ELECTRODE ASSEMBLY AND PLASMA PROCESSI NG CHAMBER UTI LI ZI NG THERMALLY
CONDUCTI VE GASKET 5The present invention relates generally to plasna

processi ngwayfdeoBise particularly, to plasnma processi ngpehhesss:ahd
el ectrode assenblies used therein. Plasma processing apparatuses can be

used to process substrates by a variety of techniques including, but not
limted to, etching, physical vapor deposition, chem cal vapor deposition,
ion inplantation, resist renoval, etc. For exanple, and not by way of 10
limtation, one type of plasma processing chanber contains an upper

el ectrode, commonly referred to as a showerhead el ectrode, and a bottom
el ectrode. An electric field is establiilshed between the el ectrodes to
excite a process gas into the plasna state to process substrates in the

reacti on chanmber. Accordi HEHEC’DRQ)IBEDQSSEMBLMANE pr esent invention, an
el ectrode assenbly '&&§MW@€ES@@W(§W E*m girol plate, a

silicon-based shower hea,flﬂ%! %ﬁ) mgﬁctl ve gasket. The
thermal control plate corrprlses a fron and a plurality of
process gas passages, while the shower head eI ectrode conprises a frontside,

a backsi de, and a Tpk preadni inyenotn shoeseertredig t@ﬁ]ﬁﬁﬁ@&&cesﬂ?@&mﬂhﬁfr&m| contr ol
plate and t Ly re. engaged such .that the frontside of

t he ther mal B%%%h&gﬁw%&g? ngo&% %Sm%ﬁ”" AT g G SO %%E‘Phead el ectrode
and t he pl uPIametgfomsumapp@ggsegaas bpasaéa@gsc@ﬁ ﬂtbhmaz:etsl’b@mme{ﬁﬁﬁ’tédhﬁﬂqual ate and

to permm 1 b N D T Rt TbeE BBt enol y. The
respect i ve garofifidneion ghiplati@iofrontt sqrrdﬂeaioﬁft(:tﬁeet{zhaﬁmhd nm)lby way ofpl at e and t he

10 limitation, one type of plasma processing chamber contains an upper electrode, commonly
referred to as a showerhead electrode, and a bottom electrode. An electric field is
established between the electrodes to excite a process gas into the plasma state to process

substrates in the reaction chamber.

According to one embodiment of the present invention, an electrode assembly is

15 provided comprising 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, 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 therma} control

20 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 elecirode cooperate to define a disjointed thermal interface

25  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



backsi de of the showerhead el ectrode cooperate to define a disjointed
thermal interface 25 conprising portions proximal to the showerhead
passages apg pedimaas di splaced fromthe showerhead pas$egfSacdigeddi spl aced
portions of the thermal interface are recessed relative to the proxim
portions of the thermal interface and are separated fromthe showerhead
passages by the proximal portions of the thermal interface, The thermally
conductive gasket is positioned along the displaced portions of the
thermal interface such that the gasket is isolated fromthe showerhead
passages. Accordi ng to anot her enbodi nent of the present invention
a plasma processing chanber is providee-conprising a vacuum source, a
process gas supply, a plasma power 5 supply, a substrate support, and an
upper el ect rzadet iapseivhidaldrghind dataee pontidnnodthpdreat# intrecosuchtiehof t he
aspects of th Pl &sen The foll ow ng detail ed
description 5 e%%3§E 5ﬁ@£§%ﬂﬁ Qh?mPWG%?he present invention can be best
under stood when read in conjunction with the follow ng draw ngs, where |ike
structure is indi chcedingite foffiekembogingnbofche presvatiarestiomd plapmwproessing] OF g. 1

|5 a Schemalid byl fid Labrdhs 8. RLAS TR QBRRSLAG GHATDSH oD GLR" ating

part|cular aspects of sone enbodi nents of resen

Fig. 2 is as{ppPin? wbetwtww%artﬁa@w@méleﬁfoda 2551 r‘fﬁ?éléétﬂ@lo_e’éqorm@@ @ecor di ng
to one e”bogéﬁ&gbfﬁémkgﬁs&ﬁﬁ%ﬁ@knhﬂ%ﬁﬂﬁﬂ0“ Fig. 3 is an
isonetric illustration of the backside and thi ckness di nensions of a 15

showerhead el ectr C}%e fo?l%gf%%%etagedt£qcr gon or}ege%lfgze err]r;[bm%];negltrs]%f t%g grsesegrllg I nvention;

invention can be best understood wher read in conjunction with the following drawings,

where like structure 1s indicated with like reference numerais and in which:

