WD 2006/ 101889 PCT/ US2006/ 009300 PLASMA CONFI NEMENT RI NG ASSEMBLI ES

HAVI NG REDUCED POLYMER DEPCSI TI ON CHARACTERI STI CS BACKGROUND [ 0001]

Pl asma prasaesidiggschanbers can include an upper el ect poT®SZNE0083005 | ower
el ectrode. The upper electrode typically faces a substrate support
adapted to support a sem conductor substrate during plasnma processing.
During the plasna processing, power is supplied to one or both el ectrodes
to activate the process gas and produce the plasma to process the
substrate. [0002] Plasnma etching can be perforned in plasna processing
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ring. The plasnma confinenent rin i se an upper asma confi nenent
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SUMMARY
[0003] A preferred embodiment of a plasma confinement ring assembly for
15  a plasma processing chamber comprises a plurality of plasma confinement
rings. Each of the plasma confinement rings includes an inner portion
having a plasma-exposed inner diametric surface, an outer portion disposed
radially outwardly from the inner portion, and at least one thermal choke.
The thermal choke is adapted to reduce heat conduction from the inner
20 portion to the outer portion when the inner diametric surface is exposed to
plasma in the plasma processing chamber. As a result, the inner diametric
surface reaches a sufficiently high temperature to substantiaity prevent
polymer deposition thereon.
[0004] Another preferred embodiment of a plasma confinement ring
25  assembly for a plasma processing chamber comprises a mounting ring and
a plurality of plasma confinement rings adapted to be suspended below the
mounting ring. The plasma confinement rings comprise an upper plasma
confinement ring and a plurality of lower plasma confinement rings. The
upper plasma confinement ring includes a top surface facing the mounting
30 ring and a plasma-exposed bottom surface disposed radially inward from the



WO 2006/ 101889 PCT/ US2006/ 009300 second pl asma confinenment rings. At

| east a portion of the top surface of the upper plasma confinenent ring
i S opaque tWORRsn@dssati on so as to enhance heating of toe/usp@enspdasma
confinement ring. As a result, the bottom surface reaches a sufficiently
hi gh tenperature to substantially prevent 5 polynmer deposition thereon
when the bottom surface is exposed to the plasma. [0005] A preferred
enbodi ment of a nethod of processing a sem conductor substrate in a

pl asma processi ng chanber conprises supplying a process gas,in
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a preferred enbodi nent of a plasma confinenent ring assenbly. [0007]
FIG 2 illustl@88@® a top plan view of a portion of a preferred 20

enbodi nent 030@0 I ?ﬁ??eféﬂ'%i i eﬁﬂ&ﬁ}ﬁfetﬁoﬁ%f%@%ﬁfr@ggi nement ring

assenbly, wherel ring includes a thernmal c 8] FIG 3 is an
enl ar ged par tsealicarsuctar eubsifate e ayplasna prosessing cbamber compsisesn i n FI G

2. [0009] FIG 4 ill] . sj de Vi f h f . di
of o 25 pl asHaPYd BERBRE Sef o BiperE prere Ry sRp e B e ERE R o conl .
which has a plwalityiof praseenedrfinehient rings) WHidh &Adh inludel aiplasataeéxposptias ma

processi ng chanber including a preferred enbodi ment of {he plasna
confi nenent SUAgCENEhRPgucing gplagmefrem HedupressuasArhalshingsht of the

!OlnaSEx ngngfgfsi %%gﬁ nzduicféﬂ fﬁgs@ﬁé?ﬁmé’pl%ﬁg%cés@ﬂg@an%&k%ﬂﬁ&hev"as used
etching, the plasma-exposed surfaces of the plasma confinement rings
reach a sufficiently high temperature to substantially prevent polymer

15 deposition thereon.

BRIEF DESCRIPTION OF THE DRAWING FIGURES
[0006] FIG. 1 illustrates a pdrtion of a preferred embodiment of a plasma

confinement ring assembly.
[0007] FIG. 2 illustrates a top plan view of a portion of a preferred
20 embodiment of a plasma confinement ring of the plasma confinement ring
assembly, wherein the ring includes a thermal choke.
[0008] FIG. 3 is an enlarged partial top view of the plasma confinement
ring shown in FIG. 2.
[0009] FIG. 4 illustrates a side view of another preferred embodiment of a
25 plasma confinement ring of the plasma confinement ring assembly, which
has a two-piece construction.
[0010] FIG. 5 illustrates a plasma processing chamber including a
preferred embodiment of the plasma confinement ring assembly.
[0011] FIG. 6 depicts an embodiment of the plasma confinement ring
30 assembly without thermal chokes that was used in Examples 1 and 2.



WD 20061101889 PCT/ US2006/ 009300 [0012] FIG 7 depicts an enbodi nent of
the plasma confinenment ring assenbly including thermal chokes that was
used i n Exwdoes/D18sDETAI LED DESCRI PTI ON OF PREFERRED EMECHddabéfdeoszoh 0013]
Paral | el - pl ate plasma processing chanbers, such as capacitively- 5
coupl ed chanbers, include an upper electrode, such as a showerhead

el ectrode, and a | ower el ectrode. The upper electrode typically faces a
sem conductor substrate to be processed. During the plasnma processing,
power is supplied to one or both electrodes to activate the process gas
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i nternal 25 surfaces of the p]gsm processing chanber. The pol yner
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15 chamber depends upon the ion energy and the ion flux supplied to the part's
exposed surfaces, and on the infrared (IR) energy absorption characteristics
of the part. Grounded (return path) surfaces and powered surfaces receive
significant ion energy from plasma, which causes these surfaces fo be
heated more than floating parts or surfaces, and also to reach significantly

20 different temperatures.
[0015] Highly-polymerizing 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 tends to deposit on some internal

25 surfaces of the plasma processing chamber. The polymer deposits are
undesirable because they can flake off of the surfaces and contaminate
processed subsirates (e.g., processed wafers), as well as the chamber,
However, as device features continue to shrink, it becomes increasingly
desirable to maintain plasma-expesed chamber surfaces clean from wafer-

30 to-wafer to achieve repeatable process results. Accordingly, it is desirable to



WO 2006/ 101889 PCT/ US2006/ 009300 reduce, and preferably to avoid, such
pol ymer deposits on internal surfaces of chanmber parts. [0016]

Gener al | y, wmbopseuisgdeposits are nore likely to form on eeeh®sons009300

pl asma- exposed surfaces of the plasma processing chanber during plasma 5
processi ng operations. Floating surfaces tend to be cooler surfaces and
consequently are generally nore prone to devel op pol yner buil dup on them
as conpared to powered or grounded surfaces. The tenperature increase,

AT, of a plasma-exposed part or surface during plasnma processing depends
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deposi ti 0§ OBrokasShgIperatones Fibating saffaselentile beaddoler!sigfaasang t he heat
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pol yrmer dep03|t|on on pl asma- exposed surfaces of sone parts in plasna

processi ng cRarrbadsl céﬁcﬁélnﬂﬂdf%%@er%N ofchept aﬁ@ﬁ‘i’ ihg Pere part(s).

