial

above eposi t1on pro
that camebsorteRETeriaTgy, lteh,azh niEtedatehatois friot era@spardn gs Rﬁmdﬁ&tlon

d d h ff tly
Accordfighp SR B85y Aiiedeiaresauinte REEG Y e CasotHen i g8 RF
lossy rrta@eﬁ“’éltié?héﬁté(ﬁ' Eﬁ(erhﬁ%ﬁfﬁ]o@@% hatdXisb ?t‘ié’ttltaﬁtolﬂ% E¥§{t‘ n i e,

pol ymer deposition o se surfaces
plasmah:m[fmamqrﬁ gingarifclgds,. butare nptlimited tayrdoped Big(i.pl, Essllmm that

vos 5o GERPORT IR b ATe S HACSHHR BB Pl fctca

resistivieprdrRFSKC. Ieaddinen, the! RIC Rssy %’at@t’la%‘arﬁﬁe l0%e¥allic mater rial
material . [0027] As used herein, an " [ ossy materia

includingsmgtale reetal iadiays and srraneticeatesials; f@n same emiodimbats ¢f the

oo\ a material that is not transparent to
plasmagg)nﬁﬂg at ttcr)nggAccordl ngly, the RF | ossy material can

[0028] cd'lhw RF Rbssynmatprial Gap seskiedepth. THe“dRin H@ﬁw igBO®IMGHly
ry RF | ossy material s that can be

def'nedlﬁsef@%? eﬁotlh @Exewgfeﬁismﬁq ﬂfearﬁﬁttdwtﬁgat whishdbe cupient i He
(0.37) tirr‘ﬁ’és tHe”ﬂ:drﬁé’nttaﬂ'théI egﬁgm%s Thé sﬁrn' @Cte 1gtl g@tp a%?“?% RBWing

sui t pe and a
equatlonord 1= cﬁﬂpﬁmts) 8| wk;erm il theeﬁatetlat/elewtcah:bs&tﬁlty,l ® is the angular

be |
frequerfiy a8 cp RNt i) e AGTISIPS.® HENUFIGN! 898 Han drarabraile
magnetmﬂfb@frhé?étﬁh fdt”théﬁtﬁe@étb%cﬁﬁtﬂﬁ%t@thlé BguBlias Re Skh depth

confi nenen r ngs ossy materla
increasek A tt!@@terctnqatéemgu\rlty oféhe IRF iossy @mfenaynd@rasaed Fam'

oxempi SRR b} e SHE 11 8 KPS i W om abou
10? pQ-eht foagisout Hod pxhucm dA@édtdlr@ty,loS/eﬂ thiseldutridd @eé@tnh%aﬁ@e and
uati on where p is the materi al
atan R ?@&uﬁngﬁp‘f ﬂés‘t‘%ﬁtmhﬁ skin idgptef §t€g gararartg&eﬁq&ha%otdﬂ 50
. = 2pf, wh f f nd m
um to aBUG{ﬁG@O gsol ut ewmagngtl c pg ?reab: Isl t;eg}ye{t%) rra?erl al .

[0029] Adrcadditiog to deirty sleetyically oondudtives tieREdpdy m@@&rmfpeéferably
ectrical res t|V|$é; of the RF Ioss¥f mat eri al

ns a sffcleBLyELAG-Gie chgBRETaRE) $.4b derin amore suticnt f eneray
during tﬁv\?‘%hbti qRkt ;5I§§tn%t i \ﬁréd’udéfd inthe ‘Ib?%n ﬁ/)}’oéers@mfrﬁﬁtﬁbéo %0 that

t o about mMcm Acco over
the RF lebey material neashess a\aumplenattygmghmemperaiurd%té substaretiatly refluce,

and to p%é@? N{_p%e\é%@tip Ny ccllﬁ\ﬁ)]osmon on t%eclstg Icgsas?/ a{erlatn ﬁlrtb.s(:t)rltJ t
embodiment, the RF lossy material can have a suitable thickness to couple with RF
energy and provide a sufficient thermal mass. For example, the thickness of the RF
lossy material that is used can range from about the skin depth to about three times
the skin depth of the RF lossy material for the RF frequency that is incident on the
RF lossy material in the plasma processing chamber. For use in plasma processing
chambers that include more than one RF source that can supply RF power at more
than frequency, the thickness of the RF material can be selected based on the
lowest frequency to which the RF material is exposed in the plasma processing

chamber, for example.
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[0029] In addition to being electrically conductive,
the RF lossy material preferably has a sufficient
woodoanelses . e., thermal mass) so that it can abRO¥/S2006/023198
sufficient RF energy during the period that plasm is
r
[0030] P HHC{Hé?Paénng? gpﬁgﬁé@%ggrﬁr&so‘fﬁ&ﬁi@gsg ﬁ-[%?&ﬁ:ﬁl g}ﬁn bEBkpddS to
plasma lermpiaatrwr Brdcessmg&ﬂ'ﬂmbeatl ly otlmhamabocﬁn@rﬁs) the GRFGro%bW

materid] g3l PSSR M Tor DR CHXACBE GO PIRSERF-a F OF BKARE the RF lossy
materis ld:'ahéﬁ%l 8 ch’ur‘?é‘ BRSShe & r?leHcPls etsrbf'?ﬁeﬁf‘a‘% cﬁgﬁn?rﬁgnt rings.

rovide a sufficient therrra Mass
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mace JIRE GERLFRALe! N ob BB SrkReRt M R Togfe efefl can
be embgdeleddn enetdrahots pla@mad@jﬁfln@metrﬁ eings (1.8 %Mc!@b@ rHyaéndtl'i‘er
t he pl asma processi &% chanber. For use in pla

mate”adrﬂwé% expgseth inblasea) watthatbe RiE loasyenatesial tmeotmxposed to
plasmaZ OUr c€ that can supply RF power at nore than
a?requency, the thickness of the RF material can be

[0031] sem@cnaﬂbmets@m snmbbhenérﬁ\msntplégmqwnwetr@n\ﬂﬂmgmstsembﬁsﬂo
osed_in the plasma processing chamnbe
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ma proce si ng chanber n
1 commses,daa/cm@ﬂmbrraagemmraom:aunmuig fing m2oand fourptasmd
Ias the RF |o0s mat erj al . can

b
confinely G o IR 1 5o b L SUTRANIEEr T Ty BTGHTH NG 12 Th
mountig@fih f’lQ@’fH tHe' MEsmal corinekleRt ringadi MBNis aﬁd% éﬂ@@e@érably

one or nore plasma confi nerrent rngs can
verticalyhaowreblede adiusittiaeir apsitions i # plasimea pmﬂ@@émmrhambem erF, to

i g N N N T

plasmatdmtﬂnemeﬁx pagsd 4 OGPH&%H&)ZOSéretdmiNrt e %dk@&%\frangement
IS not exposed to plasma. [0031] FIG

with radi%'ﬁﬁ €¥T§”QW9eGﬁR§dPﬂ§¥Yﬂendﬁsﬁe@|V§§?ﬁirchfrﬁngﬁe%nTG r1|6ng8 and 18,

rfg%i of t he plasma confi nenment
20. Thé%é@?r&w% %?E PQ%H&% at least two plasna
[0032] cdiifei meurting rlngglsz arihthepplasma owlflhen@m%nhgfmﬂg 16, 18 and 20

are elegppép}?gﬁém S Wnﬁ%r? IeE\@tGr}qa,ﬁg? r l 0 }agggﬁzglg%igﬁglt gtljc(::h as
quartz, f8sdd Qﬁéﬁ?@lhcbhr}ﬂﬁld%“or AeminS 13- ﬁ@lti%ﬁ%ﬂ%ﬁ% eﬁr@f@ﬂé&‘a

mounting rin he nmounti ng-ri'ng
materiag fmfthemrpa[ts,ramg sspeciallyefor L8e imdich(pracesgesefos rchﬂdégtnc

teri ﬁ ableto adjust their positions in a

maena& @Hé PAAAber, e.g., to control the size

[0033] g?rgﬁmie@?ﬁalrﬁéﬁwﬁﬁﬂvﬁ Iher g, as e ARUUNLAG TRIYE 12 bR8®ach™f the
e

plasma confinement rings 14, 16, 18 and 20 are of a single piece of the msulatmg
material.

