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SHOWERHEAD ELECTRODE ASSEMBLY FOR PLASMA PROCESSI NG

APPARATUSES BACKGROUND Pl asnma processi ng appar at uses
wer®sweads t 0 process substrates by techni ques POCUSHOHE2100

et chi ng, physical vapor deposition (PVD), chem cal

VagAOWERNME ADELECYRODE A8 SEMBLY ROR PLASMARROTCESSING

removal . One type of plasma processing apparatus used

in plasma processing i ndﬁﬁé&ﬂ-u%§§tl on chanber

cont ai ni ng upper and bottom el ectrodes. An electric
BAék@R‘bUﬁlEﬁSt abl i shed between the el ectrodes to excite

gas into the plasma state to process
substrates in the reaction chanber. SUMVARY A )
shd¥lesmagoeéssing enpammﬂry usieddo qwatesmelhstiates by techniques

mclHHbSt t%ﬁggéoces vag E@B&C gﬁ%@%pﬁ??@%? 'tion (CVD),

ion ?rﬁﬁ!aﬁ?é’t%cbﬁﬂ rééi@ﬁﬁe’n@é@l pm@ers;pe [0’ Prd%ﬁ@ﬁfoo%rsemg apparatus used in
provided. A preferred enbodi nent o t hermal control

plawameomﬁsn@mpmdesmgre@cbmmaw@sa ceni@ining gepphagd bottom
eleﬁéq Cog@ﬁ%fe%gréc?t@gté ?ét%g@%rg nctﬂg %tr&ﬁ@tb' excite & process

' gastmtmmeqdlaérsaamtbrtoldre@bmu@k@t@ ingthd raaa:t&irad:hambe:r

portion renovably attachable to the showerhead

el ectrode and the top plate. The inner portion of the
SUMMARY| contr ol pl ate provides a thermal and

el ectrical path between the top plate and shower head

el qﬁ?%?%@rhe‘éd%l@é@éd@gsﬁmﬁl‘}'dT%@erﬁ%ohB@ctéhQMﬁéchﬂé(i)rocessmg

el ec e assenbly for a plasma processing appar at us
appamatps; alaad; aathenspalpﬂcmtwj p@t% fnasipheting=a sbewetheadsglgctsode in a
pl ate. plate is

Se"&’??'&%‘llféﬂr §ngstt Qﬁ%?ﬁc?ﬂ?@a aévl}é%rng&iji&é'ﬁgat he top plate

SUGA ptdtafred erstitidiflenPef & sl cbhgol platear sappbitinlg a showerhead
pl ate is novable relative to the top plate. At | east

elegirede ine? pemigandygtorissibpirate RIeaeEnGEBAMDEE CeRprisgs a metal outer

porgﬁ?ri éer%\f%;ly tﬁ%cﬁg E18a R J% r&ur@h@ﬁﬁolﬁ%}dtoﬁa@)%nd a metal inner

erna bri fovi des a
portibie edrhbeably @&bbh@@l@\wtﬂm Bh@/venmaelr&eetobdﬁ and! tlwlmpapidte The inner

portion QE?necta'e?%Sl G PR PP URPH AT AT Saeirial pathbetween the
oA g 2 conet T et

t op‘\ pk@féﬂed/&ﬂﬂbdﬂhmept of thersihwarheal etattrodeasseowlwnfor a plasma
processu?g appaup rtgs? ngprlges a top plate, a showerhead electrode, and a thermal
control plate. The thermal control plate is attached to the showerhead electrode and
the top plate such that a central portion of the thermal control plate is movable relative
to the top plate. At least one thermal bridge is provided between the central portion of
the thermal control plate and the top plate. The thermal bridge provides a thermal and
electrical path between the showerhead electrode and the top plate.

The thermal bridge preferably includes a lubricating material to permit sliding, as
well as provide thermal and electrical conduction, between opposed surfaces of the
thermal control plate and the top plate.

Another preferred embodiment provides a method of processing a
semiconductor substrate in a semiconductor substrate processing chamber, which

comprises (a) placing a substrate on a substrate support, which includes a bottom
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sem conduct or substrate in a sem conductor substrate
processi ng chanber, which conprises (a) placing a

wG@pbsheate on a substrate support, which i ncl UBEBUS2004/042100
bottonel ectrode, in a plasnma chanber of a

elecﬁﬁmec e Wé?ﬁa eHAFberbea %@ﬁﬁ&ﬁﬁid&o@ﬂﬁh@w&o&e@smg apparatus (b)
supplying a process gas into the plasm chanb

supplytig-a Ipcecess| gast intaitheayaems| chagtasvidthg ﬂwowarfpﬁaﬁ @Iectmde

oo S g, 0T R S A g8 rom o

pro@é@cgéﬁﬁhethéiiﬁ@smé Yhanmbetr betvwedrstheadbwdriigad @Mﬁﬁe@ssembly and
substrate with the plasns; ¥1t?1 term nating the
e

the g@h@f@tfe» th Rsocw@q)tf@s%bstr@ﬁ@wct SlRsmade) tﬁrmmatmg the

oengHAEH! 8 e B TP R RRE Koo flte HARISHP B chamber
Theastiwerhead elevtrogié asseadlyrpreferabhecoraplises advaatersda another

prefarisrkAMBadMATLIhPIBEINo GoRISSs AcNat i haigh St (@) to apply
hea?Lc?ﬂ"{?r SMifvéthedd & gTﬁi tfoRe tb?ﬁﬁﬁfa@ﬁ %Hfshé\ﬂ@r’h‘é‘éd%lééﬂ’@dé B0a desired

eater to ap heat to ower head el ectrode
temgeratare, @aﬁ/qrcaqlﬂatln@meaﬁe@mmw deatio thesHomeanhesl electrode

I lillustrates a portion of a preferred
d””@ﬂngEongit of a showerhead el ectrode assenbly and a

substrate support for a plasma processing apparatus.
BRIEFGEBORIPTIORPO B THE ORAWENG FIGURES preferred

enbodi rrent of a showerhead electrode assenbly wi thout
thetop late. FIG 3 illustrates an exe

| ary
el &6 il diystiatesaporion eka Reafarmad sukadigigphpla shgwgrhead electrode

ass R p PR R T oy T o B e

of FAGs Bosvartbpquéraiwtwe vk afa erfeyreiCerhbodienepit @éaashowerhead
roceSS| n s in which sem conduct or
eecﬁ Q‘P@' 8 PR Rar ers, are processed. The
Sh%r @qmﬁtﬁt%%%’i nﬁ‘ﬁa’i‘?'@?édtné& c@ﬂﬂb&tl&ﬂseﬂ@é‘n é’bower supply
I's shown I n conprises a shower head
andeﬁ beateod)éthmsmmmgad dlegiragdlesassemidly.20 and an opti onal
backi ng menber 40 secured to the top el ectrode 20, a
Ierfl ate 58, and a top plate 80. The top
a renovable top wall of the plasm
processi ng apparatus, such as a plasm etch chanber. A
SUlGH atlmsimwatpréﬁrr(edrémb@dlpmm ioba shibweinhedd etecsrbdmssembly
i ncluding a botto el ectrode, a

10be@&'@%§@&%&°@|’ RRTAlYSIBW %SP‘;{" Fqs bép?éaﬁrg silicon
waféi%e ahé’B cfée%e&a OfedhoWerhdsy YREHBEL RsCERDH 119 (SAFBRELhalf of which

asma processing
is shown in FIG 1) comprises a showerhead electrode including a top electrode 20 and

DE

an optional backing member 40 secured to the top electrode 20, a thermal control plate
58, and a top plate 80. The top plate 80 can form a removable top wall of the plasma
processing apparatus, such as a plasma etch chamber.

