PLASMVA CONFI NEMENT RI NG ASSEMBLI ES HAVI NG REDUCED POLYMER DEPCSI TI ON
CHARACTERI'STI CS BACKGROUND [0001] Pl asma processi ng chanbers can

i ncl ude an upper electrode and a 5l ower el ectrode. The upper

el ectrode 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
t he process gas andNQ{oduce the plasma to process the substrate.
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confi nemtht 19 eigh selected materlals provided as layers on a semiconductor substrate.
The processing conditions are chosen so that the plasma etches desired

features in selected portions of the layers.

SUMMARY
[0003] A preferred embodiment of a plasma confinement ring assembly for
15 aplasma processing chamber comprises a plurality of plasma confinernent
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



25 assenbly for a plasma processing chanber conprises a nounting ring
and a plurality of plasma confinenent rings adapted to be suspended
bel ow the nounting ring. The plasma confinenent rings conprise an
upper plasma confinenent ring and a plurality of |ower plasna
confinement rings. The upper plasma confinenent ring includes a top
surface facing the nmounting 30 ring and a pl asma- exposed bottom
surface disposed radially inward fromthe second plasma confi nenent
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supplying a process gas into a plasma processing chamber conprising a
10 pluralityla$Mdi asnma confinement rings, which each include a
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10  plurality of plasma confinement rings, which each include a plasma-exposed
surface; and producing a plasma from the process gas and etching a
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 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 thie plasma confinement ring
30 assembly without thermal chokes that was used in Examples 1 and 2.



BRI EF DESCRI PTI ON OF THE DRAWNG FI GURES [0006] FIG 1 illustrates
a portion of a preferred enbodi nent of a plasma confinenent ring
assenbly. [0007] FIG 2 illustrates a top plan view of a portion of a
preferred 20 enbodi ment of a plasnma confinement ring of the plasma
confinement ring assenbly, wherein the ring includes a thermal choke.
[0008] FIG 3 is an enlarged partial top view of the plasma
confinenent ring shown in FIG 2. [0009] FIG 4 illustrates a side
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powered surfaces (e.g., “RF hot surfaces”), grounded surfaces, or floating
surfaces (comprised of insulating materials). Different energy is supplied to,
or impinges, on these 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 increasingly
desirable to maintain plasma-exposed chamber surfaces clean from wafer-
30 to-wafer to achieve repeatable process results. Accordingly, it is desirable to



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 supplied to, or inpinges, on these different types of
surfaces during plasma processing. Particularly, heating of a chanber
part in a parallel-plate plasma processing 15 chanber depends upon
the ion energy and the ion flux supplied to the part's expose
surfaces, af@dése.@nd nraferablep avaly. /B PGYMAIUsPeEitHAN HHeMALTWHCSE s
of the part. ;Ghampdedafseturn path) surfaces and powered surfaces
receive significant fon energy fromplasm, which causes these
surfaces t o [0816leatCenerallyepoliaar depnsits e pore §kely tefarmaaieecoieind al so

to reach sigpifi i f t : ;

gty pot yibryrb AabYest duticen Blnib SR Py orliter during plasma,
contai ni g forocsssiray besratiorsy dFlofingsotaaeb tery] todre poaenswstacss ahdsuch
gases, can be used

to etch dielectric erials, such as. silicon
oxi de. Duri r@néﬁﬁ%erﬁﬁ’e@rﬁﬁe@?@ﬁyﬁ%e&%'g%a{o ({ﬁYMaY@ﬁﬁgu’{d@pd)&tggm on
some i nt er nads gsmparictias poweled begrolinedtBsutfzeees Thadempardiere. indibese,
pol ymer deposits are undesirabl e because they can fl ake Oﬂégﬁ t he

surfaces andbdfteanPaReEeXpPeeE Rt 9T SWIRAS Ay R@?r@? progessipgdegends
waf ers), as.c‘ﬁ?ﬁe ARoliteor HREITRE ad dERYSURS parfSr SlRTceEah® HehaSs,4oNt | nue

to shrink, it beconmes increasingly desirable to maintain .

pl asma- elposaritl eapesifichest, £c ekthel past acewsaingde dhe fodowing. retatienship:
achi eve repegtabl g—pr : j | f4al i+able to
reduce, and %re 8f8gblﬁ§/&§§£%@g’i§fg%ég”@ﬁ%g’g(f@%g?h%aétp%%ethzo%ﬁﬂir&tefnal
surfaces of inbmabiewg thapas. méidajremsdhalriopeageohyemperhdyesifihe park

nore likely to formgn cooler .pl asng- exposed rface sma
processi ng ¢ %%?é]#le&ﬁ%i%aa%ﬁa%' ag'ﬁ%} B@géé‘?%ﬁ%;ﬁ?@l ggﬁéﬁc}egﬁ%ﬁl ng
surfaces te?l@rrt r@liﬁréiaoﬂhfig" plasmE@ieﬁesan@ to;vge’eiquﬂyméydmc&ggmrmr ally .
nore prone to devel op r il dup, o em as conpared.t o _powere
or grounted @ﬁ?‘?“éc"é‘é’?sgﬁ@gg%?ﬁ é‘ﬂ%P%"i EW%@%@ ﬁ’ﬂ%}er%Pa%aC'ty of & part

