10

15

20

25

30

WD 2005/ 065186 PCT/ US2004/ 042100 SHOWERHEAD ELECTRODE
ASSEMBLY FOR PLASMA PROCESSI NG APPARATUSES BACKGROUND
Pl asnma processi ng apparatuses are used to process

\§&Q®gh%ggﬁzsby techni ques 5 including etchi ngcrﬂﬂyﬁn%ﬂlmo

vapor ition (PVD), chem cal vapor deposition

R A ALY PR PR

processi ng i ncludes a reppPARATUSESer contai ni ng upper
and bottom electrodes. An electric field is

establ i shed between the el ectrodes to excite a process
e plasma state to process substrates in the

reacti on chanber. 10 SUMVARY A shower head el ectrode

ass f ' I i .

oo aya ProcksSiE BTG arsH IR 15 b8 SBSIaNs by techniaues
inslnding reteling pasicabeiEpdrepositiem{RMNY chemicat uaptndepssition (CVD),
) pr_ocessi,ngach@nber are pravided. A @r ef erred enbodi nent di
iog fmplaptatioReand ERist sempyal Onetype of pesmaRyosessdaprargfys used in
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P BER31G hButes STAEAAARber LT G e
elattradaesalAreeteotriz fielthiserstablisbed betweehthel etesprogestaeexcited process
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portion of the thermal control plate provides a thernal
sanskectrical path between the top plate and
—shower head el ectrode. 20 A preferred enbodi nent of the

shower head el ectrode assenbly for a plasma rocessi ng .
appas ahowerheag Electwda asspmplyafa semichrAustorsylpstrate processing

o BB i AT 6 i e i

seHiidondifor subshats prosusding bledmbercaretpravidebr ti on of the
oo DAL % Vel e LS Lo e 2 and

elisﬁtgo{%fﬁté ?%TE;.%EFH&& %‘ébrs?%té g@icggsgﬁ arfBef édthpidedt £t outer

P p et rovides a thernal X
partidn rethowably attachetiéatda tamperatune-cohttoledHon plate cand a metal inner

d the t te. The th [, bri f | :
pgﬁep lggggv%qy ghggh?aoglg ngth rgpnl?g]earp'oequr[ > e?arﬂ @gltﬁﬁ ’p!a‘%%. The inner
p%@bh oftthePtheihdEcdnirdl plte ﬁr&?idt@% QahéinsatlangwsttaEal path between the

tween opposed surfaces o e thermal control plate
toprplaterand: showerbeasd elgotredt her preferred embodi ment

provjdes a t hod,. ' '

bk Pifefef etifbnfi 16€ 5o Rtndeg 3ECE0g R4S ARy for a plasma
pfdtasdiRg apphiatlis comprises 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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conprises (a) placing a substrate on a substrate
support, which includes a bottom-1 WO 2005/ 065186
PCT/ US2004/ 042100 el ectrode, in a plasnma chanber of a

wE R AREt or substrate processing apparat Usipcﬁﬁ)szoommoo
supplying a process gas into the plasma chanber W th

o BHRYR, e L Ser A S BT bt ocgs;sgfgigggadraws ®)
sm@mgpa biscdab datnteRE PRIsnREsHaRaTerivith éﬁﬁd\ﬁéﬂh%éé electrode

el ectrode assenbly and 5 the substrate; (d) processing
asseEbiyacnarding tovatpretemied simbadiments c)igeneratingi srplasme from the

o B 0 D UA3EEE oy e RO BB ssemoy an

thelseB i ste o(d) ik inglthe sabethity withtRé pRrmnaa (8tefainatihg the
anot her greferred enbodi nent, the nethod conprises

geteration ofige plasmas and () demeying dhe slébsirm {fromyt&gtplagna ghamber.

TR S BleEbhae FPee T AR, ofaR R E REFRF. In ancther

pratﬁriedaémh@jltdeat hhahmthdrdncmphsesrmvaning thechesitenvaftergaltto apply

el ectrode during EF DESCRI PT| ON THE .

hmme@mm@ dﬁ& rode fo vﬁra@\lalatt sfaowh?%ﬁlwogg al & desired
I

teﬁfg ee Qnﬁ)(??%@tsrﬁfsﬁprtg% g@g%g gﬂgﬁéﬁlf gr@a{:l'ogﬁ% Ssﬁgﬁrerhead electrode
demgda);B:rm; apparatus. 15 FIG 2 is a top perspective

view of a preferred enbodi ment of a showerhead
ate. FIG 3

H 3 onnecti on between

a power supply and a heater of the showerhead

el e|GOdqlIRNARIEA oﬂ%ﬂb%eﬁﬁ&@ﬁhﬁbﬂrr%hﬁ& dSKswdrhead electrode

illustrates a pre erred enbodi nent of a shower head
asseadly ankay68 upportfera alaﬁrnamcftﬁsrr@e%margtus
t
SPPHIG, £ 2Tof BoRheSB SR Sigertub SRRt shovernead

el@d:tﬁiderasb‘en&ﬂ)’ﬁeﬁthbmthﬁtdmpla;e one hal f of which is shown
in FlG 1& conprises a sho ﬁgd eIectroderncIudr egr
t op Fdfed l@ér@te@oa‘h%em@ﬁ‘ ?Ptﬂ ICOBHER"F% ShVeBERA RQVET supply

R4 N L I TS 0% &or L " g pi e 80 can

forma renovable top wall of the plasma processing

DEpABEL DES l a plasma etch chanber. A substrate

support 15 (only a portion of which is showmn in FIG 1)

ol oo frath & AR EE HBRRAR oEBIshBRBhsad pipcirasg pesembly

10 faﬁ tatpwsrﬂb Wde%ﬂmg%plafatwm whigh $Bridoneastor sobstratedes.g., silicon
of the plasma procCessi
wafers, are ;I%rocessedIO The showerhead electrode assembly 10 (only one-half of which

is shown in FIG. 1) comprises a showerhead electrode including a top electrode 20 and
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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30 apparatus. A substrate 16 subjected to plasma
processing is nmechanically or electrostatically
cl anped on an upper support surface 17 of the substrate

wWo'bROhds1g2- -2 WO 2005/ 065186 PCT/ US2004/ 042400,

top e ectrode 20 of the showerhead el ectrode prefs?a-dpglmmo

out o oaca pofiiE 20,51 E s SREn RS HiG e HPfecly L BREn nner

elddtrbde RiefitRir22) ¥nd ap)ptiosdlicutdr diaicdie(Re@ber 24 NThe inner electrode
crystal silicon The inner electrode nenber 22 can

member 22ds araferblysagylindricalpiate (eguaingle crystal sicga).  thenipner

Bl g 22 B P G P an it

to/te processdd) . gfﬂaup o112 {liche® (300 mfn)duhe phdte ys madelofisingle crystal
singl e cryst licon material. For processin 3(%@ mm
siligare which lﬁéh% maximuemciametes Oﬁﬁ%%fit|Y234'aF|§b'B rsensl%lga's{ silicon