A substrate support 15 (only a portion of which is shown in FIG. 1) including a
bottom electrode and optional electrostatic clamping electrode is positioned beneath
the top electrode 20 in the vacuum processing chamber of the plasma processing
apparatus. A substrate 16 subjected to plasma processing is mechanically or
electrostatically clamped on an upper support surface 17 of the substrate support 15.
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apparatus. A substrate 16 subjected to plasm

processing is nmechanically or electrostatically
WwW@b@spesdson an upper support surface 17 of thePCT/US2004/042100

substrate support 15.The top el ectrode 20 of the

shovge k‘(?dle@iredé 20asf the shewallead életie®s priferdbiheincludes an inner
el ectro menber 22, and an optional outer el ectrode

elegliagie Memben2id ane-an oplienal auter slasirede memberR4f Ehgner electrode

me t%%’!ir?;lg rdr&%' tﬂ/% d@llﬁ&lhgae l%t%"(g aqﬁ ﬁé &bs&%l élhlg ) “The inner

elestratié enerhber?2? eguhbve @, dmmelterrsmallarhlaan aequd &, drcbarlger than a wafer

to e raceesesl. SoabPdos Behes L Fom' g dile s rads o shgfe cysta
siliCBH WRIEH & fﬁ@%ﬁimﬂfm ShHrh et by cavehd aﬁméﬂaﬂé‘&hgléé%@ﬁa@Blllcon

sil'icon materi al For processi ng mm waf er
materiatr Fer pmoesdmgr@ﬁamm pafers, mecmtaeelletctroéa pmmbeh% is provided to

MR A ke o S
Thé 8ufer@édtidteome niBRirRar cdrebd a.contin@blys ﬁiénhts‘é?f(e'ﬁ?n@%ly-smcon

such as aring), or a segmented nenber (e

meswesr such 88 gring).cora sa@i@éatqdmgmheﬁ@e@orﬁ 6@9pafat@r$egments

arréﬁ@éhdﬁ%ﬁﬁgrgaﬂhg%gu%) ﬂg«% ro@’qé'gbﬁséflhéé téig)cn{étgl silicon). In

emﬁubtmmtedﬂwwptelevﬁr@de 20 ehatrmdedwfnemp%segdrnent outer electrode
segnents preferably have G}Xﬁ es whi ch overl a
I

megbiRg 24 8‘%?%@'@8?‘8&?{9{9{6@'&’ RISV PyEE P&PCFP@W to protect
an ﬁﬁﬂ?ﬁ*l glbbﬂd naﬂ‘}?rﬂ SxsSsure ?&gfa%ijr% ""ﬁ‘;%ﬁjf'ne?%lectrode member

prefe y |n tipl'e gas passages
22 brefe:ablylg\cwqmscmaﬂ;lsleggas passagesiafoe injectingph @scmaess gasinto a

Spise 1P BF B TP3BE0r B SPRE PE<yLin S 56 ki 20 gha botiom

elePfr6d&nsed material for plasma exposed surfaces of the
i nner el ectrode nenber 22 and the outer el ectrode
menBiaglearystal gthcpms ayrefernegireateripktosiplasma esposed surfaces of the

inn BlegirBR g Bber™22 3hi dhe Buuct siegi Blehafrter 24, JuRP Ryry. single
cwwgiﬁbéﬁhﬂ\uﬁmﬁk@sﬂ@@ﬁt%mméﬁbd bﬁsdt%@@teﬁﬁum’@ﬁhgma prlaiéessmg as it
al so wears snmoothly during plasma processing, there

intrafiuces eniyg minimat pEwunhpf Bpdegifaple ﬂ@mntanrgoﬂh@fe&wn chamber,

ané’? Bﬁ&gaajs Atﬂ%&@@%ﬁ%@ﬁg%gﬁ?@anglteﬁsi@fﬂn%nrg particles.

Alt@natﬁbé enatériale thatedaer e dsedrfmct)'lma-exbbeets sorfacdésefithe top electrode

| ect h f

ol SR8 SRLAIR d s B IRLT  1 P05

d

Bt R o T g bl g 0

endugh foh pracdssang Iatga:swbnlmtasmblqs smmcbadmtzeWafer having a

dia f griq? tg\?ﬁ Cé’af S@%?Té{f\ﬁ?ﬁ{ggs ?he ?op e ec rod a§bng a? least 300 mm in
diameter. However, the showerhead electrode assembly can be sized to process other
wafer sizes or substrates having a non-circular configuration.

The backing member 40 preferably includes a backing plate 42 and a backing
ring 44. In such embodiments, the inner electrode member 22 is co-extensive with the
backing plate 42, and the outer electrode member 24 is co-extensive with the
surrounding backing ring 44. However, the backing plate 42 can extend beyond the
inner electrode member such that a single backing plate can be used to support the
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The backi ng nmenber 40 preferably includes a backing
pl ate 42 and a backing ring 44. In such enbodi nents,

w0 b@siossies el ect rode nenber 22 is co-extensi vep@i/UR20bhe42100
backi ng plate 42, and the outer el ectrode nenber 24 is

innﬁgel@ctredeinﬁ@mgét Endj ltree lsegmeutgdii agebelektrogde maergbdd. The inner

wever, the backin at can extend beyon

electinde n&@éerr%%@nﬁéhgeﬁteg@@ém mgmber @rsamﬁfjeﬁ@&y attached to the
batglrlllgé ) B?%&)drwl él‘ialtélﬁimé@é %Ia‘?&% fig HHRARRY material.

e segnent e oute ectrode me e i nner
Thebackinggdatestiaciudzs gas nassages 48 ahlgeed wotthetheegasapassages 23 in

N S AN A N

chéﬁb@f | Phe 85? %a@éé%éd‘% Bbﬁ&ﬂ)léé‘-]ly‘ Hbf\)éJé’ Gﬁarﬁétér BREBG@EF 04 inch, and

al |gne € gas pass e | nner

theegaa:pasmes@ao@n typiaady heye| m%agmermfcabquw&z&]@ch

Pyo BaPRGRAGTI % AP King gler =B iRRRRY Wald oy g materil that

is cﬁ%?m@élﬁﬁmpaﬁﬂe(‘vﬂth proeessghyedased forfracessiig QémmuUctor
025 i'nch. The backing plate 42 and backi ng rjng

su@teatw 1 @eaﬁawmeceﬁsm pharaper hasimeosficienbel t@srml expansion
clogglméfﬁgbg tHat B oquft?o%%ﬁﬁr}é? e#’nd‘/&r ISF&Q&ﬁéé“WQHd thermally

or substrates 1 nt proces

cordwtiver Pré@rai mam‘rfalﬂrﬂmanibetumml makepmisbmklng member 40
cl osel %/?matc fhat of .the e# ctrode material,

inchicles Bt aee Retdipitadtey olARNHE ankPital |y conduct i ve.
Pr efg& 165 elBRtBHE @Oscérr@é aft é@tdiﬁl%‘:bédkld”ﬁadﬂﬁté 512 and backing ring

backi ng ‘memnber i ncl ude, ut are not limted to,
44 gyithpd thezmealiy aﬁd@ledthealtyocpomﬁlmtwe etestaoechonding amatgnabtﬂ\at

ac o U 82 bt e A ebbe] Bndro between tre

topbé]Béﬂrékﬁb DB Ak btaﬁﬂhgarﬂﬁt@fﬁpﬁﬁd Backifg il 44t TRe 3188 of elastomers
and transfers heat and el ectrical energy between the

for bopdisigtogetes spdagesiof ae elestiodagsseatbly uszdmlbadctqr ggample, in
f
coftithubdunfiss BB NEP GEE 577 BT R fefoin by eterence

