PLASVA CONFI NEMENT RI NG ASSEMBLI ES HAVI NG REDUCED POLYMER DEPOSI TI ON
CHARACTERI STI CS BACKGROUND [0001] Pl asma processi ng chanbers can include an
upper electrode and a 5 |lower electrode. The upper electrode typically
faces a substrate support adapted to support a sem conductor substrate
during plasma processing. During the plasma processing, power is supplied
to one or both electrodes to activate the process gas and produce the

pl asma to process the substrate. [0002] Plasma etching can be perforned in
pl asma processing chanbers 10 to etch selected materials provided as | ayers
on a sem conductor substrate. The processing conditions are chosen so that
the plasnma etches desired features in selected portions of the |ayers.
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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 substantially 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



upper plasma confinenent ring is opaque to IR radi ation so as to enhance
heating of the upper plasma confinenent ring. As a result, the bottom
surface reaches a sufficiently high tenperature to substantially prevent 5
pol yner deposition thereon when the bottom surface is exposed to the

pl asma. [0005] A preferred enbodi mrent of a nethod of processing a

sem conduct or substrate in a plasma processing chanber conprises supplying
a process gas into a plasnma processi ng chanber conprising a 10 plurality of
pl asma confinement rings, which each include a plasma-exposed surface; and
producing a plasma fromthe process gas and etching a sem conductor

substrate iné&&dﬂ?%% dgpﬁﬁ&ﬁéhﬂ%g&hm st agart.&gom% toBtsﬁFféﬁQoflrhEe
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enbodi mant of | asma confinenent ring of the plasma confinenent ring
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enl ar ged par idmd.op view of the pI asma confinenent ring shown in FIG 2.
[ 0009] FIG Il lustrates a side view of another preferred enbodi mrent of a
25 pl asma corﬁ@@&fdrrehprefaﬁgd@mhmmmtﬁmnetbndmﬁemessmgrag assenbly, which

has a two- pi sma processi ng
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semiconductor substrate in the plasma processing chamber. During the

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 illusirates 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 th‘e plasma confinement ring
30  assembly without thermal chokes that was used in Examples 1 and 2.



DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS [0013] Parallel-plate plasm
processi ng chanbers, such as capacitively- 5 coupled chanbers, include an
upper el ectrode, 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 plasma processing, power is supplied to one or both el ectrodes
to activate the process gas and produce the plasma to process the
substrate. 10 [0014] Interior surfaces of such plasma processing chanbers
can be powered surfaces (e.g., "RF hot surfaces"), grounded surfaces, or
floating surfaces (conprised of insulating materials). Different energy is

lied to. >\ _ . oo duri
suppi1ed to EOOQ"Z ! rmgg?ﬁ%glcl%arlﬁ Eﬁﬁ%dﬁ'r'lérft%'fg{&pléé’rﬂﬁ%oﬂﬁn%ré{lﬂ?ﬁ?a uring
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contai ni ng fbefredardieiowsr dlektroder TRauRBBSeleBirodd Bpitalipiacedfa such gases,
can be used to etch dielectric materials, such as silicon oxide. During

such pl asma S@micopfuetessubstraimiobfeprocessss. tRuringpibeiplagna maessinger nal 25
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surfaces of Seifegasdeopgrised of insustingmatarials)y | 'f(f)ﬁs%ph@?erauiﬁﬂmpéieaﬁ% nor e
likely to fopm-aingdlfithese different types of surfaces during plasma processing.
Particularly, heating of a chamber part in a parallel-plate plasma processing
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 to 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 substrates (e.g., processed wafers), as well as the chamber.
However, as device features continue to shrink, it becomes increasingiy
desirable to maintain plasma-exposed chamber surfaces clean from wafer-
30 to-wafer to achieve repeatable process results. Accordingly, it is desirable to



pl asma- exposed surfaces of the plasma processing chanber during plasma 5
processi ng operations. Floating surfaces tend to be cool er surfaces and
consequently are generally nore prone to devel op polynmer buildup on them as
conpared to powered or grounded surfaces. The tenperature increase, AT, of
a pl asma- exposed part or surface during plasnma processing depends on the
anmount of heat, Q added to the part or surface, and the mass, m 10 and the
specific heat, ¢, of the part; according to the following relationship: Q=
ncAT. Accordingly, for a given anmount of heat added to a part, increasing
the part mass decreases the increase in tenperature of the part.
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deposition proble
temperature during plasma processing to avoid polymer deposition on

15 plasma exposed surfaces of the part. Increasing the heat capacity of a part
also decreases the temperature reached by the part for a given amount of
heat added to the pari.

[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 fiuid 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



renovi ng as-fornmed pol yner deposits from surfaces. For exanple, polynmer 5
deposits can be renoved by enpl oyi ng aggressi ve plasma chem stries.

Al ternatively, the plasnma chanmber can be opened and a wet cleaning

techni que can be used to renove pol ynmer deposits from chanber surfaces.
However, such cleaning techni ques reduce process throughput. [0020] In order
to achi eve desirable process efficiency and etch 10 uniformty, plasnma can
be confined within a plasma confinenment zone defined between the upper and
| ower el ectrodes of a parallel-plate plasma processing chanber. Pl asma
confinement ring assenblies can be used to provide such plasma confinenent.

