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ELECTRODE ASSEMBLYAND PLASMA PROCESSI NG CHAMBER
UTI LI ZI NG THERVALLY CONDUCTI VE GASKET The present

wo pweniiien rel ates generally to plasma processPeOmuUs2ndy/033060

nore particularly, to plasma processi ng chanbers and
el ectrode assenblies used therein. Plasma processing
appar at uses can be used to process substrates by a
vari ety of techniques including, but not Iimted to,
et chi ng, physical vapor deposition, chem cal vapor
deposition, ion inplantation, resist renoval, etc. For
exanpl e, and not by way of Ililmtation, one type of

pl asma processi ng chanber contains an upper el ectrode,

conmonl y referrq;LE@mozDEmpmgyeAMrode and a

bot tom ehgele SIS R eV kR ETRTINES
vet e e S AL R e ho

chanber. According to one enbodi nent of the present

i nvent iR prédfnt ehvefEJHAER A SSRMMY Yo piasoRd R¥éd@Als and, more
conprising a thermal control plate, a silicon- based

Bt el Mma Procewing chpgbess @Weql%ﬂpqiwasmmwed gherein.

ﬁﬁ&ﬁ@ﬁmcemﬁg Bﬂbgfaﬁﬁ!zs GRBL ﬁQeld t(pbl%tx%s mﬁtésslﬁzsa Friety of techniques
frontside, a backside, and a plurality of "process gas

palydiagumt nefHinkied th etcmevighy bie g apsir derasign, c@@mynx wper a

a.pl ' 0
%%@gggggﬁn?%gggﬁerna?ﬂg%%g?oﬁpbﬁéﬁéh%%%’fﬁ m%ﬁ ead
éﬂnemorno@@ tmee)f @higlag eabcessinh chdnatter tmweailﬁsrannlps‘tr@@cwbdet p@nmonly
reEerreg% as ¥ Ly grlh J%l tc?rocfi ace a ‘tt)ol% %mbe Cc%r%(liéj CA? gle(gtrqc fleld is

ower We tiode and“t ﬁura? Ty of process gas
mﬂid@é$et&feeﬁ the eleberdamto emoutet g p‘xbcqsi; gdsenta e Iﬂéﬁﬁla state to process
g%%r%li él %f %ead passages of the shower head
RIS AL e&%%ﬁ%} W% pernmit passage of a process gas
through the el ectrode assenbly. The respective
pr of i | esccoffdirtghte ofiq @mbcslingknt of the pesdnhmlvnraionmmlewbdqﬁsadnéoly is

ad
Pr8V1éleécr ?OﬁrgnglnélagTe&nﬁ]t Cé’B“?erEa??r&PH ican- B?%F(i ower a& 810&%%9 ta(;"ld a

thermally conductive gasket. The thermal control plate comprises a frontside, a backside,

and a plurality of process gas passages, while the showerhead electrode comprises a
frontside, a backside, and a plurality of showerhead passages. The thermal control plate
and the showerhead electrode are engaged such that the frontside of the thermal control
plate faces the backside of the showerhead electrode and the plurality of process gas
passages of the thermal control plate and the plurality of showerhead passages of the
showerhead electrode cooperate to permit passage of a process gas through the electrode
assembly. The respective profiles of the frontside of the thermal control plate and the
backside of the showerhead electrode cooperate to define a disjointed thermal interface
comprising portions proximal to the showerhead passages and portions displaced from the
showerhead passages. The displaced portions of the thermal interface are recessed relative
to the proximal portions of the thermal interface and are separated from the showerhead

passages by the proximal portions of the thermal interface. The thermally conductive
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conprising portions proximl to the showerhead
passages and portions displaced fromthe showerhead

w@a®eayasl The di spl aced portions of the thernBCT/US2009/033060

interface are recessed relative to the proxina
portions of the thermal interface and are separated
fromthe showerhead passages by the proxi mal portions
of the thermal interface. The thermally

conducti vegasket is positioned al ong the displ aced
portions of the thermal interface such that the gasket
is isolated fromthe shower h2ad passages. According to
anot her enbodi nent of the present invention, a plasna
gaska ésisistignehacyahe displied poienk aaigthersiantefaveaidkl that the
source, a ocess gas_ supply, a plasma power supply, a
Sk i aed BEIR MORRISEHNERT ol ectrode assembly
fabricated to i ncorporate one or nore of the aspects
of the Areslantto himientinbodimétef thelpraantigyedidrah lprsima processing

escription of specific enbodiments of the present
ARTER P bis s cobPhita Ry SREGa® e ehiipih Tbha pover
apPlyUnaibktedie Wppbrt,laf€ ad GpJeD¥eARDIEl hRWhbIg Sabriahted & ihédfforate one
structyre is indicated with |like reference nuneral s
Ariaete AT (e Adsets Bl (G Presns Iyeti9enat i c il lustration of a

pl asma processi ng chanber incorporating particular

aspect sTheffolsmvii dstdiled degeriptionaff spdaficnedeintentsdY e tpra3erit

Fig.. 2 is | an vi e f the backside of a ower head

f S st e R eris S0 R Cingoth Rt Yo (B2 Bk S ines.
WhMENkd QRictuld i@ indReated vaih 11kS Bk hdeGuirlelaltSdniad wlidh-of t he
backsi de and t hi ckness di nensi ons of a shower head

el ectrqde .accordi ng to one e di nrent of the present .
hvont 1551068 G AR e SOt g ind A Pa T rogtine
piti @£ atgeod of amsasmitodinidn6l o diegesantdheh@bdit ed t her mal

I nterface according to one enbodi nent of the present

el vt r g 245 Ban s BT i s iy Bleyhe gt i one

ahodahas sf Gepick@nalventlonpst rati ons of vari ous
di sjointed thermal interface configurations according

to s Om?Fig |3tise gnng(t)rlm\eltrelc ﬁﬂlts)t%gfonngp Eh% bggks}dg gncp tlineciger;ts dimensions of a

showerhead electrode according to one embodiment of the present invention;

Fig. 4 is a cross sectional illustration of an electrode assembly including a

disjointed thermal interface according to one embodiment of the present invention;
Fig. 5 is a magnified illustration of the electrode assembly shown in Fig. 4; and

Figs. 6A - 6E are cross sectional illustrations of various disjointed thermal
interface configurations according to some alternative embodiments of the present

invention.