in @(@;ﬁmba/ in comonly-owned U.S. Patent No. 6, 073 577,
which i's jncorporated herein by reference in it

ent T hebackingPlaiedd and febacking Hrg Mr?éetp.{etara@yrat@ghﬂq to the
theg@%\lme@ﬁtﬁg ﬁ?’ggﬁsz\;v{ia pﬁ%lé‘?aétg FCSR High cén tBErtﬁrl gﬂgatb‘blts screws, or

eners rea

thetmdet S orssxaense, bolts (met Ehéwen) Ean besirsgrtesl indwlesin( thetthermal control
in hol es .i e t.hermal ,con

plafy 28 Shgiscipkied iTlapiradRd GReRIaR B dns ERkAg e mbBRaD.
ARSI pBEI L1 HBLCorkA 8 oo motl
mnpo portmm inolading mgoatouoed pbateggg witht 2n Bpper surfage Ghmnd a first
pro;ectton A 61 Ravmg an fars{ heeict transfer surface 62 and a second projection 63 having
a second heat transfer surface 64 on the upper surface. In other preferred
embodiments, the thermal control plate 58 can include more than two projections, e.g.,
three or more projections. The thermal control plate 58 is attached to the top plate 80
with fasteners that extend through oversized openings (not shown) in the top plate and
into threaded openings 65 in the surface 62 of the first projection 61 and surface 64 of
the second projection 63 (FIG. 2). The thermal control plate 58 also includes threaded

openings 117 to receive fasteners to removably attach the thermal control plate 58 to
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projection 61 having an first heat transfer surface 62
and a second projection 63 having a second heat

wo e@ssbdase surface 64 on the upper surface. |n BPCHES2004/042100
preferred enbodi nents, the thermal control plate 58

theQsHEKINECHIEEE4 20 TR ldVRRSiZaW 0pEMINGS in theStopSlate 80 pfiddedElearances
nore projections. The thermal control plate 58 is
arognd 4 &ptenenste thapths eemaboantial p!aégt%r@@sltdeaﬂelatlve to the top
e .
oA NGRS 4R B5aoh oF "Bl i i
reldtedd thé@opﬁ 'pra$¢_ projection 61 and surface 64 of the
o PR ot Ghn e A oo a R haBRPLES Lonnectng e
inn[gﬁﬁ@hiﬁﬁ thaRt &Rggﬁoﬁi%nga‘?[)&;\ﬁ@fﬁhmgaﬁﬁ f18h5e bBhavitR] 8- upper surface 70

trol plate t ot cking “plate™42. The “oversi ze
whizchds helysagainstan opposgdswiR® ofrtopiplate @0 af hanfirst haabiradsfer surface
so that .the

62 o seSpus BERt anel Ruracssoh PLrErany Baks Analiflér cohriglfation. The
firsg})ﬁ%’@ét% 6 Nahd HdBEchdPFidfeiBn @3 preferabR/ e & ABIghRbf from about

ate relative to the top plate. The thermal control

0-2§|r:a¢l;atcsabwt§b7_5 inghu@ed aawi ﬂék)ﬁfl'@n]o@bqut&ﬂ@@‘.‘@ldﬁrﬁﬁﬁqt g2 inch.
ol R B 1 SRR BT B il i e

corffigration, @r.g.pameéi ségrbat; pobfheidedl, umide 088l orldthef corsfiguration.
heat transfer surface 62 and second hea&ﬁtransfer

sur The thesmah centselpiale Hhispreferablyunade ebameigigimaterial, such as
. . . e s .
oy APRAYEF AN oo L Y65 SRGADA GRAGBIESR Kbrterably
maghinet! fleddof thetmetallit materidl,'such dsr alomiduontor @lutbinunc blloy. The top

to_about 1. i nch. wever, the first projectiopn 6
plaigngf i Pseiahly RGP oL ARGRINGE! LEAN ALURTHTTBATAS P Plate 80
pre?é’r%ﬁ%&H&lﬁHbQ BnermoreXidi/ ﬁh§sW¥hro% WhH atemperature-

round, I ration.

oval or other configu The™ t her nal
contmttieddluich | preferatdy iadiquidfeandis girculateddo raaintainthe top plate at a

d rmqtgitri al , such as alum num an alum num alloy, or the
CHIGCICMRE AR mal control plate 58 is preferably a

nachiARg pPd RE8irkf oftd1SemfiordLitor Babstratalin tﬁélngo’é%sing chamber, heat
al um num or alumnum alloy. The top plate 80 is

is transferredhfrormiiednoer elpotipde mesnbel s angihriavigr elgetrogganember 24

o B e B8 POl A S50 0 iy BB PE2Brntop it
viaftherintal cohdbetierbfrgmathleifist ibat taamster surface 162, sdcodrd heat transfer

maintain the top plate at a desired tenperatyre. . .
su FIOEGHgPRAT %Jré@ﬁﬂéb netber wetss thefist Preipgion 61 and
sedi3FoRlen SRS proViRingral bRBGeEhefbcr B8 1AAE: ¢18GF6de member
22 aoudet dlectradéimembérc24, bazkmgoplatec&2 agd backing4ing44 kethe top plate

80.c S RAABI SR Pt HRBSHeF AL BDReS eatpay Ess die Tierms contro plate
58 £5f7 AeHiNBY stbsastify uniform temperature distribution radially across the top
electrode 20.

During operation of the showerhead electrode assembly 10, the thermal control
plate 58 and the top plate 80 become heated and thermally expand. As a result, the
top plate 80 and thermal control plate 58 can slide relative to each other. This sliding
can gall surfaces of the top plate 80 and/or thermal control plate 58 (e.g., one or more
surfaces of a central portion of the thermal control plate 58) that contact each other and
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surface 64, and through upper surface 70. In other

words, the first projection 61 and second projection
w®300alosxas@r ovi de t hermal bridges between the i PEEUS2004/042100

el ectrode nenber 22, outer el ectrode nenber 24,

caukadrtides) suich é&alﬁﬁdmhﬂ@arnﬂ% itobAdisliodgeti€rdne tthepbamtact surfaces.
80. Thi s _enhanced heat transfer at spaced |ocati

Theslopse Partirdes mayreantammiate supsteates gpthesreagian sva er and thereby
redﬁg@ﬁ}cﬁr&g?élasum formtenperature distribution

ross the top electrode 20. During operation
of It has Bbemﬁet&mﬂnedi Htattrgatlmgam‘wpbbgd s0rfatés of thertoplplate 80

andiprihenbe sl oriRbaRe SAcan HeBuTZecky PGS Aftptnel that has

Iubﬁéitg/h HvBEF 'th%_%PEBQ%d Ehﬁé@es"—’&ncé‘Pre?él‘rQ§ ehﬂidt‘fn‘néﬁt ta@ Iealg,t one layer

I1ding can gall surfaces of
of glubtieatByy enatkrial 90He pladeddzatwesn the ficst heat (rangfer suﬁece>62 and the

fac s of. a nt.r.al ort| n of the
secBBf edt Mnsfes saeipe RO eah R el Sen ol aial o andRig lower surface 82
oftﬁ@[dp ?la@é;gosuch as alum num particles, to be disl odged
fromthe contact surfaces. The | oose particles

contheniubsicatingmaterial 8 has suflicieatibermal @Mﬁ‘@@iﬂ% Qonductlwty to

oo RBP4 ENE R B R5E AT Ebul oHRRARHI 5158 Bt st

sur%@é/alzf ahdsetdiey Reat tﬁe?ﬁﬂf%r(%urrhdoet?ﬂ Eﬁh@&ﬁp lp&atmaﬂ] m;:mferred
y placing a material that has |ubricit et ween
ma@ﬁgﬁﬁ@a pEQMides hese pfogertieg ieap @éﬁ%lﬁeﬁwﬂ%%mabhﬁ gwagf»‘ material,

suc@%&%ﬁfgﬂ_ " Q/H %ﬁ'&ﬁﬁh@ﬁ:l Srdiidb egﬁor'nSU@hWGthon Co., Inc.,

eat transfter sur ace 62 and
CleselanddOh@nt Tlhe hmri‘catmg mdtenal IMisqirefenably lregasiet baninga preferred

tickngss ababachit O inshopranoubh LiDinetyrand. Moe PrefBratly afinu 0.015

mct?' REY u&ﬁ!atlggqﬁ%hbygé ¥ ;Sr‘éfé}bBW'éjﬁn§ %haéé‘(ﬁ bb@k&n(rvlth%%tch gasket

ans er an ectrical ‘conduction romtheé first heat
belmg eetained |elarreapecm amnblarresads frmed @raascle of the first beat surface