[0034] As shown in FIG. 1, the plasma confinement rings 14, 16, 18 and 20 can be
connected to the mounting ring 12 by mounting elements, such as elements
including one or more hangers 22, each extending through a respective hole 24
formed in each of the plasma confinement rings 14, 16, 18 and 20. An insert 26 can
be inserted in each hole 24 to prevent direct contact between the hanger 22 and the
plasma confinement rings 14, 16, 18 and 20. A spring 28 can be mounted on an
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pl asma confinenent rings 14, 16, 18 and 20 are shown

in a stacked arrangenent with radially-extendi ng gaps
wheioreerses especti ve pairs of rings 14, 16; 16,PABUSHENE023198

18, 20. The gaps provide gas flow passages [0032] The

inner sff3 30 gt et 3o o B ol BT e chf 22 Febegh o

fitting 3Q| ectrl cally insulating (diel ectrl c) material, such as
tz, fused silica, silicon nitride or alum na.
[0035] H| ngﬁ ahehing yound semiGandaci subsiratesniecplagMa eanfineseent rings

4. 104 OS5 Al oS AL NPT, ool
and an Iamterttbametradsmrﬁane 42,044 46rartd 48, respebtidveppnumhiengnén digmetric

surtacek 335, B0 S HBL SR BGE MR, TS A, Lt o
rings 14”3163 Migednd ﬁ@%% ﬁlﬁ%@é‘@lzlfgoﬁhg‘ si%)str’aﬂ? ka8 B progsssed,

confi nement rings 14 can e connecte
e.g., anionehdiamsaien ofn@)outrﬂg ib2héy forguacessing Bedemnsyafens.hAsshown

in FIG. &, FBr ARG e lig ROu3Pes Jec n b ARt 40 (8 redepatiyeaiema
confinefiertt figsl1as 8, ¢8BhdTR B pr@férgﬁly]\fbrtlééby él%n%@l%@@ ea@ﬁ‘ other
insert 26 can be inserted in each hole to prevent

and withithe sroudingdthg bdt ween t he hanger 22 and the pl asna

oosen ¢ SEFER LRGSR T ks a3 PSagy e o

more of, @il preferaly Wnasadhher, e wier diniéttib sueRipes B4t 86238 and 40 of
f| tting 32. [0035] For etchi ﬂ% round seni conduct or

the respe@iveiagga CPHB”%'T“&@BH”%% rthend 2Rgd-or exameple 1the
coatmg% l?é)of H@é@?ll@éh F‘@% ih@%taﬁ rtfea& IR bﬁgp%éﬁltable

spectlve an ou r|c
deposnnm tecthnlqaé sunzh %spuﬂerp@enoswmry chéﬁmcal vapor deposition ¢CVD),
aces nd 40 are pl as

d .
thermalqIdGEE-B3m S antallh: o IR TER B IR0y 6 The goafieg
preferaBl dba8Rs theSehtiraMiferdidMetity suftReSoffs P dns 'céﬁﬂﬁé’m@ﬁt rings

processed, e.g., an inner dianmeter of "about 17 inches
to maximize tb\aimgd r$g|rfaoe aea.wit ether embasiiroaents, the:mmtung cameover

oss e B e T e P PR oo 88 Slshis 2o

conflneﬁfeﬁt pheéerably vertically aligned with each other and
Ee nmounting ring 12. [0036] In the enbodi nent,
[0037] arT hﬁpcqaélggy)fm lgssy safpiilicen haveaa suiiablaghiskneseranging,

oroxa P 6y oP HESKE A5 R 2AE0 by s R0 e g =
lossy n’qaltea'lﬂiﬁordbeﬂ'{m fregoency ties islidcidbat od éhalRF RBsy ntdterial in the
plasma progépssmg cr?amber

[0038] During plasma processing of semiconductor substrates, the plasma
confinement rings 14, 16, 18 and 20 are heated by the plasma, and are also subject
to other heat transfer mechanisms in the plasma processing chamber. The RF lossy
material couples with RF energy and, consequently, is preferentially heated. As a
result, the inner diametric surfaces 34, 36, 38 and 40 of the respective plasma
confinement rings 14, 16, 18 and 20 can reach a sufficiently high temperature to
substantially reduce, and preferably prevent, polymer deposition on these surfaces

during plasma processing.
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coating can be of doped silicon or SiC. The coating

can be applied by any suitable deposition technique,
WGEemh/oas6sput t er deposition, chem cal vapor depoBU$10061023198

(CvD), thermal or electron-beam evaporation, or plasma

0039] SRRy, e S0 HArRIPAT ol prefBfalsy sathes, the
plasma é&mqe[]h%mﬁg]bgéhﬂ@ﬁe E:Onﬂ?eghefntzm:g besmaalyafemnrsaueteait@a

I'n other embodinents e_coating can
reduce haps condyeion fﬁﬁ'@rthﬁl%‘f@‘?m e (s amt 56 et FEfleltfe RF
lossy métﬁgag’gatﬁggbsy fineRfEht rlhg%ﬁcem% #RRARFBsS material

erl can sui tabl e thi ckness
to thereh&y?lnwmtgm erlémWImataTnabm alsuﬁlclen’ﬁls! high terappraturesto

t th kin d h of
substanfiaipbraduer nd g efprepharsach Robater ool i e, | he
conﬂnerf\%gg@ﬁéylrf‘ﬂﬁte%m%dmrén‘t henbagitre B, qrefsably edvhndfethe plasma

During plasma processing of sem conduct or
confineraabsitings msludesa ihiessabchele ihﬁé genredygryReatcontiction away

N L el
[0040] PlP#RSShBSdifiET At leadtthe bf tlh@%ﬂasmatoenﬁaérrmu ghgs ofitheh

RF energy and, consequently, preferenti aII heatég
plasma genfinervent ting awmhluew 1 W ﬁdn'é,‘urm%%%goﬁﬁr gor

oxampihe i CERRSTAL S AR RS oG

compnsfe%fﬁ?ﬂhﬁbﬂnﬁ? 201 suppoetedion dry outed ﬁmg 22 d';' pe MragaMQyZm and
revent ti o t

the outqsIrigHEL DR B8 f@g?fs@@%a meferih D i REMS Mshe 8

inner HI’@ ?1 ﬂ'fclud?é%da gs O%ﬁ;{)@éé&?ﬂn}ﬁeﬁaﬁm&ﬁc sufface'2a9en which a

nenent he confinenment ring assenbly are
coating Q@ﬂsciframREdo?.sy matkriedishappliedlonduct i on from the portion

o0s1 e SRS o R 5] A BT maere
For exaﬁﬁilé‘:@@tmﬁé’r difE2 2 chRveYofsgid gicarport Sid. eTDhe rmutesrt rmg1223

| ossy naterial at a sufficiently hig
can be ofemsartablarcbelteotr@ub@teélﬁ{,|SMCh3ﬁSr%léﬁIEZe0f '@ﬁd‘kfao preferably

e
outer ruﬁé} o28ltg Hefiné anfdaze aretgap Zwbemmwedmnfmesmidlk@ inner
. at can reduce heat conduct] fro If11ekRF t|10

fing 22 rang thaloutes g 2bn N GPP AARSTS SEtSTEE gl Ehoke, whie
eﬁectw% g@%&fﬁﬁéatrdoﬁ%uc{lmﬁg}n {e 1hH§r ﬁr’i@?ﬁﬂ 'i@'ﬂ‘ie o@ier'rﬁ‘@SZ23

l"asnma conf I nenent | asma
espemallwlf/héretl‘wmner dignatbe Bbi'fycamewﬁ thlmvmea rlng| 1 isiexpesed to

plasmap| B IPVEUNG fhsianon, G 15be! RowIs SuRRce 20 calbe
maintained at a sufficiently high temperature to substantially reduce, and to
preferably prevent, polymer deposition on the surface 240 during plasma processing.
[0043] FIGS. 3A and 3B depict another embodiment of a plasma confinement ring
320 including an inner diametric surface 340 and an embedded, i.e., enclosed, RF
lossy material 360. The embedded RF lossy material 360 can be provided in one or
more of, and preferably in each of, the plasma confinement rings of the confinement
ring assembly.