10 Fig. 1 is a schematic illustration of a plasma processing chamber incorporating

particular aspects of some embodiments of the present invention;

Fig. 2 is a plan view of the backside of a showerhead electrode according to one

embodiment of the present invention;

Fig. 3 is an isometric illustration of the backside and thickness dimensions of a

15 showerhead electrede 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 fo one embodiment of the present invention;
Fig. 5 is a magnified illustration of the electrode assembly shown in Fig. 4; and

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

invention.

The embodinents 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



Fig. 4 is a cross sectional illustration of an el ectrode assenbly including
a disjointed thermal interface according to one enbodi nent of the present

invention; wfi fheB7iss @ magnified illustration of the el g mbl y
shown in Fig. 4; and Figs. 6A - 6E are cross sec?&gﬁgﬁw&%a%

illustrations of various disjointed thermal interface configurations
according to sone alternative enbodi nents of the present invention

The enbodi nents set forth in the drawings are illustrative in nature and
are not intended to be Iimting of the invention defined by the clains.
Mor eover, individual aspects of the drawings and the invention wll be
nmore fully apparent and understood in vi-ew of the detailed description.
The various aspects of the present invention can be illustrated in the
cont ext of &Sﬁhi’asm proRessidig iehanher iR moh gk apfraveiRlddrihdast r at ed

schemati cal | g (% %“#o avoid 5 limtation of the concepts of the
present i nvetiti ST AREYTCIYE pl asma processing configurations, or

conponents, that may not be integral to the subject matter of the present
invention. As is d@mewﬁhby%k$$@@@&@E@@ﬂhwmﬁngnbﬁﬂmhamwhaﬁm&ommmoﬁssing

charmber 10 &%Pﬁx’oée?s Y@ Y HOMIE e R 1119338%89&%{%;1 qan %Lﬂ?gec 39 a plasma

power supply strate support 507 nc ro
assenbl y $5kmaﬂid>nazhthgp@@¢pt%¢fémmw@ IM@niEese rytigul @Oniasma processinRef er rl ng to

Figs. 4 and Gy ngzﬁ 41 BN SnQ s, URP by sdtsﬁh&%pﬁma "ce'rﬁa{ﬁggnf?%g&g@& present

invention are | strate CGener a ectro asse COFYDI’I ses a
t her mal contavettiop| At 6 eq@rally llysrilt@sbmi‘lgaéetbe @mmw@mmmm@e 80, and a

thermal |y Cgﬁﬁwﬁés H%Clﬂﬁl%%e 9@ a pl&gssngg@fuﬁﬁlz FG (%;}Dtkfbgll SQ\LJQI 394(9 gmpr ises a

frontside 72, a backside 15 74, "and a pl ura rocess ‘gas passages 76.
These proc eg@s@a‘assumts’iﬁg@%udﬁ@ atly‘fwr@é@pqrcyde assembly 55, and an upper clectrode

10 assembly 60,

Referring to Figs. 4 and 3, embodiments of upper electrode assemblies 60 of the
present invention are illustrated, Generally, the electrode assembly 60 comprises a
thermal control plate 70, a silicon-based showerhead electrode 80, and a thermally
conductive gasket 90, The thermal control plate 70 comprises a frontside 72, a backside
15 74, and a plurality of process gés passages 76. These process gas passages 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 aluminuem, aluminom atloys, or stmilar thermal conductors. In addition,
20  1tis noted that a variety of teachings may be relied upon in the design of thermal contro}