64.to th te referred material that
62 ﬁ?%%%%@aep Egrlﬁ?%'b%lfr?ch%‘?s an elastically deformabl e
gr aHY luBribBired hddteridl @Ohis Wefeﬁ%éﬂ‘dtecte%t&h plésma exposure in the

commerci ally avail abl e from UCAR Car bon
reaclian ehamber. dni a prefesed gpihadiment th@ﬂmcatmgmatsnal 90 is disposed

oo TSRt A AER T, B O SiAGE A Pn Bhacec par

anrﬁlla?rfgirb@bés/ 165WthéJer@ﬂﬁeatﬁcdnsfé?rwrfademZ:and lﬂge sed:cmd laéat transfer
90 is preferably a ri ng hag gasket
sur@gg@tomeﬁgermleﬁqn&rel latey58 e dpELPTiNgS rs(a'.ater g@e@gﬂcatmg

ma{ga%pgg froth \'fb&f @ﬁw&c‘ﬁﬁ rﬁ%ﬂhﬁ "’lﬁ% ?Mﬁn‘i’& Bh&mbePand Ql‘?é’r%ﬂy protect

rans r sur ace Icating materi al
the ilubrimating madtieyia bframneaulasda fexposyiea shiee ﬁnspbeat tramsfet sgrface 62 and

the second heat transfer surface 64 preferably are spaced from the lower surface 82 of

the top plate 80 by the lubricating material 90 by a sufficient distance so that there is no
metal-to-metal sliding contact along the first heat transfer surface 62 or the second heat
transfer surface 64.

The thermal control plate 58 preferably includes at least one heater operable to
cooperate with the temperature-controlled top plate 80 to control the temperature of the
top electrode 20. For example, in a preferred embodiment, the heater is provided on
the upper surface of the thermal control plate 58 and includes a first heater zone 72
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reaction chanber. In a preferred enbodi nent, the
lubricating material 90 is di sposed between vacuum

wGeeab®ss186 9., a pair of optional O rings 104 re¢BUS®A4/042100
i n spaced-apart annul ar grooves 105 in the first heat

surrd@tRIcEDy tHe fi r%@ﬁnﬁé’ctwfndai kesecondribdieatorie Mbﬁaﬂveen the first
surface 64 of the thermal control plate 58.

progeationd! and thesseeand preieation 63 and r?gthafﬁtf@at%n zcm {6 Sptween the
sol 8 ARPAPR R RS poterba PR rader ones can e

varied) derugampleginf othet eh'fhmdlmeratsﬂhe heaterrfmoenﬁladarmlsmgle heater zone,
second heat transf ur ref S

g FomiPy RheoR e AR hies &, Tt hdalgh ) HgGtatively be

pro{v#aé{d' cfrﬁé'ﬂb@toﬁ%@r‘féc% o@lﬂe%eﬁnéﬂ&d‘n‘tr‘él BRite 8BSt ance so

ereIs no netal -to-netal slidi ng cont act al ong
t heThe heatdneneferalzly\sbmprsas fademinte dncludingserasistivelysheated

malfEH Bl ned e cPRP Tl Bk ORI, PR Bt gan withstand
theCspRating %m\bélﬁtdrﬁg réSEHRS By tﬂeehé‘éléﬁ rRh'e&@rﬁ;frP%]gHioWrﬁeﬁ@ material

to control the tenperature of the top el ect

thakean bgaiseidds & wolwnpd@s@ldr@weéﬁh@énad@mark Nﬁ@tcrr@awévcfi is

coF Y585 AN EREL O PRS- AR B0, e, o

hedtér t&e beid fSsigiive]eaitérasmbddded Bﬁh@ﬂdeﬁﬁﬁtwntrmp%tg {e.g., a heating
between the first projection 61 and the second

elepienit éx aicaat Brermaheonirqlplatg afaheatingiemest inopiedin 3 ghannel
forr?]ﬁgagg@ ﬂw%ﬁr%ﬁﬁm%ﬁ b8ﬁ‘tr(9 Ié‘t‘%? ?\Hgtﬁér%cgjlﬁgm bPihe q'%atgpﬁ\cludes a

e vari or ~exa
resistibe meatlbgdaleraehismbhatdde@rt the upperiand/erdewar surfgd:eeof the thermal

heat er zones, t ha
conlih ite  GIRELING it BTNl Gl RIEte BN b AL IGNEf Y, pepstuction
anc%lBrﬁ#?Qﬁder surface of the thermal control plate 58.
eater preferably conprises a lamnate including a

r esT e heatey matetisbcarabave any du@iﬂe patteen Uu@énr@quesfm thermally

ers .of ol ric mater t hat .ca vvlth
unigbagatity GaRB S neSe T AP BPAe (A dacp T hupind thid heater
zonﬂ?(P@p Far éx@ﬁ?lé"%é fariRbRS hedtef Bah hags abr@gl:lﬁ#@)r'n%n&egular pattern of
yi mde so under the trademark Kapton(r), whi

rescs@me@tlag lipesguch aslacZigrzes) Eenpenauemrrﬁortmnmmezm By heating

T T e

tenfergture@oherelied bpeplatee80, a desiratis ternperatade d:chibUtibn can be
plate or a heating elenent | ocated in a channel forne

providedracresieMeloPcnEtrade 9 duEng opREAtiasrOfdhs shPwerezst e Siectrode
asste%lngt er includes a resistive heating el enment
nount ed on the upper and/or |ower surface of the
t heTh@ heatentseotions lcatedHadhe flgstttlfeatérezdnleenmlecoodmmer zone 74,
t d d i ati.on.
ancP lh&ilrdehecaa'}gr zonea% Icanebe é’éc%rgé) po gpmg c%n Fol rp?a% %tBI t'(:)ynany suitable
technique, e.g., the application of heat and pressure, adhesive, fasteners, or the like.
In a preferred embodiment, the first heater zone 72, second heater zone 74, and
third heater zone 76 are electrically interconnected in series via electrical connectors
77. In a preferred embodiment, the heater comprises three circuits including a first
resistive heated conductor adapted to receive AC current at a first phase, a second

resistive heated conductor adapted to receive AC current at a second phase, and a
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The heater material can have any suitable pattern that

provides for thermally uniformheating of the first
wheatsmossigone 72, second heater zone 74, and thP@TUS2004/042100

heater zone 76. For exanple, the |am nate heater can

third) fefistive’ IREHtE@ coftutte R atigptedan reedive WC olirremisatsd thirdl phase, wherein
heating |lines such as a zi gbzag, ser penti pe

the Bostcesrandcanshthirer phases are 405Ut REPDRSS Wil Sashiatber.

| 3¢ 58 Wi - S el S
oo Ran T FideS B8 Hebler gpR EBRPE LPINGA Troth = ingle npyer suppy
1102 IAeSpreféivad baTNORIMBHT, thalbower bupplpr 10ds elesticallyicdedected to

across the top el ectrode 20 duri ng oléerati,on of the :
thresreitgainferantiallk spaeert PasiSe AUEH a3 BOSPIL . feekived frepeRjRgs 93 in the