[0044] As shown in FIG. 3A, the RF lossy material can have a circular
configuration. In order to maximize heating of the inner diametric surface 340
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conprises an inner ring 221 supported on an outer ring
223. The inner ring 221 and the outer ring 223 can be

w@bhooa/oalised ectric material, such as quartz or tPer/U5%006/023198
The inner ring 221 includes a plasna-exposed i nner

caused%fﬂ@ét:m(f 8?% f I%I@ 20%4%%5'%?6@ Q?Pﬁg %ﬁ%ﬂﬁﬁ: ﬁ)ﬁ(ﬂte% irf)? th radial

dlstancerbmWeHnrthe R seyimaterial 868rand the: iddér daneétrit karf@te 340 can
material. For exanple, the inner ring 221 can be

.l ass
be m'n'm'Z%%ped silicon or SiC. The outer ring 223 can be of
[0045] 2 A3'6AGRK 4 'IG'?S%b‘ﬂé@?ﬁ&%bﬁh?er%ﬁ{‘nﬁﬁ 390% éVe%]'Rﬁo-

0042 asma conf 1 nenent
piece conat«euct:omg;mc[t&ﬂng an sippeoring godion 362 and alowengngzp'@rhm 364

225 be d f
e S5hGRD lerdEESint "B, 58, R RGBS U835
depres@idh It Bridedan el Wﬁ@rtm%@ah@/o?fﬁ@l%bde‘{ ?lnb(bortlon
reduce heat conduc on fromthe inner ring 22

364. Thewdepressign 363 capdsweianlyl wtabawslnam mn:b rasOsemvstrcular

cwculars(rl’é%fsm?vré‘lg Iy%g\(;fl ggﬂg&{r}%goé,a%%%e OS & galtoﬁ ri?b6c1r ¢an be

formedSszré mﬂqme thaa Iéommlewfoalpa@@bﬁingatwmfamae of the plaBia
erature to substantially reduce, and to preferably

confmemeévémg 320 ispeBrasdasRisAtlation ehetchinds uTha&F ipsey materiq 360
can ext%hé??ﬁtlﬁﬁggﬁg%'ldﬁ th Q)%g)%?g 10361 q@‘ﬁ%’i‘ugngg h‘éﬁﬁhghg%rmlty

asma confi nenent
aroundithe lentirexipnen dlerm@rlmﬂ;uafaee 1340. AlterpativedythaRF kssy material

360 o A ERAERYS @ oS s e oS TR Al S BRrh bibclor s, in

the forrﬁrof'éoécﬁldoéeaoe&da Bo®&tefably in each of, the plasm
confinenent rings of the confinement ring assenbly.

[0046] [ Odwagipper rngpertion IBR@ENdIAE lower RAgIpsstign 364 of the plasma

conncif g 410 L e SABB HL BToehetE nh o SU i

technigbeatAar@xeinglé ethBruppes fikig pairiein 862 3P0 16WeF g PoRfdR364 can
processi ng the radial distance between the RF | ossy

be bonm By iaa$ui adbesive sue;h@s @n glastomerie matadal qzmp@td.ﬂe with

chambaec d“ﬁdﬁsz |cailg?égebb375 o'?]lflﬁerrf)é%’t nhgg ?Jlrlﬁé.'ﬁi%sma

COﬂ I henmen ave a wopl ece CO

processing lof sengc@mum@ubstra@sp suth as déseribad lracdamwm"nly-bww
ortjion 363 oi ned al ong an interface 37Q0. The

U.S. Péﬁ%eworrﬁpg 7, 3dichigdn per%ﬁe@@aemrbyarea%rﬁne@gn Bﬁ eglrety.
The eIaserﬁgldrﬁa‘Per‘ié]%gg%ﬁlﬁ}néﬂw&cﬂﬂeté ﬂpelz‘%fithggﬂélﬁf céﬁlﬁjétl9(‘éer

ring portion e “depression 3 ave
particlesui t abl e shape, such as semicircular, circular (as

[0047] 32[8“&2@?%%2{%%{;%9% %IQ pga%g]t ?’a tﬁ{arrﬁgﬁay concFuct:ve material, e.g.,
Si, SiC, metal or metal alloy to enhance the thermal conductivity of the elastomer.
The metal is suitable for use in the impurity-sensitive environment of a plasma
processing chamber. The thermally conductive elastomer can be applied at the
interface 370 between the RF lossy material 360 and the inner diametric surface 340
to enhance heat transfer to, and thereby minimize polymer deposition on, the inner
diametric surface 340.

[0048] In another embodiment, the upper ring portion 362 and lower ring portion
364 can be joined at the interface 370 by a welding technique. For example, the
welding technique can be laser welding using a CO., laser, or the like. The upper
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formed by a technique that is suitable for processing

the material of the plasma confinenent ring 320, such
w@2007aem65 abl ati on or etching. The RF | ossy nap€r/Us1006/023198

360 can extend continuously along the depression 361

ring poffdn A2 PEE I s agioh el dah B8 BARS wielded BtenidiEe 370
aroundfmé ﬁfneﬂdl@ﬁ@trmr@ﬁeeﬁm éhdiﬂﬂﬂbut@rl @iéirhdtrlcﬁmfaBE d48ssy
360 can be, for in the formof a

[0049] s&m ér'ngéaamgrtha Ffs%mév mqteoa GOrWeth@pme$ma| qq)@flpemenbﬁng

320, ng X, PRy Iitelingso b SHteRfid i tiiflo SxphBBa RO PRhe. .
AccordiB@Q/ tye BRiylossy mdiéﬂalj 3ﬁ0nalgbé aq’natemae s&hraﬁa angthle metal

er rln ort and [ower rin
alloy or(RAHAIREBRRIE §6.0n 16TTESINEl AONSASIRF CoblGs Th Selecied
¢ t
materizf %ﬁ@?“%."% ﬁ‘s%'fy%ﬁf “h‘?'“a? SRRl ﬁ‘é“p%@ﬁ%’fﬁié??hnsﬁgﬁ'c'e““y
high temparaiuctudining plaa;maaprmcessaeg |tcm eaflt inessuflicieniueaiing of the

R e e S SR A R o

preferabsff;ﬁéeeﬁte pbwméﬁdaﬁsitroﬁtdh thENAn&l aRhestaE stiffaes i3aD. can
i onal [y i'ncl ud filler of thermally conductive