B e 5 300 s RS 1 Rl o o
eXprindahe dlameter bethe top eledrudaQOrfmnﬂDabomtel Sjinches to about 17 inches.
oly-silicon 10 nmenber, [ or a se

ch as.a rin % mfnt.d
The eiier elastigde memberaiean bS aEgRENIQUS TERRG (10 A ROY-IiEPD
m% e'rgél;cﬁtqéjé‘ nnﬁ]gﬁpaa.s% ARAER Ynamber Eé ggbﬁe séparh@ se%ments

I con odlmets of the to I ectrode
alramgedslm aarimg bmmﬁgueatm'g saech as ae@nenﬂseﬁsn@BEcrya@hblchM4 In

e%sg‘?ﬁeﬁge B{ &'Fgresfe lgﬁ 3@6{%% 'Hﬁgﬁs ﬁ%‘“ﬁ&ﬁﬁ%ﬁeﬂ Oyfei %Iectrode
ﬁﬁﬂ‘a preTBI%bNHWe ﬁg@gwm@l’?oﬁﬁ?zﬁgeéachﬁatﬂ& to protect

prefer ab} l'ti'pl e gas passages
an ondendying bandﬂngMen@jéeom exposure ¥pplasman @epnagm[ectrode member

285 e ARS8 P ds B H G B8 s o

sPA iR'd ﬁgsr‘i‘iﬁtrééd:tﬁ\in dhambdr defvedtxthe 165 cidtrbde 26 anld tottem
i nner el ectrode nenber 22 and the outer el ectrode

elestrode 154 Hi gh-puri ty single 20 crystal silicon

m ni . i

or ocBEbR8! Ade teRreR MRl € pebiie hefsRp Hitaces of the
inhaf BRctradé nethiserd® and tmamtltéreelea&nmi membbaﬁibengh pnnly, single

al so wears smot hly during plasnma %&esm

crystal gilisem gwlwavzew@%ammﬂﬂ% PheybsiratesAing gémﬁ &’(Oi%ﬁ'"g as it

B8 o AR OO 4 RePlerl 1408 epston hanber,

any afsel weara sniootily pludihg plasdthaepriooes sing therehy nsnmlang gadicles.

el ectrode as ly 10 is lar enou r '
Alargine qEusas et Cei g GeddareyRamepared ST G o lectiode
r?:ﬂ?d |C°fS|ﬁoﬂlN“BndF}¥l£0§@& dipd.ers, the top
I'ec is at | east 300 nmin d| aneter. However,
t he Bfmpmfeﬂedi epibodimentctheshowsrieadgleatrods assgmbly 10 is large
eﬁougchefc'or processmg large substrates, such as semiconductor wafers having a
diameter of 360 mm. For 300 mm wafers, the top electrode 20 is at 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 electrade member such that a single backing plate can be used to support the
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waf er sizes or substrates having a non-circul ar
configuration. 30 The backing menber 40 preferably
includes a backing plate 42 and a backing ring 44. In

WosthsRERgdi ments, the inner el ectrode nenber P%%{ﬂsiowmzloe
Co-extensive with the backi ng plate 42, and the outer

e B RS 1 45 SOIBNETINERUls fmner, Top o
eletrode neemieerd Dantie duier electrade reba'd:)tar a4 arerprdfenabmmtached to the
L e
TﬁE’BQERm i ec%r ﬁ&%%%é’éj% Bks ﬂb%ﬁ%ﬁé@'ﬁntﬁ%‘i@?és gé&&ges 23 in

I nner d the duter elec _
theeimher elédtredeanmndfewﬁttbprmudmgamﬂow into rlm plaskiarpfonesding
nat er l.a S UC lasto

cégfﬂgéha”ik‘)?ga% Bg$5399?#é‘ %&Plﬁglly Yayea diametel nﬁrggguggsm inch, and
tHeGEAasahes 2 canadoithilyhdveca éﬁéﬁ\d@éﬁﬁ%@&t@@%mctﬁ the

nher el eCtrode provide gas flowinto th
pI asiibe packing plate 42mﬁttmckmyrr@gg’eﬂsar9amef@g@!§y rade:nf a material that

el ealiSiut hF s Gy ik or st Bffcprdifor

széi?a'ies ﬁﬁhe pTéB?anFdﬁe@éan lchbmbér, hasc duwtiidiert dfltﬁérnﬂexpansmn

are preferably nmade of a material that is chem ca

Clﬂ@ﬁhﬂﬂﬁbh@@vﬂ"ﬂtﬁﬂh%@mogﬁgtiﬁemﬁjeﬁwférr is plestically agd thermally
|

cRFERT ke e oy B AT ARG lmoer 0

lrfdtﬂﬁﬁbut ﬁl’%tndwmﬂtetjha,t raphiteh@nd Bt r ode material, and/ or

e [ HF %'sir o b B oo S e S Brting ing
4%&\' £‘ﬁ‘| %II g ef’éfg %c%h(m&ﬁé’ eLa%torﬂéi%BHdir?g Aaferidl that
acf Fode 20 ca

he t op e attached to the backi ng
aptmhmodatarttletmaﬂstmgses agd trehsfess heatrand elaetrlndleryefgmdetween the

(G SR 2 Sr RBS HERAYS pBLOS 3R haBRRE B 412 e e ff Phstomers
s sl it
cemamnlyrowsed AL5. Batent Ng. eﬁa&sﬁér whighfisiteorpsratgd herein by reference

eJ ectrg&e assenbly is described, for exanple, in
owned U.S. Patent No. 6,073,577, which is

I NCOTRE bAtKifg Mhite 42 did thebatking eing 24 dre préferabiy attadhed to the
The backi ng Iate 42 and the backing ring 44 ar

thararbeamirg) piate S8t swtablatastenersxihichura be tyeaded balts, screws, or

W 1 ARG Sy 5 o ool conv

pkA@ 5B%ndrmeewmhnt@tmeb@eﬂ opemrlrgs ihHlee: batckiog menatber 40.

Referring to FIG. 1 and FIG. 2, the thermal control plate 58 comprises a metallic
inner portion including a contoured plate 59 with an upper surface 60, and a first
projection 61 having an first heat 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 contro! 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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plate 58 and screwed into threaded openings in the
backi ng nmenber 40. 25 Referring to FIG 1 and FIG 2,
the thermal control plate 58 conprises a netallic

wOBRS0RqEd 1 on including a contoured plate 59 P\f‘.“l‘hﬁz@)ﬁ‘mdzwo
upper surface 60, and a first projection 61 having

ek AZ oTng MBS0, RSB g 5 e

attRipdthe Msté@ndts sbihatithe tharmal esrtenl plateBe daRRIEs re!bhﬁe to the top
t hermal control plate 58 can include nore than t

pﬂ@ie)}Oeaﬁqomod@egmsm@m i tharmsl expansiqn of tégtth@'ﬁgal cqmol plate
%We%ltﬂé@él plate 58 is attached to the top plate
S