Exenpl ary pl aﬁmééqmés@wewttordcaﬁk thas oA B dating 3UFFaBe 2vbR Wtfloltactive
comonl y-owned U. S. Patent "Nos. 5, 534, 751; 15 5,998, 932; 6,019, 060;

6,178, 919 anbe#tingpaf the surfages of Whl ch is incorporated herein by reference
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[0021] As al ¢hpissecapde usedjosemae@ﬁiym% deaogmrqmlchamhﬁﬁﬁrfege&onfu nement
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to only the plrasma’conf | nene enselves I s desirable
to avoi d suc[pg28]ynirordeptosachieve dasirebhle m‘omssrm‘ﬁaancyan@etchn order to avoid

otentia cha and substrate c m.nati o obI a well as to avoid
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pol ymer deposition problem 1t has been determned that plasm confinement
ring assenbl PESEgERg sEambsli Blagma confingmentdng asseiabiias randq usadigs adapt ed
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assemblies are disclosed in commonly-owned U.S. Patent Nos. 5,534,751;

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. 5,534,751, 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 chamher 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] Inlight of the above-described polymer deposition problem, it has
been determined that plasma confinement ring assemblies can be provided
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deposition on those surfaces, w thout enploying active heating of the
surfaces. More particularly, the plasnma confinenent rings are adapted to 5
| ocal i ze heating at selected portions of the rings that include the plasna
exposed surfaces. Heating is localized at these selected portions by

provi ding one or nore thermal chokes in each of the rings at selected

| ocations to thereby reduce heat conduction fromthose portions to other
portions of the rings that otherw se act as heat sinks in confinenment rings
10 without the thermal chokes. [0023] FIG 1 depicts a preferred enbodi nent
of a plasma confinenent ring assenbly 10. The plasma confinenent ring

assenbly 10 eummidisRScorifiienient AR§S BEAptEd ¥ FeREMHent® HighiNt i ng ring 12 and
pl asma confinenent rings 14, 16, 18 and 20 suspended fromthe nounting ring

12. The nount§ABeraiUgs o8 PlasmarExpsesrariasas ohibeeings e Rysidieplymer 18 and 20
N |
are vertica dléRHQt{ b thdde RURY ngf’%ﬁ%‘ﬂé{dﬁﬁgﬁmgtgg tglég‘gﬁg oPlheP! asma

confi nenent gs of the “asse 'S no rrngs, as shown;

al ternati vel purfadas: d\/lowpalﬁculakiﬁdhe; hisnfactonfinemest rirgsyare adapted o ngs, or
nore than_four S, q., flv I X 0 nmore L 1Nngs. 42 0024] The nounti ng
"hg 12 ahd Meeies Bestte st seiantsiE notpfs B e fiNcR shatliBuggihe BR&Me { 'car' ng
parts conpri gg osa‘d ﬁirf‘e!d:b&aﬂeﬁtlﬁ? %C!bballzéﬂ|aYthé%%lﬁe?édté‘deoﬂ%h§'bya|

(dielectric). The insulatin erial can , for exanple, quartz, fused

silica, sili®sVidingenaer nwramefwal Gho@%ﬂﬁﬁh@fﬂ’@t@g%ﬁts & purity quartz
f terials.
DL et i SIS ol T 1

In 25 the enbodi nent, asma
confi nenent portions OIthe ririgs that athengioe acbasheat sinksgh eopfimereentfringse i nsul ati ng

mat eri al [ FIG 1, the plasma confinenment rings 14, 16,
18 and 58 9@%§ﬁHﬁ§éﬁ 8h? nDunting ring 12 by a hanger 22 configured
to extend tiperEh Q. G&ie%ﬂcts a pﬁéi@heﬁfenﬁﬁlﬁilrﬁém plasharsomfingmenngs 14,
16,18 30 and 20. An insert_26 is preferably provided . in each hole 24 to

prevent direénd asepmhbyt1 0 TR BIRSTRCORHRRMBPNLING S EMRLY 1P £OMPriseniiN nenent
rings 14, 16, é'o% Ga%%ngé?%@{ 'J\ﬂo&ﬁhdgfﬂi{/ﬁbﬁﬁéﬁa{%ﬁwﬁfﬁ% Rrifgs | nner

shaft 30 of the - an er 0 resili anger W respect
to a fitting13d21 G;,n‘l&amd 20 suspended from the mounting ring 12. The mounting ring
15 12and p'lasma confinement 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, &.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 embodiment, 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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hanger 22. [0026] For etching round sem conductor substrates, such as
wafers, the plasma confinenent rings 14, 16, 18 and 20 include an inner
dianetric 5 surface 34, 36, 38 and 40, respectively, and an outer dianetric
surface 42, 44, 46 and 48, respectively. The inner dianmetric surfaces 34,
36, 38 and 40 are plasnma-exposed surfaces. As shown in FIG 1, the
uppernost plasma confinenent ring 14 has a greater width in the radi al
direction than the plasma confinenent rings 16, 18 and 20. As al so shown,
the inner dianetric 10 surfaces 36, 38 and 40 of the respective plasm
confinement rings 16, 18 and 20 are preferably vertically aligned. [0027]

The i nner diﬁéﬂ’qeri : t | P | S
preferably vert éaz?ltélﬂéﬁnl?ég;ﬁlgz’%vﬁﬁ H{?—xﬁ:g@fl' %%g}r&hg‘lg%;n%@ﬁ%rﬁgwpf%%&% of the
rmunlt! ng rihnlganl@rmy this arrSgngferreRt, the plasna cogfi nlerreRt ribng 14 15
overlies the om surface of 1 mounting rin .1t has been
determ ned < H02Bh.Sof BITiE Pfe SpriralBD s Bileed Rui o WA o unt f ng
ring 12, w plagwit doRfingastFngeonll, 1818 ahd 20N8clide ah thdrdidrastrigur f ace 52 of
the mounting ring 12 does not reach, ,a sufficientl h tepperature to
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o . p _ 3 ! ted
rom the bot il el AGTEREHO0. THE Rhe EmER uBgERE sa 8 SR P RO ©
exposure to plegasmareapogrrl surfacedepesshoiwrin Gt hethe eppermestmiasma 52 i s

preferably mnidd zed, . In . the e di gent ... the plas finenment rings
s S50 18 aTRSET Ehg Ak hen a oertes B B8 Ve OeBUGtEBE ¥ o pact  vel y.
Heat is suppplaeshatodnfiddmbhiteringsato)a 8emidl 20168 also'shogs, b indér didfhetitd 20 by

pl asma and oth heating effects during plasm etchlng processes. The

p

ther mal Ehok@4iages 36588 and 490f the respeckve Plasma conBTRMFRIINGS 1hd 38 adi al

outward di reﬁﬁd op akd Emfe’rﬁmi‘)-m'?%“ﬁ“é& the thermal chokes 54, 56, 58 and
e t