For exanpl e, osed
i nterior sur’f'-%c;eé{gsi|§ij 't% ?gpgrnggég ﬁg 'h&tegrgr%riehrg éra%@é%@f(ﬁé pol ymer
deposition oﬁtohbeqmntlﬁ;aa@est)havmgta Imghtrmqsemay notreachta sifficienthshigher head
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also decreases the temperature reached by the part for a given amount of
heat added to the part.
[0017] In addition, during plasma processing, heat can be transferred to
and/or from a part to other chamber surfaces by thermal conduction (when

20 the part is in physical contact with another surface), radiation (when
electromagnetic waves carry heat to and/or from the part) and convection
(when heat is carried by a moving fluid in the chamber). Convective heat
losses from parts increase with increasing chamber pressure.
[0018] The problem of polymer deposition on plasma-exposed surfaces of

25 some parts in plasma processing chambers can be addressed 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

30 used. However, as such surfaces are powered or grounded and
consequently subject to high ion energy, polymer deposition on these



-4 WD 2006/ 101889 PCT/ US2006/ 009300 surfaces is less likely to occur
than on a floating surface even without active heating of the surfaces.
[0019] Al t ®h2006/103882, t he pol yner deposition probl em caprchesaddemsswed by
removi ng as-formed pol ynmer deposits from surfaces. For exanple, polyner
5 deposits can be renoved by enpl oyi ng aggressive plasma chem stri es.
Alternatively, the plasnma chanber can be opened and a wet cl eaning
techni que can be used to renove pol ynmer deposits from chanber surfaces.

However, suc | eani t ¢ educe cess 1 hroughput . 20] In
order to ach?‘é'%%ce&&i]e%iﬂ’li R’BP%&@%“S @'F'Ppcﬁ@??g a&?(,eﬂgﬂg‘"{'i'ﬂp{ 8|¥lety,

pl asma can bﬁewdﬁggsmfg&gq a plasma confinenent zone defined between
t he upper an ower electrodes of a parallel-plate plasna dproce55| ng

chanber. Pl amﬂd%onﬁltematmely, thepcleesepositiorcpinblesn Gap derasddreiesdilye such

B el oseq i naiicute pEXGTReE Pyl H8Fodi ot Sk B ’é??éétﬂgd&@ﬁ 52;
155 s i et et 5 .
aypl asna conf"lt ﬂé\’l‘?'y'&f’ﬁd’%ﬁ%@%ﬁﬁ?wg Pﬁﬂée%a nd ﬁ%ﬁq'cﬁ%ﬁn% plasma

confinement {gchfjue\dahde @Rl t%ﬁéﬁiibﬂ@@olym@ Sits fromdgHaniiseraurfateg.al i ty
of gas passages ext endi n% radially through the ri ngs froman inner 20 to
a

an outer surHaweversuelye pmgtts@mréeuwesiﬁee Bf%ﬁﬁ tyoHoRRME 1 al i zed as the
particles papgy E HQL{&HEP@ asrra et raB %rﬁ@é(ss”éfﬁblghé%aﬂdte% tendency for

a discharge out zone unconfi nenent "
of the pb asunl“forrrﬁtgoﬂa;nlascaanl tm)c@j'd"medmbmm a plasn® confinementiaons, 534, 751,

oL asie 25 CoBAMEINyegh e BSBE N e BkcARAL e BRIIBER BRI "
t hensel ves. bkmeyﬁng chainbet. Hmnfaaddrﬁnémem/mgiasmhblmy gdretse degabii ti on on
t he confi nenent | order to av otenti al er and substrate
cont ani nat i OH‘QV%L@E‘TP lagrga cpalinenent; %"&{Tgﬂ g aﬂavn%m%nﬁs@s cl eani ng
ff ﬁg: Lo renpySmMficsUretschibeBh ¥ORMIHRRERhES U.S OPhichENBs 25,884 7841 | nement
15 5,998,932; 6,019,060; 6,178,919 and 6,527,911, each of which is
incorporated herein by reference in its entirety. As described in U.S. Patent
No. 6,534,751, a plasma confinement ring assembly can include a plurality
of plasma confinement rings, which are arranged in a stack to define a
plurality of gas passages extending radially through the rings from an inner
20 to an outer surface. Charged particles in the plasma are neutralized as the
particles pass through the passages, thereby minimizing the tendency for a
discharge outside the plasma confinement zone (i.e., “unconfinement” of the
plasma).
[0021] As also described in U.S. Patent No. 5,534,751, plasma
25 confinement ring assemblies may confine polymer deposition during plasma
etch processes to only the plasma confinement rings themselves. However,
it is desirable to avoid such polymer deposition on the confinement rings in
order to avoid potential chamber and substrate contamination problems, as
well as to avoid additional chamber cleaning steps to remove as-formed
30 polymer deposits from the plasma confinement rings.
[0022] In light of the above-described polymer deposition problem, it has
been determined that plasma confinement ring assemblies can be provided
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[0022] In light of the above-described polymer deposition problem it has
been determ ned that plasnma confinenent ring assenblies can be provided
-5 WO 2006 WiA88801#48T1 US2006/ 009300 that i ncl ude confi pemerioosoogs
adapted to reach sufficiently high tenperatures on plasna-exposed
surfaces of the rings to avoid polynmer deposition on those surfaces,

w t hout enpl oying active heating of the surfaces. Mre particularly, the
pl asma confinenent rings are adapted to 5 | ocalize heating at sel ected

portions of the r s that include the plasm ex osed surfaces Heat i ng
is locali zedtlmtlmclw&c@ﬁm@meéﬁﬂpmﬂd@mgdfsq/req@h SRy Q or nore thernal

chokes in ea%}“ﬁ?%"ﬁm?gs Bh ?ﬁ&see‘ats‘?.ﬁifacbg f{”eﬁﬂﬁgﬁtet O ¢ ng megduce heat

conduction fro 0S€é po t1ons ot her ~por s t hat
ot her wi se acudepssitigabn ﬁosle&iurhces,nmthmlremplwlnggactlvedlaatmuﬁtthe he ther nmal

cont i nerent - Shragn bl iadaftyihS pRab Lo BREerF Bhee prafadidie 10

conprisesg | 'lbcaﬁz@ﬁéétm@tétlszsléuté@baﬂlﬁﬁﬁbf the rirgérthanigcludedhd Piasnth pl asma
confinement rings 14, 16, 18 and 20 suspended fromthe rmu ting ring 12.

The nounting expwdlwrf@z:eaﬂb*eenagﬁloe@'mem?éﬂiﬁﬁe selerged PRMions Y18 and 20
are vertical byo IH@Bhe of fhor8 il cRgkdsShEReh of H(]fnﬁbﬁ‘?@éel@éte@' asma

confi nement ngs assenbly 1s not limte four rings, as
shown; al t er fecations to therahyereduee beat dopductidraiomdbese pergions &o gthert hr ee

The mbunt i ng PRTIRGE 25 Wit finds BEpurnlioe s #hned Ak in BREfemeBlings™” 120
ar tee];! g?u{()glg;vmbustheqn@%ae]ef{ggﬁ a suitable el ect(::rl cal | yf Bpsgi(gtl ng
gﬁar tz, fusi‘go%q I |"§'b 14enicte R m?{eﬂea@%‘{m#WaOfa%Plgé pgn{éﬁk erial.