8ifers that extend t hrough oversi zed

openThgthefimal coitroMp)ate 68 tahen inclpded atflexaiecbortion 66 connecting the
t hreaded openi ngs 65 |g@éhe syurface 62 o

inGep parion 4 ap pulerartien ard Inghidig a ﬂ@%@%gaﬁnﬂéﬁf@} lsﬂi-‘ﬁf §Hrface 70
Wﬁ%h(lg hg‘g gialnsﬁ he éﬂb%%gﬁ‘guﬁgég 6ﬂb a"lé 8025 H3 fﬁgt heut tiaf8fer surface

enin £8 Tecai ve asteners
62 and\sebbnd heatatcainsﬁresm'faee ﬁulpreferabmha\tﬂ an anb@at configtiraton. The

frég g%é)c?@é%p@?m (ﬂészq%aﬁé %ﬁ%@%nt rg? i kﬁlg?@slp %fﬁalgl% of H&%1 about

0 @5qﬁéﬁpfafout®rwm€htém 5 MAR RS sabdUt 8L75 iReh td 966@' 1.25 inch,

contro 58 can slide relative to the top plate
Howeser, drerﬁnsapmjemmnemcandlw sgoondprojestipmr3 can bava a@on-annular

RGeS SR AR 38, 598 B cofrdliion

por { TRE tHEPaPEoFd) ipiile 5B9s pleférap nﬁédé éha met.ﬂnc mdt@ial such as
ortion and including a flange 68 having an up

a mingmeart eluminuaralioy, ercthe llbgaﬁhgﬁhqmabp%wmlajgﬁﬁa&erﬁerablva

iRt e ttnd Riceal sl YA PRI P REIRE A0y, The top

pRite 80 & prefetablyuhade enaluiivium br as aluminimcdliogn Thi tep gldté80
second projection 63 preferably hav &h%hof from

peafeablyincloties one on Mase ABw assages $$1§H0U Whigh\4 tempesature-
SFAESIATRL, Bt gkl BPH chadBius Yyt

dbsived ﬁmpmatarmul ar confi gurat| on, e.g., arcuate
hedral_, roun

, I
conPBQUP%BP ssmg@fpmddé@ﬁrrsyssﬁqgtué hesprogessing chamber, heat
|s°lii'§fs?éﬁéﬂ ff‘oﬁﬁﬂﬁ |ﬁ’r§er%|é@r‘oﬂb|mém8&t?2 hﬁ’d thesélﬁér &igctrode member 24

um num an alumnumalloy, or the like. The thernal
and the backingplates42 iapd maekneg gibg #4do theslowet isurface gmweblop plate 80

e AR b A OB T . SN o e

sQﬁa@“S@'éﬁB tAESOGHN dpper siHacd PD. M éther ﬁardspm‘ma;brbjectuon 61 and
I ncl udes one or nore f|ow passages 88 through whi

seconsprajestion 63@isq provisie themmal brigges betweaen tae RN eiﬁctfeaﬁ member
2?9%@8 @bﬁé&g nteMbE 23 Babkihd BlatPB2 BhabcRhg fing¥aSto"tRE top plate

80. This enhanced heat transfer at spaced locations across the thermal control plate
58 can achieve a substantially 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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20 During processing of a sem conductor substrate in
t he processing chanber, heat is transferred fromthe
i nner el ectrode nenber 22 and the outer el ectrode

\?@Q@Eﬁmﬁ% and t he backing plate 42 and baCk'PQ‘QIIfSEJbgmﬁ‘}oo

ower surface 82 of the top plate 80 "via
t her conduction fromthe first h trapsf
capBe RBBISITR, SHER A ATWHERE Patleles A oecdiodutd o Ghg HoplsRE Surfaces.
Tﬁéﬂoﬁ@é Partities maP cBRtamIRate Substidtes in fe BB ENaMbéardtiereby
25 second projection 63 al so prOV|de thernal bri dges

reduce\pmeshalaldﬁqer el ect rode nenber out er el ectrode

L op 1hhas Beer B6ie ﬁ@ﬁéﬁ%%ﬁ@%ﬁ%%’%ﬁ@?é#*gqf‘*@%@e@% 80

andisithk WREmiHl cBRGOll fistel S8¢dTBbe AfiiiniZdld 1) Sib6ingZBmatdtial that has
achi eve a substantially uniformtenperature

lubiricityrbefween the eppesedysusieces sin s prefeped embedingrnd, aljeagiene layer

oGR8 e ABERTRE R4S Yy e g anc o

sdb‘éﬂd meabfahsfdr surfade ®t ofthe therniah odntrdiplate 1I58sanid thetltweer surface 82
top plate 80 and thernmal control plate 58 can slide
OfrtbﬁéﬁﬂﬂlétQ%oeach other. This sliding can gall surfaces

Of t'ﬁﬁa IhBHcﬁln%t r‘ﬁat%?ia?@@#gé sﬁfﬂ&%ﬂﬂheﬁﬂé‘ltérﬂ elBLHRiES! éﬁfductlvuty to

surfaces of a central portion o
prbhﬂetfhlesuiﬁd:lenthﬁat dlanpfentond BRictridahtomhuttion froenthie fosthiweat transfer

d 5 2005/ 06 86 / US20 042100
suffhcei6a and Secad Neat HROsferBwiaka 44 (o 08 o8 plalS B & pratsured
mbfte?f) {Hat &Rfﬂé%.cthe§élpfo§iéﬂ%s i 'eﬁh%léﬁ{%ﬁﬁy @éfbhhﬁﬂ)l@%réﬁﬁte material,

contam n te substra reacti on chanber “and

sudheasIHRAF Oty t whishds eemmgreinlisavailablesfrorn diCAR &iarben fed Inc.,

Clpof b8 EPRARR P AHATATE el SRR grores

thi&kﬂéwsr A0 1(Binch lttahbétﬁs) 030-iRth Carid/mbes pmrablyfabout 0.015
opposed surfaces. In a preferred enbodi ment, at |e

inohe Thauhricating mateiali9fds preferablyca riag sbapedgasket, éuth Saich gasket

oG54 RIS Sk DS ERS'8Y GHREToReh eI gy s

62 bAd ee&ohdhshtitimsiarwaifaseibdace 82 of the top pl ate 80
10 The | ubricati n%!mater ial 90 has suffl cient ther

and Eheslbricating matkariatey wryfqrably presorigd from p %’fpé’ﬁt”e in the
na%ggt% {:ﬁﬁrﬂﬁ rerlnaepﬁr %ce ?WQH&i&Jb%afi FHaiJIfal@bﬁ§Hlsposed

rans secon heat ran
betmﬁnwacﬁumtseaidne d.0® palraf epﬁﬁhal B-ningst Hi4 refainedirespaded-apart

b G 3 e BB s SRLEdchn pepanstr
SRR 5L LS R0 TR G 00Tt b ricatng
materiab Ba lidom u\egsaaguum envitonment jor the glassoa chamber and thereby protect
the lubricating material from plasma exposure. The first heat transfer surface 62 and
the second heat transfer surface 64 preferably are spaced from the lower surface 82 of
the top plate 80 by the fubricating 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 contro! 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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t hi ckness of about 0.010 inch to about 0.030 inch, and
nore preferably about 0.015 inch. The |ubricating
material 90 |Is preferably a ring shaped gasket, with