60, to thereby enhance eating o e 1nner portion of the respective
pl asma conf i [i®2ht Therigrerdiamelic séirface 34 of thEoplasmarcedfinemeastiting héist her mal

chokes 54, 5 o) nd an the.i nner dj tric rfaces 34, 36, 38 and
40, respecti S'gvgb@é’ﬁgg%ﬂ%ﬁﬁquhﬁ'é%% 'BPgﬂt(ﬂéﬁ'PM?esr&%@%@t(ﬁit ®surfaces 34,
36, 38 and 4fonntheringig. Byakisesrangemént, the plasma confinement ring 14

15 overlies the bottom surface 52 of the mounting ring 12. 1t has been

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 deposition on the bottom surface 52 during plasma processing. By
20 incorporating the piasma 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 to
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 radial 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, £8 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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sufficiently high tenperature to substantially prevent polynmer deposition on
t hese surfaces during plasnma processing. [0029] FIGs. 2 and 3 depict a
portion of a preferred enbodi nent of a plasnma confinenment ring 120

i ncluding a thermal choke 160. In the 5 enbodi nent, the nmounting ring and/or
one or nore of the other plasma confinement rings of the plasma confinenent
ring assenbly can also include a thermal choke configured as shown in FIGs.
2 and 3. [0030] The illustrated thermal choke 160 conprises a plurality of
inner slots 161 arranged in a discontinuous first circular pattern, and a
plurality of 10 outer slots 163 spaced outwardly fromthe inner slots and

di dj t
e sl ot o HARARThioh toB A6 4abSaRaRHo K plHer b Slitn o T T
slots 16§6grﬁlesespefae&sadum pﬂasw;aYDrmgaselmfg 16t7 fAs shown |tn FIG 2, '([jhtehl nner
regi ons o] arg o e rom each. ot her. _aroun e
pl gsma 15 co@?ﬂbnﬁ@sréﬁaa%ﬁp&ﬁ c?{b?gip'é?ﬁf%" @?"@HH"’?‘HB 5@ter slots 163
preferably ghsbactonfinBnehtling 120 mmﬁd@tﬁeﬁm@km 160. tAghe! asna

confinement ring 120. This construction and placenent of the thermal choke
160 reduc®s 9@896@9'1%@? m@lﬂ'ﬁlggémgt%‘dfﬁ@"@tﬂréﬂorﬁcﬁftth%ﬁthfﬁglﬁ‘s"m& he pl asna

confi nenent ﬁ%&d Laches a
sufficiently hi %ﬁ {leﬁpgf‘ﬁeuﬂéesrﬁgﬁgt rﬂ %E%@g@“&{ Sln@cf deposi tion
on this surfatrermdlichoke pdrdigoredoasoshesa mg-‘IG[soafah]i 3rhe |nner sI ots 161 and
outer slots r rably. haye a w.dth from abo I nch to about
0. 020 i nch. ?ﬁQP TR e ﬂ’e‘?’ﬂ"tke 8D contetiBeS et il T 65 ar 0
forned by a élé&ef61abﬂraﬁgmntaﬁﬁb¢brﬁiﬂ@eus?ﬁ'si &&ﬁﬂdr pattep Girltes Pmm& £of ed

enbodi ment, one or nore of the plasma confinenent rings of the plasma

confi nentht wfﬁgslages%seacﬁ@ cr\a\ya@lmmlthe pneE slotnard ﬁUéf‘Q%‘hm For exanpl e,

the enbodi me&g ridq(ﬂs&grﬂ WBus SOUNGIERIAY 5&&91 %@tﬁaé&ﬂmér%kgiffm‘l has a
t wo- pi ece condtruction an Conpri Sea an Faner g portion and an out er

ring porti ona@ZShpaTated|bynnmer369thsngGﬁmnd adja@t dutarislete o 68 gre asma- exposed
e O STt L S5 Rionh o i o B 8 2! FRERGs Ak
and outer regions 167 are offset from each other around the plasma

15 confinement ring 120. The inner slots 161 and the outer slots 163 preferably
extend completely through the thickness of the plasma confinement ring 120.
This construction and placement of the thermal 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 fo substantially prevent polymer deposition on this surface
during plasma processing.

[0031] The inner slots 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 technique.

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 example, the embodiment of the ptasma
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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-8 [0033] In the plasma confinenent ring 220, the inner ring portion 221 and
outer ring portion 223 are configured to mnim ze contact between surfaces
of the inner ring portion 221 and the outer ring portion 223 at the region
227 (which contact occurs due to gravity). At |east one gap is defined

bet ween 5 opposed surfaces of the inner ring portion 221 and outer ring
portion 223. In the enbodi nent, the gaps 225 act as thermal chokes. By this
construction of the plasnma confinenment ring 220, heat conduction fromthe
inner ring portion 221 to the outer ring portion 223 occurs only at the
region 227 where there is surface contact when the inner dianmetric surface

240 of in”er 0033 #?trfé%lébrﬂa coAfindmet rﬂeiﬁhéﬁ ﬁﬁ%% y, the

i nner di arret ic surface 240 can reach suf’gl Cl ent tenperature to
subst ant i al | gutpr ingportiop@23mre cosfigred ﬂ@mlmmlzeh@rﬁmtfbﬁweem ewdadesl n a