[0050] paﬁleusc |4é\s4C[dmat]arrermereerals@djmnt @étha:masmach;ﬁmmrﬁgmg

assemlﬂ%t@pt e@i%eﬁ%&%{gﬁ%ﬁ@ﬁ ébﬁﬁgnf% eﬁaﬁshouﬁ'tlﬁ;g ring 402

and a mlas{m‘emdﬁﬁméh@n@ tings ager 430 bad refi0aduspenged tfadph ¢he
for, use in_ the inpurity-sensitive environnent of a

mounting HagA08r olhas B1OWGting siRBt02 carapiishs AaiNRer¢higahtd syrported on
an oute‘?'ri?@t T TR&ThRE rﬁ‘ﬁ%}ﬂ?@zﬁheg tée%lbgﬁ%r é)?ﬁ% Hn@ﬁém 412,

ossy nater e I nner dianetric

an outesmufface 43303p;1®sﬁaharﬂwlrimeasutfawéﬂ Branda coatingHddedrythe
yer de sition the .inner dia ric

outer sk 18 o 1He Feng i Sabaried Fosbieaaer thadtamea oap

416, wﬁlblﬁ‘ rd%?&éé 9hSfraldmdkkower ring portion 364 can be

joined at the interface 370 by a wel di ng techni que.
[0051] FcTrheemlaamaeqortfhxem&ntmmgg 4208 H80 AAD nwludseraspeetive plasma-

exposeff bl o 482 nd Sivoh Birthbsand ot PORL [hHe

embodivtdritethedplabim@ donfinehRME ring @sse@bnd40b eanimendég nforetthars the
surface 340 and the outer dianetric surface 348.

three plaspregominesneridingsytath 4 3RrANAALS, svehers four 960NarA rings, or it

can incRIRSR 65 ﬁc‘ﬁgl nement ring 320, the RF |l ossy material 360
I's protectéd from bei ng exposed to pl asna.

[0052] Adn diel em]joﬂ,lmbhﬁ the-ines $i $Mg maioaslméfeBﬁﬁlyMIanUEFaransparent
material, such_as a netal, netal alloy, or gnet

materiglpsush; a3 Gyarty. Thwap.41<§s§art Wcswdaegwphee @ngfagirom the
inner rifd'8188b&5& 88ter ring 405. Heat losses from the inner ring 410 to the outer
ring 405 can be dominated by radiation losses (dominated by T* emissivity). In order

to reduce such radiation losses, the coating 414 on the outer surface 413 of the inner
ring 410 is of an electrically-conductive, low-emissivity material. For example, the
coating 414 can be a suitable metal, such as nickel, indium tin oxide (ITO),
fluorinated tin oxide (FTO), or the like. Applying the coating 414 on the outer surface
413 results in the inner ring 410 radiating less power to the outer ring 405, i.e., in a
diminished heat loss, which can effectively keep the inner ring 410 hotter. Also,

because the inner ring 410 is transparent to RF, RF can resuit in currents in the
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material can have a suitable thermal conductivity and
volume to reach a sufficiently high tenperature during

wWEk@3neuspy ocessing to result in sufficient heap@nysSwhe/023198
the plasma exposed inner dianetric surface 340 to

coatingB 6 HIEh Foslteif B Ex b dRaBPRFEABE K RAEYT P e opgting

414 is h&REY toRth&SnerAint4 6@ thetcoatin n%hqn cmbagiprenenpthe igating
pl asma confinenent ring assenbly 400. The confi nenent

powerpftﬁg iRRYHAY $1%00 conprises a nounting ring 402 and a

t 0
10053 ' Ak R D G ANE AR bt it FRp e, e
thickness n:@ thiibnep ripg i4d 8scaamrangedrom iaboué A0 5sin pfooalhaat (B0 &M

preferagﬁ’a r@?g’&éoﬁj 'inTFFé?bé]Gﬁs gé:éﬁ]?llgloalnnglu?gsssﬁr f ace 413

[0054] ONA%EE bfbdRirhBAL, e 8tet Yinhad & r:@ésda%m%ﬂ 414
on the outer surface 413. ~The coa I S “separat ed

circumferentiallitspaced depreagsqu&fmn@;ﬂztthmw&ru pevipheoy ofithe euter
051
ring 405> §16% 48 e a0 pPRGERe e D a Bl e

depres§|bhf4ﬂc7&&nd48 Bupper elérhént 216! rétHb@Ibly vedAEES i debt8ssion
In the enbodi nent, the plasma confinenment ring

417 (Flgs%}bﬁs SITOVIE EnF IGrcdAutbe e ringa Q ﬁesunmqoq)mmeasupport
h

comecf 315 AR GintA0s o310 4R S e

can haw’otmar saithbletshapiesnduchi mgnd bafls ipsomdefr@uh.aidoyc@ftaetrarea

betweeR e SURBBE CURBNEL L AR L6 e ang A 10y BiGGAT Faflics thermal
conduclibA%rofd the i‘ﬁnbhﬁn%%@rtorthé%uféﬁl éﬁ‘?@% *I'Flé H%h@ﬁtg 415

inner ring 4 he outer rin canb om nate
can be lof TE&XHQN (polytetrafiesroedayiema) S B (polyethesstheikeydne)) or the
lik order to reduce such radiation | osses, the coating 414
IK€- " on the outer surface 413 of the inner ring 410 is of

[0055] am@éwrﬁ irmaIG y4A: tRE YtAdnd g cohMYerRBhSshyd 4¥0 BRUYIBEan
he coating 414 can be a suitable nmetal,

mcludeéhelrﬁn@lss:h@k@&éw Aa@ﬂmﬁh 42 438i tspecti@ly. flhecraniiaement ring

240 ca B S S K P g GBS 18 i

434, 4368@h\rabe Btd ﬂﬁ'melm“v‘ﬁhetrespémw WigEma icopfidéipent riggs 420, 430.
di m ni shed heat |oss, which can effectively kee the

The tharpigk Fhekerycan teduser hgat tmr@fser frose e Blashta-eRpesed iNAGT
surface$4bJ §f3§r@§§%§ﬁ\?&mﬁ Jvﬁelllq'f_he lﬁf’d?:eﬁea?éleg%bgeg Y6 bfidhta lifking

thecdat i h resul'ts 1 n power
plasmacbrsses',m’ngadpemtibhs Ctseqgenths th@ mmMrﬁageéMZl, 432 can reach

a suffciiarRmRsrel e deishh STl edicreaniiepreieraph Bievent,
polymer deposition on the inner surfaces 422, 432 during plasma processing.
Suitable thermal chokes that can be used for the plasma confinement rings 420, 430
and 440 of the plasma confinement ring assembly 400 are described in commonly-
owned U.S. Patent Application No. 11/083,241, which is incorporated herein by
reference in its entirety.

[0056] Plasma confinement rings of other embodiments of the plasma confinement
ring assembly can also include thermal chokes. For example, one or more of the

plasma confinement rings 14, 16, 18 and 20 of the plasma confinement ring
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[0053] The inner ring 410 can have any suitable
di nensi ons. For exanple, the thickness of the inner

WO 200g/04B&5 can range from about 0.05 in. to aboR€T/0SB06/023198
in, preferably fromabout 0.10 in. to about 0.20 in.