Hi gh-purity gy grarsgembﬁ/ . pTI?é Erafsﬁfé cHMfiREMBht Gy aseinbip 1@t<SHFn;ﬂi’s‘é§e§rseS for
dielectric matérials. “In mbodi ment, the nmounting ring 12 and each

of the plasma mnenm@@r@ngemengg maunting rings 12 a8d plasMa confinenaemgings pi ece
o Monmet 38 AR uepd WA TERIRATIES . Wl ARUREED g
12 by a héngde #hd plastha gonfierhent rings 14, 16, 18 and 20 are vertically-movable to
provide adjustment. The number of plasma confinement rings of the
assembly is not limited to four rings, as shown; alternatively, there can be
less than four rings, e.g., three rings, or more than four rings, e.g., five, six or
more rings.
20 [0024] The mounting ring 12 and the plasma confinement rings 14, 16, 18
and 20 are floating parts comprised of a suitable electrically insulating
material (dielectric). The insulating material can be, for example, quartz,
fused silica, silicon nitride, alumina, or a plastic material. High-purity quartz
is a preferred material for use in etch processes for dielectric materials, In
25 the embadiment, the mounting ring 12 and each of the plasma confinement
rings 14, 16, 18 and 20 are of a single piece of the insulating material.
[0025] As shown in FIG. 1, the plasma confinement rings 14, 16, 18 and
20 are connected to the mounting ring 12 by a hanger 22 configured to
extend through holes 24 in each of the plasma confinement rings 14, 16, 18
30 and 20. Aninsert 26 is preferably provided 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 is preferably provided on an inner shaft 30 of the
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extend through holes 24 in each of the plasma confinenent rings 14, 16,
18 30 and 20. An insert 26 is preferably provided in each hole 24 to
prevent di M@e00stmAYact bet ween the hanger 22 and the plrasns2mendossement
rings 14, 16, 18 and 20. A spring 28 is preferably provided on an inner
shaft 30 of the -6 WO 2006/ 101889 PCT/ US2006/ 009300 hanger 22 to
resiliently bias the hanger 22 with respect to a fitting 32 on the
hanger 22. [0026] For etching round senm conductor substrates, such as
wafers, the plasnma confinenent rings 14, 16, 18 and 20 |nc£§de an inner

di ametric 5 Banger@2 tesesitigntlyfiasine mfmger 83 vt resRedf to afitting,

di anetric suHé@gcquz 44, 46 and 48, respectively. The inner dianetric
surfaces 34 and 40 are plasnma-exposed surfaces. As shown in FIG
1, the upper [0826] plFas wichingrolind seeiconductpr substaates, syrobasewalerglithei n t he

a1 S0 shoun. - PREMErREANEMaNLAIGR: a6 0P AR HRLbdER mer il ™

respective phafdte 3436, 88 BRAUO! Faxpecivaly, Hrd SneutéPdantetic ehdacdy,
vertically aligned. %0027 The inner dianetric surface 34ﬁ é% gﬁﬁl asma

confinement 4P and #8 respeatvplib| 1alanen diamelricsurtaces 3 8
diametric suglf ﬁ?rﬁ“ 2 o%&fitg‘f%é@t 'l-‘['#gsl'f inF6, ﬁsythtempﬁae‘ﬁhb%ﬂﬁ?ﬁ?he the

pl asma confin overlies e bottom surface 52
mounting ri ngorifmemetnt hing 14d@s a gl@atarrmdthdntthrmtadmleimeotlomﬁlaneﬂhat ively

| h h h
conf s nement - PERGE ot ipgRentRH € erarebo HAs o et W s Bfhetio qoes
not reacty a swfddesi3B)BBandi4hoftthepesprRictive plaemarnBinémepdtiNgen 6 dtdosi ti on

on the botto rface r | asma processing. By 20 incorporating
t he pl asma 06 ﬂ@lﬁ%ﬁfeé‘f"’agg"@ﬁ%% igReY fromthe bottom surface 52, the

bott om sur f ag2y¥ IThelhRrehidbirfc RiMags BIT e bl%sﬁiaac%mméﬂfént AA Miﬁé
deposition on the bottom surface 52 is preferably mnim zed. [0028] In

t he embodi nepreferahly vyeriicalty atigngd wishitha inpprgjemetric swfacesitabitheo | ncl ude
e e con g i 12 7 e PrerGERES Lt Plmd Bkt 2
heati ng Bf f eovavlickbithertwtiohasurtacet 3hointhe montingeing 1helt hasbeeh chokes 54,
determined that due to the relatively large thermal mass of the mounting ring
12, without the plasma confinement ring 14, the bottom surface 52 of the
mounting ring 12 does not reach a sufficiently high temperature to prevent
polymer depaosition on the bottom surface 52 during plasma processing. By
20 incorporating the plasma confinement ring 14 separated from the bottom
surface 52, the bottom surface 52 is protected from exposure to plasma and
polymer deposition on the bottom surface 52 is preferably minimized.
[0028] In the embodiment, the plasma confinement rings 14, 16, 18 and 20
include thermal chokes 54, 56, 58 and 60, respectively. Heat is supplied fo
25 the plasma confinement rings 14, 16, 18 and 20 by plasma and other
heating effects during plasma etching processes. The thermal chokes 54,
56, 58 and 60 reduce heat conduction in the radia! outward direction from
the locations of the thermal chokes 54, 56, 58 and 60, to thereby enhance
heating of the inner portion of the respective plasma confinement rings 14,
30 16, 18 and 20 defined between the thermal chokes 54, 56, 58 and 60 and
the inner diametric surfaces 34, 36, 38 and 40, respectively. Consequently,
each of the inner diametric surfaces 34, 36, 38 and 40 preferably reaches a
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56, 58 and 60 reduce heat conduction in the radial outward direction from
the | ocations of the thermal chokes 54, 56, 58 and 60, to thereby enhance
heat i ng W6 2bdsAoisener portion of the respective pl asmPCIFHRIGHPBM ri ngs
14, 30 16, 18 and 20 defined between the thermal chokes 54, 56, 58 and 60
and the inner dianetric surfaces 34, 36, 38 and 40, respectively.
Consequently, each of the inner dianmetric surfaces 34, 36, 38 and 40
preferably reaches a -7 WD 20061101889 PCT/ US2006/ 009300 sufficiently

hi gh tenperature to substantially prevent polyner depositiqn on these

surfaces dguffisigndy highotepmesatyg tepubstantielly prexgnt polymgr depesitien 0B porti on
of a prefe ' onfinenent ring 120 including a

t her nmal chgli%%l ) ?%'H{Eﬂéggfaes?ﬂ%@%o@n%%&t he mounting ring and/or one or

nore of th§00R9]erFiBsa2rand 3 depicte perion of agyeferredramipodinent obaf i nenent

ring assenb can so inclu .a.ther chak ont.haured as shown in
FIGs. 2 an@‘%.me[ B}e"ﬁﬂg ”Pgﬂégt"l"glﬂgﬁg gﬁg?'ﬁ%ﬁq CE’HEQBBQGEH ﬁ'b%pri ses a
plurality embddiraént, HePindudtiig fid and/eéfon® ofmdirs 6Pthel dtherisiagmast ci rcul ar
pattern, and a plurality of 10 outer slots 163 spaced outwardly fromthe

! . : Y,
i nner s ot soafrpraenidHgsLfithe BlastrcORTinerent WhATSaIRIY FaB ASHACRIPC ul ar
pattern. ~QIRERNAI coRElcoftidiirad 48 Shoth % FRE&IZARIISDY Tnner regl ons 105,

and adjacent outer slots 163 are separat ed y outer regions 167. As
shown in FIE93Q], Teilusineted theymahshalesléhaomprises a pliralify of 8Mesir e of f set