The embodiments set forth in the drawings are illustrative in nature and are not

intended to be limiting of the invention defined by the claims. Moreover, individual
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Mor eover, i ndividual aspects of the drawi ngs and the
invention will be nore fully apparent and under st ood
in view of the detailed description. The vari ous

aspects of the present invention can be illustrated in
the context of a plasnma processi ng chanber 10, which
is nerely illustrated schematically in Fig. 1 to avoid

l[imtation of the concepts oB-the present invention to
particul ar plasma processing configurations, or

opeposfand drawinlgatindyinnaitiobevill bé egreafully gppateat Sidindattood in
natt r of &h present invention. As is generally

WFWS Setale (ﬁW“§W&ml 1, the plasma processi ng chamber

10 conprises a vacuum source 20, a process gas supply

30, a mma&mmnp@w&msSﬂﬁpbymdﬁhnanQMMQhbaﬂmmﬂmﬂpommcﬁﬁmxuﬁa

including.a lL.ower ele ode and,.an er .
D R AR OB Rl by e e rn A5 h BRI avoia
BiiQ ibin 168 tHe T odeptd PP &IE p&ls@ﬁ ifvesteonas §ﬁﬂb¢llh1q1$asﬁﬁ pdcedshg
g{,sent i nvention ar§>|llustrated CGener al

t he
SHRALYE: HSCRRBIPSe GBI Beltegral fPetP?rﬁ’ereGg’ﬁ‘f‘tF% of the present

RhaiiBn.” s isehdrhilCiDsthasied FEhOWES hieasch Bbesdifodamss 10and
a thermal Iy conductive gasket 90. The thermal contro

InHrisesAOVaE B PIUEEs20a2 PIOGTH 81sdWPHIR 30.2 Ridseledtoer spaply 4

SibRtkdde ﬁipb&rYS@fncBHﬁg%5&&%&@&%%@&%1 185, add B PpRIRC RS
gas passages 76 typically extend fron1the bacES|de 74

speeRlp A0t he frontside 72 of the thernmal control plate
70. Al though the present invention is not linmted to

parti cepdrih@HB! 4 6RNS, leBlboMhRhE oFBIRF £18dtRdO hssBNOER SO of the
gas passage conflguratlons it is noted that suitable

PR arendon ereollusghad e Ganerali & sleptrde asremAly AR catRyises a
@b Q&moﬂﬂh@w& a Qﬁcoﬁ'b%éd%flo&/é}ﬁéa%iec&%%Cirﬁrastherhﬂ n%

addition, It is noted that a variety t eachi ngs
¢raducsive e@Bk@qﬂ@n Tihe thehealaelyr@ nla®r70tq¢mpnms aémntsnblnpa @pb%de

ZLDO 8@#%91@%1118@&tpr&%s glag H:isga%gs &60 ! Thlése%roé%gp gas 'HQSsages 76 typically
extend from the backside 74 through the frontside 72 of the thermal control plate 70.
Although the present invention is not limited to particular thermal control plate materials
or process gas passage configurations, it is noted that suitable thermal control plate
materials include aluminum, aluminum alloys, or similar thermal conductors. In addition,
it is noted that a variety of teachings may be relied upon in the design of thermal control

plates including, but not limited to, U.S. Pub. No. 2005/0133160.

The silicon-based showerhead electrode 80, shown in Figs. 2-5, comprises a
backside 82, a frontside 84, and a plurality of showerhead passages 86. These showerhead
passages 86 typically extend from the backside 82 through the frontside 84 of the
showerhead electrode 80. Although the present invention is not limited to particular
silicon-based showerhead electrode materials or showerhead passage configurations, it is

noted that suitable showerhead electrode materials include, but are not limited to, single
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The silicon-based shower head el ectrode 80, shown in
Figs. 2-5, conprises a backside 82, a frontside 84,

wapwdarpBural ity of shower head passages 86. ThRGEUS2009/033060

shower head passages 86 typically extend fromthe
backsi de 82 through the frontside 84 of the showerhead
el ectrode 80. Although the present invention is not
l[imted to particular silicon-based showerhead
el ectrode materials or showerhead passage
configurations, it is noted that suitable showerhead
el ectrode materials include,~4but are not limted to,
single-Acrystal silicon, polysilicon, silicon nitride,
alitalcaivon,pobisiieon, bitic@nniakie iliten cabide] toudh daitidd, d@minum
um oxi de, or gﬁﬁblnat ons hereof . | n addit

al
ARG S T R A A TR i LA

gliemtyaedahSPerie eerpdecsvaniyest préye@ed mra @Liyty@F configurations
conflauratlons wi t hout departing fromthe scope of the

B FEPa o REY R STORE PLAIF RSB URHISE 19 ¥fise Bt yited . o

§h%]9bﬁc@ lcR&Rar shbw it adlcosRAYRIOREAIN ARRbMPOHEAL Lidi$ar Aowerhead
t1-conponent, circular showerhead configurations

wﬁﬁv%@qﬁ GomPEIREFiEw a8 g bglecsiode ad e onmaregsEPksyal

TR dBE 1 RERI BbutthEG L LRSS A BP 8&HAOQMbad he
circunference of the central electrode. As shown in

Figs. 4 and 5, the thermal control ?Iate 70 and the
shower HEaHOWP Btkigodango thy Bl aeure! Biaer 0@ he sheyverhead

élé&f&ﬁ@ B@j Bre %gga%fad (g tﬂahﬁlfe %htsﬁl@ '7@ bPlhe Eﬂeﬁhﬁ czpcr(ﬁ @E@esﬂ)t A&s
backsi d he shower head el ectrode .

the HﬁctkiSléﬁ 82 phike gioyericpd slegifody PG clé@édlgla@ tlpm@sragté@f POCH gas
R R R R
do olpaveshead tloctpsale B roqpartrag @emfit Ialswgo okesprogras gashirougjthe
assenbly 60. According to one
é%%%@%%%%ﬁ@9gﬂbmn in Figs. 4 and 5, the el ectrode

assenbly 60 is configured such that the respective
prof i | exccofdingtie ofie appitodingkat, ZRovyf intHags. ¢ hed fralhe deptrodeoissembly

@(} @%gnf? greﬁggcht tﬂgt t?@x%@kt% pggf]}l&f ofttllﬂaefré[{t]sqaﬁ f‘&gﬂet tﬁgplﬁ%a ?ontrol

8Ct T G cooperate to I'ne a disjointe
MW®§0ﬁat®eb@ﬂ$mﬁlé0ﬂmsﬂummﬂeadth@nﬁaBOpmnem&agddm@@

&%%‘Eédﬁﬁesmgﬂattelr 283100. The disjointed thermal interface 100 comprises portions
102 proximal to the showerhead passages 86 and portions 104 displaced from the
showerhead passages 86. The portions 102 proximal to the showerhead passages
generally are in direct communication with the process gas that may pass through the
showerhead passages 86 when the electrode assembly 60 is incorporated into a plasma
processing chamber 10. The displaced portions 104 of the disjointed thermal interface
100, however, are recessed relative to the proximal portions 102 of the disjointed thermal
interface 100 and are separated from the showerhead passages 86 by the proximal portions
102 of the disjointed thermal interface 100. This recess and separation of the displaced
portions 104 aid in the isolation of the thermally conductive gasket 90, as described
herein, to substantially prevent its contamination of the process gas and reactive species

within a plasma processing chamber 10. As used herein, the term “isolated” means that
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102 proximal to the showerhead passages 86 and
portions 104 di splaced fromthe showerhead passages