ORIl SESs
assembfy XSt EYOICE 004 Ills o pP it Slchd o Al A8
heatingldfrebpecibe inhet Sierfacesed4 88, i38aid/40Uutihg ptasrea procssing.

rtion of the outer ring

. . 4B d 4C sh )
100571 3014 REosmGeLETp sRESUDS IR Eice. S0P beeTabymYen,
| . ! . 7
polymeﬁ g)épbﬁﬂgN Al the Ts@n?@lbé(%ﬂ' Atfl'/&é‘ p{dﬁ%ﬁ@&ﬁfﬁ%ﬁh&ﬂ r@oatl(\ghﬁn the RF

As shown in e I nner ring
lossy maieiialis disposed e arnbedimerds émwhichahs RF lessyupatarial is

I ts 4l nd_bal | anple, or they
oxposelL  Hiayiab Ph o Lubabaliaedh ia HesiElios it
embodipfiénts dewhesupede %Hs@%aﬂa’ri%ﬁi_shﬂit\’&gﬁsé@ o PR However,

el ements 415 and the inner ring 410, which can reduce

should grgnathamesRtietrelymer deposih enianyene ofiheplagmaconfisement

ings T G0 R ARR, e e o
from thépidsned benfiridmenieing(s) usiay drexydekeplasa Frdativens berdrmed

in FIG 4A, the plasna confinenent rings 420 and 430
betweephe PRIARHING Pt Ugse SENBIEorm 4 Nertampeiaiurea reaged by the

X . _ . Lina.dd _
plasmal @FifEhienFHigs RS pRABIN RALicnlD Bidtthok BB Fhéidenosiied on
one or a4 ofiile plagmabnfitdtardmings cahdiessdlistamtih Hleretﬂtﬁ/ed by the
respective plasma confinement rings 420, 430, The
oxygen gl TR SHEETL P PEEAHING: e SigF R P35 B tramdment can be
about 500388y RBBEE7OM RETorP UoF BREMPE22, 432, respectively,
n these surfaces are exposed to plasma during

[0058] \Sﬁggﬁaﬂw cotslimgnb nesel AR pb@lf’ﬂge@@réiﬁ:e:nyenr;[.trh';gsi ofribe
confinefiiéoh A Gss ey’ BRIIE AR Pyfratia vERlng s Hesth muapngss

characteristicythat eohanee adiession of polyaieridhethePIasma WohfifefmehE Angs.
432 during PI asnma Eroces& ng. Suitable thermal chokes

In the enpadight, elvmerdtha maydepasiaratiedpuoheneh surfagg surng

p - . . ;
plasma(osti i A SRR ARERR d WA RRSTUISH mt e
polymeAdpés nat flake &f onfolwais, s2dfaces ohittdhsémidondoctovrsubettates. For

' f [ [ ' . 0056] Pl
A T T TN N T
and/or I‘é&léﬁl; SDAEEEbf fHe”&Jtléz ﬁﬁgﬁio\‘ti&rﬁﬁzﬁ'céﬁ Pe%hﬂﬂ?géﬁ&é.@ﬁ' by shot

chokes. For exanp e or nore of the
blasting) éaproreaterpolyinegadhdsion@n the samthca(s)of t he pl asma

jooso) 336, 505 5 WEFRTER B Ru i r bbby e e

processing chamber 500 in which the plasma confinement ring assembly 10 is

installed. The plasma processing chamber 500 includes an upper electrode 502
having a bottom surface 504. In the embodiment, the bottom surface 504 includes a
step 506 adapted to control a localized density of the plasma formed adjacent the
exposed surface of the upper electrode 502, as described in U.S. Patent No.
6,391,787, which is incorporated herein by reference in its entirety. In the
embodiment, the upper electrode 502 is a showerhead electrode including gas

passages 508 arranged for distributing process gas into the plasma processing
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heating of respective inner surfaces 34, 36, 38 and 40
during plasm processing. [0057] The RF | ossy nateri al

w@av7euses anti al |y reduce, and preferably prevRal/PsS2006/023198
pol ymer deposition on the surface of the plasma

chambé&i°560. ”?g@ (prﬁél’ r@f%g bd¥t g‘klzénm% 8F ﬁ#ll?ﬁﬁ)(%gatsﬁ{gé‘lcrysial silicon

di spose
orpolyws’aillrwsﬂmom))qmsﬂledntnrlmdesrm) or on surfaces

10060 b 356 Bnpodiees B HaBer o BEae B2 Asiila rierepizsiase
(e.g., fdﬂ%@)\/z%n w@Fé?%ché’ss‘Fr@' |T@PH;5’ér &bty 58 CQﬁWMbuH%d eqg.,

ny one of the EI asma confinenent rings during

elastorrpﬁrdfwﬂ@dh@o 8hackinggnembsii &t 0p1f|ey$mtabdmpw¢emalcaucrbes graphite

o sicd L, FATLEASOR A BoFER) HTTAL o BBt DB Ho

commuptcat:@&mﬂgc@fe@:t&ﬁﬁfg%d@ puBsfics 500 M thepericiE@fode 502.
ached the plasma confinenent rings are preferably

[0061] 5 dﬂ ﬁn@ﬂ&ﬁtﬂwqul@lﬁnt Hae Upory iactieds S can baveadwerpiece
constru@ﬁ%ﬁ t(é?%f thIIQ’T%d% ﬁﬁﬂ%ﬁg(‘éﬁd&%ﬁ@.ﬂ@ Lhi gr?cpﬁ‘f@é; ﬁ%?ngllﬁ -piece inner

y renove ygen

electrodd avemebemaresan oatalhmec‘tg)dd‘lmembeg‘emwmluaah‘@ méqﬁh@ﬁélbctrode
700_mrlorr

e ahout . 500 mlorr to abou
membeéx%g! ® 8 tagd ip FORBORGrOERER %e%@tenbﬁ@pbqsatm No.
10/743 I@Bésmldfﬁgflh&ﬁ%t%tted hBsin ?rbﬁﬁeﬁ frh

assenbly can include an outer sur aV| ng"su ace
embodimganjhinedzacking membar S1i0czarnt ingtudersn haclengz@l&te icorexdénsive with

e oo RN DA b3 vl ges sroce

membesUad aescribediinQ.Bl ParEht I RAiIeaHbM Slo0H 0FE,Geprduct or
substrates adheres to the surface such that the

[0062] pcbm yreempedimendiofitheplasena porrassing drarsber 2kshawn ime|G. 5,

] - [, t
o e PPN 41 SURBERHES ol B SHATE) SoghBrtlh. The-pma
control platé bé4wapdncladdone dranere Beuitéwép@“eb@@ SBHtR thieé Ng
223 can be roughened (e, &XS shot bI astl ng)
a

orti
temperslyre,pbifs: WRsS IejeRlfods IRk aseserioRd T b Babatent Amioan No.
10/743, 55@ 5 depicts an exenpl ary enbodi ment of a

capaci tivel y-coupl ed pl asma processi ng chamber 500 in
[0063] wli hefplaﬂ;mamrasemmgmmambﬁeﬁoo !lnotlgﬂeﬁa gablsputde (riot shown) for

i nstall ed. Th asma_processing _chanmber 500 i nc| udes
supplying) Biriisss dasde e HBPE0SRRIONR 202 HotG Bivcess fasds duiibuiad i
the chahﬂfér A€iga8Hassh§Es BQBtn?fﬂeSHﬁS é;’fgﬁeét%'dé 562 UEIL‘FI% Lg)p%trep

adapt ed to control a loca density of
e|€th0qﬂ é%ﬁaﬂ bemawveraf dyean Rtﬁmwarpsxwde §d Bf\me matchh@ network.

in anottit 36BN AHE ber RRLERRGHIZ G he elrclrios Vi EPLpdR Lo
provideiaretlim gathifoepowed sugglied by a bottom electrode of the substrate
support 520 of the plasma processing chamber 500.