pl asma- exposgdy Bakicalbs Y {eAfRratird RACREABTEhPPAE &FH Hidell@ARNASOON

t he amount of heat, Q added to the part or surface, and the mass, m

10and t he speeatfadsleddathe partof the part; according to the follow ng
rel ati onshi p; = . AC ' T
: : pg)()?,?[ T 2ddition &Lﬂ@' ;ﬂp%érr%{a %dgas ng'r NER ARNE trarferi&fl |

added to a par i ncreasing ecreases the increase in
t enper at ur e afd/ohfromea part @ otheqoeamber, swfaseas by liaeimal candiuaiion taben may

o 6 achy 2 el Y sigh EantaRERA 2hbirer Qb oY, PAARIER (BheRess! ng 1o
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



15 plasma exposed surfaces of the pat Increasing the heat capacity of
a part al so decreases the tenperature reached by the part for a given
anount of heat added to the pat [0017] In addition, during plasm
processi ng, heat can be transferred to and/or froma part to other
chanber surfaces by thermal conduction (when 20 the part is in

physi cal contact with another surface), radiation (when

el ectromagneti c waves carry heat to and/or fron%{he part)
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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 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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provi de such plasma confinenment. Exenplary plasma confinenment ring
assenblies are disclosed in comonly-owned U S. Patent Nos.

5,534, 751; 155,998,932; 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
assenbly can include a plurality of plasma confinenent rings, which

are arranged in a stack to define a plurality of _ga%b})assages
ext endi ng r dbatinclyde seofingmenigings ggapeddareach suiligientty highan out er

0P s P ALARERGIE | ool Bl AfRRCF RO AR oty |

particles pass rough 't ass reby mnim zi ng
for a di schatepesiiohondbosdeurfdcasnwitooutfanmuloying agtimecheating of the

"unconfi nenent. of e pl i i

atent No. | SuisasSns ote PadiilPhy, el idind P R IEGE B pudbict
anfi ne F-’p} Veedlizderesng b@@ﬁdﬂéﬂp@rﬁdr&m@ﬁm mab'memgieghe@lasmg/ t he
pl asma confinenent rings thenselves. However, it is .desirahle to
avoi d such pdfPPEed SHERRS: m@dsfqg:@h%%ﬂ?titﬁ%%ﬁ?le?tpﬂ@gﬁlqps Yder to
avoi d pot entjalidfiasHesr Morb HBRAANHoReS RGN dTahé AingPaDEdlessd as wel |
as to avoid additional chanber cl eani n(%@s‘t e?s tﬁ renove ai-f rmed 30
pol ymer depderetionsrtefiarray frckicrdedd APHSHEMToM 8§?PP6@2‘§]°P & ght
of the above-&géﬁﬁr bogd rﬂ%%ﬁ‘ﬁ%tﬁ&ﬂﬁsﬁ 44128 HREPSHhRMN ddnfiRdmePeARgs
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14, 16, 18 and 20 suspended from the mounting ring 12. The mounting ring
15 12and blasma 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, é.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. An insert 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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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

ot her portions of the rings that otherw se act as heat sinks in
confinement rings 10 without the thermal chokes. [0023] FIG 1
depicts a preferred enbodi nent of a plasma confinenent ring assenbly
10. The plasnma confinenent ring assenbly 10 conprises, in a
concentric hangagzhienesiliantyobias iveghangey 22 vithrigspecidoa faioe $hendi
rings 14, 1%, 18 @d 20 suspended fromthe nmounting ring 12. The
nounting ri M§"9%1%*and pl asna confinenent rings 14, 16, 18 and 20 are
vertical ly- qoyz8]l eFdreeteriny rélsdestimistmietor stibetratespsrchafs waiessrdhe
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[0024] The mounting ring 12 and the plasnma confinpenent rin 13, 16,
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mat eri al . Hicpnfipementyrirguid has agreatpr widdh incthe fadiak digctippthansidei n et ch

processes for _dielectric i,al t I : : i ng
i g 12 and Ragihs gprireaiotabis 18, T e 20, A4 g ARl inrog et
are of aosi ng@iracps 66£38and e of treuleapéectiyersasmna ednfired@2dyings 16hd%n i n