Slots 161 SR IRE =dNEed e Bletithubrs iR PoRr Barinhdd Rl oI ough
t he t hiloknesteraiots 163 spassthostvardip évantherinng 1818 . andTdrrangeaiatar uct i on and

pl acenent of the thermal choke 160 reduces radig| heat trans to the
P rer Toor ¢ PERCaEE JRCPRin i SeRORDATIR ey Adlogapt Ahet SR TEL 1t he

| nnerdi angté LepAUIdPSPInhAPrSRARNRS, Bnd WfdcehPaltey siblfeard enperature to

substantially prevent pol yn osition on this surface duri ng pl asma
pr ocessi ng sepa@bad byputer regions 16f.sAg showndn b1i3.62, the stner tegiops 468r abl y

B?\éfe?r gddéﬂg?&t%i%g&?ﬁggtﬁr%r?ggasffdg’?Iséa[i@?ﬂ%(r?]%ﬁ%%é}' or ?nel:lnbf/1 a | aser
abl ati aé t eohfinement rify {1200 3Me innerslotshts1 andtherouter slotsotihpmeferablye or
more of t h%x%ln%sc%ampletely through the thickness of the plasma confinement ring 120.
This construction and placement of the thermai choke 160 reduces radial
heat transfer to the outer portion 169 of the plasma confinement ring 120,
such that the inner diametric surface 140 reaches a sufficiently high
20 temperature to substantially prevent polymer deposition on this surface
during plasma processing.
[0031] The inner sliots 161 and outer slots 163 preferably have a width of
from about 0.005 inch to about 0.020 inch. In a preferred embodiment, the
inner slots 161 and 163 are formed by a laser ablation technigue.
25 [0032] In another preferred embodiment, one or more of the plasma
confinement rings of the plasma confinement ring assembly 10 has a multi-
piece construction. For exampie, the embodiment of the plasma
confinement ring 220 shown in FIG. 4 has a two-piece construction and
comprises an inner ring portion 221 and an outer ring portion 223. The inner
30 ring portion 221 includes a plasma-exposed inner diametric surface 240.
The inner ring portion 221 and the outer portion 223 are preferably
comprised of the same insulating material,
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confinement rings of the plasma confinenent ring assenbly 10 has a nulti-
pi ece construction. For exanple, the enbodi nent of the plasm

conf i nementwo paog 1@8® shown in FIG 4 has a two-pi ece copgirfigdsios/ersz@and
conprises an inner ring portion 221 and an outer ring portion 223. The
inner 30 ring portion 221 includes a pl asnma-exposed inner dianetric
surface 240. The inner ring portion 221 and the outer portion 223 are
preferably conprised of the sane insulating material. -8 W) 2006/ 101889
PCTI US2006/ 009300 [003§L In the plasma confinement ring 220, the inner
ring porti on[0833] ahaitheoplasmarqonfingment fing 220 the innes AN portian 281 anchi ni ze
contact bet ' ' | ter
Fingport | onodas iy bBER 223 k' GohBlipl b et LoRBctieaBl siffost
gravity). Atof thednnermimggaptiors 28¢anddie dsierndey poriiop2Secat tharégior228f t he

inner ring portion 221 and oyter ring.portion 223. I.n he odi ment ,
the gaps 225 “gE‘Eh CRNtAgiOGRYFS “%Egbgr:av&). %‘??%BHEtgraﬁd?PSh"e%sg&??npl asma
confi nement ppiitedFhfabed bf HRNAREH A pdrfie2L N ant bitsr rmzq;ﬂmia@mspnh 221 to
the outer ring portion 223 occurs only at the region 2 where there is

surface cont théeterobrdiment the gaps 23 ast &5 hegnakehiokes Bydhisiconstiustiany 10
. 591 | _ _ : o i
Do f ace 24000 PR cbrtynfing 220° AEMCAR o ol ARG indlr A8 1 a1y
prevent pol portion @8pdeithe outeoring portivnrd23ceccufO@By jat the mwopre?2f where
nmbodi t, at | t f . £t .
cont nenent Fiory S St ERopct AEee e REr dRraEid s Tias ey Bt BRfrng e
r oughenegh angrtion Ceatisdxpoddd ta plingd.i Sonédifiently, thedenet dismbic(sunticar ed)

radi ati on and, can bl ock trf?n_sm ssion of the IR radiat,i fn. In the
enbodi nent, 24kcamerash Hauffigientichigh sempearatirede sHestentially Rrgvert ransnitted

t hrough the Px??'r}‘uer%?é ﬁ@ﬂ?ﬂ@&fﬁd&b. ring, but is blocked by the
d

roughened and/ or coate surface. For exanple, the confinement ring can
be conpri sedl0884Ljudn apreferregdeErobursdiment, eReastongpsudane ofrend of mgrewit eri al .

DY ) e Bl EohMarRG b Pothmd SEARSHER AR bRl chl®
surface 15 ebdrughdned @Adfr cBatedotitita mutéral tisatds opaquetcaiRi@infeared) nement
rings can beradiation and can block transmission of the IR radiation. In the embodiment,
IR radiation incident on the confinement ring is transmitted through the body
of the confinement ring, but is blocked by the roughened and/or coated
surface. For example, the confinement ring can be comprised of quartz, or
20 another IR transparent insulting material. By blocking the IR radiation,
heating of a selected portion of the confinement ring partially defined by the
roughened and/for coated surface is enhanced.
[0035] Selected surfaces of the plasma confinement rings can be
roughened by a suitable technique, such as shot peening or by machining
25 the surface using a diamond tool that produces a pitted surface. The
surfaces can be coated with a suitable IR opaque material. Surfaces that
are not exposed to plasma can be coated with alumina.
[0036] For example, as shown in FIG. 1, the upper surface 62 of the
plasma confinement ring 14 can be roughened and/or coated with an IR
30 opaque material in the region between the inner diametric surface 34 and
the thermal choke 54. Consequently, IR radiation incident on the lower

surface 64 and/or inner diametric surface 34 of the plasma confinement ring
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roughened by a suitable techni que, such as shot peening or by nachining
25 the surface using a dianond tool that produces a pitted surface. The
surfaces @anibgiogss@ted with a suitable | R opaque nat er pet/usfBog/doasnes t hat
are not exposed to plasnma can be coated with alum na. [0036] For exanpl e,
as shown in FIG 1, the upper surface 62 of the plasma confinement ring
14 can be roughened and/or coated with an IR 30 opaque material in the
regi on between the inner diametric surface 34 and the thermal choke 54.
Consequently, IR radiation incident on the |lower surface 64 and/or inner
di ametri ¢ sddfiablockad by the\eoughgsed apdier caated mpper ai¢gfacebiywhiohs/ 101889