Wwoshiseegsaket being retained in a respective Ris3o4/042100
recess forned on each of the first heat surface 62 and

sﬁﬁf@ﬁé W%u tffr E:ti iaagg%(?: I'?e%te%r :%%E%rbéi%bﬂ%e first

pm}n?tgnraa any ﬂil?eselcbadqatcuechonmraad a thnrg geateefgene &6 between the
enpodl nent,, the lupricatin IS
seranfRiegtien Ghanddhe fleirg p "%P"\o&?[ Talaﬁ nEHOE6ALT gaierrm{ﬁ can be

V3 16 el HREIGosTEHs B0 BYLEH o IRNER 4 il deaer zone,
two heatberones, of awere tHarthreeheatbezorss. cldvet hadtepdant altesBatively be

poviecidniA Batam e O e dermal onbel P & hanber and
t her ey heater gFéf rHbrides Ihﬁ'ﬁhé’fg‘irﬁ;?ucﬂhg Erreﬁswewﬁaated

exposure. first’ heat transfer ace 62 and
msdertah dlspeaed betwesncopposed dayersafl @ pelymesibinyatarial tbpta@muWnthstand

i dherethia (e RRR B, EaghedpY the et En BxEian pamisHc materia

tHahakn bEQIs@d ii$ aMRlyifRfedold AndértAé trabémMaRoKSeBheokhigh &NJ

the first heat transfer surface 62 or the second heat
caomercially availablef faem Bk duRont dadteraours @ndCompany. cAlbkanatively, the

nBaBh BB Bt 8o et sl PRRe R I BB Hifel @ gocp heating

ele@neh@iﬁ é @hsttthenﬁ@trﬁ@mtrat plét% d?rfa hé\eﬁmg@@m@hﬂ@bﬁt@d@n d@hannel
For a preferred embodi ment, the heater is

%ﬂ@duilai&iw tbﬁr mﬁh@ﬂir@b platey m&ﬂf@mhqwneh@frth% heater insludes a

s B8 SRR b AU P B girfee iy fremal

contag! @iﬁte OHRleafing of trecthaandl eahtrol matea:a?nébdomme\mﬂ vieonduction
first I‘OJ ection 61 and the second projection 63, and

apd/phradiptiBat er zone 76 between the second projection

63 aph Egﬁgghﬁféﬁ ggﬁfh%w%ng@un{ms pEH@?‘Pﬁ afprol g%r thermally

zones can varl I'n ot er e
unifermhiessdting of dme first hedter acseg ﬁ@,l sechad heater aope 78, ambthlrd heater
hea ér zones ree Plaat er z

FeEAxaine B, A routa)S eates £ar Pe o rdatas: nqfifeguiar patiem of
re“sﬁé’h@é%@aﬁﬁg iu'ﬂ@s S &b z@oiﬂg" %rp‘é‘nﬂﬁ@ o':r%onE@rﬁnE%éﬁéfn By heating

pre erab y onpri ses amnatelnc umg reS|st|vey
tHectheroial omtret plate 58 wbélwhwemmmawuwlﬂappe@ﬂoﬂ o the

Fheffie 6o RO o, B s1pth p0r R eRANIE}HoroblfE i o b be

pRAldedRIdréss babp alectrbBe 2hAuring dpeaativAdd the sitowrrhghdrelietrode
sol d under the trademark Kapton(r), which is

agsamlydQal |y available fromE. |I. du Pont de Nemours and
COMPANY hebtlet SEQNs Y6iated I fRe first heater zone 72, second heater zone 74,

and third heater zone 76 can be secured to the thermal control plate 58 by any 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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heater can be a resistive heater enbedded in the
thermal control plate (e.g., a heating elenent in a
cast thermal control plate or a heating elenment |ocated

‘,{,@2@ eI fornmed in the thernmal control ﬁ’g‘i’h%)zowomoo
Anot ﬁer enbodi nent of the heater includes a

G el bR RS TRBRoeth A AR HRBRR, AFFpficq, wherei
thé fiest! sijoidlanddhird phaségae 1209 dnwofapllmsa/wm eaeh other.
conduction and/or radiation. The heater material can

hav Assshownint 6. 8, the heater carueceive POWES rpaT a singigpewer supply

TR P, el Sl ARGl i
thesediitlupfelfdhtiallpspaveidoitnsach agposts\es, eecred@d mrop@nmgs 93 in the

non-regul ar pattern of resistive he Il ines such

flangeia ordtie ﬂwm@éﬁ@ntfﬂ! plage 580 rTeraSt- 5% ara e4eh cagnected to an
eigﬁﬁé '?:g: é&lﬁg %96&‘4 g%gﬁg%%roﬂéﬁiﬁ%d@ é8d & BobERI, Ynd

eléetripsilyadontacts arespadtied phage pf thedhige;prasedwateribeated in the third
haabey Zerectt. oHes Buenaheses ofiae ATICHERLE 168 ARHERRI.Hhnected to
th@'t %%&?r%séénﬂﬁé?ﬂ’ﬁ&é(s &ﬂh -EBSoﬁlﬁﬁéé‘ftér Vi TohRe&tidnacErt &l the three

er zone second heater zone 74
ptwsésuﬁlhajsémmdmeaterrme'eﬁaam:allbeom@tb the thies phasessef the first

ntrol e 58 by any suitable technique, e.g., the
%?3%”?3{:%‘?’?"&?{'6? ﬁ-éat and pressure, adhesive, fasteners,
or i thekRal dd?\tl%l Blagd §8 bmieﬁmgqﬁunws Latérbpgés passages 75 to allow

heater zone 72, second heater zZone 74, 30 third
processegasfiowe Iaxeraﬂvé’om aplenuonabgve the di r&id\ﬂﬁ&!t@aeﬂr? to a plenum

abyf I&Eé ﬁéh!?n ‘1 ef]lgcglfeeﬁ Oaﬂ'ﬁgﬁrﬂ e Pléﬁggl abdelthg's széﬁdjheater zone

74 ftF4 pltinieh abdve the thif® Rbater mehmt R profeied emtmltmerada plurality
to receive AC current at a first hase a seco

ofrgasi passages 85 extenddheughdhe ﬁ@apmﬁpa &leand %%00,&@ projection 63.

it 59 €BBloe 75758 Yok Foutiy ectial Fettig 17,18 oxtend through

thedpisipdsagey 75 @ uboﬁﬁanwcmrmw thie flstt rlraater mmze snbemdaheater
the first, second and_ﬁé)\/\j:| hases ar ctg % ht
zane; 7 and Mk heater zenes B pagsages (e R ot eratiy 7766 Snough to

allgw ffle'Bro ad foWB &sﬁbﬂﬂa'deo\!é?w uﬁd&?%h)‘facé 6f)the| tharmal control

pre erir e odi ment ower supply
plate58 50 aaltcb providea substanhnlsv uniforre poessumrdlatréwtloapr gas passing

i epeas T SRR B0 i e e e REETRlE Bptl plae

ﬁ{e\?? Refdep4gonnected to an el ectr| cal conduct or
a@g '@(raxtends through the flange 68 to a boot 79,

and Tha moteledmdqﬂﬂ:c‘m he eiecricaliy petinded, galtasnativelyean be
péwher%(a, Baté?g‘rgbﬂe@ & tadi@tRG68nd \RF) CulrBhf Surce. In a preferred

embodiment, the top electrode 20 is grounded, and power at one or more frequencies
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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heater zone 76. The three phases of the third heater 76
are electrically connected to 10 the three
correspondi ng phases of the second heater via