I . g
fIanggcr@I %r\bgﬁ%}ﬁﬁidp@ﬁﬁggﬁﬁ 68. Wﬁfpgég%gé e¢QR4ch %Qﬁté%ted to an

ter zone n be secure
eledttiealtdomdoaior @Fnwvhidh @ktehds &8obgh the/flange 68ite a boot 79, and

oSS0 8 g bR CORLES e S, B PLESRH o i
hea?m'_ﬂ%‘.gmé Wﬁe@?tﬁse@?ﬁtﬂ% tHiR eater 76 @f6 BediesdlI§'connected to

zone /4, third heater zone 76 are electricall %
the ittreeracorespondingi phasesiof $hey secandheatet wia casmestions £7and the three

onashe B S S AP SB35 SR R B o

heaAétayf 8shricttibAsg7ve AC current at a first phase, a
second resistive heated conductor adapted to receive

AC The thermaheonira) tata Peopraiarablyriaclydas fateral gagmaggages 75 to allow
) .
oo 525 FAUSHBI BIRE o, 465,06 1 R ERinr2to o plonu

abdveaheseavrd habterwonef74paaddrom the pleabnoabeve théssedomdrheater zone
in FIG 3, the heater can recejve, power, fraom a si.ngl .
74 toomelenspabgve e third @%?re%%ﬁt% Eﬁ%e&efﬁgﬁa,efﬁw'ﬂéﬁ@ra plurality
i i 2 . { . .
of GBS0 70 ) P TGGH b GABRAL SIS 58 S8ogu proecton 63
The gaspasshdes Hpare siged &3allow the eleictriog csnedtorshé? to extend through

o S s i R B, P st
zone 7 HAY tRiIREnEARPEENE T 6! T BRPpagshgesTh SlegsrefdraBlyl ldrge enough to

contacts a respective phase of the three-phase heater
allomothet pracess gasta he distrikuted oveothe grpermwsfaceraldhe thermal control

fodhe third heat 7 [ 0 d .
et 55830 B8 s3husETa R ShEES Frlsuta BORARRLT Y oo passin
throtigh GFEHIRES 78 @Bmiursiogting @ith ilerfinpd betwea thichthesmalocuhtrol plate

heater are electrically connected to the three phases

ancbthethacking memieitd®: by connections 77. The ther nal

co r ' I L.at

oot lop esBt fod® obican e dlekriclfy Ytfindef, 6f Btoiaiyely can be
powered|preférably byre radiosfreduemicg(REY carrédt saurae plieaypreferred

above the second heater. zone Jgfd and fromthe

embediment ibedep sirrtiods: 20 isgraun and power at one 8} r%rc])lggqfrequencies

is applied to the bottom electrode to generate plasma in the plasma processing
chamber. For example, the bottom electrode can be powered at frequencies of 2 MHz
and 27 MHz by two independently controlled radio frequency power sources. After a
substrate has been processed (e.g., a semiconductor substrate has been plasma
etched), the supply of power to the bottom electrode is shut off to terminate plasma
generation. The processed substrate is removed from the plasma processing chamber,
and another substrate is placed on the substrate support 15 for plasma processing. In
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74 to a plenum above the third heater zone 76. In a

preferred enbodi nent, a plurality of gas passages 75
wezdosnesishr ough the first projection 61 and seROMUS2004/042100

projection 63. The gas passages 75 are sized to allow

a ptdferred @pibodimlent, ahe tetterds adctivated1d heat mbrtheghaltdm\tlgﬂiplate 58
ancEassa ges 75 tq electricall connect the first heate

I Birpthediopeiectiad 29, Wosrb PoWeR i ithergtipm elactiodeds shut off. As a
resuﬁ’,l thEQ§%%Pe%tr%%%Sﬂ9%?n5eﬁ'a ré |§5PF§f§ ag)m M?v@hﬂféj fORUWHErE 8sing below

€ Process gas to stri over t e upper
a dssirécameniofunh tempbrata. ‘Bmtqpoelepﬂr@d@%&empeeaiutmls preferably

B3 T o OB st
pro@b%h'g?u r*i%e&é"?r%ﬁ shB@tréfé%%’FB'prééé%@@' m@ieatﬁrﬂf@ﬁﬂy tthéreby improving

nber 40. The top el ectrode 20 can
proeess:yleidsalTl}e powendepply drl OaJre@raldws/@orytr@ablmo supply power at a

oGRS oy ST v e R BHRRF SR o cosred

tenmferhfrd bPtHedRp cléffodper at one or nore frequencies
i's applied to the bottomel ectrode to &}Qnerate pl asma

in Tmesm\aemagreieet&degsmmép carpinclidgrRneor mgge temperature

s S B ABIE nlo BERNSIE PERefipctaur. Tho
teniperaiues Synwesmeﬁecaﬂy mﬁnlmecﬁby absintedler tvhichbeantrols supply of
ol s i s Lot R S aRedTE v

tenﬁ] FErO9Enssr gslﬁcﬂ'i%aféfsfthépthb%mei@{t@d@ ﬂ?@nﬁ@rﬁﬁfr@tlé 8Blow a

€ processe strate I's renoved fromthe | asma
predetermirseditgnopenhee, trmnbveerosup@iy $ithean @teeathamdabsema)mntroller to

th b t t 15 f
SURICPRNPELD Biechtiest o i el e Lo B FeRca) 2 of Bapve 2
preBB%rﬁh?éd@mﬁ&Btdr@' pI ate 58 and, in turn the top

el ectrode 20, when power to the bottom el ectrode IS

shufheheatensan alse be activated dupingipiasma geocessing of substrates, i.e.,

erature .
RT3 b BB A el UG Y e B ARRERE ool 10 and
thedibtlopiBRICBOHEE Fio exbffphe, dﬂrhgrmaﬁrhalpm@bwng operatlons that utilize
approxi mately a constant tenperature betwee

reletweb/elewi Ipuels of applied PRWSE iz geRgyate AL %ﬁm@htaﬁ heater can be activated
to rﬁgmélﬁ%g?erﬁé&a?uﬁcﬁstﬁggoﬂ%gztrwéfZ@r\mwn at&‘@%%@/temperature range.

rovin cess ower su
Duﬂmgébﬂ‘rellidla/sma pwmissmg oyidratioms mabphyzqammwedu high power levels, such

ired | evel adrateto h ed on t
as glelasiiic MR Aieh BroHeISedna LY B IPRZD Brifeslye typically
remdRs ghﬁiﬁern?l??\l@@ be%rﬁé‘ﬁﬁ%&@ﬁé%ﬁé §6 ihsdRe W%Mdéslr%t need to
can i nclude’one or nore tenperature sensors, such
be tibtivated tai prevent the tumeleonrodewﬁondpllmgdmlw\wemzumum temperature

e A ep SRR A IR R rSh G B By rermal contr
plate 58 comprises a cylindrical wall extending to the flange 68. The flange 68 is
attached to the top plate 80, such as by fasteners (e.g., threaded bolts, screws, or the
like) inserted into aligned openings 84, 86 in the top plate 80 and flange 68,
respectively (FIG. 1). The flange 68 preferably has an annular configuration. The
flexure portion 66 has a configuration that can accommodate thermal expansion and
contraction of the thermal control plate 58 relative to the top plate 80. Namely, the
flexure portion 66 preferably has a length to thickness ratio that is optimized to
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power fromthe power supply 110 to the heater. Wen
data provided by the tenperature sensors indicates
W0 bas/ot63186 t op el ectrode 20 tenperature i s bel ORCBHUS2004/042100
predeterm ned tenperature, the power supply 110 can be
accomhouateeldtdral amfa)ciahmooéhmnts betsugiepl the @eweal portions of the top plate
ater so as rmjﬁgt ai.n the togeel ectrode 20 at