PCT[ US2006/ ' . :
sur 1[ ace 62, Qt?vé?lé ggen&%\edr%b@agﬁﬁg)ﬁéﬁp éﬁ]eg? Fﬁg‘%gﬁ %ﬂ%ﬁgﬁﬁﬁ%ﬁ@rﬁmﬁpgfgs ma
confi nenent betwegnlthe ibssndiametricesuriace 34dindrthe thermal chake 584 Asrttiet he

thermal choke 54. As the, syrface 64 is not directly expqgsed to .plasma,
the IR opaqsartich 8 epokitcti eg5Grectiollasivg.4he 1% Gbmbus Hitane pad o 1
not pref err efl afrRbtetisics@éh A akMEina GRBE ib%ﬂﬁre?éﬁédiﬁﬁ%se[&pﬁékmbn anot her
preferred enbodi nent, selected surfaces that define the slots formed in

the pl asma ¢onfining suraces. ngs can be roughened and/or coated with a

Corial thated o .
enbodi rent | 3003 e Whdr droferielUbddiftont 6 pEli ot gt erbdthe,
| east one ofsldih formedfinthesplhéMacunfit@rbenbningsecandosy rraighenad dihdforcoat ed with

an | R opaque terial tq bl Aransm ssion of. |Rxadiation.tg affect
FUrther' hedPRRg Ui 2 Risteraldatys ohadve & R Pefbions Fe? @iy e s

depi ct's 19N exsiraent ke Blasaid corfindmeAbAsd Y 20 ehyws MPI@S. 2 akd Bl asna
processi ng chanber 300 in_which the plasma confinenent ring  assenbly 10

i s nmount ed. AR Ope 85 the pirtaces dR@EnehHiran BRwugnened agdéos cogigsenith
Sur face 304 ey hade InaBHARG b ERron bR ARG et el oty
of the pl asiheating otteduperciametricesushapedéd. surface of the upper 20
ncor por at ed0¥lei FIChy s g elipay shlindRent d enatv et . e
15 plasma processing chamber 300 in which the plasma confinement ring
assembly 10 is mounted. The plasma processing chamber 300 includes an
upper electrode 302 having a bottom surface 304. In the embodiment, the
bottom surface 304 includes a step 306 adapted to control a localized
density of the plasma formed adjacent the exposed surface of the upper
20 electrode 302, as described in U.S. Patent No. 6,391,787, which is
incorporated herein by reference in its entirety. in the embodiment, the
upper slectrode 302 is a showerhead electrode including gas passages 308
arranged for distributing process gas into the plasma processing chamber
300. The upper electrode 302 can be comprised of silicon (e.g., single
25 crystal silicon or polycrystalline silicon) or silicon carbide.
[0039] In the embodiment, the upper electrode 302 is a single-piece
electrode (e.g., for 200 mm wafer processing). The upper electrode 302 is
preferably mounted (e.g., elastomer bonded) to a backing member 310 of a
suitable material, such as graphite or silicon carbide. The backing member
30 includes gas passages 312 in fluid communication with corresponding gas
passages 308 in the upper electrode 302.
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upper electrode 302 is a showerhead el ectrode including gas passages 308
arranged for distributing process gas into the plasma processing chanber
300. The wapswe/fhgwt rode 302 can be conprised of silicpaT/820g6/00930ngl e 25
crystal silicon or polycrystalline silicon) or silicon carbide. [0039] In
t he enbodi nent, the upper electrode 302 is a single-piece electrode
(e.g., for 200 mm wafer processing). The upper electrode 302 is
preferably nmounted (e.g., elastomer bonded) to a backing nenber 310 of a

suitable material, such as graphite or silicon carbide. The backing
menber 30 i HOP4Gks Irgaeotba@@ag@@rr@m the upper electmdrsanBaY A twphiece

5006/ 101839 PET IR GEEE 380 b AP pioeeRind) et B Henorrplet
el ectr ode cann%laelectfode/mepibecelng aom:nemlemtmde(member gunromnlﬂngﬂie/vaf er

u
uter ol oot BRI RmRST Rieh Fedracrbih Br o BEhy SN DRS P AR R s
descri bed i nAgSicERGN Noomeds 063, wﬁahe@tncsrpﬁwbummm rbwleferéﬁde?#ﬁmez

which is incorporated herein by reference in its entire I n the
embodi nent , QM@W&&’HWW@%W”&@? baghing m%@%rdﬁgfeaabwr&iwﬁj Bl ate

cO- ext ensi Vil diie dohBREnHE Gith S irFRFBREN8AL nfbrhB6!drita bhbRIiG

co-extensive Wt scrl bed in
Pat ent Appl |mm¢a>exiﬂuswa@\fthAtBe®emr eim:tr[odemgmber, elalesative iedS.of t he

pl asma proc n el 230 FIG 5, a thermal control plate
314 is pref Peq?ﬂ HF%B'% gOI?Hg\e%gckl ng nmenber 310. The thernal

cont rO: lmhat[e03'1]4 mmfe%m?d»dimlent:budmlamal procem?:gg chamiber Soa@khngdnt oU <
control the nper ature of the eree e scribed in

Pat ent Appl |r£cl§t Pof theymal 6pn R%g%"fSSP ?ﬁyﬂ{@‘" ?9%“&%%’&@& ng
chamber 300 méﬁ'n'béF'S$OaTHé$l1é'ﬁ1#l 86nttd) Plate SHA\Wefeflly MeRRICK dHE BFABRSS Jas
to the upper electrode 302. The process gas is distributed in the

chamber by th@t@régq@awafg@nyg@hertemperaiwp@f the upeenreigetraip30tas upper
el ectrode 30395%[’}%%(?% BWa‘?&thpﬁ’iﬁa% H8V\@64§ﬁ§éce 316 via a matching

network. In an enbodi nent ctrode 302 can be
el ectri cal | 0Q42unThd plasng procdssing t:hambar BGA imcfudles @oyss source (not

shown) for supplying process gas to the upper electrode 302. The process

gas is distributed in the chamber by the gas passages 308 in the upper
electrode 302. The upper electrode 302 can be powered by an RF power
source 316 via a matching network. In another embodiment, the upper

20 electrode 302 can be electrically grounded to provide a return path for power
supplied by a bottom electrode of the substrate support 320 of the plasma
processing chamber 300.
[0043] In the embodiment, process gas is supplied into the plasma
processing chamber 300 at the plasma generation region in the space

25 between the upper electrode 302 and a semiconductor substrate 322, e.g., a
semiconductor wafer, supported on a substrate support 320. The substrate
support 320 preferably inciudes an electrostatic chuck 324 that secures the
semiconductor substrate 322 on the substrate support by an electrostatic
clamping force. The electrostatic chuck 324 acts as a bottom electrode and

30 is preferably biased by at least one of the RF power sources 326, 327
(typically via a matching network).
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supplied by a bottom el ectrode of the substrate support 320 of the plasnma
processi ng chanber 300. [0043] In the enbodi nent, process gas is supplied
i nto the woxseeuo1gsp ocessi ng chanber 300 at the pl asna REKEy2806/89899 egi on
in the space 25 between the upper electrode 302 and a sem conduct or
substrate 322, e.g., a sem conductor wafer, supported on a substrate
support 320. The substrate support 320 preferably includes an

el ectrostatic chuck 324 that secures the sem conductor substrate 322 on

t he substrate support by an electrostatic clanpi gtg force. The
el ect r ost at [@€044JucRuring plesma precessig eidhe spRIGaNSYETos sHbSRES % thesr abl y

mat ohi ng nePLBTE oM r et 08 g T S I g B By "ot mg

pl a;s_ma pr otccfpﬂm@'gemtzdm bﬁiwel een thieuapper eladirote 02 Brtthetsemicendustar N
n n

between ¢ ne SHBREAEGI20 (rdaea e e, 428 aEe BRPab it ERLRBEESS,

Edge rings 336tiodsHip & theerfiesriicioraubstngte B22rtofocusothedilasma So as to

relationship to the senm conductor substrate 322 to focus the plasma so as

to inprove rapeyestch SRIRIYILY. [ 0045] A vacuum punp (not shown) is adapt ed
to maintain Si ik RSyl ssi ng
[@?tg.g%}]f\e%cumcduﬁp% fick SALNI) i @hﬁ@d&ﬁ%&h&m dUsed

chanber 300. n exen y par al plate plasma reactor that can
be used is aatQuIRKEsIure themlasma pmcsssing sbamber 368, e. g.

| y- . Sp P ' ' ' d
commont ¥~ ouigst. San 336 lary arai- B3 lng HoAGE: 3 BER B cRRTgE00r 2t e
suppl i edot o daakfregesritygilasrna etohadactbr (sae, a.gyaommpplyovemet pPlSdPatentan be

ted in,t hy. | yi ng. RF t dif. t i
P r om tn. Re NeboradE 354, nieh s By loBimpketef By ritpadto s eriiyte B
el ectrode. ALER F&RitoNsChichidg stV Siaified 8 8GhbR@shdaNelBetrédefbii cal |y

grounded and RF energy at two different frequencies can be supplied to
the bottom & 3asunply apdplesmarsanrhs generpied4gthe reaciolrigy supplying %?:asrra

confi nenent hbpg, ASHFGRhY Qs T Mo RF sources to the showerhead

15 electrode and/or a bottom electrode. Alternafively, the showerhead

electrode can be electrically grounded and RF energy at two different
frequencies can be supplied to the bottom electrode.