‘,ﬁ gt{ﬂ%& s @ns 77 and the three phases of the g ?Rﬁ?ommnloo

er are electrically connected to the three

oS8 e B g v

amf 5% 886 thé Top eleetroaw20pwher poweatd the dattbai aeaﬂrdade fsrsblllt aff. As a
pl enum above the first heater zone 72 to a pl.enu

resuib\the topelestiodel 2Ademperaiyads preferahly arevanted érom @!ﬁqﬁasmg below

s BRFYs R GRRISRIE! TFRR, ofridh 0 BB ol

malntdinéd by apgroxbastelyascorgtant Yémpen’e&rrd betwenrgmctdesmﬁe sebstrate
projection 61 and second gpngeCtl n 63.
I

progessing BInssathat substatesa GRSSR "é‘PfQéWfPEHlY- thereby improving

PRPRETRRGT The Adlver S BBl HY Bigfrebly REcSRIBBR 10 8GRN] pohier ot 2
dégriddevel @ndaate {64haheéatenibasedentier actoalte@peratuee grdthe desired

passages /5 are preferahly |arge enough to allow the
temméwgeg%%‘etteps&@iogﬁ buted over the upper surface of

the $heg ﬁEﬂhrﬁ@Q& regctroﬁb%ts?erﬁﬁlgsi@ @M ihOuBé Ak rﬁ’ore temperature

subst ant y unitorm pressuré distribution of gas
SETEDSs, Isych abnbelgnmaqueiesm:smmltmrdhedﬂn electrode 29 temperetuias The

te.%in%ﬁﬁ?ategﬁsz%s SrePressaBlvBonBired By a2rblE PREK cPhupts supely o
3he Bbwal 5EPRH 1Y € theRdatdre Wﬁ@ﬁ\/@é@bromdeﬂeiyahéy
y ara frequency (RF) current source.

tepmpsrature aenmmdumiﬁs that the m@t@tr@gerwderrmratyre is below a
AR A AL o i o

Pbﬁém thedRatsrisocas tohmalhtain thedop elevtoide 20t dteriabbvem
eI ectrode can be powered at frequencies of 2 Mz 30 and

predetganingd temparalyedendent |y control | ed radi o frequency

P2 GUEE San e ety SR e BRARSPROCA Sitiats. .
whis (phibima isltseing geheratdd tpetween the sﬂmvdxbeadaeleetrede assembly 10 and
shut off to term nate Iﬁama eneration., The rocesﬁs1 Ftl
the, hattorn elecirade c G0 eremplenduing Hpsiaaproressing-ghazatons that utiize
réﬁ@éﬂﬁg%e%\g o?%?blr{ﬂ? fu g%h@rdt ?Iéﬁﬁé’ tRE hbﬁﬁer 1 can be activated

suppor essi n
tMaitdl6 s termednatiee @Jﬁ)ﬂ'[ﬁﬂ@ﬂ ZHDEB:U@dp 28fwaithie e (EW Gd 1emneratu re range.

i ke A A s s
%g&;tfctﬁ@ nidiéridl @tdrPproebasds! Bdeop 2letotie 20ftemperature tyglcally

the top electrode 20 tenperature is prefera
repmame suffigiently mighcbetween sycerssie ruas se dhatdbe healerdres ndt need to

ert%@ ch, SrevEliPtHedBp Bettob8 FRnt RGBS athfirhtm temperature.

In the embodiment shown in FIG. 3, the flexure portion 66 of the thermal control
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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5 mai ntai ned at approxi mately a constant tenperature
bet ween successive substrate processing runs so that
substrates are processed nore unifornly, thereby

woBd9Nésigs Process yields. The power supply 1?%9m52004/042100
preferably is controllable to supply power at a

ac&?ﬁhb?ﬁeé@%@ gtﬁg%éd'aghgﬁe&énﬁg%gﬁﬁhé’@éﬁpalga'&{ﬁed?‘%fof the top plate

actual t tenper a
80 ang trermal comteol Piate 58 anidepretetasbeciated| damagedte the Slmﬂﬂa}' control

plale 54 1 B 7oL S metRimenl. 8 Do rosferied posvents galing o
thel R RaASRF Eurf d0R3 67 &P Bt tHeth&ARA bt r;ﬁa@rsq‘ @Blthe lower

nonitore a controller which contro s supp
surnfaoedi2 :bfrtbentmm plats8@.r By wpeNiging e flexuré pottioatts, a Iuhmatlng material

carf s BpiietbEief iné B SRS Dl offe RERGICHE and TaRWer suftite 82 of

theRbg pRit€BYl ned tenperature, the power supply 110 can be
activated bgcéhe controller to supply Egvver to the
heaths thesmakcanirohlate 88 is temovebly altagbed taithedop plate 80 with

suifpBie fBsfnafh, ST FARAS thrbia Blentofios P 168kEH plafbad sRd into

thei opRnings\BEefarmed withel farlgeiosg 16 @ﬁ@reﬂﬁtﬁﬁinﬁéﬁl\/\/ﬁ@sﬁdﬁrhead
showerhead el ectrode assenbly 10 and 20 f he bott

‘elegireds agsemblydp cemnﬂsaé a cover plgtep %a%aqb\edd@m tq:p side 122 of the
top}?ﬁ%l Dy TR é&i@% gHatté A?é %{eéﬁltﬁé# g) éﬁ’dsl tfl“lgl\féé ﬁég ﬁg? Cnatr!;eggp plate 80

sududhaméefdstehersr’rnltmw dipddmgstawm vaduune pcrfssUI‘HEmtthe processing
el ectrode 20 W}]t hin a desired teg&erat ure rang

apparaiusy Hawever ﬁ&ﬁiﬂe’ﬁ?|6’@e¢§£‘| beerpieddyi Rfﬁ‘é'dtnlgaﬁ vgﬁqqm sgal

I
aroﬁﬁ{i e Hﬁéﬁie?ﬁgér %@Q Hr@é?lrl]}g c%aglp“cfe'}?rggitﬁgg 3%1%} Sédtions containing
op&rmngse&&)t dn angqrp 2 ﬂireg Q2fingepmivide thrgefvacuam sealéd gdmtlons each of

su.cceSS| ns so tB t the heater does not
WhigB.SanEANS HE SRaced SPUL ODETRIE At (e tap. ol oot rode from
f al i
a |h'éa%aa¢ﬂnems?fra@ﬂgnafmhr 5T Bllt 53 i nicHn € MR GBTfon 6

shown 1n FI G | exure portion
and segand| projectior: 63 @ach innludec@-rings yID4 td pravide aaatuum sealed area

verfgofiie Fibgha) botiral RtERe AP G e iR, Bl fters Beiing he

toptdlﬁt@@)% the kﬂeﬁmaasemm |26 58 hﬁn%@ dxpbised taeidspheri pressure in
58
al i gned openi ngs in the top plate 80 and fl ange

theasoceasgwam@rsyf tbsms afithe baits aresysealedpr ef er abl y

P25 By 8t By RS 8%0 FbBmebh S B2 cpRBndl provided

on thadfange®@8 efrthe tisarnial aohtrs) rplalé ssh qhbmgnmenbpmntmﬁ gre aized to fit
58 relative to the top plate 8

in gigpmephoreNipginat abwn}fasth%tqpewgmq to di t{ Wmiw&%alﬁaan%radla"v

ahg&;@@ff J@H%%g i 1g>gatb%s relafi6h 1P fhe/ 18R piité 80.