FIG 1, the plasm confinenent. rin 14, 16, 18 and 20 are connected
to the mountdMy2d Pwrf%*r%@yé{eﬁ'gﬁbégﬁgf‘?d(:onfi gured to extend through

hol es 24 in 9221 ofrhé thep ldasnatric enffhcesa bf thei phgssmd donfirmeid ridg 1dris
20. An insert 26 is preferably provided in_ each hole Zﬁ tﬁ revent
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38 and 40, re3pgtiout tHeyplasmd canfimement ritigaive the lbottnm sudace; 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 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 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, 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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44, 46 and 48, respectively. The inner dianetric surfaces 34, 36, 38
and 40 are pl asma- exposed surfaces. As shown in FIG 1, the uppernost
pl asma confinenment ring 14 has a greater width in the radial
direction than the plasnma confinenment rings 16, 18 and 20. As al so
shown, the inner dianetric 10 surfaces 36, 38 and 40 of the
respective plasma confinenent rings 16, 18 and 20 are preferably
vertically aligned. LOOZ?] The inner dianmetric surface 34 of the

pl asma conf i Adneisntly high temperatyredd substaptialyrireoatpplyatdrglepdsiton lont he
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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 to 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 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 inclgdes 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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[0029] FIGs. 2 and 3 depict a portion of a preferred enbodi ment of a
pl asma confinenment ring 120 including a thermal choke 160. In the 5
enbodi nent, the nounting ring and/or one or nore of the other plasm
confinenment rings of the plasma confinenment ring assenbly can al so

i nclude 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

plurality of0083]odndhre plesma awtinemanbinthe2thdhel inPer FiBehPOFON; meﬁann I gt s
and arranged |0 g GRARES I gredeo?mgg{eggawﬁmf& BBk B&ibah sBAASRY N-

Adj acent in are sepa I'nner regions 165, and
adj acent oubetheshérsirpBortior 284 paddbe dutey riog pertiongdddoaighe 658iomd2Ehown

i FIG 2, the i i 165 i ; . t
:‘P om each ok‘ﬁ@f‘h ?33@{?,‘7 o¢s Ogéf’gg?rg%%pglrﬁtﬁ%aegrtre%ﬁlte %?Hé%%glgéoeq%ye?ﬁner
S|h0t S ﬁﬁfha@?ﬁbm Su=les If tiesinh6Brimy pbréivallly aexteurer irgnpdréom 3. In

t hr oug e

i ckness of the plasma, copfi nepent, ri 20. Thi s.
const ruct i o#“%ﬁ'ﬂ‘bﬁg‘glf%'ﬁetﬁ? Q?Pgtzﬁg achas ﬂmrm Hﬁwefe@%’rté@@é@n?@lﬂ“m
heat transt o tHeOpihéifa@ehRhePBnt 220 %ebf cdritichbfrom thermirnereimgnt 1i ng
120, such that the inner dianetric surface 140 reaches a s Hl iently
yar@’r‘ 112J |Wﬁe@n

hi gh 20 t empertiandd todhe @béardingi RATIGN H+L0eas BBIVATERS RIS
this surfacqq%grié Q&?%%ﬁ@aﬁrmb_i erld®aditic HiFatdneo ofinfbpriddl and

outer slots pre ave a wdth of fromabout 0.005 inch to
about 0.1020 ponicin 23 hiseexpreéd o pldsmab Swinseatentlyhthe inper digmetris stsfacand

163 f b i j th
or ot ot red_ crPRBGPRIRE Brteferih SRRl o stbel R oo ge. of
t he pl asma gohnmeraiepositionog theserfatg. 10 has a nul ti - pi ece

tructi | h di.ment_of the pl ' t
Fing 220 snawpdn BEPRISHad SHEBIoR oot oce rhiBrE R g BEBIoRF P o
an inner ringe g&rs?ﬂaoébrﬁ%émﬁm (ifgs Blthemldsngc@tinchamt 2i8g asSérablyruaer 30

ring portion 221 includes a plasma-exposed inner dianetric surface
240. Thel5 nrie rouphengshrnd/oncosted xih a Matesigt et E&Rﬁ%g%é%%&ff@fe‘j

preferably coppkbsedd %%nttg%cksﬁﬁn&ié@éﬂ 8t thBaIRTBRER! In theQdadiment he

pl asma confinenment ring 220, e inner ring portion 221 and outer
ring porti orlRo2giation inadentqurtbe confingmentiring ie Bapsmitteddhiprgh theiPedt es

of the inner_rj ] 1 i I t the
regi on 227 (%iﬂ‘ggoﬁﬁﬁﬂéﬂ rﬁ‘@cB?@ggh%ﬁ?gug}ﬂi%fdt”%ﬂ@% tahg/ggtg 8%%3 gap is
defined bet vaefack. Gopesathpiy tiiecadinemenheng nar becomprised ©f gwarkz prand

? ﬁ;re;m[ | g(ﬂoﬁégth%gﬁlgpégﬁ?&yﬁﬁ%%ﬁé{éﬁgf ’B}} Ql%cﬁﬁB ?h@ﬁraao%ﬁo%
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 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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of the plasma confinenent 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 dianetric
surface 240 of inner ring 10 portion 221 is exposed to pl asna.
Consequently, the inner dianmetric surface 240 can reach a
sufficiently high tenperature to substantially prevent polyner
deposition on, the surface. [0034] In a preferred enbodi nent, at | east

one surface ot Shleckad e revghenedanddorcostask uphamstifaee Agswitht he

pl asma confi j oat ed
N s maer o preaenge g REaTE df fifRotendf HEHINAAHon NG HRRL ARELS