[0047] Example 1

{0048] In Example 1, a plasma confinement ring assembly 400 as shown

20 in FIG. 6 was used in a parallel-plate, capacitively-coupled plasma
processing chamber. As shown, the plasma confinement ring assembly 400
generally has the same construction as the assembly 10 shown in FIG, 1;
however, the plasma confinement rings 414, 416, 418 and 420 do not
include thermal chokes. The plasma confinement rings were of quartz.

25 [0049] In Example 1, the foliowing dielectric etch process conditions were
used to process 85 wafers: 45 mT chamber pressure/1100 W power at a
frequency of 2 MHz applied to botiom electrode/800 W power at a frequency
of 60 MHz applied to bottom electrode/300 sccm argon/15 scom C4Fg/10
scem Oo/upper electrode temperature of 140°C/bottom electrode

30 temperature of 20°C. An oxygen cleaning step was performed after etching
each wafer using the following process conditions: 500 mT chamber
pressure/200 W power at a frequency of 27 MHz applied to bottom
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20 in FIG 6 was used in a parallel-plate, capacitively-coupled plasm
processi ng chanber. As shown, the plasma confinenent ring assenbly 400
gener al | y w@soob/hAsgane construction as the assenbly 10Peh@aepos/mBioG 1,
however, the plasma confinenment rings 414, 416, 418 and 420 do not

i nclude thermal chokes. The plasma confinenent rings were of quartz. 25
[0049] In Exanple 1, the following dielectric etch process conditions
were used to process 85 wafers: 45 ml chanber pressure/ 1100 Wpower at a
frequency of lied to bottom el ectrode/ 800 W r at a frequency
of 60 Mz apd emmﬂeﬂ&gw{ poweeatx freqancy 0069 Minz app m&b@m CAF8/ 10
sccm 02/ uppey SRR 140C/ bott om el ectrode 30

t enperature (%?&b%&é%s%x g r@ﬁ: eanlghg step was performed after etching
each waf er U8Dag] t s shomndniFiG. 6,rterrmwtnmsdmreaneastﬁ'ed usifRgchanber

/ 200 t a f of, 27. NHz t -12 WO
D006/ 101880 BETRS sl B iaon Gl teaiiRt sufées 27 BH B ey of 60
Mz appl Ised rOumitiid g 4 €2 det4time aﬁ%mmnrﬁaéwtmc@ﬁﬁmmérﬂ%ghm shown

in FIG 6, tenperatures were peasured usin t her ched at
| ocati on A dRcatieR G&t thadop suriase ohie Wflﬂﬁ%’eg g%n@'% arlI ocat i on

Bon the top tﬁéﬁaﬁgﬁﬁé’ée &me%ﬂf‘h%ﬁ%ﬁ%ﬁg‘%célm | ocati on C at the top

surface of the confinenent ring ation Dat the top surface
of the confi[88atht Therigllowiog t¢mpm]uremwere)rrieaamegl atdhese lacations wer e

Tbout | 660, | GHTREghe B4 Bhcetdhy] hoali R ARG 8 A 0T G
et er o the Blasie. BLoCeLsi ne  ChARbAr tas ontned and Lhe. sont| nement
FTng assenl SPoRbIORES SRUPHRY etdiiaipriba Walerst & FlpadaRracers bl ynor
deposi tion. &J@Mrw oﬁ@‘i&éﬁéﬁd e cohﬁﬁerﬁ&ﬁﬁge@bs@mmmoommnf i nement

ring 414. However, é 15 deposition was observed
pl asma- exposex@mingd & the Hresance %QQWa@égepqsmon 4¥e mlwhamdﬁnﬁsrttqﬁe pl asma

confi nement Wé§€%eﬁ%? Ioﬁ]tﬁ gLé@{n‘hz&nfn{el?»r@QPﬁﬁod 894 ! PRIweVBE Polyited aces did

not reach a era
15  deposition was observed on the plasma-exposed, inner diametric surfaces
436, 438 and 440 of the plasma confinement rings 416, 418 and 420,

indicating that these surfaces did not reach a sufficiently high temperature to

prevent polymer deposition.
[0052] Example 2

20 [0053] Example 2 used the plasma confinement ring assembly 400 shown
in FIG. 6 in a parallel-plate, capacitively-coupled plasma processing
chamber to etch 100 wafers using the following dielectric etch process
conditions: 45 mT chamber pressure/1100 W power at a frequency of 2
MHz applied to bottom electrode/800 W power at a frequency of 60 MHz

25 applied to bottom electrode/300 scecm argon/28 sccm C4Fg/13 scem
O2/upper electrode tempsrature of 140°C/bottom electrode temperature of
20°C. An oxygen cleaning step was performed after etching each wafer
using the following process conditions: 500 mT chamber pressure/250 W
power at a frequency of 27 MHz applied to bottom electrode/125 W power at

30 afrequency of 60 MHz applied to bottom electrode/2000 scecm O4/40
seconds.
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prevent polynmer deposition. [0052] Exanple 2 20 [0053] Exanple 2 used the
pl asma confinenent ring assenbly 400 shown in FIG 6 in a

par al | el - ploatoas/10ea8paci ti vel y- coupl ed pl asma processi ngPCTHSR0MEI09306 et ch
100 wafers using the followng dielectric etch process conditions: 45 ml
chanber pressure/ 1100 Wpower at a frequency of 2 Mz applied to bottom
el ectrode/ 800 Wpower at a frequency of 60 MHz 25 applied to bottom

el ectrode/ 300 sccm argon/ 28 sccm C4Fa/ 13 sccm 02/ upper el ectrode

t enper ature of_ 140 ottom el ectrode tenperature of 20C. An oxygen
cl eani ng st Qﬂis '% Q@WEM‘?JFh%Wé‘EﬁrMh%Q %P@CGS%Q@E‘F‘%@}% ol | owi ng

process CO”Wa%!db%ﬁ'ed%ﬂQ thd céﬁmiﬁéntgfnﬁ%%ﬁéﬁfo d%a@@%ly%%(aﬁuirféaequency
of 27 MHz applied to bottom el ectroder125 Wpower at 30 a frequency of 60

MHz appl i edfardheprasence (of polyoes depositiers cito privaer dapssition wag 3 WO