W@209/Thasporti ons 102 proximal to the shower heBdI/US2009/033060

passages generally are in direct comunication with

the process gas that may pass through the showerhead
passages 86 when the el ectrode assenbly 60 is
incorporated into a plasnma processing chanber 10. The

di spl aced portions 104 of the disjointed therm
interface 100, however, are recessed relative to the
proxi mal portions 102 of the5disjointed thernal
interface 100 and are separated fromthe showerhead
paseagdy Bdodieyivé fak@00Xd o erpiodly bm&aﬂﬁ@pﬁlﬁteﬂ fi@m and at least

dIS l ted thernal nterface 1 recess .and
D G ST a0 T A Rgh g o Fhe hgeeess sas

m@ah@ﬁx@ﬁmakmhh@hthernalIy conductive gasket 90, as
descri bed herein, to substantially prevent its

cont am f the proc d reacti speci,es

w i n e eEeHR ssrot Rt RS D 2o P SRS e Bg TR g fnces

bdi€oris@0Mof ths alspiee themanstdriad tdtauth@ar@kiiey 9CRAGIE f¥én the
sk t 90 is both entirely phéSlcaII separated from

aq RA3EECS M &itdh P 1O B RS SS tFW E%%ltl}?&etlgf"f‘gh The
Mmﬁy Rendb@welaheado ﬁéﬁéﬁﬁg eSveNdbithiRialy ORRSS tHBaSspllad

y pass therethrou The thermally conductive gasket
Rotigerer af thy disioipsgsPemsheirraroHY. tlﬁéc‘éf}t%fbﬂ’lét&‘é@lat multiple
tﬁ@[rrﬁa'll Q&d%@ﬁVecgasﬁe@e)tha%J 3% }J&Elﬁgnetdt&ﬁfngﬁ&e dlﬁ)tla%éé ﬁ&ﬁoﬁ'sqg4 of the

such gas Ket is’isolated fromthe shower head

@ag@ﬁgé@r@@ mt&rf@lce hOHdpwewrsgﬁn?lﬁHy,@mb@e%@lfg%kftt RECOYRESY
Qﬂ%n&a?? %f?tﬁr@l&%%%pu%gg g&ﬂgﬁsn]‘]@h loy thE %ﬁ?dﬁ‘r‘t&d ﬁ'}f(ﬁ*acg QOO In

genera y Ccovers nti al entirel Yy t aced
plolitianogenelly tof gaskes 90 189]00p¢$tt@aject Hergnthe pxomr@ql pq@enmﬁ)a.of the

e ol : .
bl B ST AS 05k B R OB OFU e ORI e
pomerthembpai(des6. t he di sjointed thermal interface 100,

however, generally, only a single gasket 90 covers

A0t Al Bl P R AR 3
@}emmeaiehtwf tltehberglalikeqndeﬁlwe gaskott 90psaﬁicuen0t¢esblab dngaikhefrom
ﬁet(s)l)l( weltica eaﬁ) g%‘éallggals’] 86, 1191 eS? E%]u%tra? ?Jchls (3t§ref:({.;,l a[‘ 1n?11rg% fhsPlﬁcement of
hagkstt %X)néfyr h@r‘deflh@i by a degree of lateral displacement (dl) of the gasket 90
from the showerhead passages 86 and a degree of vertical displacement (d,) of the gasket
90 from a plane of the proximal portions 102 of the disjointed thermal interface 100.
According to one embodiment, the degree of indirect displacement equals the sum of the
degree of lateral displacement (d;) and the degree of vertical displacement (d,). The
degree of indirect displacement may vary from on disjointed thermal interface
configuration to another, so long as the degree of indirect displacement is sufficient to
isolate the gasket as described herein. For example, in one embodiment, the degree of
lateral displacement (d,) is about 0.25 inches and the degree of vertical displacement (d,)

is about 0.15 inches, thus making the degree of indirect displacement of the gasket equal

to about 0.40 inches.
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shower head passages 86. Further, the disjointed
thermal interface 100 defines a degree of indirect

waele@phsugenent of the thermally conductive gaske€T/882009/033060

sufficient to isolate the gasket fromthe showerhead
passages 86. Fig. 5 illustrates that this degree of

i ndi rect displacenent of the gasket 90 nay be defined
by a degree of lateral displacenent (di) of the gasket
90 fromthe showerhead passages 86 and a degree of
vertical displacenent (d2) of the gasket 90 froma

pl ane of the proxinmal portiocas 102 of the disjointed
thermal interface 100. According to one enbodi nent,

t he dedlige06E ilndiritee fevdofad aassr@itpoegtialdssjdiited eiimadf

t he degree of |ateral displacenent (di) apd.the degree
s foGan CaafnS b Suss e il B0 SRR oF e
eS8 CeMRBliveEYkeY 0 Yuffifiit®Roldie $heOdabite® ehomled dMlverhead
interface configuration to another, so Iongﬁas t he
Beéﬁftg%%g%afndi”i‘?dibfeé‘&ctorﬂﬂaé‘iﬂ igoarEpys sbodigienis of Bygelecigode
hSQhe of i€ pRASK Blve RO I ERC A BRAe HEL R iNusufRE tHRX6RNRBA thermal
in one enbodi nent, the degree of |ateral displacenent

eearfcs K0bowir indigh 4 ppéhekicad§-thdoeytigeinis threntliiegrface 100
wnﬂﬂis %%@ﬁ%d gn_%%ie_, h%—t@gg}%rol e}aﬁld'aréfelﬂﬁtfﬁi grﬁggérgigpggtix@gf

the degree of indirect displacenent o .
MgumrhileoFigdudlugrago ajdititieesd fhegeal Gpertie il 00 insarted fonpthatehown
%83(% %% ?Pl@%{)rﬁ&ﬁ IQt%& ﬁﬁt fn@érSIthSéfQﬂldgE gg] oy?&f tﬂajma} fﬁte‘?faﬁéﬁ%

configurations that nmay define a degree o
¢qufigvrecensdilsphad anéat 6GfOE They dldveservalab yiable ddimited/dermal

t. 90, sufficient to | k. m t he.

SRS 10RO LR phBeleS 81 B BlF pOESIRE by lrdGments of
thapresers inyait@ali anwrils Fathet,hies edbreatpladé thasserrodus etheodisjpimeed

resent jnv iop., Fig. ,6A nore, cl ea illustrates
B orb T o Rt 1RE i PaCasSREY bttt HRMERYGR e
figrdlesof tid [@SsentGipplidatishomy Be atilzEoindneddinkeatsrod khei pidsertfi@deation
100 conpri.sin curved profjle, v-trench profile,
%ﬂwlangaasgﬁ%?}ﬁi8’&966?%9*@?%?%?5‘?;&%@‘%‘?%39‘?5 al\?%ﬁ‘i‘?ﬁ/ﬂf Flél,re"l&i g.
&Bplhdehd it of MeQBermally Sjraudiive dadkBeIomatfididat @rifane tht@asket from
inverted fromthat shown in Fig. 6A It is

bg shyepicad B#S1H80 i nver si ons of those disjointed
thermal interface 100
The positioning of the thermally conductive gasket 90 along the disjointed

thermal interface 100 between the frontside 72 of the thermal control plate 70 and the
backside 82 of the showerhead electrode 80 facilitates in the transfer of heat across the
thermal interface 100 from the showerhead electrode 80 to the thermal control plate 70
under low contact pressure conditions. Generally, during plasma processing, the
temperature of the silicon-based showerhead electrode 80 increases due to ion
bombardment from the plasma. To provide greater control over the temperature of the
showerhead electrode 80, the thermally conductive gasket 90 facilitates heat transfer from

the showerhead electrode 80 to the thermal control plate 70.