bl ock t ransnbei¥iesn thd inneediemeatiesafacei4 amd theehemim dhokeb4. 148 the

radi ati on ingi t . fi ring is transmtted through the
body of the %don |n6é?#gﬁ%b§ﬁr%§& éﬁ@?g?@%ﬁ"aﬁf%d&s)}ét%@%6@%@@&8& / or
coat ed surf acfea mteriabsanhlas aldrhinac that isneBréferrbd Gorare dieplaamaL i sed of

quartz, or 20another IR transparent insulting material. By bl ocking
the IR radi atf9"BiHNg Cf%Y of a selected portion of the confinenent

ring partial J0p3Wpf imasothyr preterfetleBO@ fheRt SeRictéPirBites Yhiafdink $he

enhanced. [0Q35] Sel(g,ct ed surfaces of the plasma confinenment rings
can be rough@fEdomedindie plasma cafingmentringsiean be reughensdenidfay or by
machi ni ng 25cdded Gtk ah i ' i atepor ; itted
surface. The surfaces citﬁﬁglemgggt eﬁ?ﬂlﬁ@d?t@bli&le%ggﬁz%d@tﬁ

mat er i al 10 suehbedimenhat thamiasioa cexfineseant riog gRAsawodn R8s cdaned, a4 t h

I i . [0 i th f 62
of 'The bl asnaret I orMaTRi oo fo Y Borl B YorkinehSH AfRRF odeef®h 1
an | R 30 opaauiR apagud mbtdrial tohelocleyamsmibsionee R tatatiomteraffiicefiethef C

surface 34 the .thermal .choke 54  Consequently, IR radiation
i nci dent ona‘?‘%é'hagm}e 'QU?rf%'@g‘eéQP §W8r1%nner di ametric surface 34 of

the plasma cj00B8heRiBL5 dépiots difexemplbRaEtrsbdiieht6f 4 OMSHENRH-ANf

bor 1 on bF - HESBR REiheSSBARARAIRSABOPTHNEA 15op RBETR CARANAmAat el anet i o
ireot !y expaoan Do D anouniel 1Mo faerds ploessHy bAfifogl 3] rBijdeg an
material , sudtPesslegirade 882 hening 4 kottnse spifadeed4dinftbe ensmdiment, trena-
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 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] Inthe 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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confining surfaces. [0037] In another preferred enbodi ment, selected
surfaces that define the slots forned in the plasma confinenent rings
can be roughened and/or coated with a material that is opaque to IR
radi ati on. For exanple, in the 10 enbodi nent of the plasm
confinement ring 120 shown in FIGs. 2 and 3, at |east one of the
surfaces 169 and 171 can be roughened and/or coated with an IR opaque
material to E%PCK transm ssion of IR radiation to affect further

heating of tif94Phndn appthrpempedigiant.dbe uprer elpciosiy can iavesa depptece an
exenpl ary e i a W si_ng
CxerpLar e ST g M SR A ek o BLAER A1 gESIs
mount ed. Th empﬁla@lﬁatr@de)mman gnd raarméer etexﬂrodmhember anrrcmmimg the

el ectrode 30 Iln the rrbodl
bottom surfac%;egg%lﬁ I n(?ef %esb%g] é%é%gé%qa Py oL Xrﬂwrlﬁraegtq gt(?é?qtzed
density d&f tApplishtismilof 60/7dd,06a) WbE:htlS merp&xﬂeden@raub&aé%r%fgcfd;gtg

20 el e escr i in U S Paten
mog[] is |encéo:'ﬁt[%&atlgg"%%méf)%”wt’rtg? gpglﬂe%meﬁnqe[r é’r%ftﬁfql\t?}ét”fmdﬁﬁ & he
enbodi ment , baukingoplete &-extensive wiAZnhé mndr SlREEI AR eFH! P8%cking
i ncl udi ng gas ass?t%es 308 a&r angerd for distributing process as | nt o

the plasma pf gsive aviihdhe syter elarirodp mremiasre as deseritsnindhh.

conpri sed of pgishi ASRlichBed N somb%%%rysta' silicon or
pol ycrystal |l i ne aﬂmcon orO silicon carbide. [0039] In the

enbodi mehft , [0R41 Lpbbﬂweear@bwmet Giihe iptasmaspriogessing elamberddd sitmvn in

referabyy ooy M CoRR SNt THRARGT SURELER TR SRS o,

of a suitablmembeedl@l The tdmms cgntacp iplte 304 pssfeiabbninciadbs dae of tore

D g o8 A Bl T AL AR A b L Bt
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 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).