2006/ 101889 | ' , th
pl asma prOC85%&%@@&3&%@%%%&%@@@3&]&&?@%3%.2g-lgg}neﬁéhm%elﬁ&%)gd@?@g;ﬁbl y ©
4OP was gi sMbpbsem@ﬁrmdthgfmasmgexpmmﬁleMrdfanpntHy:;yarfadw?Sﬁs,_télasn.AflTo

ol ymer deposi,tiqn_ywas , observed on the co enent i :
ﬂ_ow)éver_, pgpﬂﬂé#Bd’é\ﬁ%P'@?m? C@'\ﬁ/ﬁ%’“@ﬁé@%ﬁ%&;g%ﬁ@%p &r‘r@%@?ﬁ@ggﬂt i nner
diametric syidsacipfaded didhvd reaetila 4dficRhtly ARhREAPEPatarMd prevent rings 416,

418 and 420, indicating that these surfaces did not reach a sufficiently
hi gh t enper RPlYMerdspesiEoRnt  pol yner deposition. [0055] Exanple 3 10

L0070 o IR Brarbgll g e e e e "
processilag {bg)erin Banyiedna plasmaptarfimemenh fing essembly 53 asskovwh y 500
el udes ¢ ok 1" o RESA 563 pasTeRSks Satereel Sieind plesi i 1 ve pl asma
15 confi newgrﬁces'sin?%héﬂrmer.Shﬁ,shaw&, HRbidHRa cdhfindrignt g sdueikesty 56@, 556,
558 and 560 were slots formed in a concentric, discontinuous circular
has the same construction as the assembly 10 shown in FIG. 1, and includes
thermal chokes 554, 556, 558 and 560 on the respective plasma
15 confinement rings 514, 516, 518 and 520. The thermal chokes 554, 556,
558 and 560 were slots formed in a concentric, discontinuous circular
arrangement, such as shown in FIG. 2. The siots had a width of from about
0.010 inch to about 0.015 inch and extended through the thickness of the
plasma confinement rings 514, 516, 518 and 520.
20 [0057] In Example 3, the same etch process conditions that were used in
Example 2 were used to process 100 wafers.
[0058] As shown in FIG. 7, temperatures were measured using
thermacouples attached at location A on the bottom surface 552 of the
mounting ring 512; location B on the top surface of the confinement ring 514,
25 inwardly from the thermal choke 554; location C at the top surface of the
confinement ring 514, outwardly from the thermal choke 554 location D at
the top surface of the confinement ring 516, inwardly of the thermal choke
556; and location E at the top surface of the confinement ring 516, outwardly
from the thermal choke 556. The following temperatures were measured at
30 these locations: location A —about 71°C to about 77°C /location B — about
127°C to about 132°C/location C ~ about 71°C to about 77°C /location D —
about 116°C to about 143°C/location E - about 77°C to about 82°C.
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arrangenment, such as shown in FIG 2. The slots had a width of from about
0.010 inch to about 0.015 inch and extended through the thickness of the
pl asma combdizommensss ri ngs 514, 516, 518 and 520. 20 [ 0C%AJUS2epcEBOD] e 3,
the sane etch process conditions that were used in Exanple 2 were used
to process 100 wafers. [0058] As shown in FIG 7, tenperatures were
nmeasured using thernocouples attached at | ocation A on the bottom
surface 552 of the nmounting ring 512 | ocation B on the top surface of

th fi 514 f th | .ch 54;
| ocaton ¢ 08%he Rl #t6Rio0 o T wrert, 6% hlEsets PobRGsIg #HemBRhar ol y
fromthe t h%ﬂ%'peﬁ@@'éﬁdWGOﬁmérﬁﬁnEaééembﬁ%UNﬁ Visiby Bxarhireae

confinement ring 516, inwardly of the thermal choke 556; and | ocation
Eat the topfasdhe peasepse pfpoly@er dapeaitinn. rNﬂ@OUwrdﬁWPﬁﬁ‘Pawﬂsfrom t he

thermal cho %ﬁgﬂ 30 these

| ocati ons: Fg%éa‘té?%oxiﬁ- E&%é‘%}[’&%n toFg'ﬁ)g E%ﬁﬁﬁl at'l onéﬁ)&%gbout 127C
t 0 about5 13dael dizmeton siifacesifd, 538 afdt5d0adi the plagma canfmemeant Bngs about
116C to abo 43C/ | i.on t 77C.to abou 2C. =14 ,

2006/ 101880541 CamsbeRdseming BREYps Siteiesisothed Aayrinentiiohy e s,

the plasma prQssatirdh Fmg‘nepmym@sdw and the confi nerrent ring
assenbly 500 was visibly examned for the presence of poly

deposi ti on. [449 oIW@F‘"ﬂéﬁ&é@t 1 dheabevedgseihadteshrasHis SPH‘&E‘ﬁﬁé’@nfl nement

and 540 of LRy FRarbRly FRraRimon SleRlopade RiRUasAE iR R oy

that tht@e theplasms cpeﬁmmtaﬂmﬁembisnmIOWrmﬂrgieposmnp@ramertmcko prevent

asul s dengiebig g A3 ERnY B skfvented b i B0 T lBREAE ) cone

confi nenment or mdge fhermal ciidkeshetrw ﬁlama@onfmmeﬁtnmgslm 185 98rEpd)20, pol yner
deposition on the thick nmountin r| ra%é can pr&&erably be p event ed. In
addi ti on, bQOBFWidSP igfhan Plﬁs RE sHERCRBdbS ringsiase pie
confinenent 16, 18 and 20 pol ymer deposition on plasna
exposed surPa(?es of the rings can preferably be prevented.

15 [0061] The foregoing has described the principles, preferred embodiments

and modes of operation of the present invention. However, the invention
should not be construed as being limited to the particular embaodiments
discussed. Thus, the above-described embodiments should be regarded as
illustrative rather than restrictive, and it should be appreciated that variations

20 may be made in those embodiments by workers skilled in the art without
departing from the scope of the present invention as defined by the following
claims.
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15 [0061] The foregoi ng has described the principles, preferred

enbodi nents and nodes of operation of the present invention. However,

t he i nventwonoosadugsd d not be construed as being |im tedcrastéve/ogaos i cul ar
enbodi nents di scussed. Thus, the above-descri bed enbodi ments shoul d be
regarded as illustrative rather than restrictive, and it should be
appreci ated that variations 20 nmay be nade in those enbodi nents by
workers skilled in the art without departing fromthe scope of the

pr esent invgniign aa difineg_by the following clains. -15 WD 2006/ 101889
PCT/ US2006/ IS IBEAIMED 1S 1. A pl asma confinenment ring
assenbly for a plasnma processing chanber, conprising a plurality of

pl asma confinement rings each including 5 an inner portion having a
pl asma- exposed i nrler d plaemaiconfnemerigingassembly for@ plasmadiregesség

radi al |y outwar 1y i . ' . |
choke adapt eW%e%ﬁg} '#‘Qi? p@%ﬁ@&@f Pﬁ?ﬂﬁ%ﬁ?ﬁﬁ@qﬂhﬁgﬁé ngfnngﬁgmt he
Olﬁt erl porst i agn Wﬂéﬂpbﬂﬁﬁnirl;ﬂﬂmg aibiamﬁxéxposau Emeﬁdlamardipeaﬁdcé_.@ntﬂtﬁfm i 20
t he plasma progessj ng chanper, such that the inner. dianmetric surface
reaches a sRartien QWS?W%FP?WQ%@WJ;‘EW%G %Pﬁﬁl"i"a?fr@ ab“‘é?gﬂ"t‘e pol ymer
deposi tion thefrRAlthoke alBftcB!t8 $68LceTHAt BEREtioh ffin A% RRB poibnthai m 1,
wherein one or nore of the plasma confinenent rings has a one-piece

const r uct i orthe outerportiprewpen frinpendinmetissurfacads axpesas ip pasmaain m 1,
wherein on r ' ' | I nner and
outer port ﬁgﬁglﬁfﬁm%égggggﬁﬁgr%ﬁg@g@?@%hﬂ& Q@%ﬁgg%fa%)nf I nenent
ri ng assliénblreacliesCh aufficiEntiyvhighdemperature torsaibstantialiyoprevenpolymeer ri ng