More particularly, as shown in Figs. 4 and 5, the thermally conductive gasket 90

is in direct communication with the frontside 72 of the thermal control plate 70 and the
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configurations illustrated in Figs. 6C 6E may al so
serve as viable disjointed thermal interface 100

we@oamwbiigusat i ons for purposes of the plasma proR€EEE999/033060

and/ or enbodi nents of the present invention as well.

Further, it is contenplated that nunerous other

disjointed thermal interface 100 configurations that

are not described herein or illustrated in the figures

of the present application nmay be utilized in

enbodi nents of the present invention so long as the

disjointed thermal interface7utilized defines a degree

of indirect displacenent of the thernmally conductive

@ﬁkﬁﬁ 8206 tﬁdﬁhf)bveﬂheaﬁ eldctrodesgl. althes dikeet @askaicafioroon thddermally
merhea g 86... T si.tionin

P ER e BRRURMRS BousaR &F 58S bty ot e b Giang g backsice

gm@frtn@ihoweﬂlem A€@rodO poivre Borhllﬂamwt@masﬂwéaa the baxfksﬂaa 82 of

thermal control plate 70 and the backsi de 82 of

YR ShyoRead clerterde 188 aed e froaiside /¢ gt e thepmal gantyl Bﬁ?ﬂé)run(%?r low

fddee REL0RSudtBadtiResNRd: 9b McBlifi@0RadBRsEF R0k BR thermal
shower head el ectrode 80 to the thermal control plate

peerigerd K10 qeﬁwd&b’ﬁh%lﬂlowﬁﬂlé%‘%@?cémé%%mdi thhernbpraig] plyte 70.

during plasma processing, the tenperature of the

si | i conpamethesNomelchBAdab S aletRbHa BltetACS BBRGer Qe cdrPact
i on bombardnent fromthe plasna. To provide greater

pgTHEEeeng s, thagaskeimIeseagralhels é?nftgﬁ@d%‘&‘ﬁélﬂﬂéfd& a thermally
@dn@ﬁétfv@ %te%glv Hol ExanlpR!, f@(gﬂe%nﬁgﬁ‘i%ﬁtt th\é%a%%%t bPcomposite of

facilitates heat transfer fromthe shower head
dragupgdd cened with ndempdlyrad clegreallyicopdugtie rpbber Mppgexample of

RRh CGIH{J(?s{t!e ¥o Q- E‘§d ﬁ%‘ﬁﬂh& Befs 91§t c&n;%gmhus he &H@%ﬁﬁ#ﬂhm

conductive gas Is in |rec ni cation
thh ehefm@ibt@n@u@t1V<2m@tﬁrmlh@ayta&ﬁ@rhfmlecm:loaﬂyr@mdtmum eAqOrdargto one

%?I?Aglﬂﬁ&%ltge thggnaﬂsr c&nﬁc @o%{epﬁ@& msd %gstc!’aﬂ)%g L?qtl\llb-egrﬂlﬁrs. Itis

conmuni cation o
gashgiat@) haweer, tive nfmanesitee thematy, tlhetrltdibrcnmluctimaslcﬂts
Bﬁ%lt:é eut17110 e(? Jg%ngblr'(])olrrrn%afe:s So? & ge reSs%rlltgrg\{elntéonn tBeﬁ V(I;,]lyt%‘r:ilnsfer heat across
madkﬁndemsﬂmﬁﬂomhe shower head el ectrode 80 and the
frontside 72 of the thermal control plate 70 under | ow

ﬁgg: a? trRaeE ; ezigsgaé:g rt osgh{ %Qc%%c}%}é%h % agat%greémb%glmeng ofl thg ﬁartesee%t
invention, a plasma processing chamber 10 comprises a vacuum source 20, a process gas
supply 30, a plasma power supply 40, a substrate support 50, and an upper electrode
assembly 60. The vacuum source 20 is configured to at least partially evacuate the plasma
processing chamber 10. The substrate support 50, meanwhile, is positioned in an
evacuated portion 15 of the plasma processing chamber 10 and comprises a substrate
electrode spaced from the upper electrode assembly 60. The substrate electrode and the
upper electrode assembly 60 are operatively coupled to the plasma power supply 40. The
upper electrode assembly 60 utilized in the plasma processing chamber 10 may be one of
any embodiment of the electrode assembly 60 apparent in the detailed description and the

claims of the present application. For example, the plasma processing chamber 10 may

comprise an electrode assembly that defines a disjointed thermal interface 100.
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interface 100 defined by the showerhead el ectrode 80
and the thermal control plate 70. To effectively

w0 eansiAasl heat across the thernmal interface 10PCT/HRZHN9/033060

| ow contact pressure conditions, the gasket 90
generally is configured substantially of a thermally
conductive material. For exanple, in one enbodi nent,
the gasket may be a conposite of alum numfoil coated
with a thermally and electrically conductive rubber.
One exanpl e of such a conposite is QPad Il fromthe
Ber gqui st Conpany. Thus, it -Bs contenplated that the
thermally conductive material nmay al so be electrically
conductThe appeé\emomﬂemgsehm}mmamamb o ipiiemh prdbhﬁlng ootk 1§
cond ctive sket, rises carb not ube

ferredy gertey § RSBt e BL OB 05 SCREe: e Sergtive
plebies withi keedvhovate Ipe@bﬁ 1§ af thy pRONgpGtdsviag Gasitet B aBbt
be utilized in enbodinments of the present invention to

RIPERE PORRg the Pk errtifanp> aipegere I‘f’éthtﬂPFe‘?Pﬁﬁi“O’i‘ At &F flgciepde

AQnb1{Red @ﬁcf/d)rrlﬂe ‘Eﬁs%lfa Pr8eekdigh chhmb&C©O MUk Pt Qardh&eh which
enbodi ment of resent 1nvention, a plasna

e ploens pﬁgtl@h% é@ e velb gy iderReadiag or dsupRPEBIYE cenfizgratigns of

{RE YfeFRa cBftrol %M%Omyané Ghe sBoR-ASIRIRIVRS 305 YPR 'cé(ntél‘ﬁ)plat@d that, in
substrate support 50, and an upper el ectrode assenbly

BOst ciee thearetngph wouateralsXorisg denlidrgalrcedirelplas 70 addhe
|.asam. 0,
(’V‘éfh@% SeFHEE S%ﬁl &etﬁﬁ% 81’6 %ﬁa@'ﬁ%ﬁig ’ﬁf‘rhp& é"Sh %H’B&chu 1t 1s

e substrate support I'S positione
emteavpdaserbtheak yaoety iobsealig wembdrecanl teswed foreolressiha gartltlon 65
§£9 mat?ﬁ/ w]h reatﬂg th%ﬁnn}f rc!l)ﬁ;tte ep%%ez@ r?%%l Eh% gow eahreP { ?dse%cﬁetgrface
whbemh@dEranmemmhuppmpmemecfﬂmdﬁmaw$&nbhmgﬁﬂmmmm10
operatively coupled to the plasnma power supply 40. The

upper S Ly i th .
or oc engl ﬁtgértﬁ%geﬁ%% t%?&g) 4 thg gle},‘ﬁ*dde aszs?ﬁllb IX%O er@h Jg%ogﬁprlses
stehem@ Ieuiwawbloasl\é@ﬂbwmﬁﬁﬂ}a pipah@mltal qontwlhmtdé@ alaj/ ewhprise
8ur1n IBrdvTare pats%aéesh'ﬁ atg%lrepcroggl Sr%(? tr(]) d%rrﬁl seﬁgrogamfa T vga% HU]to
0EP ItheStﬁcl&tdeehEﬁt S&pkﬁltﬂﬁ%mbhq/pakﬂfbatecdﬂés gtegorg the back31de 82 of

B bR S RS Ek L 28 PTGt ST Bon
based showerhead electrode 80 can be engaged using the securing hardware 110 and the
backside inserts 88. In the engaged state, the securing hardware passages 78 are aligned
with the backside inserts 8§ positioned in the partial recesses 89 along the backside 82 of
the showerhead electrode 80. As a result, the securing hardware 110 may extend through
the securing hardware passages 78 in the thermal control plate 70 and engage the backside
inserts 88, which are positioned in the partial recesses 89 along the backside 82 of the

showerhead electrode 80.