-11 -



[ 0040] In another enbodi nent, the upper el ectrode can have a

t wo- pi ece construction (e.g., for 300 mm waf er processing) and

i nclude a single-piece inner electrode nenber and an outer el ectrode
menber surrounding the inner el ectrode nmenber, such as described in

comonl y-owned U. S. Patent 5Application No. 10/743,062, which is

i ncorporated herein by reference in its entirety. In the enbodi nent,
t he backi ng nmenber preferably includes a backing plate co-extensive

wi th the i nri8P44] e Burivgelanmaprocessing obthielienjcondugtar subsitratesidZeths t h

No. 30/ 7aa. duBe e GOpBEcTRphs e AR, BF Celheliasrh® AR ocessi ng
chanber 300 &indinement Ebie bétweantthe uppdr etecitadel 302 aridethd Isénisonductor

preferably provided e hackij nber 0. .The thermal contr ol
pl ate 314 pr%‘f%ékrggq %n%pgﬁggg%%&ﬁ%ﬁfﬁ@r Qﬁb@@"%f?ﬁﬁﬁ{'@cﬁutr@“%‘ﬁﬁ ol
t he tenper atnetationthiphte thip perhiceheedtoosib st 3a5totesed thegslasha Yo s to
Pat ent Applicati on@@lig%P 10/ 743, 062. 15 [0042] The plasna processing

chanber 300 THEPR nfQE8%6ur ce (not shown) for suppl ying process

gas to the uppas) e%ﬂ%d@ﬁ?p@ﬁ%én&@ﬁoﬂh?%%p@é&ﬁtoi haftaHh %io@étrsﬁ in the
chanber by the gas passages 3 in the upper el ectrode 302. The upper

el ect rode 302GHEHA PEespirdnede e Blasme presassingotheewes B80vi a a mat chi ng

network. In er, neéﬁé?r% 1 e
el ectricall y[%grgg nc/.i\ed to Sgﬁ\r}%aéaeﬂeg‘ﬁ'ragﬁf)E%%n%g?ﬁ&@g?”agg\%iégéﬁ%gIr?? gd by
~a bot t onikl edual-digguency plasmataich egastos (ggmetg. 3aomobontyrewpddiblif Patent

T i : [ '

Dot ed 1t O aon0 R i hetehy ionEBRR iBrere i B el
gener at i 03 ragihoaaginrs,fmcmg%gas 2an besupdirdttbe Wd rh@cﬁ?[ﬁeb@d@ 762 ang
a sem conduct or _substrat.e e.g., a senjcqonductor wafer, supporte
on a substraf Qa§ﬁBB@V@ngﬁ?S"ﬁ@a%BEQFP%r@gerQS‘GBE%F?a @W‘&p@f‘%ﬂ)%
includes an engrgy bogifetdr fefUSHCISLomab RIEEMIRSs i e SHIWePEHct or

substrate 322 on the substrate support by an electrostatic clanping

force. The e¢|§Et_f‘? angd/pea betfem eteciroder Aligenadively; therahemesheasie and 30
S Ppref erabl yebycieebrPlo Blec ARy %@"u%deé ahBRAEnAGYE tiPHfeRAH 326, 327

(typically via a matching ne
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 bottom electrode/300 sccm argon/15 scecm C4Fg/10
scem Oa/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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[ 0044] During plasm processing of the sem conductor substrate 322,
the plasma confinenent ring assenbly 10 confines plasma in a plasna
confinenent zone between the upper el ectrode 302 and the

sem conduct or substrate 322. Edge rings 326, 328 are preferably
arranged in surrounding 5 relationship to the sem conductor substrate
322 to focus the plasma so as to inprove etch uniformty. [0045] A

vacuum punp (,not q%zomgéél s adapted to naintain a desired vacuum
pressure i ns?BETQIRESH HﬁWB‘?%@’%@1@0&%%&4@9@“%4@0%

cxempl ary pagialialormids Sodth T dBAsOT Lhat can be used is a 10

dual - frequencg asma etch reactor (see, e.g., commonly-owned U. S
Pat ent No 581 3645 shamindn FIG. ﬁeteewratw@srvmeammmd psifigr ence in

its entirety, r sup to a
shower head e%ercht’%oc?i% r%%%ggiqs%%%?@r@nﬁa%oﬁﬁa Zfe)}J’zlgcg(rj'llé Fated in
t he reactsor tgustingiing 442,R6catioargn éte ttbpfsljeﬂae@bf fheasngineimest firigp44,wo
RF sources t tro e and ott m e| ectr ode.
Al ternativel '§?ét[aﬁ'eé eﬁﬁ?vﬁaﬁ?e%ﬁég? é’i E%meﬂ "'éq &:& P?%I‘O@r%@hded
and RF ener gfieddp turach éﬁtﬁé%hrrﬁém@uemglm can be supplied to the

In Exanple 1, a plasm

bott om el ect[bsg,gl [sfg M le 1

confi nenent ehpI]YIng rﬁ%e@ﬁ’(ﬁ%wﬁtﬂ megsuted @t jzeseleeaiions a
paral | el -pl adtﬁ‘mg(?cﬁ@%lféstrﬁé/ plotesaHg! %af?&r@ﬁ”‘aaﬂ%f Ssélld&ltlpnﬁlb boyt"S
shown, the plasma confinenent rinhg assenb g gene ?lﬁ
sane con]soc r uT:"tq @r?oa'@otlh&%é‘s’l@ﬁﬁll%n @0 2eehB21Gilaeaiton D - abom\&"C tohe

pl asma confi 'ét{’d*g Rha’c. n?ﬁllé\/@lﬂﬁ teﬁ%\ﬁggéfjtﬁe Qe ézﬁ%e}??é}ﬂé QE{%@%? t her mal

chokes. The ma confl nene S Were o
Exanple 1, tcrh@mtzﬂrlwaa wrtﬁd&lrmbmeioonmmmrrmgmemwmo was visﬁjlys used