Cont t nerent - iiig 0y rpReorfditzal B e R pain 223 e gl 287 b "™
roughened ang@hich esrthétcbosutside twgrevmj Al hist oﬁegapdweeﬁmad Hfét%aﬁrar ed)
radi ati on_and can bl ock transm ssi on of thf%tR rad] atj on. é%e enmbodi nment

| R radi at1 onOPRASEH SHITages ¢ @%B’Fﬁﬁ"ﬁ'@rﬁmo'} and OF'PGJMW oligh t he
body of t heth%%?ﬁﬁcflﬂ%ﬁ% thé 59 s Do88 abtsasbtheﬁﬁﬁfthkeé thgﬁ’i.Us%ﬁglﬂfbﬂ%Hd/ or coated
rised

surface. For exa e confinenment ring can be co quartz, or 20
anot her | R tefthe %s@m confingment Ging@26r heat coguaiondromdhe inaer ing adi at i on,

heat i ng of f fined b
t he | rgughe?]%%ﬂéﬁg?ggoc a{’%tgpgﬁé Pé’?gn%ﬁeﬁﬁﬁ%‘é@y Bt 3@?{0@ ﬁ: s:Jrfaceg
of L he pl ﬁsnﬂneﬁ@mfsumﬁemgntdcnwﬁenm ilmaezag3 d:augltlﬁnﬁd'fh dup R0sof mm'ldri‘ngt ecgni qule,
such as shot | chinin t he surface us a di anond t oo

Shor o ol cROToR 22 iSetreeids Piari <GP Taabentin the el SIABEIF SHIBCR Y { ool ¢
| R opaque a4y béﬂ rea%Href éﬁﬁéieﬁﬂl}ﬁﬁt h %R &%Iur@%@@ﬁ@ﬁaﬁﬁhll?'rﬁéﬁ%tcan be coat ed

with alum na. [0036] For exanpl’e, "as sﬂovvn I n 1, the upper surface 62
of the pl asmym@hﬂemmomt urfacgan be roughened and/or coated with an IR

heTdee RBHE' 19 pzé;@rﬂga%ﬁwrﬂ&x%%ﬂgé bl ac TR G et =

. the plasma confinement rings of the plasma confinement ring assembly can

15 be roughened and/or coated with a material that is opaque fo IR (infrared)
radiation 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/or 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 pilasma 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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surface 64 and/or inner dianetric surface 34 of the plasma confinenment ring
-9 14 is bl ocked by the roughened and/ or coated upper surface 62, which

t her eby enhances heating of the portion of the plasma confinenent ring 14
between the inner dianetric surface 34 and the thermal choke 54. As the
surface 64 is not directly exposed to plasma, the IR opaque material can be
5 of a material, such as alumna, that is not preferred for use on pl asna-
confining surfaces. [0037] In another preferred enbodi nent, sel ected
surfaces that define the slots formed in the plasma confinenment rings can
be roughened and/or <coated with a material that is opaque to IR radiation.

For exanpl e, 44 ig’l’%ﬁe ' hng 120 shown
in FIGs. 2 ak%gst?lé-tgsteach@gg?&;)ne oPﬁ%&%@*@@%%gﬁgﬁﬁ%%h%gn be roughened
and/ or coat ethergbyrenhancesheaiinguef thapertioalof the plaemia canfinemiestiinm14f | R

radi ation t ff f g i I_nper di frd.C face 140.
[0038] FIG %&wsgﬁiﬁ%ﬁ*hﬁpﬁm?@'ﬁ@%v‘%ﬁ%éﬁwﬁﬁmﬁ&iﬁ?ﬁiﬁf*-r ﬁﬁu@?coupl ed 15
pl asma procesafaee 648 mbLAirédly exposbd &hplhheapihaIRpUbIMaeRalcan iy assenbly
10 is mounted. The plasma processi ng chanber 300 includes an upper

; g,
el ect rode 309 smgtergl. Sush s alraine; Hiek syt prefarred fordigoRn RBSMAa-t he  bot t om
surface 304 i ep 306 adapted to control a |ocalized density of
t he pl asna forn@gﬁ(;sgﬁr%géén't t he exposed surface of the upper 20 el ectrode
302, as descj00B¢H imanntSer preferrad embodingel, seittedwirtacasshat dafimegbe at ed

S00°1 o 5 shoulgieianted b Bisitta Fihmidh b SR B8 Ak Rans et ten Fors OO
di stributi ngegted #ith agaaterial that ReopRlgae 18 IR Fadigtish. Borchaiiss, in3W. The upper
el ectrode 302 can be, conprised of f$| i con, ﬁ&gs Si n_gl e 25 crystal silicon

or pol yctyst@mppdigest pf grplagpa spnfingspent aip hewda0 FIBs: 2 REdewBbdi ment ,
the upper cl gebi Hifordfe shitades™t BWakd PT E6N bErGdHanea a(rf%}/&e(?a?ée?j’gﬁﬁ)o mm waf er

processi ng) . e upper el ectrode _pre y nmounte ., el astomer
bonded) to aamiRkpaguemsatarial 81block transmissipalsf ¢R nadiatiorato affaat Furthergr aphite or

S Con o g g PO SeRP iR 14! vdes gas passages 312 T Tl

[0038] FIG. 5 depicts an exemplary embodiment of a capacitively-coupled

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. n the embodiment, the
bottom surface 304 inciudes 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 electrode 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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passages 308 in the upper electrode 302. -10 [0040] In another enbodi nent,

t he upper el ectrode can have a two-piece construction (e.g., for 300 mm
waf er processing) and include a single-piece inner electrode nenber and an
outer el ectrode nmenber surrounding the inner electrode nenber, such as
described in comonly-owned U.S. Patent 5 Application No. 10/743,062, which
I's incorporated herein by reference inits entirety. In the enbodi nent, the
backi ng nmenber preferably includes a backing plate co-extensive with the

i nner el ectrode nmenber and a backing ring co-extensive with the outer

el ectrode nenber, as described in U S Patent Application No. 101743, 062.
10 [0041] | e hown in
FIG 5, a tﬂgphg1 ?2ﬁﬁg§§ﬁ%mg§ghﬂﬁﬂHhéﬁgﬁepgga &gbelded on Qﬁgﬁbacklng
menber 310. cmMnstruptiomd.g.com300Imipl wafer Bme@slm)eambhgxluclaa siagle-piere or nore