80 aaeéwnaal ﬁPBH@E Qg pRand SApYeassaciatetdamage to the heragl control

§ t .
plateb§8 a \mg l%r&ﬂ %ﬁr}g?ﬁlgsrﬁgg?rﬁénpgﬁeg ?:}t?%:gﬂn@%maégﬁél %@br%%ents galling of
the mm\tvanbmsue‘aees Bamda&%ehﬂhleﬁheﬂnadmbmnmepm 68pand the lower

Y T R W PR —

can BERMifted BeWRier thedBpaiuiate a'or&f&ﬁamangeeafhﬁﬂi ﬂ—’fe l@%r B&rface 82 of
activated to naintain the tenperature of th

the teppiatedPe 20 within a desired tenperature range

P heBb oA R S BTRPIOMRLRREN i3 thE B bkl B8 i

suitasRs fisteters ! whichleXtatib®Boudithe Gferfm@s 84 thhé@:p plate 80 and into
temperature typically remains sufficie

t
the apenirgsB86 farmesdndhe flange 68. t'ﬂ@ﬂet%b%M tae@zhowtrhead

tecE ko) O BB Bl 1238 P Ao ot

top ptéte\@o. i 'ﬁheréi/erQMatehQG seaisitiee fup éndsobihiedpenivegs inethedbp plate 80

ntrol plate 58 conprises a cylindrical wall
suchdpbihg Stetnsrﬁ H\ethpﬁgpﬁgsnms arR At VASHYD RIBSSWe ip the RERpessing

appérﬁttfsh | Jﬁ%/ef?t fHefodfer , 'g:raﬁt égdmt%?gﬁi‘ﬁfo%dlﬁ %vacuum seal

rea S, Scr e sert e
arouad ity enempga|8ﬁg(ae.§4 LO-8iaigs il Odtroant bfpp;dvact@i &@uaddsefctlang eontaining

operis B SRR L s SR RS SRR S dgons sz o

which&9®nti® 8 spaicatii{part fsdnikgsgcconmodat e t her mal
expansi on and contraction of the thermal control plate

5gnrebedimentoot the thepnall candrobplateigfdn yvhlctmthefﬂlrémmectlon 61

ot BRI ERHPHESEEA Hohh BRI bR G35 e i area

betw@@M ahe et copeol plae 58ahd ahe fop platen80 cthetfastehers attaching the
ate 80 and thermal control plate 58 and prevent

top p&%tg&q texthg taermé:onyoi plate ﬁé.cﬁwbec@mqseﬂ ta|aimespleric pressure in

o et L 0 G gl a2t 15

s Mb&ﬂ&&y@! c&ndmﬁekenﬁaltyaspadwraﬁynnmmurw 106 ateopfionally provided

on the B1a 601 1 tREERA SN Plash D86 THe Alsbyreing 106 are sized to fit
in ahpﬁﬁ'\%r Bheﬁlﬂg%?ng%tgéﬂdv&rﬁqn *B’?é feh@O g&&rtfd%'hfw@&ﬁtd@ &d radially

the’l ovver ace
allgnrihattleermnl control platend8 relatwe to th@l tapplae 8G r ermvabl y
0O with suitable fasteners

d
Bt A Rrsali Rl e Bk 5% flaWiAs g0es o
intro§@ciﬁ@%réd§s@ gas into one or more open spaces (plenums) between the top plate

80 and the thermal control plate 58. For example, the process gas can be supplied
only to the control plenum above the first heater and distributed to the other plenums
via passages 75. The process gas is flowed from the upper plenums through passages
78 to lower plenums, and then through the gas passages 43 in the backing plate 42 and
the gas passages 23 in the inner electrode member 22. The gas passages 78 are
sized to provide a desired pressure drop through the thermal control plate 58. The gas

-10-
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the openings 86 fornmed in the flange 68. In one
enbodi nent, the showerhead el ectrode assenbly 10

W@ opn6Hes a cover plate 120 attached to the tPEI/BESIE4/042100
122 of the top plate 80. The cover plate 120 seals the

pas‘*s@@e@ 7eaditypieallphevé agiametdriof abopt Pl3aheh 8Theurimbéradnd
thée fasteners in these 0 enl n%gag(y <’il Va% ressuy {
arrangementsf Hoe 938 RGSHRGRS A8 IKPre syelegts VB Wtiferm gas

pregﬁgﬁba%&g]géé{de%r%s m@deéIQ&rﬁi% A cangt) o g\?/llffcgl‘é'\g g% Igﬁsggbutlon into

the ptasrachambet.alhe rs@omelmadgelee’ﬁg)de Iaasdﬁlnglyr 0 gan toptleaally include
ree vacuum,seal

baf{pg tibe PR RSO ELB BaUHIBHP COTTEH I b1 a8 flow.
e”bPr%l B erafifre dithd {bgil plate SO preferBbBtdrtdIled d?vhng heat

th I rst projection and second progjection 63 each
trarisfier fluie (I@wid nggaal)ﬂnrmugrpt’r@vﬂmpassagﬁﬁ &edhedoppiate 80 preferably

oGS5 SeATIRY, 801 % HEBCHTE BEe Ui iboroce

assehflyab. control plate 58 can be exposed to atnospheric
pressure in the roceSS|n? apparatus if the tops of
t heAHBOWN i ElGuof epeqings T1¢ gre,pravided ipithe flange 68 of the thermal

o LSBT0 AP BB et gpomot i
carcioe pravidedl etitvardly oFhike showertmad electsoddsserablyi Wk dAtsoitable

plasarcongneront aeambaIgoang & e aRiNy SRR RISeTB PRfinement
rmgS?%%n‘?@M%raé?%rrﬁgebq |ﬁ|<f'6trﬁr?‘188%/‘b\kﬂi@i Loy, Pé@h?N%OPISBlW5PRNhlch is

y 1nc one Oor nore gas
incmssatgd&eiem byreferdnce ingitpeotiretys gas i nto one or m)re

© Rl 1 fveBHSR Fds bess diEgrbed i arB Wil Aiiac Bl o sageic
em?I : g‘éﬁf H%?ébfs‘i* Vol e éﬁbér@ﬁt t6Qﬂ6§é’blePé@ﬂﬂme3éWﬂ%ttvbﬁous changes

eater and distri buted t he ot her plenuns via
andawdifigations cambe made.cag ngvalgnts enployedoitheut dgpasting from the
| e thro ssages 78 to | ower plenuns, and then
Scdﬁﬁﬁgggﬁapﬂgnégg Gﬂ§§ages 43 in the backing plate 42
and the gas passages 23 in the inner el ectrode nenber
22. The gas passages 78 are sized to provide a desired
pressure drop through the thermal control plate 58.
The gaspassages 78 can typically have a di aneter of
about 0.3 inch. The nunber and arrangenent of the gas
passages 78 is preferably selected to achieve uniform
gas pressure above and across the top electrode 20 to
provi de uniformgas distribution into the plasna
chanber. The shower head el ectrode assenbly 10 can
optionally include baffles in the upper and/or | ower
pl enuns to control the uniformty of gas flow The
tenperature of the top plate 80 is preferably
controll ed by flow ng heat
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transfer fluid (liquid or gas) through the flow

passage(s) 88. The top plate 80 preferably provides an
webk@stsiisal ground, as well as a heat sink, foPCT/82004/042100

shower head el ectrode assenbly 10. As shown in FIG 2,

WHAPEhChasMEDAHSIre provided in the flange 68 of the
thernmal control plate 58 for passage of control rods
of4.a pl@%ﬁ@m@%hﬁ@ma&e fop sappdringldl showshehe esaridesd a

outwardly of the showerhead el ectrode assenbly 10. A
sem@onduﬁoesws&m pmﬁssm@iﬁm!a%rséﬁmpylsmcl udi ng a