B 0cess SaHES iy e R RN SO LT St o BB Pl
frequency  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 bottom electrode/800 W power at a frequency of 60 MHz
25 applied to bottom electrode/300 sccm argon/28 sccm C4Fg/13 scem
O./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 O4/40
seconds.
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of 60 MHz applied to bottom el ectrode/ 300 sccm argon/ 15 sccm C4F8/ 10
sccm 02/ upper el ectrode tenperature of 140C/ bottom el ectrode 30
tenperature of 20C. An oxygen cleaning step was perforned after
etching each wafer using the follow ng process conditions: 500 mr
chanber pressure/ 200 Wpower at a frequency of 27 Mz applied to
bottom el ectrode/ 300 Wpower at a frequency of 60 Mz applied to
bottom el ecgagazgg&f’jccm 2/ 40_seconds. [0050] As shown in FIG 6,

t enper at ur esl® Pe #Ungf theevatesotits Rlasrae paesesaingtchapteri on A
on the bott R%es i fr,q),hl:p i L QF on
the top sur %ig%éf the@%ﬁﬁ%@ﬂgggnri géaé%%m¥gg%%#‘ééﬂg%&?%eﬁop
surface of tfRethedHesenaedftrolymer depgsitiand Nooealyrend@pasitiarheas op

f f t f i i T | owi »
e o o SgF AR RSk Mo 055 s My pin
processi fg: Wagebsayvedon tbplasmasposed tinmer cﬁhme%hmuxrfaﬂz:gs 3,3@,(2?80

bout 116C/ | i - t dl ti - 0 1o, about
ot 16 AN e p A b R RS 6 et b R e
was opened dahdsd safanesidideoermiach isngffasseyvioh #hthatasiry tepleh¥nexam ned

for the presence of polyner deposition. No pol yner deposition was
observed on Q%fﬂ%\%ﬁ’&'t 9nfinement ring 414. However, polyner 15

deposi tion 05 bSEﬁﬁ%[@B t he pl asna-exposed, inner dianetric
surfaces 43\E/SY643§3!I an of the plasma_confinenment rings 416, 418 and

420, i nch%atlPR8Bk hix Exareple 3 @ plasrea canfinamentrisg@ssambif $0¢aeahdwn hi gh
. B it i L. 20 [ 0053
tenmperat ure i @I pheRlyseq'iy %aré‘l?eﬁ-@%té,h%ﬁamé@%@-%ygﬁgg@éégﬁg [ |

Exanpl e 2 used the plasma confl ne own in FIG
6 in a par alpretessing ¢)anhgradis $hairy teopipsmd qohfiseraept irgesssentbly Bodrber

L s e onol HBMESalel sk Ohd RS SRR A0 LA ¥ 26T Fpges,
MHz appl i ed themhadtchokesb84,t5560668@0d \B6p onethe adspectiveflagrry of 60 Mz

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°Cllocation 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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25 applied to bottom el ectrode/ 300 sccm argon/ 28 sccm C4F8/ 13 sccm
02/ upper el ectrode tenperature of 140C/ bottom el ectrode tenperature
of 20C. An oxygen cleaning step was perfornmed after etching each
waf er using the foll ow ng process conditions: 500 niI chanber
pressure/ 250 Wpower at a frequency of 27 MHz applied to bottom

el ectrode/ 125 Wpower at 30 a frequency of 60 MHz applied to bottom

el ectrode/ 20 % rlp 82/ 40 second [0054] Fol | om ng etching of the
waf ers, the & ééfﬂi B %W\é‘gsqt?@"%ﬁ fhsavaless thepRlasa ATacassi MRFnent
ring assenbl Waé@@eﬁ@&aﬂd HbonfinsAEnt Al BQéerﬁélg 500 Q@aﬁ'\ﬁﬁpgex@ﬂm@ﬂar

deposi tion. ymer deposition was observe
confi nement ﬁqr Wf&en% ymebmm%iondéﬁomlyﬁr@ndepw@ommer ved on

bl asha cont | oba et on BFpIoGnATE b S H A6 A et iedl 1"
sur f aces i dinnex dipgstic suriackesicSSbendd andhEg@: of thepslasrha cenfiterpestuiigs
e conf aiSni e ndiEiB Eaidnese shthias recheg & SoiaSientieBini n
Phown. the Mpmpmfo.t‘?]fﬁtm Wmm@%ﬁa pBOCﬁZS' : ﬂecggger' e
const r uct i oﬁf@@fh?%g%@a E Go of gﬁ%ﬁﬁo‘{en 8tesérﬁﬁsqltﬁcdqmﬂ’@ffﬁer mal

chokes 554, {habby M8 gki
%15 and 530, e%pb“ﬁzft?.?‘@@‘ﬁ*éﬁ%%ﬁ%’emﬁﬁbb

. rings 514

vere sl ot éﬁ:?é%ﬁ%ca" oMt ring @ssemblyopelymes depesiiiaupaithe thick
arrangement , mgy 0

about 0.010 Tncﬁﬁn%%%g%?@n bgbfgga%{ryc% g@ﬁ@g’%ﬂ ea@ggaﬂﬂ ow ﬁ'tor\}ﬁ]%g M
t hi ckness ofOhterefhasnal chokes rﬁ\etlhﬁmﬂaatﬂmgmfaemerﬁmgs 5481 BB &RD20, 20