heat ers ada e 302, as
described i g}'@gsé 189%{5 {"gkﬁ’t"?g@gt | Ontﬁ&é@#&;ﬁ@@g@%@@%ﬁg h%I'he pl asma
processi ng cihaebelecttéd: meniberestich gadeseribedin domrhoniyrowwgd U8, Fatentl yvi ng
Phe. chanter Agplenion 8B 108452, S6isR % ncReparkipd herein G4 PIRINDB 5o upper
el ectrode 30gntfrgy, I8 tROSRDESINENt 3Re BEcQﬁWemﬁéfLﬂréféré‘Hlﬁlﬁﬁhﬂie% arat chi ng
network. In another embodi ment, the upper 20 el ectrode’ 302 can be

el ect ri cal | ybagkinglate ewexisosivelwith theinnen elestrade mermhatand abagkingd by a

chanber 300, eogarenap MFBEhFarsifitch nidilos: ob BRI UB 770"t 1E

pl asma proclea{:enﬂépplibﬁﬁbleNo?»@OﬂaB GGIZe pl asma generation region in the space

25 bet ween t r.electr a sem conductor  su rate 322, e.g.,
seni c%dﬁ?’&h’f wd e tacaﬁ SHRIGCEEHNG GRREHPET gééshwa % ubst rat e

suppor t320 e, @, attharmmbmspma :?IHQ%EFéiértaﬁw frotide8lontRé HaRhgsecures t he

sem conductor substrate 322 he substrate support by an eleCtrostatic

cl anpi ng f oreeembeng1e Jberﬂwm c@nhswlme@z& paefembly inglusiestane arineeter ode and
30 I's prefergOli¥ -l Atk cohtrol HRTEmPaFatde drifte pQWELIGR'862%Hs320. 327

described in U.S. Patent Application No. 10/743,062.

15 [0042] The plasma processing chamber 300 includes a gas 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] Inthe 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 includes an electrostatic chuck 324 that secures the
semiconductor substrate 322 on the subsirate 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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(typically via a matching network). -11 (0044] During plasma processing of
the sem conductor substrate 322, the plasm confinenent ring assenbly 10
confines plasma in a plasna confinenent zone between the upper el ectrode
302 and the sem conductor substrate 322. Edge rings 326, 328 are preferably
arranged in surrounding 5 relationship to the sem conductor substrate 322 to
focus the ptasnma so as to inprove etch uniformty. [0045] A vacuum punp
(not shown) is adapted to maintain a desired vacuum pressure inside the

pl asma processi ng chanmber 300. [0046] An exenplary parallel-plate plasma
reactor that can be used is a 10 dual -frequency plasma etch reactor (see,
e.g., commonly-owned U S. Patent No. 6,090,304, which is hereby

i ncor porat edr d@lq ef[ﬁlr@%%ﬂaérﬁa ch?ce@Eih!t; B ihe semeon(ﬁklﬁ& duUtRRLRY 322, Qﬁéh' ng gas

can be supplied ower head el ectrode from a gas supply and pl asma can
be gener at edplrRamamenfiaement ring/asseppily | @ gominesqriasma ima plasma@r ent frequenci es

fromtwo RF
el ectrode. A (?Hr na |n&/gf){'/$8?ﬁ;eé%\£ﬁé€§§ﬁerﬁe& %@%’%&1@%{ g%gl%gﬁ@%{t& cally
gr oundedI andsﬂét@t@ga7EﬂgEMQ'sieme$%re ﬁr?mmwarrleﬁg?@m élﬁrdiﬂdlﬂg edf to the
ottomel gctr anple 1, a plasnma confi nenent
ring ass ?Eﬂmsg@ tgﬁeﬁvﬁem%ng\*glp{ @Obsg]%gzgx%ggpﬁt@ Blé‘ﬁﬁ\el%ﬂaﬁ)ﬁoat e,
capaci tivel y infsteve gﬂ:hmr%ﬁmt processi ng chanber. As shown, the plasnma
!6 general ly has the same construction as the

conf i nenent r| assenbly 40

assenbly 10 Bmgh iAvaguam pumpHaeleshewn) ishadanted trameiiaineedesitedr i ngs 414,
416, 418 an sma confi nenment

ri ngs were SY guar Pr&gg? rgg%gﬁﬁﬁag@gﬁb?%?ﬁeﬂaﬁ@ﬁﬁ% ng dielectric etch
process condj0i46hs Ameexemplamb&ral!q@mdntemas&ﬁ neattor shat4anrbe cdeahiver

pressure/ 1100 W.power at. a guen ied to tgm

Bl ect rodld sotraEiERchplaima el BT Gre.cudnio Tl aunes LES: Balen

el ect r ode/ 30Ros6,.000B4OWiER iS ﬁemb%ﬁ&{ré&atépwné@&eﬁeéﬁf it€bRtrety)deh
tenperature of 140C/ bot t om el ect r ode 30 t enperature of 20C. An oxygen

cl eani ng st eplaroastors.atehing gas ean besHpalipd to a showerhead electrode from
a gas supply and plasma can be generated in the reactor by supplying RF

energy at different frequencies from two RF sources to the showerhead

15 electrode and/or a bottom electrode. Alternatively, the showerhead
electrode can be electrically grounded and RF energy at fwo 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 following 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 bottom electrode/800 W power at a frequency
of 60 MHz applied to botiom electrode/300 sccm argon/15 sccm C4Fe/10
scem Oxfupper 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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each wafer using the follow ng process conditions: 500 ml' chanber
pressure/ 200 Wpower at a frequency of 27 MHz applied to bottom-12

el ectrode/ 300 Wpower at a frequency of 60 MHz applied to bottom

el ectrode/ 2000 sccm 02/ 40 seconds. [0050] As shown in FIG 6, tenperatures
were neasured using thernocouples attached at |ocation A on the bottom
surface 452 of the 5 nounting ring 412, |ocation B on the top surface of the
confinement ring 414, |location C at the top surface of the confinenent ring
416, and location D at the top surface of the confinenent ring 420. [0051]
The follow ng tenperatures were neasured at these |locations during the

pl asma pr ocegrbidde/B06 & b@WeAataﬁB%nc?Wﬁb%ﬁ&' BII&:I to BRtyh 10 110C to
about 116C/ |l ocation C - about 82C/ I'ocafi on out 82C to about 104C.