STy RBCRTA Buorl B iRGVa RBen 408 p sgperature-

contmed%ﬁéﬁtéﬁnd whi ch is |ncorporat ed herein by
reference in its enti retdym While the invention

beehMedaldpnerRPITian adeats %rwmaga@r@@mm ghowerhead
t

elect?ci@k??e Ay nﬁ’ﬁ@%e??ﬁ? Hﬁer%ﬁogﬁ@rogmsqﬁeﬁ%l dMoS&ectrical path
betweedithe tap plats andishbwertesdsl elaotlodeiui val ent s enpl oyed,

W t hout departing fromthe scope of the appended

claims. WHAT IS CLAIMED IS: 1. A thermal control plate

foy su fHe"r‘lgiaﬁ% Shepiead b’ Wﬂéréuﬁ‘ﬂ?e outer portion comprises

seni conduct or substrate processing chanmber,
an acouipr flangeyand theeinaler paction goanprises adaptogded plaite; the outer portion

weing EARAEA SN RARF prih S FERBI RS 0o 10 b

renovably attachable to the showerhead el ectrode and
the top plate, the inner portion providing a

ardl el ethe thesmapeeniral diatedt Glaien 2ophprein &h%ﬁ@ntoured plate
com@%%‘@ﬁérﬂﬁ%e%@ﬁatncret i %rﬁ an@rhfﬁ gn'f'gj%gﬁé)rpbﬁ the Ghﬁé?s&fface, the

r-ses

first profadtion ifidladesadinst Hoae tnaneﬁyr sarfate adaptmtlbl temrsfer heat to the top
contoured plate, the outer Eorti on b %gconnect ed t

plate; gad iaptienalRacesrnaft annylaxeioovescep tom%elvﬁénr%ntlona' O-
ringsTutivesh the & B%fte 913‘”5% first W@%f ﬁéﬁ‘sf&h@uﬁé’é@ oured plate

conpri ses an upper surface and an annul ar first
prOJectlon on the upper surface, the first projection

t rine dheibermakoaEd ISy i 4 iRgei B pottolied plate
?ﬁﬁulhr 3E¢BHPProfE@ivK Th l‘h@ﬂfﬂ;ﬁlﬂ isBffat® ah@crﬁdiéﬁ¥ aPaced from
optional O'i1ngs between the top plate and the firs

the fingqurojection.itbe seaon@@eojeanonﬁm@lude@ramcmheai|tramSéaresu5face

N N T IR T —

configaeddpiol r)écéW@QﬁﬁiuoﬁéDOlnngs between the top plate and the second heat

transfer surface.

com

5. The thermal control plate of Claim 1, wherein the inner portion comprises
at least one thermal bridge providing a thermal and electrical path between the top

plate and showerhead electrode.

6. The thermal control plate of Claim 1, wherein the outer portion includes
alignment pins adapted to fit in alignment openings in the top plate to provide
circumferential and radial alignment between the thermal control plate and the top
plate, threaded openings adapted to receive bolts extending through a bottom side of
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the first projection, the second projection includes a
second heat transfer surface adapted to transfer heat

w0 o00slesiBOp pl ate, and optional spaced apart aP@TiUS2004/042100
grooves configured to receive optional Orings between

the &S platd, aHdbsticHH grdsyesendpted Bpteden@GhtRIna$ OU-fil§E befiveen the top

The thermal control plate of Caim1, wherein the
platergngd thedhermal il piade. at | east one thernal bridge
providing a thermal and el ectrical path between the

top plate and shower head el ectrode. 6. The thernal
cort.r ol THeathermal € rtrohplatewt €laimm 1} fuethentemppisirtyg atrieast one

i ncl udes al i gnnent pi.nsg, adapteq to fit in alignnent
hea&%’e?ﬁ?f@é'@ 9 %%495& %?ﬁﬁ?i'ﬂ% sﬁgwﬁa’t?\ﬁdo%%tm&mf erenti al
and radial alignnment between the thermal control plate

and the top plate, threaded openings adapted to .
r edki ve The thermat eontrol plateof Gdaima7 pehersin thealbeater komprises an

inndsRedinESxon sl 2end R e Sttt f 5t ot mp outer
heat&ddction udlvard ffomithe dehraMBdn& oNtheLonkbed prate i finer heater

1, further conprising at |east one heater operable to
sectopgng qwder heater sectiondaring infarconaecteddyy. atdeastene electrical
conbg%):]ml control plate of aim7, wherein the heater

ises an inner heater section in a central zone of
the contoured plate and at | east one outer heater
section _outward fromthe central zone of the contoured

pl &e, tihe themeal enita Plajeof ChaimiAdwBatedn thehealer comprises a
Iamgrﬁgé 'ir‘r’(%&ﬁb A9eklatigd ‘F\%Qgﬁéj ]F%geﬁl @tw%@ﬁ%'ieilg crl)?%etrs.

ctrical“connector. ermal contro e of
Claim?7, wherein the heater conprises a |am nate

i nc) udi resi stive heagti mat eri al between .

i bt ihe thepBRLCONED! PRE of difth» WARHED N heiater gpmprises a
thrde-gha8e’hedBpr €i n the heater conprises a three-phase

heater. 11. The thernmal control plate of Caim?7,

wherein the heater conprises three circuits including

a fjirst pesistive heated .co tor adapted t eceive .

A dur r e et BpB B CAALEL RABRE T FedtBh i Byses three
circaié fHefddiig adret redistive heatidvéorfuctat ddiptedito AecRRROAC current at a

phase, and a third resistive heated conductor adapted

firsttphasec aispeopd resistienheated sondueter prapied toeceiveAG current at a
secHpRGediind B4 RASRR MEI8d R pdln R Eptht po curontat
a thirdrghage, thenfirst, sieognd asdphiss pbases being 120° out of phase with each

other.

12.  The thermal control plate of Claim 1, further comprising gas passages

extending between opposite sides of the inner portion.

13. A showerhead electrode assembly of a semiconductor substrate
processing apparatus, comprising:
a top plate;
a showerhead electrode;
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ext endi ng between opposite sides of the inner portion.

13. A showerhead el ectrode assenbly of a sem conduct or
wWGepshsEB@ processi ng apparatus, conprising: apeDpPS2004/042100

pl ate; a showerhead el ectrode;a thermal control plate

at t grihefmbPcdmfol Pateritiaendd &b e sisleemeadidisctidte @h@tree top plate

such that a central portion of the thermal control
sucp|thatea centighpastien péthﬁ iheemalcanieol piate i Bravablentelative to the top
latJ gﬁﬁ one thermal bridge between the central portion
Platg e thermal control plate and the top plate, the

t herargdastionéghemalbritigechetwebarthaleatrdl oréioh of ted trmmal control
bet ween t he shower head el ectrode and the toprﬁia\
plateanarthe tepfltenthetherraak br &Cﬂ@ oyiching 9 taermealand electrical path

spaced- apart
be%%’?#aég@mgg%s%d%%&% ﬁ% elelyecltolr ode agsenbl y
of Cl aim 14, V\,her ein each of the thernal bridges
co a er of t j, al ov,..dj .
thg1p 'S pﬁaggl ut?@ﬁfe yogg ﬂé,t\%vlélc r?:%mpnses at
Iea%th@b@ﬂer&l%ﬂéﬂed%ﬁér?tﬁé‘?ﬁ\ai Bﬁdéé’ep plate, the

ricating naterial optionally being |ocated within a
vacuum seal conprising at |east one Oring. 16. The