[0064] In the embodiment, process gas is supplied into the plasma processing
chamber 500 at the plasma generation region in the space between the upper
electrode 502 and a semiconductor substrate 522, e.g., a semiconductor wafer,
supported on a substrate support 520. The substrate support 520 can include an
electrostatic chuck 524 that secures the semiconductor substrate 522 on the
substrate support by an electrostatic clamping force. The electrostatic chuck 524
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enbodi nent, the upper electrode 502 is a showerhead

el ectrode includi ng gas passages 508 arranged for
waele@vootsed i ng process gas into the plasm PCT/US2006/023198

processi ngchanber 500. The upper el ectrode 502 can be

acts as % bHarh @etiftedang Sbq Bk HigIeeChy nt ek 898 ofbhe REpgyper, |
souroes BES.BHORY prealy z“s?fz%&”ﬁ“ ﬂbﬂ‘”‘?"g?’dzoé"ﬁa e

| .
[0065] prtbm@gsplﬁgma PrReesfing pf &ee%qm'@a@dggt@r éahstb%terﬁﬂ;’mﬂé@ plasma
confineffeny 1 eﬁs%ﬁt@ﬁ 1p k?:?)s f c% tﬁeoplasﬁﬁclb'dqglagﬁﬁo fﬁépnéﬁft ZBne

Gt ab
betweendhdugper éleetrbde IﬂOanmEhhibererﬁiﬂ:Ondmibu debst@e 5[225 Sdgesrings

526, 523, £20L 6085 b PO 81 SrDIERGHEIaEGIDFRHAY g focus the
p|asma%oég1@'|n%pg9gle@p&mfdrhﬁt upper el ectrode 502 can have a
wo- pl ece construction (e.g., for 300 nm wafer

[0066] ppﬁov:mm@prrmwmqt sbbwopisaadapigd éo piaiskein adesired yatuviie

nmenber .and,an outer el ectrode er surroundi ng the
pressurpdﬂgﬁeéﬁ%@gqs(gﬁ% FFé‘i‘PSéP‘ ql%ﬁb rgig)((;scrl bed in )
[0067] Cﬂﬁ%rﬁp@w frdile Ia'['@ RismaftcterthbPoaiBe ukeH ¢ 3 dlf-

IS 1ncorpora erein by reference inits
frequer@mnla%ng eteh rQaféOFe(ﬁB@d@ gerfommpalyrareh Y - Frehatant Hico

6050 A0S IR RAL PGS BT AT, e o

reactorsévl e%tbh?bq;a%;ﬁaef lt)e bappliewl?oﬁzgwgghiml @Iesmdéi)&d{n a gdsSupply
at en i cation No. n the

and plaém?o@ﬁn@ﬂt%e@feratﬁ@ '%F'&W@C&r&ye%léque %ﬁ'ﬁ%@@rwﬁ diffierent

frequen'c;;és':’llr&"n b Ieéstttﬁl%gﬁﬁ g%ﬂ:‘é%rtelthﬁ SAbferehd éleféﬁ‘@@@ rah@ibr%ﬂ

backi ng nmenb ermal contro ate
bottom edactioale!, od mmﬁmmrheed eldeimder carope elddtically groundexli and RF

e S5 SR e BB b LR R Dby B
[0068] [ @f@%ré_d‘tﬁn§|h§§ '&ﬁ@l‘“ @c?@ﬂﬁé P& PIREDEIOPEd bAHddiaEN® and

gas source (not shown) for supplying process gas to
modes pﬁepa@@n oflte preagat suRNtITRe *‘E}V&\@J thgagvenrtion should not be

om0 SR 158E g

above-d&dﬁﬁb‘éﬁf@ﬂb@d’ nmhtSEhoddere regardsd a4 Alustrative rathehthzm
wor k. I n anot her enbodi ment, the upper el ectrode

restrlctlse.zar@bﬁ sheuld e apprasiated a?aiumﬂ@aon% "Eﬁyo% made indhgse,
ool P BRUELSPNREL, 8 A BRI Tl Bk e

preseniSifilentidiVad defined bg tmﬁﬂld)wmblalmsocess gas is supplied

into the plasma processi ng chanber 500 at the plasnma
generation region in the space between the upper
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el ectrode 502 and a sem conductor substrate 522, e.g.,

a sem conductor wafer, supported on a substrate
WGEappoet86520. The substrate support 520 can i nPCT/US20861023198

el ectrostatic chuck 524 that secures the sem conductor

_W on the substrate support by an
WHAT clanmping force. The electrostatic chuck
524acts as a bottom el ectrode and can be biased by at
| east one of the RF power sources 525, 527 (typically
i a 3\ peasotd ?gwﬁr:mmmtlr)ng f[gﬁ@ﬁﬂélsrﬂa[?ongnemmng aﬁsembly for
rocessi. the sem conduct or substrate 522, the
a plasrmy AORESSIRN FIREAER (hEiRIGTHS Sentgment o comPESing:
s @R bRda pl asma confinenent zone between the upper

el ectrode 502 and the seniconductor substrate 522.
Frdyk lessygwaBa®); 528 can be arranged to surround the

f t I
T RORE S Res HalerBl s oul St 85 UReUSE DRTBURTL kB the
surface sbaokes a suﬁe@mﬁr@mngwtémp@ramr@ t6 sUBsianGlly PsdLHB 5porymer
press$re | i de the plasnma processing chanb

depositipp e yﬂqo%rrréaqeels sppased i pavma clbeaiasmat

hsmysed is a dual frequency plasna etch reactor
rocesshty ¢
P ?{y‘e, g , commonly-owned U. S. Patent No. 6, 090, 304,

which is hereby i ncorporated by reference in its

entl sugh reactors, tch ng, gas can

2suppl ogl? %‘h’g i&ngloégt@’ﬂ?jé Whgrﬁ”&t@%BFsleﬁﬁ\( fpaterial
is SiC oPB&péM 8igBncan be generated in the reactor by

supplying RF energy at different frequencies from at

| east two RF sources to the shower head el ectrode

and/ Iectr t.he h wer. h ectro

Fan goeRaSherBufreriS ifo ol T rvB G SRR fEbmaterial
is a coatiy endirf ihBEE BlanhétHig LeFBLe Hf i p raenfavémrﬂne%érﬂ rine

bottom el ectrode. [0068] The for egoi ng has descri bed

the principles, preferred enbodi nrents and nodes of

4 hventeateShaiehmEFRE b ot ERILG T BB ersa R,

transparenémedetialcul ar enbodi ments di scussed. Thus, the
above-descri bed enbodi ments shoul d be regarded as
illustrative rather than restri ctive, and it should be

appr i

S o) wanr e By enon PiieRt LRFRy TR, Wi the PRSfhe
Conﬁnerdemia‘mg ognprleas“[ he scope of the present i nvention as

defined by the fol h \ﬁﬁwﬁ) cl aiqs.. HAT IS CLAIMED | S 1.

an el g cOmPIRBghe §SY G133 asma confi nenent

ahioWerdigHldy for a plasma processing chamber, the

Plasna confi nement ring conprising: a surface; and
at least one gap defined between the Inner ring and outer ring, the gap being

effective to reduce heat conduction from the inner ring to the outer ring.

6. The plasma confinement ring of Claim 5, wherein the inner ring
consists essentially of the RF lossy material.

7. A plasma confinement ring assembly for a plasma processing
chamber, comprising:

at least two plasma confinement rings arranged in a stack, each of the plasma
confinement rings comprising a plasma-exposed surface and an RF lossy material;
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an RF | ossy material; wherein the RF [ossy material is
effective to couple RF energy such that the surface

wo eachesen sufficiently high tenperature to  PCT/US2006/023198
substantially reduce polyner deposition on the surface
when the surface i s exposed to plasma in the

whetriadhe R leagnmaterial is eﬁ‘ecf;b\f%wmﬁﬁqern@@w Sruchghat the
|
pisma-Ek4B st oo lhe PGB bt sPinens o

temperaWrerte isabstaatigly remme pmyraer dépositien ondhe ngasma-mpbsmer
tri surfac of the asna confi ne iﬂ% 4,
surface N 16, efas T ROTISTRRR! T1ORATGIOXEORPHhEa PR i HHE pidsma
processi‘ﬁg'HP\ra‘n%ﬁa? an RF transparent material. 5. The plasna
nfinenent ring of Claim1, wherein the plasma
confinenment ring conprises: an inner ring conprising

th t [ ; I t

Byap 2P PIRE B EPUBAR eRL TR RSP aRD 4 Brerigachig the
plasma @&ifineendil ridigbeuinmpiisdstar REUEEhIpRpéntGASHYl.i on from the

inner ring to the outer ring. 6. The plasma

confinenent ring of Claimb5, wherein the inner ring.