I ncl udi ng th(F inger ﬁi anetric surface, the outer portion is an outer
ring, and at99POREONSARrEEN, i s defined between the inner ring and outer
ring. 25 5. The plasma confinenent ring assenbly of Caim3, wherein the

i nner portion and the outer portion are conprised of the sanme dielectric
2. The plasma confinement ring assembly of Claim 1, wherein

one or more of the plasma confinement rings has a one-piece construction.
15
3. The plasma confinement ring assembly of Claim 1, wherein
one or more of the plasma confinement rings comprises inner and outer
portions which are separate pieces.

20 4. The plasma confinement ring assembly of Claim 3, wherein the
inner portion is an inner ring including the inner diametric surface, the outer
portion is an outer ring, and at least one gap is defined between the inner
ring and outer ring.

25 5. The plasma confinement ring assembly of Claim 3, wherein the
inner portion and the outer portion arg comprised of the same dielectric
material.

6. The plasma confinement ring assembly of Claim 1, wherein the
30 inner portion of one or more of the plasma confinement rings has at least
one surface that is roughened and/or coated with a material that blocks IR
radiation.
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mat eri al The plasma confinenment ring assenbly of Ca
30 i nner Bc?t‘]?q”(?ﬁs f one or nore of the plasma confi nemeprﬁT"VéEﬂ%ﬁéooﬁ%@ at

| east one surface that is roughened and/or coated with a material that

bl ocks IR radiation. -16 WD 2006/101889 PCT/ US2006/ 009300 7. The plasm
confinement ring assenbly of Claim1, wherein the thermal choke of at

| east one of the plasnma confinenment rings conprises a plurality of
slots. 5 8. The plasma confinenent ring assenbly of Claim7, wherein at

| east one of the slots is partially defined by a surface that is

roughened and/ of, coghedlaémh o@nﬂﬁérﬂéhahrg? hgteMbBLESClainr Baitaireimnthel0 9.
The plasme confinement ring assenp aim7, wherein the slots

conpri se athsrmahrheke of at least org et @Wﬁ%@a@@@ﬁém@ms&%nw&ﬁ&a nuous
first circ rality of second slots which extend around a
concentri cbﬁdgngc?i\ltswr’%%ous second circle surrounding the first circle. 15
10. Thes pl asnma confinenent ring assenbly of aim?7, wherein the slots
each extend conpl etel_%@through t he thickness of the 8I asma confi nerrent
ring. 11. A plasfa plbeddasmg cap aerﬁﬁu%rm@@ﬁﬁ?m@im@f lepy Gwhes Q@ra

el ect 1 ode: BsPHAS L e SR RIT AN P R Shar BlGhoARY o bl asm

confinenent Tl ng asse cor al m arr nge ance

confi nenenan@lbraoateiswﬁhlmnatamamtlb&iokedR rad@atiopper el ectrode and the
substrate support. -17 12. A nmethod of processing a sem conduct or

substrate in a plasm processing chanber, conprising: supplying process

?:’iﬁ gi gistgeﬁbf;ai ][ré Qpr %%Saé&ﬂa%ﬁﬂ??&heﬁpm?é LSEOALHEr ElARTE wittBid fement
slots comprise a plurallty of first slots which extend around a discontinuous
first circle and a plurality of second slots which extend around a concentric

discontinuous second circle surrounding the first circle.

15 10. The plasma confinement ring assembly of Claim 7, wherein the
slots each extend completely through the thickness of the plasma
confinement ring.

11. A plasma processing apparatus, comprising:
20 an upper electrode;
a substrate support including a lower electrode; and
a plasma confinement ring assembly according to Claim 1 arranged
to enhance confinement of a plasma in a space between the upper electrode

and the substrate support.
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produci ng a plasma fromthe process gas and etching a sem conduct or
substrate in the plasnma processing chanber; and during the etching, the
pl asma- exposed surface of each of the plasnma confinenment rings reaches a

sufficigntly high.t erature to.substantially.prevent polyner

Gopos: 17on frRpled CPIRSLRLHE & SRiHARNEM kR iBlarhietha BRI Ta shembatict or
substrate cOMPPIE®E a dielectric material which is etched by the plasma,
and the process gas contains at |east one constituent selected fromthe
group consi S4HPAYNS fPredess o dntvon shlasmed prfcessing chambrrscomprisiag desaphasma
precursors eemdineyentfihgiasscnblybdiClpinet,ur sors. 14. The nmethod of Caim 12,
wherein the plasma processing chanber conprises a grounded upper

el ectrode, pRduéinkaisnel i@@ﬁflrt@éjﬁ‘ob@ssgﬁé gl BONBE alsSmaRHL@Er Aibstri¥e in the

different fpRGMEREESinglchambag Bt hod of Caim 14, wherein the upper
electrode is a showerhead el ectrode. 16. The nethod of C aim 12, wherein

each thermal, cho uce conductio t hr ough -t.he pl asma
conf i nenent h.lrlr;f tsil e tglﬁnéx%sggﬁz?&gﬁjg%&nﬁu&%e tQReeaullié)g r}ﬁe PP RSy gﬁg;;m
chanber ,  SuBEY RERENBY o sUTSISN0 o Bk FPmpeatuts 16 rUbERAGAE BBTHeRh aiirteer
rings reachYePosiionitasIedh| y hi gh tenperature to substantially prevent
pol ynmer deposition thereon. 17. The nethod of Caim 16, wherein the
t her mall3.cholfes nettwdsdfdtlsim 18, whtreinntbe hedicohd@itar swbdiéite whmpasas aodielectricnor e
of the pl asmatetiahfhichminétchddnbs the plupmbsas] gepproatse gas avamigeit Rhngonat
| east one gagnstifirhebgéc@bftomlBie gldi) dEkRAME of 1GhRCALIL, MARTRbIb AN
nor e of theﬂﬁmﬁmo&?fbfcuﬁsma i dR@RoRRErbBh prdc@msks, one surface that is
roughened and/or coated with a materi al thatp bl ocks IR radiation. 18
14.  The method of Claim 12, wherein the plasma processing chamber comprises a
grounded upper electrode, and a lower electrode to which power is applied at two
different frequencies.

15.  The method of Claim 14, wherein the upper electrode 1s a showerhead electrode.

16. The method of Claim 12, wherein each thermal choke reduces heat conduction
through the plasma confinement rings when exposed to plasma in the plasma
processing chamber, such that plasma exposed surfaces of the plasma confinement
rings reach a sufficiently high temperature to substantially prevent polymer deposition
thereon.

17. The method of Claim 16, wherein the thermal chokes are slots.

18.  The method of Claim 16, wherein one or more of the plasma confinement rings
comprises separate pieces defining at least one gap therebetween.

19.  The method of Claim 16, wherein one or more of the plasma confinement rings has at

least one surface that is roughened and/or coated with a material that blocks IR
radiation.

18