The top plate 80 preferably includes one or more gas flow passages for
introducing process 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
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accommodat e | ateral and axial novenents between the
central portions of the top plate 80 and thernal
control plate 58 and prevent associ ated danage to the

WiloiBdesgggnt rol  plate 58. During |ateral S"ﬂbﬂgﬁymﬂwuum
g

novenent, the Iubrlcatlng material 90 prevents

oBpnddi15d) w5t BEARBAR PR iRl Wi HES r%'gﬂ
arangement ofyella8\padsages 1@ isf preferdtsly eleticdto&Thigve uniform gas
| ubricating material ~can be omtted between the to

psessuse aboye and aa@ss thntap electade 2Ghio provide %ﬁpﬂa@ésaﬁst@buhon into

bt §eier. o PRmenfEqFpietile SspMily Foenicptgnaly incude

b‘aﬁb‘sanm@upptn aidl@%bwadphhumsgdncomteolcblwuhuf:gmi@rébfigastﬂmw
|ate 80 and into. 10 the ope gﬁ%ﬁb Hﬂ{ned in_th
fI o Beé@nppfat@)rﬁ@féhwn Plate 80 isipzeferdle Ford eddvcliawing Beat
t
VERSREALY (198 YPeasE frodutP e Howyfislape 88, THEISE pldty B preferably

peevidles am electicabgurindf as vell aperhied) sinkpfar e showedhetd ebtrode
such Bh@} the fasteners in these openings are at vacuum

asp peab in the processing apparatus. However, the
covensiihas A FGhe, @Brﬁrﬁg%ﬂ War@rﬁ?&hﬂéd‘m ﬂ\e\fﬂﬁ’lﬁérﬁmhe thermal
15 around the openi ngs O-rings 104 can be

contsoli plate &6 for passage: ¢fmtrbbn¢da|0ﬁia rp@asrraﬁ)@nfn@gne}ﬁ)assembly which

S el 4168 B B BUGER] A suavie

pRiEPiE Barffindfent AsSEMBR iNGINdiAg af vertiailly-ae|ustdble, qﬂéﬁrﬁb oonfnement
plate 58 in which the first projection 61 and

rlpﬂcﬂSéem.bbhs sbser&ed inreemmeniponngdd). SoRatent blooﬁbﬁﬁé 'é51 which is

he thermal contro
'%‘?’Wgﬂ’t%@%’ﬁag? gfg\%g!?el&he fasteners attaching
t he Mglenheﬁlwe‘iﬁoh hat heeh hlesatﬁeddnrdbtagll with eeferende taspéuific
exposed to at nps ri c pressur n _processi ng .
raenfs therep é‘p \t"ﬁ Q#awm t‘bﬁﬂsg Séﬁ'égﬂ&hes@iﬁl@&%a@“s changes
&@Hﬁ& g
A g HioRs SR R R i St S o WO ddaRting from the
schmoﬁdhecappendedplmma 58. The alignnment pins 106 are
sized to fit 25 in alignment openings (not shown) in
the top plate 80 to circunferentially and radially
align the thermal control plate 58 relative to the top
plate 80. The top plate 80 preferably includes one or
nore gas fl ow passages for introducing process gas
into one or nore open spaces (plenuns) between the top
plate 80 and the thermal control plate 58. For
exanpl e, the process gas can be supplied 30 only to the
control plenum above the first heater and.distributed
to the other plenuns via passages 75. The process gas
is flowed fromthe upper plenuns through passages 78
to | ower plenuns, and then through the gas passages 43
in the backing plate 42 and
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the gas passages 23 in the inner electrode nenber 22.
The gas passages 78 are sized to provide a desired
pressure drop through the thermal control plate 58. The
gas -10 WD 2005/ 065186 PCT/ US2004/ 042100 passages 78
can typically have a dianmeter of about 0.3 inch. The
nunber and arrangenent of the gas passages 78 is
preferably selected to achieve uniformgas pressure

abpver RALAGUEEsIS he top el ectrode 20 to provide
uniformagas distribution into the plasma chanber. The

rhead el c rode ass n optionally inclu

3" %av*ﬁ? PRl ataé%espp%?rﬁb b SRt Reg SR b somp B Sior

SHStatR PIoFeHsing CHAMBEs CYMPRFINE The t enperature of the top

pl ate asnctalsomﬁrai@h@ba@ﬂpwrto ber¢maeivably dttaghabletohvetemperature-

tconatnsitealrtop Iplatel; 4dd qui d or gas) through the flow

passaganétsl Bfer pditor thppﬂd&b ®e énpvadiiedtalhable B the shk@serBead
e%%ﬂ &?d mg&i qte % i oaﬁmapraﬁa; ﬁ% Rémdi Qhd t-lfe@mcal path

} c? gﬁowe?ﬁesa 'Egéc}/m&? {tn OIMPI1SES an
: eRl N rOVi The
"‘ﬁbﬁ ik %%cefapnﬁagga@tsuwﬁ i%ﬁ?l}%fmm@wn being
&P"%Pcfﬂ ﬁ@@@ﬁﬂ’%% Y aJCXWRHOMahi ch  can be provi ded
outwardly of the showerhead el ectrode assenbly 10. A
uThetHeemalptontrobplatendtiCleine h wikssie iy gontouredipliategcomprises an upper