The securing hardware 110 and the backside inserts 88 are configured to
maintain engagement of the thermal control plate 70 and the silicon-based showerhead
electrode 80 and to permit repeated, nondestructive engagement and disengagement of the

thermal control plate 70 and the showerhead electrode 80. According to one embodiment,
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generally defines a hernetically seal ed plasm
partition 65 such that gas and reactive species within

W@ b@gvasuat ed portion 15 of the plasma procesBECTES2009/033060

chanber 10 do not penetrate beyond the plasnma
partition 65 and interfere with the operation of the
el ectrode assenbly 60 and/or the plasnma processing
chanber 10. The particul ar manner in which the plasna
partition 65 is defined will vary dependi ng on the
respective configurations of the thermal control plate
70 and the showerhead el ectr-6de 80. It is contenpl ated
that, in nost cases, the respective materials formng
$hoe/ntil Bigna | theCtonaksidd 1n$‘a:ha§8€ba17 Be aﬁﬁgtnhéé ashoauecdmgailing a backside
el ectr ne t of . t artition
Sl M aitisghntis] o Wishd Brpriscbihernating R syt e 7
ﬁleuaé thexghallesHae! Slae J0. hfswm&eehs& Qheﬁsfébu&ﬁﬁgelafd%ﬂrepﬂl()tm édn@iBured to
particularly where the thermal control plate 70

%Cﬁﬁsstﬂﬁ@aéﬁmﬁé%n %%eﬁ hobrekgde infrediache spryrnedadiyare

PsHRE 7808, Wk E)thnﬂ)tleh @ khr&AeP &{%Qérﬁen@f AsREIiRY t@saﬁ&her embodiment,
processi ng chanber 10. Fur referrln

thp Backpide tPerthe38£48 BarpAnficegd @%%iﬂ%lﬁ rrythﬁp@ra é?ﬁ?ﬁ%eﬁ g%gomled in

hE ‘By&kﬂg 8@ 8f ﬂt\f\@{o%vei]lﬂegd elé@fo@e B&T Wik %ﬁﬁée}‘t gstify Slat:eh @({em@éurmg
cont r ol g? ate may conprise securing hardware

pradwagé %@lqhh@ﬁy far exapplerdopprisach thigagndrsmietv o delirengages the
ﬁh%f(ga\@ﬁlgenggﬁqn o sQufGhHE %v;e{h%acpgg’éﬁ%klg ?%{é)qgf%l%%na? ﬁoentrol plate 70.

positione the partial recesses
backsi de 82 of the slllcqn-based.shomerhead el ectrode
80. Théenamesfripd crakadiments gisciased trgein gaplobime on¢ PoBer Radkgide

ﬁ@&%&ﬂ?@ﬁ 8%k %@xda%tﬁgo#g @fﬁgﬁrgggbg g}‘égg@% RGabRe 410, the

securi ng mare 110 erts 88
Mwéﬂéh@ag@@Ssméﬂ@EMﬂhém8@§@9WNgom§ndmhménﬁasémg@smigﬂ

e e e
Isdebsidy ineaidB8ak elge tOCId@veSigth thf; Zﬁuﬁl@;lﬁidzaert Eﬁ \ﬁﬂuﬁ taliregn\?\giflerecess
%ba\éyghout 813 égngPr%gﬁlgﬁ% %Qes%? 9 9

sages control plate 70 and engage
t he backside inserts 88, which are positioned in the
parti alAcedente s B9that onlgpdirmant,blacinsirdis @2 bofectiled in the recess

gﬁvz\afesrbrqr?ga—ﬂ)agédes%attg ‘t())ydperowglng a spring, the insert 88 being configured to allow
for movement of the insert 88 in the partial recess 89 in the spring-loaded state. Asa
result, during the thermal loading typically present in plasma processing, the backside
insert 88 can move with the securing hardware 110 within the partial recess 89 without
dislodging from the recess 89 and without degrading the engagement of the securing

hardware 110 and the insert 88.

A variety of spring-loaded configurations can be utilized to reduce any tendency
of the securing hardware 110 to become disengaged as a result of stress induced as a result
of thermal loading induced during plasma processing. For example, in one configuration
for providing a spring-loaded engagement of the thermal control plate 70 and the

showerhead electrode 80, the backside insert 88 is configured as an anchor in one of the
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The securing hardware 110 and the backside inserts 88
are configured to nmai ntai n engagenent of the thernal

waeowwnolispl ate 70 and the silicon-based showerP@ETS2009/033060

el ectrode 80 and to permt repeated, nondestructive
engagenent and di sengagenent of the thermal contro
plate 70 and the showerhead el ectrode 80. According to
one enbodi nent,shown in Fig. 4, the backside insert 88
can be configured as a stud conprising a backside
extension 88A that is configured to extend into one of
the securing hardware passagegs 78 in the thernmal
control plate 70. In which case, the securing hardware
fat@alire 6089 Hrnelintie AckeRS2tdieheBackahehd eixtrefeioand 8B8A

of b ks e insert 88 in the.s ring hard
Sl har B | Do p shpeleelY i S sty A SRy BHBHEd washer
AaEiQHdd ﬂg)]ipase&trf@ich OF erRARAEHNIBdYided WRerXBE Kﬁhﬁi@ HaRG&eidé $10
88 can be confjgured as anchors in the part

?céﬁsé‘%sstg%ba§551¢eolfl?@08% A0 appshes ﬁ%‘?f@l‘lﬂ’é“’%éh%'?adf%‘é@ msert 88 may be
Sheaad ot iRsdt tedte S faéMﬁeIﬂt Wia tpp&r o138 tl'lé'bll&lt@@@

the securing hardware 1 may for exanple
BaEE SdeEatyile Aeeariae plemens Fafb‘?ﬂ grovigasps gdisligah goring arranged
Q%ﬁkéloﬁ%tddﬁﬁ?&&en%n LPhe S&HFife Bzﬂ@w%@ QY@fnﬂﬁ@é@cﬁ{&%ﬁ%ﬁ%
80 to e thermal control plate 70. In any of
raskrgdi’®ent s di scl osed herein enpl oyi ng one or nnre
backside inserts 88, it will often be advantageous to
ensur e 1t Rbeel 'Elﬁt 1%@1%1%h@193raﬁ1 Bﬂy\@{n%)&]lélg of (R Prd3& ki kftfon being
|nserts 88, and the partial recess 89 are configured
$gehgurerhtto el@imdyr?g)attrfélaﬁmpwmu fagtiopin papticalas aappdr geg
[