Fol | owi ng et elertiede/R2000 scomiQy/4) sadepddl asma processing chanber was opened

and the Conftepos tIAOsréH%g?ﬁ'nsﬁ@byte %rmf \kéﬂe\?@léas 'Q?Q@d for the presence

of polyner d pol ymhet oSl on the plasna
confi nement thengoddublesiattestasd atpodation A divthdainttom sadas@d5dbbtheved on t he

| asna- exposed, j.nner dianetrj.c urf 8 and 440 | asnma
P ont | menmbe fiokglingieg 21 20ioGRionBon the fah srcR ! e coRinsetera dpodade. d d- not

reach a suf f joghtie byat*ihéibﬂﬁﬂ%%f%@oérﬁneﬁfeﬁ’t’ﬁﬁ%éfﬁe' AAElocdfPBIdti on. [0052]
Exanpl e 2 20 [ 0053] used the plasma cohfinenent ring assenbly 400

shown in Flthe tepusurfacggyﬁ]el@Mpemeel;nnmﬁ%&u tivel y-coupl ed pl asma processing

condi 11 ons: - SE° RETREO P IeRBetehFon Yerf Hispdvrefatibie BeBliE of 7ot
S91110,L0 My vt b o on o B o 2 0
t enper at & e gfécrﬁg’(ﬁ%‘gtﬁ%&'%@g%@e‘? (3256 Z(ﬁ?oukﬁgtcpﬁg%en cl eani ng
step was peré@édﬁ@@ét %usm@ dtéhif Bf‘th‘é@vfléi’érs ﬂ%ﬁ@sh@%r&@éééﬂw ng process

conditions: 500 ml chanber ressur% ower at a freq uencg of 27 MHz
applied to behamherewesspp@mt; amthﬂ/cmﬂeem&nt nng assembly 400 was visibly

examined for the presence of polymer deposition. No polymer depaosition
was observed on the plasma confinement ring 414. However, polymer

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 boitom electrode/800 W power at a frequency of 60 MHz

25 applied to bottom electrode/300 scocm argon/28 sccm C4Fg/13 scem
Oz/upper electrode temperature 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 sccm 02/40
seconds,
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30 a frequency of 60 MHz applied to bottom el ectrode/ 2000 sccm 02/ 40
seconds. -13 [0054] Follow ng etching of the wafers, the plasma processing
chanber was opened and the confinenent ring assenbly 400 was visibly

exam ned for the presence of polyner deposition. No polyner deposition was
observed on the plasma confinenment ring 414. However, polyner deposition 5
was observed on the pl asnma-exposed, inner dianetric surfaces 436, 438 and
440 of the plasma confinenment rings 416, 418 and 420, indicating that these
surfaces did not reach a sufficiently high tenperature to prevent polyner
deposition. [0055] Exanple 3 10 [0056] In Exanple 3, a plasma confinement

ring assenbl poo54p F&ué\hwbtcmng bf {Re WafdfsS tﬂésﬁﬂsﬂna go@é’ésﬂ'\d Shariba €,

capaci tivel y-coupl ed plasma processing c shown, the plasma
confi nenent  WaRhgparebaft thesemfingaent rieg gw%ﬁ@@mwﬁiwanmee@ssenbly 10

fgg\ggc!t PVZI pﬁc’a &%g conﬁ%gﬂg {aﬁdr%ig%wﬁéx%%gfgé&'aﬁgéaan‘(lj'h??hgpmtare

chokes 554, m;vecsﬁstrmplam cmfmembmtrmgftb‘mmdowever polynmntdeposition

di sconti nuous_ciycul ar enment ch_as sho Fl G e slots had
a width of fVanPERRYEd op e B RaC TS S lneiaTetIG siitases 4&%1 6§{ged t hr ough
the thi cknesgndi4g bﬁheﬁiléé‘rﬁa c@ﬁfﬁérﬁ@ﬂ@nﬂbs 41 6981Hadd 428 SindRbfingtnat 520. 20

[ 0057] In Exanple t he sane etch process conditions that were used in

Exanpl e 2 vveﬁh@S"e‘@Bﬁa‘fQ’ﬁ qjﬂ@@ésgacb@summ@w htg@mspem@r@ﬁ@\nfﬁw&nt FIG 7,

t enper at ures cy}?r‘h H@?,‘%‘“‘?p using thernocouples attached at |ocation A on
the bottom s% ace th nmounting ring 512; location B on the top

surface of t[0856pbnExasmiat3 r| ng 514, 25 inwardly fromthe thermal choke 554;
I ti f th fi t ori : t dly f
the thor Ml “TPRBRE. AEESIBIES % Ragmaeonlinane e poseoaiy PO ias WGHR nevent
ring 516, .inwardly wis sl i megsémltelgm eca;ﬁ%ﬁwel@%u'p%ﬁlbgmalf at the top

0

surface of the confinement rin ut war d fromthe thernal choke 556.
The fol | owi nBrocasiies ehamber. s éhmébe elasga confmement ring assembly 500

has the same construction as the assembly 10 shown in FIG. 1, and includes
thermal chokes 554, 556, 5568 and 560 on the respective piasma