222 el?}eegﬁcgy%rﬁgggfeﬁcaﬁoﬂeges%@% ? g“ Wﬁ&jefh each of the

theﬁﬁléltdriﬂge%Qﬁmee%ta @Weﬂﬁﬂlubnmtﬁi@mieﬁm proddiagtth8rnidl and
i nch to about 25 inch. 17. The shower head el ectrode

elecigealfgngdustivity la@tmefa the thermal cepirplplaterand thestopeplate, the

o bl A B PRl P o oFng s

one®airgy. is a three-phase heater. 19. The showerhead
el ectrode assenbly of Caim17, wherein the heater
conprises a lanmnate i ncI udi ng a resistive heating

matgy i al r
. Tﬁée%w h%@ ower dé”s;sl“eect Bf DIAhEESE, Wﬁerefln each of the

mat eri al ode assenbly o
layeEs af nubr&atmgenmenatm@ armpnpu@r eonfiguraties aad 4 wiith obfrem about

gh which a heat transfer fluid is
07%“%@ S'%S)uggné"{] CNt he tenperature of the top plate. 21.
The shower head el ectrode assenbly of Caim 13, wherein

the thermal _ o
17.  The showerhead electrode assembly of Claim 13, further comprising a

heater adapted to heat the thermal control plate.

18. The showerhead electrode assembly of Claim 17, wherein the heater is a

three-phase heater.

19.  The showerhead electrode assembly of Claim 17, wherein the heater
comprises a laminate including a resistive heating material between opposed layers of

a dielectric material.
20. The showerhead electrode assembly of Claim 13, wherein the top plate

includes at least one flow passage through which a heat transfer fluid is flowed to
control the temperature of the top plate.
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control plate includes a flexure portion configured to
accommodate differential thermal expansion and provide

wo b@smoedis@nd el ectrical conduction between thePeDPS2004/042100
plate and the thermal control plate. 22. The

shoxyer hersk shewérhedd electRidR Asseimishy afF Didim 13hehérein tHecthermal
shower head el ectrode in¢ludes a backing plate bonded

contrel plate pisdydes a flaxwredrortion configied tapecoymadate ditesaatial thermal
exp%glg m 4 ep;&'/f% %\Q@Ehgﬁﬂj e@cfrfctar eggdlgéggﬁté/e%é Ct% ‘;l]’ég&blate and the

theprhalt contidh platée shovverhead el ectrode assenbly of laim
13, wherein the thernal control plate is a machined
pi ece of alum numor an alum numalloy. 25. The

per hepth gh&g érrhe%a FESRS % t%%w Oidich 1@1@5&@}1 fee

top platels attac contr | ate B
showerhead stestrede indludés e>haehm\gtmam1@pndqmm argspper surtace of a silicon

t | at e, the showerhead el ectrode assenbly

P'aféﬁfx g’ﬁ&'qs\}omﬁﬁp%‘?ng a cover plate attached to a top
side of the top plate and sealing the openings such
that the fasteners are exposed to vacuum pressure in

t he23r ocﬂﬁsh@NgﬁlﬁédﬁlQﬁmd@@%ﬂﬁ@'% ﬁé@éalnnbaa whergin feebacking
plafiis Setatinfs berBniette " Cont ol ol ate w th fastener s

whi ch extend through openings in the top plate and are
screwed into threaded opem ngs in ttcw)g :i\ | east one
Gl

t heéddral Y19 shwerbgad elgct qu’@ aseemRly geid c%h?fﬁ"sm?gtherma'
con@‘g bR ls fchiried Pietd of duPhiRMir Braf aNARHHM AR5, |

such that the fasteners are exposed to atnospheric

Chcr nelhs sheteRead et /& i Taberein thedop plate is

attéc%d R{) S tHetml E@ﬁlrr‘&cblét‘é Wlh?fés’?éﬁé@wrﬁ&ﬁ‘bk@ndﬁh%@h openings in
asteners which extend th rougll‘mmt penings in the

thettmp platattbe showespead e@gtrhde .angemb mrally mc@edmg lgagoVer plate

attqchgaﬁg%r@?%gqésﬁweg \%éagﬁsqr{qo B‘Fg §E§w§'sis&§mﬂéf tﬂe fasteners
areteh@bﬂ"édi t& QA& présife ?rBtheTﬂSi%cééﬂhg ItralpPaﬁbtaé.ect rode

assenbly of Caim 13, wherein the a east one thernal
bri dge conprises two spaced apart annul ar projections

on jde tﬁfé Ei’?tm&ﬁ%%(gl &@ﬁn te“%flgtggo\?éiﬁtﬁ'\ﬁherem the top plate is

att'ached er ma ‘ast ene

attashiedho ¢txé thetriah contgdl pmenmﬂgfssiténdrb@vmdpepﬂeaﬁethml@h openings in
into each of the thermal, brid and .t
the demplade apdaare scraweriedo F'H?@?‘%‘? PpeRigaE it atglsest one thermal bridge,

eadh¥IRE BFerntdl BYidhed REMPrRIngFAt 188t one O-ring which provides a vacuum
seal between the thermal control plate and the top plate such that the fasteners are

exposed to atmospheric pressure in the processing apparatus.

27. The showerhead electrode assembly of Claim 13, wherein the top plate is
attached to the thermal control plate with fasteners which extend through openings in
the top plate, the openings having diameters larger than diameters of the fasteners to
accommodate differential thermal expansion between the top plate and the thermal

control plate.
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and axially extendi ng gas passages between opposed
surfaces of the thermal control plate | ocated

wo adosnediBy | nwardly and outwardly of the ther nedT/US2004/042100
bridges. 29. A nmethod of processing a sem conduct or

sulpg. r atfhd shawstehd @stirider assently af Clgimot®ashergin the at least
chanber, conprising: a) placjng a substrate on a
onesthisEMALRRAGR. BPHPEiSEH WO 99%@%8!%@1’5%@?'8@@60“0% on the thermal

corfTRBISEHE 5 gV 44 B8 MARARALS! i Wi fesoners wic
extentPiHryugiy openings és thegtop platecarichimtep basiraf teathieematbtidges, and the
t he shower head el ectrode. assenhl y accordi n

( to d ai C
therpral contGL R AHsISS lplesahEeRPBANDIES Pasag8s JoUgR th projections
r I
e AR g 438k B 0D gl hermalconrl
plateUbsatedtlatevaltyinwaedlp land artwaidly ef therthermal bridges.
generation of the plasma; and f) renoving the
substrate fromthe plasma chanber. 30. The nethod of

C gign 29 nvdtR6E of pFdtessinguesdrardnalicier saBstraeseEbdemiconductor
further conprises a heater, the nmethod further

substrate prosessiogiohambey, esraprginger after e) to apply heat
to the s e d LNt ain.
o P B A 8 S BRlR OBl A A BB of o
senfic8hdaclor sibstidie pbrosussingsaparattis| th sulgstidte sbpportindluding a
appl ?/ heat to the showerhead el ectrode during a) to
bottom electrode;
b) supplying a process gas into the plasma chamber with the showerhead
electrode assembly according to Claim 13;
c) generating a plasma from the process gas in the plasma chamber
between the showerhead electrode assembly and the substrate;
d) processing the substrate with the plasma;
e) terminating the generation of the plasma; and

f)  removing the substrate from the plasma chamber.

30. The method of Claim 29, wherein the showerhead electrode assembly
further comprises a heater, the method further comprises activating the heater after e)
to apply heat to the showerhead electrode to maintain the showerhead electrode at a

desired temperature.

31. The method of Claim 30, further comprising activating the heater to apply
heat to the showerhead electrode during a) to ).
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