R B R e S R o Y
@ée@wmg:rwammmemmsm wihittha porpfvaciyay tqoaﬂlgm@t’:’ @lsrot@qin existing

A V!
éﬂﬁlo]?%%&)n%h%l (%qﬂnéeﬂ)t(}n];o %ﬂpaBJ]ﬁ gs rl{%ﬁ,ég N b%%algen% 2 d&‘luptg r%/c;l]tat!l(ﬂl of
thh etrvctoralsba@@ernisticaofshe cangponeraded state by providing a
spring, the insert 88 being configured to allow for
novene t l,»
the sp Iﬁl 1|’S1 glf)(ie& '&1 t Hﬁselliﬁe é}fsﬁlg Qr?d Qﬁ%l&hlg v&h%ﬁ %ﬁﬁzeﬁ%elleﬂl are
ndtetihed td bmchthmgscbgemf ¢l@| dleympql gwsntomon toph@gnthat certain features are
(pI‘ltICC gsssénn%g O%G\I;I]\‘/%P Erfal C%%Jlnp tlllle s%ruftﬁre or 51?1{%{}0 f\r/tg% (\glglmeg énventlon
Rhthdsrouhtse terms are merely intended to identify partlcular aspects of an embodiment of

the present invention or to emphasize alternative or additional features that may or may

not be utilized in a particular embodiment of the present invention.

Having described the invention in detail and by reference to specific
embodiments thereof, it will be apparent that modifications and variations are possible
without departing from the scope of the invention defined in the appended claims. More
specifically, although some aspects of the present invention are identified herein as
preferred or particularly advantageous, it is contemplated that the present invention is not

necessarily limited to these preferred aspects of the invention.



di sl odging fromthe recess 89 and w thout degrading
t he engagenent of the securing hardware 110 and the

W0 p®ent7188. A variety of spring-loaded confi gur@r/U82989/033060
can be utilized to reduce any tendency of the securing
hardware 110 to becone di sengaged as a result of
stress induced as a result of thermal | oading induced
during plasma processing. For exanple, in one
configuration for providing a spring-loaded engagenent
of the thermal control plate 70 and t he shower head
el ectrode 80, the backside insert 88 is configured as
an anchor in one of thepartial recesses 89 fornmed in
t he badkisinded 82t ede drhersbfanefdieathgelai didote tBQerantvichen” as

securjn ardware 110 conpr.i ses spring element in
RO fisRheBrSG s FherhyeS SR e GRS Be PESHY PYGREY § b noted tha
ORROSEIs antfodh&d i Oihe SNPGRGB DpePERd BarkitngphtRE that is used to
securing hardware 110 accesses the backsi de insert 88.
nHodTe £ Rt Rt dgerestof shnractaristigs oé Ksisgretprgad thogldl brgy
RerRbled tkei fhnhéVQkhepeklbiRe hréaibRAg G BRGAGRNENT Wi th
a tapped hole in the electrode materi al.

Alternatively, the spring elenent can be provided as a
hel i cal spring arranged about a | ongitudinal extension
of the securing hardware 110 in the securing hardware
passage 78. It is noted that recitations herein of a
conponent of the present invention being "configured”
to enbody a particular property or function in a
particul ar manner are structural recitations as
opposed to recitations of intended use. Mre
specifically, the references herein to the manner in
whi ch a conponent is "configured" denotes an existing
physi cal condition of the conponent and, as such, is
to be taken as a definite recitation of the structura
characteristics of the conponent. It is noted that
terns |ike "generally" and "typically," when utilized
herein, are not utilized to limt the scope of the
claimed invention or to inply that certain features
are critical, essential, or even inportant to the
structure or function of the clainmed invention.
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Rat her, these terns are nerely intended to identify
particul ar aspects of an enbodi nent of the present

WO pwentilen or to enphasi ze alternative or addi BEH82009/033060

features that may or may not be utilized in a
particul ar enbodi nent of the present invention. Having
described the invention in detail and by reference to
speci fic enbodi nents thereof, it will be apparent that
nodi fications and variations are possible w thout
departing fromthe scope of the invention defined in
t he appended clains. Mre speeifically, although sone
aspects of the present invention are identified herein
as preferred or particul ardihARMyYant ageous, it is

onte Iate t hat t he resen i nyent i IS no

e e AEPFI priride o Rsb el SebPa e tiendsene
iHdwemkhddlectlodd, ahd a therily@dndudale Qe Orhedi: e of t he
fol |l ow ng clainms utilize the term "wherein

t r ansP¢ el ciEoLRate cpgpriten a frﬁﬁﬁs‘ﬂ&saé%‘w]&gﬂded%‘fdl arﬁ’l\"F@httyt?é

POESERds dafigntion, it is noted that this termis
Introduced 1n the clainms as an open-ended transitiona

phr astBe thexerhiead ¢lecsrgde eprmtsesoiiiensside. p bagkeigde. 9 aghurlity of
$ReefRadfasGBar acteri stics of the structure and should
be interprefed in |ike manner as the open-ended

pr earth¢ Gemne pentiobpipieiagd Aig sh@mﬁlnqu elpctronly agd angaged dech that the
5 rﬁﬁ@&%lﬁ&@l a'l 61@[%1 ﬁia{egfcre 1tdE 8% thP lsl‘ﬁ}\x?e hedd e]le trode;
SI ead e ect r i% T

i con-base ower e, and a t
condubt plwelhgasc lpetcess\ghepasiages ¢ffilee thexarahedntrobplate @hd bk atueahty

. ; :
gffsgg\!éé@@% é)gssséeg;&gglggiﬁwﬁgggﬁﬁ%&ﬁ cog& o} pe#h&@loéséa){ge Qfa
pnaﬁsgsemnagfmenkemﬂma$ambackS|de and a plurallty of

shome head ass %3 ont 1 e a
hovaPhianBranorEter oy ot ER0H Pinpl i A biRsae
bfrthaniipivdthead elédnedd bpeammle t6 O¢fine aldigpdint e thean sntérfiee comprising
backsi de . of tgg ho %Qead el ec rode rality of
PRGEReE Y bHeseRho PEREsce R FoShPPeRd fradte shpterhesd
plReugpd;ural ity

the displaced portions of the disjointed thermal interface are recessed relative to
the proximal portions of the disjointed thermal interface and are separated from the
showerhead passages by the proximal portions of the disjointed thermal interface; and

the thermally conductive gasket is positioned along the displaced portions of the

disjointed thermal interface such that the gasket is isolated from the showerhead passages.

2. The electrode assembly of claim 1, wherein the thermally conductive gasket covers

substantially entirely the displaced portions of the disjointed thermal interface.