\s@FfhdeCatld! an- amelialas Figd? ipEojedtioniBhE Opfel B@TRR! the lﬁrftQprOJectlon includes a
FRSHER tarlsPer A6FALE dafheli o &%mmexﬂew@@ 1§e daals i&kd art

it e S T AR L e

%fi“r? reference to specific errbodl ment s
thereof it will be arent to those skilled in the
a The Hﬂmalatrqupbmfp sim 3nwhaereidithe entoused platecopeprises an
randelar mdnd&gwjmloe mhsheapleoyerthceand raidllydsppesd: frorg the Hrst
ect&ﬁ{)ﬂﬁ: s(éf:oﬂ e HRHides #bdtond Rat tthhséFfacSadapted to
311%@ aw ehdBhace® M drCAnnRlaR pfooved ea%HIQ:Bﬁ?ﬁ r8dto
Fece] e"‘ﬁ{ énr #d ?chdp;?laf% aiﬁ ‘Ei’lecs%Q 1f.e%¥ tr

processt ng er porf?| on
adapted to be r em)vabl att achabl e t 0 a tenperature- 5
orite rarmal ¢anropplatecot: Clawme | avherein the inney PqsHPR pRyRPrises at least one
dherprabbiridgs previdemma tishmaland slastrisabpath bettwees Hindep plesgiand
ahewtrheakelaatbdene top plate, the inner portion
providing a thermal and electrical path
5. 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 the top plate, and grooves
each adapted to receive an O-ring between the top plate and the thermal control plate.
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between the top plate and shower head el ectrode, wherein
the outer portion conprises an annular flange and the
i nner portion conprises a contoured plate, the outer
portion being 10 connected to the inner portion by a
flexure portion. 2. The thermal control plate of Claim
1, wherein the contoured plate conprises an upper
surface and an annular first projection on the upper

B Tha@fRrmhN@ntro! platdifAIeR | OMrth&oHiRRin atﬁéa@tsénehﬁﬁ{er operable to
ngﬁlthgﬁt tg%é‘ﬁﬁﬁ/ ﬂ?e%@'éfe%r&@e transfer heat to the t
And Spaced.

apar annul ar grooves each
co red to r ceive an Oring be en the top plate
5{"? ﬂ'@“ﬁ? @tntro B aﬁéﬁaﬁ%ﬁs‘f’we@ § T CQMPpriges 4nHaperdjeater
cseﬁtqndn aientral zone of tierpontouadeniatk And Aideess Ln® vterihestestsection
®atrpard Srosn e ceatralldoae of temontopred) pate, the irmer hérerispetem and outer

Sightepsertian Being dhtetdojinspaiipdat fléRnvidwedtica onddcairect i on,
the second projection includes a second heat transfer

tn‘rtz‘r(al te Jfr(ﬂgﬁ\'ri grwﬁzg‘é‘i tﬁé) lPeFI" c‘i) rlul: mlﬁeﬁg
ﬂﬁ@g‘?%%fsg:%wﬁw%ﬂ%ﬁfégﬁl Ruse e ﬁ:& a?ﬁg@ t ﬁesaégcond

heat transfer surface. 4. The thermal control plate of

@. Therthermahesngriohplateeofi Glaier 6 puhareionheheatericompriaes 4 tagsrphase
deater.t hermal bridge providing a thermal and el ectri cal
pat h between the top plate and showerhead el ectrode.

50 :lcﬂ@thteﬂﬁﬁl%lnh'ﬁ bieQf Cﬁ{nﬁ{@ v?rferéﬂl%é‘ﬂe]ater‘e@ ﬁbé@ hR€ circuits
él&(ﬁmg Qrelrks rcséti %?Feﬁ c%nﬂ&tgeaﬂéptteg ) }%FQ t‘éip first phase,

al’l S rov
PRmRi RO O Fﬁ‘fﬁir?(?&tfg ey, aF { S8 phase,and
rafBirdaesitiyRiesed spndustos adentert totfé??ﬁl Fecurrent atadbigd phase, the first,
spemidrigd thlaiiahasesibclogrl&@%wut@f pbasp'wémash@thq:g through a
bottom side of the top plate, and grooves each adapted
t19. TRE SHeBaladdbnibl plaG JTEINBED, fuARericOMpPisiticead Piksh cxtendmg
tﬂ%ﬁ{r&ﬁlo ?:%]fcrs‘?(llcs fREL rjl%mllon 6. The thermal con

| ate o aim1l, further conprising at |east one

o OB <FRlEOd SN b A RPBICOp e PG aPACEing epparaus,

WRBIDEISHEE he heater conprises an inner heater section

in a cempmpite zone of the contoured plate and at |east

one ouishowkdmbéklesrodeé pn 5 outward fromthe central

zone Ghe tHeemgIdhaL! FetefTIgm | Beachbd &) the ehdeérhsfrdle@ivde and the

%815’ AW &ich (8 3lBhtrA SR o Rl ﬂﬁnhﬂtc%ﬁﬁ'@l'mﬁ%tléaﬂlob%{blél}elatwe to the
tﬁggfme el ectrical connector. 8. The thernmal control

P ndt deas w%aw%”ﬂﬁﬁ%%@??w eGbira B C°“f@g§§$ fhermal control
latgand the tep plats, ithe ridge proding,a esirigsi gath
dfetvgpenithe showsheadi electriede hrdithertoplatsr i ses a t hr ee- phase
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10 heater. 10. The thermal control plate of Caim®6,
wherein the heater conprises 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 third resistive heated conductor adapted
to receive AC current at a third phase, the first, 15

Slgc?ﬂéjslﬁ‘ﬁ%rﬁéiﬂre@ec%ﬁé Essembly & Aigth PtwiRth %ﬁﬁ%e‘@"af R'ast two

ﬁa d“g Bz?ced ai) fﬂe([@l control plate of daiml
conp n gas Ssages extendlng bet ween

opposi te sides of the i nner portion, A shower head

drtethe gheaveshend pbicirode assembly Sl %rw@uﬁgte?‘@? @ the thermal
pridgeseimyisepplayat ablubricuingmaemal proddiag tlegsmgl andeelgctrcal
shodwtinftadewieen thotiermal icbetrél pdaterand densp plateptirtlebddating material
Geigbdatat wakihatvdcluihealdaiprikingad 1abimeogeg and the

top plate such that a central portion of the 't her ma

s R R 1 . B A8 B

IlanHg gat q et %Paau aﬂ%ﬁeara ! 3 inch to
bavtel 2% ineht her mal bridge providing a thermal and
el ectrical path between the showerhead el ectrode and
tise Theghawetkend eléttrbde askbRbBhafElaine a2l feitkatdoageishgeeitatey adapted

Qb hedtahdihdenal\WBh &bl MI@RPri ses at least two laterally
spaced apart thermal bridges. 14. The shower head

de a ?5@”?3 rgﬁ% ng@[‘)}a%% ?éf"l"li?%%%ﬁ%eaﬁ?aﬁed 1€a three-phase

Flal prOV|d|ng thermal and electrical 5
conductivity between the thermal control plate and the
t18pThe shicaverhdud dlediroide assemblynet @ainall 6, volsireig thobetedomprises a
Vibrhitate idcdinguimesieile Igating hiteiial Bétwbﬁﬁﬁﬁpcﬁétbla@cﬂsldﬁ g.dielectric
lBaterlfle shower head el ectrode assenbly of O aim 14,
wherein each of the layers of |lubricating material has

al?fc ﬁﬂe %ﬁ’l ﬁ feligcgugﬁf: h%nm%g fa%lam;‘-&:? f f r %’8 plIlate 1ncYudes at

Pe&f%ﬂ%wa@g%&%t Oggh mahﬁa £t trang & H‘g‘“’é{’] the
Hemperatugelapthedop plateheat t he t her mal control pl at e.