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 slots 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
thermocouples 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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30 these locations: |location A - about 71 Cto about 77C /location B - about
127C to about 132C/ Il ocation C - about 71 C to about 77C /location D - about
116C to about 143C/|ocation E - about 77C to about 82C. -14 [0059] Foll ow ng
etching of the wafers, the plasma processing chanber was opened and the
confinement ring assenbly 500 was visibly exam ned for the presence of

pol ymer deposition. No pol yner deposition was observed on the plasna
confinement ring 514 or on the plasma-exposed, 5 inner dianetric surfaces
536, 538 and 540 of the plasma confinenment rings 516, 518 and 520,
indicating that these surfaces reached a sufficiently high tenperature to

prevent pol V[WBQPG%ﬁb\bingfbtcﬂlﬁ’@ﬁf)ihe%féfsr tH&plb@mﬁ'pﬁoc&ssﬁd‘&ra?ﬁwe descri bed
test results denbnstrate by incorporatin ppernost extended

pl asma conf i Wasrepened agd !LhB ¢onﬂn@menheng>aa%amblk %ﬁﬂuwaﬁmwblyrewlag%enbl Y,
pol ymer dep%‘rttﬁdé’ﬁ'telggnéé‘gf yﬁ&yﬁ tlo?lg Nd g&x@%ra oaﬁéﬁ Wagb' y be

prevent ed. I'ng oné erna okes in the
pl asma conf i olesevad on ﬂg:spiéémamnﬁﬂémamdnwm qroory ther pldsipassxpbsed,on pl asnma

For o901 ngt hol REdBMAs S8 SR FHh Bad 5D of e BalRERTEAPEt Ry modes. of

operation of 54# & 18 fREFLO, hﬁu;@éiﬁmﬁqnatth@y@mfacetshead;ﬁaceélhume.enwmghd not be
construed as bei ng limted to the particul ar enbodi nents discussed. Thus,

the above- delofineseidraicrievertrolyraeiianestions egar ded as illustrative rather

than restri ciogty Hetho WK e BBBIEARELBALLIRONAIN AbAASAQ MY D

made i n thos wor'kers s departing
fromt he scoihat by wtcbqnq:atwgatme uppeembstextaraledgfiasmal coyfindmmentaingold ing ¢l ai ns.
-15 CLAI l% asna onfl emsnt ri rocessi ng

chanber, 'H@COB rﬁgi#ﬁﬁgggh ﬁﬁg%hépéﬁﬁ?ﬁoghﬁéﬂﬁ confi nenent
rings sus pe nﬁ@dnfﬁd g 1P ean preferably be prevented. In addition, by providing one

or more thermal chokes in the plasma confinement rings 14, 16, 18 and 20,

polymer deposition on plasma exposed surfaces 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 embodiments
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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nounting ring, the plasma confinenent rings conprise an upper plasna
confinenent ring and a plurality of |ower plasnma confinenent rings, the
upper plasnma confinenment ring includes a top surface facing the nounting
ring and a plasnma-exposed bottom surface disposed radially inward fromthe
| ower plasma confinenent rings, at |least a portion of the top surface of
the upper plasnma confinenent ring is adapted to block IR radiation to

t her eby enhance heating of the upper plasma confinenent ring such that the
bottom surface reaches a sufficiently high tenperature to substantially
preventgggwger deposition thereon when the bottom surface is exposed to

t he pl The plasma confinement ring assenbly of Claim1l, wherein the
top surface of the ufper pl asma confinenent ring is roughened and/ or coated
with a fmt erf Rlasmagenfinieman ring asgambiy fon a Plasma Bronessing (PeMhehenent ring
assenbl y of @rapnising:wherei n: the upper plasma confinenent ring conprises an
i nner portion, araowustingpograngh and at | east one thernmal choke which
reduces heat conduplurality of plasmialtmnfinemenpinds suspeadet @etow e porti on when
the bottom suiduntingrifig, #hestasdatconfilemehtaings; cormstischen LowETpladraana

conf i nerrent ¢arfia@mRAC Aing @NE " HIaralty offlower PlakinaibnfihBflentings, ah® Lipperm- exposed
sur f ace, ;Slblérﬁé cBﬁf‘ﬁérﬂ@nt dAiflindfudes a5t %ﬂﬁ‘acéhﬁf {heqhebﬁu ARd §/d ko reduce

heat Conduct,sggm bbﬁ%rsm%' o@dr de %no&, @ghathen
t he pl asna- e&hinethe [;l

[

confinement T} g ass? Sfleat é (?% B Q%}l '“lp arf
adapted to c emnFat By %ﬁq 5 OBF %?QE)“E? 5% I ng
and the plas f La&”ﬁﬁq REnmsn 58 ﬁUBtF fement rings
to reach a sﬁH ‘F'% gl terparatne e sypsiaptialy @GB@W&\W‘Y‘HPT Fiﬁ‘sétﬂfh ey ner
deposition ohem %’éﬂﬂ%sg pee iscexpeged to tecklagmat he pl asma- exposed surf aces
when the bottom surface and the pl asna- exposed surfaces are exposed to the
pl asma. 25. Thee plassweecandinementting assergblysyd €ainy 1o wherein the fopabiafasieroft he
t her mal chokiae uppac blasorgecordimemepit tinglis topigbéned anhd/or t6ated with a material

that blocks R radiation.

3. The plasma confinement ring assembly of Claim 1,wherein:
the upper plasma confinement ring comprises an inner portion, an outer
portion and at least one thermal choke which reduces heat conduction
from the inner portion to the outer portion when the bottom surface is
exposed to the plasma; and

the lower plasma confinement rings each comprise an inner portion
including a plasma-exposed surface, an outer portion, and at least one
thermal choke adapted to reduce heat conduction from the inner portion to
the outer portion thereof when the plasma-exposed surface is exposed to
the plasma.

4, The plasma confinement ring assembly of Claim 3, wherein the thermal chokes
are adapted to cause the bottom surface of the upper plasma confinement ring
and the plasma-exposed surface of each of the lower plasma confinement rings
to reach a sufficiently high temperature to substantially prevent polymer
deposition on the bottom surface and on each of the plasma-exposed surfaces
when the bottom surface and the plasma-exposed surfaces are exposed to the
plasma.