3. The electrode assembly of claim 1, wherein the thermally conductive gasket is not

positioned along the proximal portions of the disjointed thermal interface.
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of shower head passages of the showerhead el ectrode
cooperate to permt passage of a process gas through

w0 b@glas8t r ode assenbly; the respective profil BST/U820091€33060

frontside of the thermal control plate and the

backsi de of the showerhead el ectrode cooperate to

define a disjointed thermal interface conprising
portions proximl to the showerhead passages and
portions displaced fromthe showerhead passages; the

di spl aced portions of the disjointed thermal interface
are recessed relative to thel3proxi mal portions of the
disjointed thermal interface and are separated from

t.he Shﬁwm‘cﬁtﬁﬁﬁsmﬁaﬂs;a@feﬁanhm twhereiprtiaxdisjaintep etici oinstedice defines
the disgjojnted thermal .interf d the the

b PSRt haR pobr iebnah Sanditg < et Ch Bt solae
m@@&m@nﬁn@ﬁmknﬁmﬂmﬁh@h@ggﬂ thermal interface such that
the gasket is isolated fromthe showerhead passages.

2. The el ectrode assenbly of claim1, wherein the

§.her nBleleyecqORdlEhibieordgih et wh¥ialise (tﬁeﬁﬁ%toﬁﬁlﬁlr&!t Hhéplacement of

entlreIY t he di spl aced portions of e di sjointed
71

thp dierranl W@Pfl&%&ask% is defjgedbyer degtrget é%%r%ﬂpiﬂcaﬁert& (i 9 the
éaské’ﬁ‘ﬁ%ﬁ?ﬂh@ sﬂo’&%rﬂeg@ﬁe gL: Xn&@ﬁ&?&tdf VErtidAl ?facérﬁ’en@ Qiz) of the

posi tioned al on proxi mal™ portions o

ghiskgt diont planerrd rthpenrmtlmtalenorrm ofjthe Hhioinpbibemmd mteasenbl y
of claim1l, wherein the disjointed thermal interface
defines a degree of indirect displacenent of the

¢.her rielelecaodedusnibleofgémikdt wherbifnitied thermatlp C¢IElo¢tme@a$kheis in
%%%ECEPE) é&n?%hé? \zviltﬁ]&%’ o\r}\lﬁg(%g)lf ﬁl%stﬁe%%glsconéol pTan an I!)Jc sqge of
mbﬁnwaﬁﬁnéammnmeihe thermal |y conductlve gasket |s
defined by a degree of l|ateral displacenent (di) of

t he gasket fromthe showerhead passage and a degree of
vert i T@leledirsdz! aaﬁeamgndsf a6, Wﬁerbllﬁeheg(ﬁﬁ:kﬁiorrfnﬁtmmaﬁorpd)fahke

f the X1, ma ortjqns of di sjointed the
iy SBiRC ErnEr bih S ik S iy op A o the
WhRG@ o thdolvBRELBIIdro@ORdm6tel Ve Gasikelbon bStwieth @e b&Kbide of
communi cation with the frontside of the thernmn

the ﬂlilorvmrheﬁqi glegirode and the fygntside phge grermal control plate under low contact

pressure such that the gasket facilitates heat transfer across the disjointed thermal interface

defined by the showerhead electrode and the thermal control plate.

8. The electrode assembly of claim 1, wherein the thermally conductive gasket

comprises carbon nanotube fillers.

9. The plasma processing chamber of claim 1, wherein the proximal portions of the
disjointed thermal interface are in direct communication with the process gas that may

pass through the electrode assembly.
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the showerhead el ectrode. 7. The el ectrode assenbly of
claim6, wherein the direct communication of the

W@ b@oirel1By conductive gasket with the frontsi deCoiS10n%033060

thermal control plate and the backsi de of the

shower head el ectrode pronotes conmuni cati on between

t he backsi de of the showerhead el ectrode and the
frontside of the thermal control plate under |ow
contact pressure such that the gasket facilitates heat
transfer across the disjointed thermal interface

defi ned by the showerhead eleetrode and the thernal
control plate. 8. The el ectrode assenbly of claim1,
vher ehAmelthi@de h@émb Icymp@mgu:mbmeﬂ g@sﬂoeplatemmndoaeﬁsed

RAABEM G- A P SR BB Bor 11 ong. of

t he dhé&iheinmil e&mtoh@ambmpmee b Fid6®idar Ebacksidd, iRICd plurality of
communi cation with the process gas that nmay pass
PR GUEH PPHéeel ect rode assenbly. 10. An el ectrode

assenhd yhotemeid @&dﬂl@)d@c&f}ﬁfsé‘@ad fr&Rdd, Qlbadksiat Qind @ plurality of
si | i con-based showerhead el ectrode, and a thermal |y

donaletd RAssgasket , wherein: the thermal control plate

COMPIih St EERI ﬁllaéé%nd ﬁle Qﬁ‘&be?h&ﬁ eleBile %repéng‘%@'d Ishioh R4t the
grocess gas passages; the showerhead el ectro

oips efcbe Bemrab pensioliplate fadsa ik Shakeide afilte shqyterread plegtrage:
BRSO o AR SO Pl B

éfrsbovehete pofsaghef theshovedrhaad nterioddepbarteentd maesnit hasage of a
€r%géggggthgugh tﬂgel%a%\ﬁgr{lg@ﬁlgel ectrode; the plurality of

assage thermal control plate and
t he phureaﬂ)actlye p)ﬁfl]thQﬁltBtf haaddqaﬁsh‘a@amad)éomﬂobplsda awmkthh easckside

el ectrod te top sage,of a ess
FrPEign TR’ ar el Ge®abThhiy BRI Bynfy PUBREEofing

ptfrﬁcﬁns|pﬁ$(uﬁfll td e shevostheaid qmssﬁges hﬁtl?pdrh(ﬁfs riesplac@ifics1o khephatahead
and t he backsi de
passages;

the displaced portions of the disjointed thermal interface are recessed relative to
the proximal portions of the disjointed thermal interface and are separated from the
showerhead passages by the proximal portions of the disjointed thermal interface;

the thermally conductive gasket covers substantially entirely the displaced portions
of the disjointed thermal interface; and

the disjointed thermal interface defines a degree of indirect displacement of the

thermally conductive gasket sufficient to isolate the gasket from the showerhead passages.

11. The electrode assembly of claim 10, wherein the degree of indirect displacement of
the thermally conductive gasket is defined by a degree of lateral displacement (d;) of the
gasket from the showerhead passage and a degree of vertical displacement (d,) of the

gasket from a plane of the proximal portions of the disjointed thermal interface.
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of the showerhead el ectrode cooperate to define a
disjointed thermal interface conprising portions

wee@iinEBl t o t he shower head passages and port i BPEEUS2009/033060

di spl aced fromthe showerhead passages; the displaced
portions of the disjointed thermal interface are
recessed relative to the proxi mal portions of the
disjointed thermal interface and are separated from

t he shower head passages by the proxi mal portions of
the disjointed thermal interface; the thermally
conductive gasket covers substantially entirely the

di spl aced portions of the disjointed thermal

it erfreecradethsiend]0ofsjlain 0 eehdréie theaherinall eednde®ive gasket is not
defj nes a degree of indirect displacenent of the
DR 1o B pe Ry of i el e Rl Rt ar e t he
gasket fromthe showerhead passages. 11. The el ectrode
assenbly of claim 10, wherein the degree of indjrect

i s pl Hestreiedegrsembly oficlaime Dy heseih dhsdBrpallcpariugtive gasket is in
giedet apdniicagod @8 @R MRIntsi RLBHR! hdnBloa& 8PN adddhd bRkside of

t he gasket fromthe showerhead passage and a degree of
heshqweaheadiplsgifodeenent (d2) of the gasket froma plane
of the proximal portions of the disjointed thermnal
interface.12. The el ectrode assenbly of claim 10,

ither éfhe elehoderrevemily §f clmddcyharein dissikieet comnmpication of the

BERA, QDR Rt} Bftn RN PR RN Phuottfige and the

sk adddfythathogkidiean el@rodshprmpies tdnemutiention betyeenthe batkiide of
et Jis.in. dir i i i,th th r id