The shower head el ectrode assenbly of O aim 16, mhereln
the heater is a three-phase heater.

14
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18. The shower head el ectrode assenbly of C ai m 16,

wherein the heater conprises a 15 |lamnate including a

resistive heating nmaterial between opposed |ayers of a
dielectric material. 19. The showerhead el ectrode
assenbly of Caim 12, wherein the top plate includes at
| east one fl ow passage through which a heat transfer

fluid is flowed to control the tenperature of the top

Pi(RTBe stwé’rﬁeadTél@ctﬁJﬂ@\éﬁe ofCRth 1200h&eman® xRt portion is
Qo%'fi GHJt@&ffe é?fﬁ ftﬁel@[?d’l Ekphsion anfl %Jl@@ﬁl@gﬁﬁl%d
§‘I“§’

ansi.on oV
%%fikf?e (9B AR T19 A DR R Bl
plate and the thernal control plate. 21. The shomerhead
et le I shiwverbeahtlesirade assemibhy fzglaiméZewhereméh@ﬂmmh@édﬂectrode
encludesoleacking piate lbaeéedatomacippcrgpuﬁhm of doohchechlate byran elastomer
umdr surface of a silicon plate by an el astonmer bond.
22 The shomerhead el ectrode assenbly of O aim 21,

I

V\% g:a% glée H;gle ggs{eﬁl))'l eofzglggﬁ F’%ﬁ%e@ﬁﬁé‘b'ﬂ%ﬂ Bh-is a

%?13 ?mal control plate is 10 a machined
pi ece of alum num or an alum num alloy. 24. The
sHowbe seeierbeaseledrpde assombly of GlpinDl 3 \ﬁhemn thitheanal cohtol plate is
taopagisedpice eftdanheac oroan diminuheallyl control plate
with fasteners which extend through openings in the top
PlAtTRe shd\*ﬂ&h&iw@dtfb%@‘ass%hﬁw $08IrR 3! ¥initBEtop lﬁg iattached to
Ctﬁe\! Hertd 1%‘?1&3 BN fagteﬁ @L&? %h gho Qrﬁn 1ﬂttﬁe top plate,

sea ﬁ?em . dfa 3| 0p side of the
Sl acloging byl Hadied 13 a op si
%aéq nd Seééng é’?jgﬂaﬁfefr‘%’éé}&# élTee%ftF%g arg LIPSO FRcuum pressure
@éh%rPQeSSWB@PE@rﬁWhe top plate is attached to the
thermal control plate with fasteners which extend
125 Thgbhovehsddzaettde nisagdly of Clakn 12 0phdptiatike RPDIAE & attached to
Stﬁé &R all ddnBol ﬁ@aﬂﬁgfz@féﬁ% REiScH extdaahAd %@éﬂslz@@ 8penings in the
&g?é atf 4r89 w@@‘ﬁﬁo cfe % Erﬂ sniﬁlthpﬁt' ?ﬁné:ﬁ] %'n'age each

@%ﬁ?ﬁi’; Fidge %‘Igp%%‘}ﬁ? aS He G °%P{°a’ Vtaguum seal

&‘ﬁeqﬂﬁhf coutrehplp ag t)‘?Bd? tasqca aét% B?fﬁ are exposed to

W@@W@C PFESSHE ihsDEeepHng apesatat us. 26. The

shower head el ectrode assenbly of Claim 12, wherein the

t36p The slievérBeaat dlatfodd assemblynef Clagh 1B wis@einrtied toplphite is attached to

Vifh& thebRal RAGHBpIMRIwikh BXicRAE WhivHOMKhdARRIMER B erlifes iAqhd RP plate,
t}ﬁ%f %ﬂér?l&%rsh%k%aﬁj baRt&! §f the F 8 netd18Accommodate

s%ﬂéﬁb%}n Rispnon B9ieRa 1 O BEIEERTYR gl rgplotece

and the thermal control plate.
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15 11 --7 27. The showerhead el ectrode assenbly of
Claim 12, wherein the at | east one thermal bridge
conprises two spaced apart annul ar projections on the
thermal control plate, the top plate is attached to
the thermal control plate with fasteners which extend
t hrough oversized openings in the top plate and into
each of the thernmal bridges, and the thermal 5 contro
Q'?aTEe SHeried él&h%a@hés}émw @Imjhm 1 gé\ﬁhd?éiﬁ&l@egﬁqeésh bﬁmennal

E&ngg?gﬂg §J a@éﬂt %#&f%ﬁigb TE%HQQ?ZF] lac%g late, the
%%g 645 pge F t’éﬂw aémég%ﬁt eBwa 8 Pugh
k?rVF'& opoyngy @FP&OP & 2B ?P Jresashpy the i g% @pd the thermal
santselplate indudesdatpially @at@eﬂmg £8UPAISREELS @Hom&@ﬁwﬁ@ons and

ah sty ex tend oygrgak passggesienedenmipacsedguefasasivs theatherntal cantrol plate
Jodusdd lategal BLippardly afd sutilaediyef theahdrgial bfidges.

sem conductor substrate processing apparatus, the

tlﬁ&hgd 3#&;’)95551@%0 eH‘ﬁl:&?iu@toE?Jbtsﬁg?e% ggﬁﬁﬁgﬁduct&)%bstrate

asma C
tpﬁgéo e assenbly according to Ca
2 pl a&angg?ewé PIEALE AR 2AUPHESHIPPPD iR £ RESHA SRuBReTpl @ Sﬁwwfwéuctor
plubsirite proeessimg apparabenthe lsebstrals suppete mshuling4 bettamp glgctrode;
&9 sepplyipg antoddse gaulnt theplasmd chpnberesith thg shbreerthedb¢leatale
wsgdmmﬁgc@h—@ﬁ Clah 12¢r mi nating the generation of the
%éﬂ@iatm ﬁ%HPﬁYlb'ibgoée a%lﬁbﬁfe fsend dHRMbePBetReas iR
gc J(ﬂeas g.# % wherein the
vver ea etr g éﬁjﬂ urther 20 corrprl ses a
3f°e°FSSl?g'1%]e r| ses activating the
ating the “ef"éloé PlPr‘é%?t 3 t he shower head

é)éemqvmthte@umfamﬁom thmla@n@md el ectrode at a
desired tenperature. 30. The nethod of C aim 29,

fmr ThemetRATICIhiRY2 8§ cilievé thrgshoherHiedtiettréde Apghly adiier
tBmipfiSes SHQXE! he %%tﬁé@ﬁ&ﬂl@ﬂ&ﬂ%ﬂsbﬁ SctAhtih@tHe- hedfer dfter e} R€apply
ey tE'EES;F &fﬁ%eﬁ‘l?éad% &5dffo F frhidtaf the S}Q@\?Er‘ﬁk‘gﬁ % P&rc}cﬁeﬁ TQksired

ﬁ ntro sing prece o

30. The method of Claim 29, further comprising activating the heater to apply heat to the
showerhead electrode during a) to f).

31. The thermal control plate of Claim 1, wherein the thermal control plate is a single
piece of a metallic material.