QC Ons*l'ﬁé ?Oéas?ﬁg %hﬁ‘llier%eﬂf rnﬁég%mb@stﬁh% 9! b@#‘ﬂpr%ln&

nenent for-a plas
apnw&mglrirm cmainber , corrpri sing: at least two plasna

conf.i nenent rings arr sta each of the
TUALRE IR e RIS IS TP RaR i e snes JETa dhe
mountmﬁalhéace and an RF | ossy material ; vvherel n the RF | ossy
t

rial is effective to couple RF energy such that
t he pl asna- exposed surface of each plasnma confi nenent

10, poThEBEEs Lo Bl bEh TR e bRl B 4 visin at feast

one of tHt GlasRecdPPetharitiiasToniiseshe pl asnma confi nement

rings are exposed to plasma in the Iasrra rocessi ng
ag inndseing @mmmigng[tae ﬁ%smﬁwexmﬁ@mu g‘tﬁTBF;Aoasy

material’ m 7, wherein each of the plasm confl nement rings
C rises an RF transparent material. 9. The plasma

an ooterminEadapted do aappoitltiye PinetyiagBuéh thal@gbpiisdefined
between the inner ring and outer ring, the gap being effective to reduce heat
conduction from the inner ring to the outer ring.

11. A plasma processing chamber, comprising:

an upper showerhead electrode;

a substrate support comprising a lower electrode; and

a plasma confinement ring assembly according to Claim 7 arranged to confine
plasma in a space between the showerhead electrode and the substrate suppert.

12. A plasma confinement ring assembly for a plasma processing
chamber, comprising:

at least two plasma confinement rings arranged in a stack, each of the plasma
confinement rings comprising a plasma-exposed surface of an RF lossy material;

wherein the RF lossy material is effective to couple RF energy such that the

plasma-exposed surface of each plasma confinement ring reaches a sufficiently high
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a nmounting ring; and nounting elenments for suspendi ng
the plasma confinenent rings fromthe nounting ring.
wao7obsepl asma confi nenent ring assenbly of QPEI/DS2006/023198
wherein at | east one of the plasma confinenent rings
0 ises. an inner ring conprisjng the plasma-exposed
temperatiifeto, Qitstatii Fegilos adrme Happaion ardhg plasmerexosgd
surface 3t 9@ plasrhsRBATIbemBAt HA bRSHsTCH '
defi ned Fibetvveg% themiBnnergéraiéE%é% out eﬁrlﬁﬁwﬁg?glfﬁgla;s%a
processiig elgrabelecti ve to reduce heat conduction fromthe
inner ring to the outer ring. 11. A plasma processing
chanber, conprising: an upper showerhead el ectrode; a
13ubstTitet glasmponfinemrpt riay E@sembbnel CRIMCLY, edfsreNteRF
| asma confinenment ring assenbly according to Claim?7
lossy mgW'éﬂaWQWQQﬂﬁqﬂ@%-asm in a space between the
shower head el ectrode and the substrate support. 12. A
pl asma confinenent ring assenbly for a plasma
1dr oc 8$wi plgsmbaobéinemeoting @issgmbit of Glafrh 12vevhHEresinthe RF
| con.f'nerrentt.riargs arranged in a tackf each of the
Ossy majesiahis TERRYINEARAD inneiqlagistis puTars of Peilasma gapdegment
rings. surface of an RF |ossy material; wherein the RF | ossy
material is effective to couple RF energy such that
t he pl asnma- exposed surface of each plasma confi nenent

' fficiently hi tL t .
18ubaraicrany coahewepEhmesSoabhertE B a7, wiirein each of
the plashispeorfirxia i eihgs Wohasiseshan RFRaritipasdrn rgfdianement
rings are exposed to plasma in the plasnma processing

chanber. 13. The plasma confinenment ring assenbly of

2 s S ok SR Sk P

aaseentig/ring; alldai m 12, wherein the RF lossy material is
a coati on i nner dianmetrjc surface of the plasnm
R IgRants g sUSgending v, e CPeRMRATINGS Thapn the

mountin@SiRyrol y of daim 12, wherein each of the plasm
conflnement rings conprises an RF transparent
materi al . ‘

17.  The plasma confinement ring assembly of Claim 12, wherein at least
one of the plasma confinement rings comprises:

an inner ring comprising the RF lossy material;

an outer ring; and

at least one gap defined between the inner ring and outer ring, the gaﬁ being
effective to reduce heat conduction from the inner ring to the outer ring.

18.  The plasma confinement ring assembly of Claim 17, wherein‘the inner
ring consists essentially of the RF lossy material.

19.  The plasma confinement ring assembly of Claim 12, wherein the RF
lossy material is doped silicon or SiC.

l

20. A plasma processing chamber, comprising:
an upper showerhead electrode;
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16. The plasma confinenment ring assenbly of Caim12,
conprising: a nounting ring; and nounting el enents for

waeepeodsing t he pl asma confinenent rings fromPEEUS2006/023198
mounting ring. 17. The plasma confinenent ring

of aim 12 _wherejin, at |east .one of the
a&ﬁ’%ﬁ%‘%ﬁ%ﬁﬁ%‘ﬂ?“ﬁ'mgas'%xvgﬂ%ﬂ?%%ﬂ.%, 2ndi nner ring
aplagrhbdondneRenRiing @8S¥mBRL @édo@hihtgata QIHn®A 2rdrPihgedin®
~at least one gap defined between the inner ring and
confine plgsea ini ; gpacbeiygendbeshoveraead elecirodeandgctbersadistrate
supportcondUCti on fromthe inner ring to the outer ring. 18.
‘The pl asma confinenent ring assenbly of Caim17,
wherein the inner ring consists essentially of the RF
| ossy material .. 19. The plasma confinement ring
Zé.sse(%b&gsmﬁ @nfipgmest ”ﬁﬁé\séﬁﬁ‘bﬂm%rﬂ:plﬁég@wfﬁﬁ?ﬁngl is
chambeH RRghriihdg:.con or SiC. 20. A plasma processing chanber,
econprlrﬁln%: an upper shower head el ectrode; a substrate
akleppbtwo paspra sonfinemendwingsealrearigenda;a stadk aegdhashthe plasma

contrer AR P RSE U Peh A 2 e e
material WINWR i e Ret 6 prastidl it the ﬁlibl%br;ﬁbée&iﬁ@%émb%r;l- A

| asma confinement ring assenbly for a plasma
wgemjeéae - losayisterial derpffesiiviyto eauple Rt enevgysusbrthat the

' ' ed . , C f the .
plasma-EQ8CdtF i Red orRnindRE Doffiethert BG AR S suistanty ion
temperatursftestibstamtially ratueddaslyrer HegssitioMbatha pladmslexpssedt

exposed to plasma in the plasma processing chanber;
surface Whep dhe PlasmReoNaIIendings ae exposedde plasna i tsupiema
processi GREhEYt such that the pl asma-exposed surface of each

pFasma confinenent ring reaches a sufficiently high
tenperature to substantially reduce pol ynmer deposition

nt pl asma- exposed surface en the. pl.as )
28 ont T HEIRART CRAGTETPEN i SEePT B SORkh P4, WHErein dapRF
lossy mAERSIS8 & MtalitamRedrial22. The pl asma confinenment ring
assenbly of aim2 1, wherein the RF
23.  The plasma confinement ring assembly of Claim 21, wherein each of
the plasma confinement rings comprises an RF transparent material enclosing the
RF lossy material.