87 florlot PRafb ok S e PO P AR Bl A Sontac

phouwershdatlatehegtsko deilitdids heitreansfeeatross de digseath thermodl interface

|.ai 13, wherein the direct co nication of the
Gorpihi o SRR bR ah e R R PR o e of t he

thermal control plate and the backsi de of the
iﬂom§ghead el ectrode pronotes, communi cati on bet ween i

e HaBRENYRropssipg ST HESHS 8[VATHIP LB GrfoPTPFaS 84S Supply, a
hIaaid Sovebe supblyt heutkhias s@ﬁo@,cuﬂﬂ a®lipRk alb&@rddB d&EmbgWyvherein:
contact pressure such that the gasket facilitates heat

t r ansheYacHp sacq i Sonfjeuredithftdenst PEtalIeVAHRE tielasma

processing chamber;

the substrate support is positioned in an evacuated portion of the plasma processing
chamber and comprises a substrate electrode spaced from the upper electrode assembly;

the substrate electrode and the upper electrode assembly are operatively coupled to
the plasma power supply;

the upper electrode assembly comprises a thermal control plate, a silicon-based
showerhead electrode, and a thermally conductive gasket;

the thermal control plate comprises a frontside, a backside, and a plurality of
process gas passages;

the showerhead electrode comprises a frontside, a backside, and a plurality of

showerhead passages;
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defined by the showerhead el ectrode and the thernal
control plate. 15. A plasna processing chanber

wW@wpniE8Nng a vacuum source, a process gas SupplT/ISH09/033060

pl asma power supply, a substrate support, and an upper
el ectrode assenbly, wherein: the vacuum source is
configured to at |east partially evacuate the plasm
processi ng chanber; the substrate support is

positioned in an evacuated portion of the plasnma
processi ng chanber and conprises a substrate el ectrode
spaced fromthe upper el ectridde assenbly; the

substrate el ectrode and the upper el ectrode assenbly
are apemaltnila\r e&mrocplutgalae«ﬂ tHe@thmhan akbeode avdxingsgef pligh; that the

e oRChy BeBR SR SRE T Bate HTRIna e Shevaritd plsgimde

and ané plefams/ df)prd‘e@f&%u§pdsya%eg&ﬁke€ﬂlerrﬁahGorftﬂBE[Blﬁl@|and3ﬂ>16 pruddlity
pl ate conprises a frontsjde, a backside, and a

?f SBP%(?@?*V RaFsags oL e shoyrahed legigdle.copnerais R ARBRIA Banee of a

Ho&&E %é%dﬁroﬁ%}m%é be&fodd afsk@plysi de, a backside, and a
plurality o hower head passages;the thermal control

pl at ehafsapecties RipBREeTBaRONH dreltridemibcaigheled 28didR backside
Al sﬂo%rhfeﬁcpa&stﬂoqgc&ﬁoelta{éQo hoete %113]&9@& fh@hna? I'}}Iﬁérﬁacg 8&fttising

t he backsi de of the showerhead el ectrode;
pirtiensiprexymalfto feghevahegd agyages a@b@sormmtdltﬁ@lawefrm the showerhead
%@?5}%%50' plate and the plurality of showerhead passages
€ shower head el ectrode cooperate to permt
pass atg@di@lﬂacad priicesd tipadisjpinted mlg%hrnalheteléhcecater mdwsed relative to

@%%Fox Hﬁ.{n’&ﬁs ('Ef%ﬁé’ﬁ?% e tl?ern%%l tn%f?fa %fan 3%539&%&5 a@f

contro at e an
ﬂiowﬂmremsagésdg/tth@phexmbp@nam@fﬂ@ chi@(ﬁmtﬁé tlanﬂalsmtafazrb eahd

h f h
¢ honaP b s B e SRR D | B lek afes REAXEA TR o forl 07 he

gikjoinerdheaciapasagasch that the gasket is isolated from the showerhead passages.

16. The plasma processing chamber of claim 15, wherein the thermally conductive
gasket covers substantially entirely the displaced portions of the disjointed thermal

interface.

17. The plasma processing chamber of claim 15, wherein the thermally conductive

gasket is not positioned along the proximal portions of the disjointed thermal interface.

18. The plasma processing chamber of claim 15, wherein the disjointed thermal
interface defines a degree of indirect displacement of the thermally conductive gasket

sufficient to isolate the gasket from the showerhead passages.

19. The plasma processing chamber of claim 18, wherein the degree of indirect
displacement of the thermally conductive gasket is defined by a degree of lateral

displacement (d;) of the gasket from the showerhead passage and a degree of vertical
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the di splaced portions of the disjointed therma
interface are recessed relative to the proxi ma

w@erwitonsl of the disjointed thermal interface BEUS2089/033060

separated fromthe shower head passages by the proxi ma
portions of the disjointed thermal interface; and the
thermal |y conductive gasket is positioned al ong the
di spl aced portions of the disjointed thermal interface
such that the gasket is isolated fromthe showerhead
passages. 16. The plasma processi ng chanmber of claim
15, wherein the thermally celvductive gasket covers
substantially entirely the displaced portions of the
disgpceinahed,) toh ek adket fidie b paae of thd prokineal pbréisnteof the disjointed
@rocgssugg chanber of claim 15, wherein the thermally
g ®gasket is not positioned al ong the proxinal
portions of the disjointed thernmal interface. 18. The

§$asna processi ng chanber of claim 15, wherein the
-sj ol hqtP&dme RETCRRINSCAIB atdaigely: taereln tiegrawllyconductive

s R €6 it TPhAGEIR M vAfh hdBok18E HBhd dhemD dblilol ¥iBte and the
gasket sufficient to isolate the gasket fromthe

Racktids Hdbarhoasdaedectrede. The pl asma processi ng chanber
of claim 18, wherein the degree of indirect

di spl acenent of the thermally conductive gasket is

Hef i nég phapma perseisima chdimbes pbelaim b, speramdheproxipgl porgens of the
.he. f. f r

Y35 RRTahal HAMCCIN, B I DARMRARIANG APprldBa 67 8
jesfss thnagh thexshomérhgpdrpaiseges ob fhe tshevadhesfl eleptraid. t her ma
interface. 20. The plasma processi ng chanber of claim
15, wherein the thermally conductive gasket is in
direct conmunication with the frontside of the thermal
control plate and the backsi de of the showerhead

el ectrode. 21. The plasma processi ng chanber of claim
15, wherein the proximl portions of the disjointed
thermal interface are in direct conmunication with the
process gas that may pass through the showerhead
passages of the showerhead el ectrode.