[ 0057] In S n ons that re use
in Exanpl e rgrﬁe ecfhﬁo pr 8&‘%%8%@?@@3&3 8'538'”9%0%'}18 rF‘WVFI G
7, tenper at upeepreventedneasur ed using therm)coupl es attached at

| ocatio om sur f.ace, 552 of .t he rrp ring 512

ocati ons JROBRE T85 SSERRbEIeRed e roriRe. prétared smbpgiments
inwardly fr Oamd ﬂﬁl@dé@@f Opratitw sethe ptesar? Gicheioh. CH@WetJ@re tﬁé’i?xvéh'ﬁcfnace of
t he confine t81?514 outwardly fromthe thernal ;

| ocation D at °tu Qhstryed aﬁfbeﬂ"rﬂe"fﬁlifﬁﬁ*ﬁoﬁbﬁ@ﬁﬁlcﬂlaﬁ@nmlmﬁmar dly
of the therngbcusigheThas; thé%ob&@@%é%d%rﬁt?}o&rﬂ@r&%g y%@g@gaﬁe&%

confinenment ring 516, outward fromthe therm
fol | owi ng téWﬁ?@éﬂVﬁf@éem@a rﬁatagweeane\nt shouldhesappreciatedist varatiahs on

?B-ZC/anc ation %3 - "ﬁt?%iéh n%@% %r‘ﬁﬁggﬁgﬁht%%@ﬁ%g%§ %@%QCB tgeﬂg‘ﬁ@h%6c to |

about 143C |departiingfréinthebooege F7the poesEndinve BB as defined by the following
claims.

560
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[ 0059] Fol Il owi ng etching of the wafers, the plasnma processi ng chanber
was opened and the confinenent ring assenbly 500 was visibly exam ned
~for the presence of polyner deposition. No pol ynmer deposition was
observed on the plasma confinenent ring 514 or on the pl asna-exposed,
5 inner dianmetric surfaces 536, 538 and 540 of the plasma confinenent
rings 516, 518 and 520, indicating Chaing hese surfaces reached a
sufficiently high tenperature to prevent pol ynmer deposition. [0060]
Referring to FIG 1, the above-described test results denonstrate
that by incorporating the uppernost extended plasma confinenent ring
14 in 10 the plasma confinenent ring assenbly, polyner deposition on
the thilek nmbuftathesl of yoeessin qoﬁem@pyt%es%egra@wrécﬁ piasnad Are¢essing
by pr oy g . ore thermal chokes in the plasma confinenent
rings \fﬁ%%r%?g] alr%ﬁgo, pol yner deposition on plasma exposed
sur f aces of stp@yingngs polymepizisige padessbgapr ivterd gulasrhd pa@es$inghehamber
foregoing has described the principles, preferred, e di,nents and
modes GPBHSREL S SOBREHLDBYchy PRIEH oF SRr Rl Ve RS R e ment
shoul dringé sbsper@irstbdied tias mdehtify Hhglahe @ach ihdiedingat plasthatexposed surface
enbodi nents di scussed. Thus, the above-described enbodi nents shoul d
be regaPB@d as illustrative rather than restrictive, and it should be
appr eci at ed card atl b W@r- it i t ;

wor ker s ski Pf@kin\é ti?lggﬁéw%? ou?‘edz)r? rti r%] r%r%%?ﬁ%”@%é;p%ﬁgf éttcﬁbég @
pr esenseinino@dticion salsstekde imthe lgsmberéadssingi shgnddesti ns.  Cains 1. A
nmet hod of processj ng sem ¢onductor substrate.in a.plasm prpcessin
chanber , colgiiarg. Sehe! I MopTlg-SPeRed malifaitn P peatesel ¢is phefr
a pl asgenfinede@usiings ¢datHeer a CtemMperatuny tiiatNpreVehi3 pblyer addbogits produced
plurality of vertjcally-stacked plasma confinenment rings suspended

bel ow PHén%mq%féomifﬂé”'ﬁﬁ&h%rﬁew i ncl udi ng a pl asma- exposed surface ;

and i f i 2i r .
PUAEHGh MhePoP hRPE T 'thePIAdiRa %hgﬁ%@ﬁéf gﬁ%é) ceﬁﬁﬁnée%ﬁag rlgagéri;one

etching a sem conductor substrate in the pl processing ct
dur i ngctreemtsremtiatly extending sletre- gaqpostaeesarfiaoer g ead Anafuteningand/onat

Geposi [ehy iR, BTG S Fod FRRBH 7Y B les KT HoeRPlal Tt blocks 1R

radiation.