24.  The plasma confinement ring assembly of Claim 21, wherein at least
one of the plasma confinement rings comprises a ﬁrst portion, a second portion
joined to the first portion, and the RF lossy material disposed between the first
portion and second portion.

25. The plasma confinement ring assembly of Claim 24, wherein the first
portion is joined to the second portion by an elastomeric joint.

26.  The plasma confinement ring assembly of Claim 24, wherein the first
portion is welded to the second portion.
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| ossy material is a nmetallic material. 23. The plasma

confinenment ring assenbly of Claim2 1, wherein each
w@boorhespd asma confinenent rings conprises an RET/US2006/023198

transparent material enclosing the RF |ossy material.

o) n ing assenbly of Claim2 1,
v\ﬁerel ﬁjg%ﬁ\ﬁgggi?e%ﬁg ‘gﬁmh@[ g@ﬂﬂa‘"%nﬂ nenent rings
aonppes ssoweftdaditeldtfddedn, a second portion joined to
the first portion, and the RF | ossy material di sposed

Bsthatkat etwmrt%qmwmg arlowrt elastions; pmitl on. \iﬁ The
4.
B phigfia EBRMASIRI find 4ol SRROLaIB0 e 55 pridBeelyS

confinegrlaginasin @ngpace hetiveen tRE shdwerldREsBCcEONE bRE f’tﬁé*subét"r‘ﬁte
ssenbly of Caim 24, wherein the first portion is
SUPPOe| ded to the second portion.27. A plasnma processing
chanber, conprising: an upper showerhead el ectrode; a
substrate support conprising a | ower el ectrode; and a
#-asnh plasthacentimementvingassarhbly fac apiaimg procdSsitign 2

.to confine plasma in a space between the
chambér %@ﬁ‘ﬁ% ‘el ectrode and the substrate support. 28. A
aotrammmgcmtg %ﬁlng 'aﬁgnﬁérsl‘i’r@_bdaf)t‘éﬁ 18 i rtged on an outer

. %)rocessu ng npri si :a nmountin
ring, th Wﬂg\gﬁgclgﬁlngrﬁ@‘asmaqummg? iBoer suttﬁac@mpmteedudacem

, | | as osed
oppositd th #e I sufrd6e, dHS cbhfly bEah HedeMnEcdtalliite Mahe:
emlsswﬁumﬁateaal ammeaomeasunﬁgce)fan@h el ectrically- conduct ive,

SSIVIt rial on the outer surface; and at

I vver{t
qtg%%si t B?'é@rﬁ?n IRPMeRkLTReS atraﬁggdma@t@%andwsasmrma

from th@%tﬁﬂmﬁe d fromthe nmounting ring. 29. The plasma
confinefrent” ring assenbly of Claim 28, wherein the

coating is of a netal, fluorinated tin oxide or indi um
i n i de. 30. The Iarraconfl ment r|n assenbl
29 2 vl Braging eaine et BRocssety BbmiToes wherein the
coating i of almétal, @ﬁjoﬁhét‘éér{fneéﬁ@é b?"irtdfur’?ﬂgf&ngepr essions; a

support el'ement renovably received in éach of the
respective depressions;

30.  The plasma confinement ring assembly of Claim 28, wherein:

the outer ring comprises a plurality of circumferentially-spaced depressions;

a support element removably received in each of the respective depressions;
and

the inner ring is adapted to be supported on the support elements.

31. A method of processing a semiconductor substrate in a plasma
processing chamber, comprising:

supplying process gas into a plasma processing chamber comprising a
plasma confinement ring assembly according to Claim 28; and

producing a plasma from the process gas and etching a semiconductor
substrate in the plasma processing chamber:;

wherein, during the etching, the coating enhances heating of the inner surface
of the inner ring such that the inner surface reaches a sufficiently high temperature to

substantially reduce polymer deposition on the inner surface.
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and the inner ring is adapted to be supported on the
support elenents. 3 1. A nethod of processing a

W@ eos7oorseiict or substrate in a plasma processi NBCT/US2006/023198
chanber, conprising: supplying process gas into a
pl asma processi ng chanber conprising a plasma
confinenent ring assenbly according to Caim28; and
320 oduc pR@na plogssding chamibee, orApasiaggas and etching a
sem conductor substrate in the plasm processing
apHaRsEshoyeeheacheleglipfiely t he etching, the coating

LIRS ﬁﬁfsﬁé# E?mgﬁsfhﬁea |WE IS RE Gl Lhe i nner

rrng suc a he I'nAer surface reaches a

asplf:\fsrirmi cmémﬁhgrriming king mpellzmﬂwaecdrdir@u’fosmlamsizzal érvar:fgzdume

. ol ymer .deposi tion on e inner surface.32. A plasma

confine BrRi¥aBEIhG PRSREEINERE i HBPAGelegions38q tah subPkalzeupport,

el ectrode; a substrate support conprising a | ower

el ectrode; and a plasma confinenment ring assenbly

33c coAlmeghadoiQracessiBg & semigeddtictor substratedn jal @asmai n

bet ween. t he upper el ectrode and the substrate

a space
processg‘lgp%@mper?’gpm/gnﬁ%od of processing a seniconductor
s&bbﬁllirfgﬁ\bx%cbﬁs 8a® i PplBEARASDICBSsiRG 2ABRTber %Bmg%frlcsﬁhﬂ\gn%fe Ireast

ylng process gas into a plasna processin

supp C . .
two plasreaspntinergeat ringsaairangrd ifl astacke each aétherplasinageonfinement

. [ fine t

ings coffRIRES et 3Pteq 3ol 5, L 13D BRI PSR
prodsgingratptasma froamtheppradess gasanel etehmgfd semiddtductor
ocess, gas and etching a sem conductor substrate in

substraq%ﬁ@ he RlashaPcessingFheml@ier ; wherein, during the
i ) i al
\Aﬁ%t&hpﬁgmg theich Yhé‘ﬁﬁ:elpfﬁgyé g&%@%%@HBEsggﬁ&g%réygﬂch

asna- expoésed su 0
that the ptadmarexposed surfpcecaicdmeh plasofd canfimenignt minghreaches a

.. te rature to substanti.all educ ol ymer deposition
suffcterly Tigh ButtbSalife st Afed e icivher HEbashictonche m
plasma-8fpoddtes@ifate.t he sem conductor substrate conprises a

dielectric material which is etched by the plasm; and

the process gas contains at | east one constituent
3§1r.el e%%%éfh%@&f?ﬁa#ﬁ %Pwherein:

the semiconductor substrate comprises a dielectric material which is etched
by the plasma; and

the process gas contains at least one constituent selected from the group
consisting of fluorocarbons, hydrofluorocarbons, fluorocarbon precursors and

hydrofluorocarbon precursors.

35.  The method of Claim 33, wherein the plasma processing chamber
comprises a grounded upper showerhead electrode, and a lower electrode to which
power is applied at different frequencies.

36. The method of Claim 33, further comprising:

removing the semiconductor substrate from the plasma processing chamber;
and '
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consi sting of fluorocarbons, hydrofl uorocarbons,
fl uorocarbon precursors and hydrofl uorocarbon

wee@eoseF s. 35. The nethod of C aim 33, wher ePCT/UR®06/023198
pl asma processi ng chanber conprises a grounded upper

AR o8 L BEin P Bt byl aBeithS Brygen

plasma elitpeffedtivel tairemade polyrhbedeseuierfrch ige pl=Rimy cosfitdifent
sem conduct or substrate fromthe plasma processing

fings. chanber: andgenerating an oxygen plasma in the plasma
processi ng chanber, the oxygen plasma being effective

to renmove pol ynmer deposits fromthe plasma confi nenent
rings.
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