5. The plasma confinement ring assembly of Claim 3, wherein the thermal chokes
each comprise a plurality of slots.
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6. The plasma confinenent ring assenbly of Caim5, wherein the slots
conprise a plurality of first slots which extend around a di sconti nuous
first circle and a plurality of second slots which extend around a
concentric discontinuous second circle surrounding the first circle. 7. The
pl asma confinenent ring assenbly of aimb5, wherein the slots each extend
conpletely through the thickness of the upper plasnma confinenment ring
and/ or conpletely through the thickness of the | ower plasma confi nenent
rings and the slots have a width of from about 0.005 inch and 0.020 inch.
8. The plasma confinenment ring assenbly of Claim5, wherein at |east sone of
the slots are defined in part by a surface that is roughened and/ or coated
with a_material that bl ocks IR radiation, 9. The plasnma confinement ring
assenblfy of %Pé{'@ﬁfﬁa capfinesmentiring asssaiply obGlaim nenheren gslaia cRMpge 2,
one- pi ece c&hualityof firsh slotewhihextendaroupd & diseartinuous ﬂ?stagglerﬂﬂdya of Claim i,
wher ei n t he ppiraliynef seenitd sletsewhich entpndaieund acbndentra dissastingustsesandnd a
separ at e outirclesornouoding the firstiegchel asma confi nenent ring assenbly of C aim
10, wherein the inner portion is an inner ring, the outer portion is an
outer ring, at least one gap is defined between the inner ring and the
outer ra ng. Thé.plddiRa RbABTEMER HrigWsERRTblY bOlafh S8 WhareRf thel sdtgehBh wherein
UL p‘é&fén@fbon%?&‘tew‘ﬁlﬁ&rﬁﬂheﬁﬁiﬁkh&é% GH'tRe BBHEF pIasMaonfiREmeATing
delectric %ﬁ&%'cﬁhgétél thY E%ﬁ@uﬁ&@@%ésaf% © sme?eﬁadeguné(}ﬁgngggsgrgper
confi nenent %Plaxggg@ eﬁ%%%gg@ft roé:?'%gl'] %&%l(g?(##%z&r gﬁ%@%e ieh. enhance
confi ngment Qf | asma _in a space betwee he upper el ectrode andg_the
substr & e su&@&@gmfﬁonﬁnmiﬁn%ﬁsiﬁ%ﬁﬁ g, 5 Bersingt st SamB ot i e i n a
pl asma procé a’ggd@%@ﬁ?%_ﬁﬂ@??ﬂﬁh%WSPW?\'@F%?W@E@@‘&Q wWith® a pl asma
processi ng @randithaldieekssifhgdiation. pl asma confi nenent ring assenbly of daim
1 ; and producing a plasna fromthe process gas and etching a sem conductor
substr & e i Thelptagrhasonfimmertsiignassehdpef Claim 1, wherein the plasma

confinement rings each have a one-piece construction.

10.  The plasma confinement ring assembly of Claim 1, wherein the plasma
confinement rings each include an inner portion and a separate outer portion.

11.  The plasma confinement ring assembly of Claim 10, wherein the inner portion is
an inner ring, the outer portion is an outer ring, at least one gap is defined
between the inner ring and the outer ring.

12. The plasma confinement ring assembly of Claim 10, wherein the inner portion
and the outer portion are comprised of the same dielectric material.

13. A plasma processing chamber, comprising:
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.

14. A method of processing a semiconductor substrate in a plasma processing
chamber, comprising:
supplying process gas into a plasma processing chamber comprising the
plasma confinement ring assembly of Claim 1 ; and

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

17



17 during the etching, the plasma-exposed surface of each of the plasma
confinenment rings reaches a sufficiently high tenperature to substantially
prevent polynmer deposition thereon. 15. The nethod of C aim 14, wherein the
sem conductor substrate conprises a dielectric material which is etched by
the plasma, and the process gas contains at |east one constituent selected
fromthe group consisting of fluorocarbons, hydrofluorocarbons,

fl uorocarbon precursors and hydrofl uorocarbon precursors. 16. The nethod of
Claim 14, wherein the plasna processi ng chanber conprises a grounded upper

el ectrode nd | o el ectrode t i ch r t tmo di fferent
f r equer@HfiB g?h 9t%h E’Iﬁﬁ'ﬂl‘ao‘?"pels 8%609 ﬁﬁ%@\,&\ taﬁé’ %{5@%@ e lde is a
shower FBS8 re%q%tar sifficiently highdemperatrede sebatamﬂqw PRENERERIIYNREdBPRsilian

conf i ndR&YAENs i ngs each include at |east one thermal choke which reduces
heat conduction through the plasma confinenent rings when exposed to plasma
i n the plasma processing chanber, such that plasm exposed surfaces of the
pl asma confinenent rings reach a sufficiently high tenperature to
substantially prevent polynmer deposition thereon. 19. The nethod of O aim
18, wherein the thermal chokes are slots. 20. The nethod of C aim 18,
wherein one or nore of the plasna confinenent rings conprises separate

e M f@bﬁﬁgﬁﬁ% Tl £ 2 10

surface t haf &) RCCeR3 pas r(‘:“E'?IR
I’;dl ation. g§ Ieaghan '%g‘:'?fﬁhs@f%t QF%%CQ'T%S% oﬁ%ﬂ ‘H@rrent ri ngs
are of quarfydro Pe@@a@qnsp fiyorogaropesirepisRNd hydiaflyprosar ban precursers.

material. 18

16. The method of Claim 14, wherein the plasma processing chamber comprises a
grounded upper electrode, and a lower electrode to which power is applied at two
different frequencies.

17.  The method of Claim 16, wherein the upper electrode is a showerhead
electrode.

18. The method of Claim 14, wherein the plasma confinement rings each include at
least one thermal choke which 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.

19. The method of Claim 18, wherein the thermal chokes are slots.

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

21.  The method of Claim 18, 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.

22. The method of Claim 14, wherein the plasma confinement rings are of quartz,
fused silica, silicon nitride, alumina or a plastic material.
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