2. The method of Claim 1, wherein the semiconductor substrate comprises a
dielectric material which is etched by the plasma, and the polymerizing process gas
contains at least one constituent selected from the group consisting of fluorocarbons,

hydrofluorocarbons, fluorocarbon precursors and hydrofluorocarbon precursors.
3. The method of Claim 1, wherein the plasma processing chamber comprises a
grounded upper electrode, and a lower electrode to which power is applied at two

different frequencies.

4, The method of Claim 3, wherein the upper electrode is a showerhead electrode.
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wherein one or nore of the plasma confinenent rings conprises at

| east one circunferentially extending slot, a gap between an inner
ring and an outer ring and/or at |east one surface that is roughened
and/ or coated with a material that blocks IR radiation. 2. The

met hod of Claim1l, wherein the sem conductor substrate conprises a
dielectric material which is etched by the plasma, and the

pol yrrerl zin roc tal ns at | east one .constituent sel ected
Prom ¢ fe or 1B BERORST GlgTar - MITGPBCD Bh eI BF IR R APBIRTet Fngs
f 1 uor ogas kenepstesiy ﬁ@ﬁ-@la%ﬁda Bysiseldl slafReathBOB RIUGBBRE®RH/or LoaldtEwith a
met hod of Claim 1, wherein the plasma processing chanber conprises a
gr oundgbatﬁ‘b@éhatem%@ﬁl&f@d'aéﬂﬁa a lower electrode to which power is
applied at two different frequencies. 4. The nmethod of Caim 3,
wherein the upper electrode is a showerhead el ectrode. 5. The

met hod 6of CIT: hiarnmthomhef Silaimone vmerﬁnrﬁheoone roes mbe&smsnmtbnmnent rings
rings has at W? hp R B@ied surdf ace(% ¢ hened t
and/ or "88‘&’{'883\%Pt'ﬂn%r QP TR PIEST R Ss R FH\%‘ fic gl an outer
met hod peftiddl dispbded Wheitiy mm\h@rdomrromherrmﬁrﬁarpbmm @ﬁ@fth@e@teraast iongsslot

conprises an inner portion having a &ﬂasma exposed i nner diapetric
sur f ac@roudesak 'S?Stpﬂf}et thermal §(—§HjaP ug h@al ePrdustion rrdigliyrptward

por ti oo nper B&al'oﬁat%tthg%‘ﬁtéfl idH Wﬁ'eﬁEiﬁe qﬁnér%&heﬁﬂes%égﬁﬂt@:%posed

choke adapted to reduce heat conduction ra out-war d
i nner pomidsyma tio théeplasma rprpesssingn chashert, rfe:chnthet thie amnestrr dismetnid sudace

5 PG BB AP RE RS IO A

deposits fromformng thereon. 7. The method of Caim1, wherein the
i nner rjng ctrlc materlal |nclud|n ner dianpetric

sur f acd- theLrBEt’B?t Pg r?gq b, whered) ketipner g l§r 3’&1?&“5 afeAte tr@'Ud'”g
pi ece @h iAR&Edibetdd Qiﬁéc]éethb Y& S8 ofth&i e%‘aﬁ.r m"até?%l bAg aaséi}érrét@%ece

supporting a surface of the inner ring, and | east one ga
provi det maatem@afmm éim Iﬁﬂ%mml theholder Heg heera W@ermrw:wua‘ace & the

| er S, A S e o st SHED Dbk el B Blast P P HADRE Betwoen

prevelitsP ol ep05|ts rom orm
t her eormppoﬁed §|hiéacn§stdffdde(hﬁnéﬁl rivignand ouﬁeehegnsmdtetmuuw lnheﬂglah@ncasurface

upper surface contactln a lower surface of t n and the

i nner FPRYeRRY %rgw%gwqtp@/eaqs% ¥RepFeperits f%{g W%fhe%%%nt rings
is made of the sanme dielectric material. 9. The nethod of C aim 8,
wher ei n: t he upper surface of the outer ring and the | ower

surfacd. of iThe methed OF%rrn?,eNh@@és@édnuﬁ@rnrzg)h@%mn sipperswéace ¢antacting a
opposeg,, 5iy LAees of ¢ J{eihﬁrmeP'?W ang {ut ﬁ{xerr h aritf fheV 61 t%& Gl é#é%&n"%? the
and upper an Ower g8 bent ¥ oSpose

gaps are I'ne ween
sur f ac ptasniia torefinenmett riagd iomde of thegsame dielectric material.

9. The method of Claim 8, wherein:
the upper surface of the outer ring and the lower surface of the inner ring are
recessed horizontal surfaces;
the opposed surfaces of the inner and outer rings are vertical surfaces; and
upper and lower gaps are defined between the opposed surfaces of the inner

and outer rings.
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10. The method of Caim@8, wherein the inner and outer rings are
concentric rings. 11. The nethod of Caimb5, wherein the roughened
and/ or coated surface is an upper surface of at |east one plasna
confinenment ring. 12. The nethod of Claimb5, wherein the material is

al um na.

10.  The method of Claim 8, wherein the inner and outer rings are concentric rings.

11.  The method of Claim 5, wherein the roughened and/or coated surface is an

upper surface of at least one plasma confinement ring.

12. The method of Claim 5, wherein the material is alumina.
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