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

25  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



extend fromthe backside 74 through the frontside 72 of the thermal contro
plate 70. Al though the present invention is not limted to particular

thermal co@lg@bepkRie materials or process gas passage $ORLLQHALIANS, 1t
is noted that suitable thermal control plate materials include alum num

al um num al l oys, or simlar thermal conductors. In addition, 90 it is noted
that a variety of teachings may be relied upon in the design of thernal
control plates including, but not limted to, U S. Pub, No. 2005/0133160.
The silicon-based showerhead el ectrode 80, shown in Figs. 2-5, conprises a
backside 82, a frontside 84, and a plurality of showerhead passages 86.
These shower head passages 86 typically-4extend fromthe backside 82 through
the frontside 84 of the 95 showerhead el ectrode 80. Although the present

i nvention iswnmuﬂkbmkﬁsdh&m,@Emhhﬁﬁkaﬁmsmhmﬁﬁm hasedbsRomennead el ectrode

materials or.s r head passa nf i gur t S not at. suitable
shower head 3né€tﬁ%8@mﬁa§erPé?%ﬁnﬁgPﬁg e 1 gggwﬂdE“fﬁqWQFg “%g ' gl e
crystal sil itam; bamlegﬂsnfdrheed)ﬂ;act@ﬁé $(l:mmy lm grﬂfsmd@ci msuvlanﬂsanf @&ﬁ@rﬁﬁm bor on
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addition, it is C ate e 3 O e?ectrode 80
may be pr5esangleghecenc@uh&ﬁhoe@memfcocﬁﬁmugwcamimnsompmmmmd&mbﬁmm@df romthe

scope of t h&mP %&gt%% cdnrx}) hi'ﬁ%\e g{i:cullag gén% en e%tronp ue:[nd rc]n% orl nlfmmJ Pei%%h%‘ rpon e nt .

si ngl e- pi ece, rcul con uratlons or
C|rcular sh@m@pﬁeahammmﬂxguhamnpmﬁﬂ@mn@ﬁmsﬁmgﬂakcmmbuIar central electrode
and one or nore peripheral electrodes arranged about the circunference of

the central el ecthQW@wn in Figs. 4 andS, BNAWhal BnfbiTiae % Q}B%e%ho&i%ﬁeaﬁher mal
control plate 70 and the showerhead el ectrode 80 are engaged such that the

frontsi de 72ecHpdetiiaresarasapuct it hefroppide & ofehe theras! cpptreltpathdictkess de 82 of
the shovgr heagh pliRELO8E & erdeR ﬁgﬁbgé &N 1In EJ@@t]dﬁl HE ﬁﬁu&aﬁr%f é?lfprogésgg%s S gas
0}

passages 76 of the thermal control ? ate and t lurality shower head
passages 8633&?%@186’@0%%99@%%“@4%% bye fwi@ewp@fﬁlp@elﬂl@admsme@ 8passage of a

process gasthésJﬂB‘Qéiﬂ&dteH@mﬁi'e%@E&c@@@t&@@?&ﬂw;}?{s‘s%@ of A\ &@&dgﬂ%&@% enmbodi ment,
shown in Fi and 5, the el ectrode assenb 60 I's configured such

that the r & &Py EPil es of the frontside 72 of the thermal control
plate 70 and the backside 82 of the showerhead el ectrode 80 cooperate to
define a disj oi nt@@totdh@rwmﬂxe dnfbbﬁmfeﬂtcﬁloﬁzﬁ(ﬂ} Fighe agi 5jued adcethdhenmpl i nterface

100, SOrRE | 357, RRALA0R BRI R I RUS TR oRsaAcS, 00
proxi mal t @lateli@® as&il MH&&&@SMMQ@&IM&L& electrode 80 cooperate to define a
disjointed thermal intefface 100. 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
20  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
25 102 of the disjointed thermal interface 100. This recess and separation of the displaced
poztions 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



20 generally are in direct conmunication with the prbcess gas that may pass
t hrough the showerhead passages 86 when the el ectrode assenbly 60 is

i ncor por at g +ddb/@7@:Pl asma processi ng chanber 10. The dipgphasadopPREd i ons
104 of the disjointed thermal interface 100, however, are recessed relative

to the proximal portions 102 of the disjointed thernal interface 100 and
are separated fromthe showerhead passages 86 by the proxinmal portions 25
102 of the disjointed thernal interface 100. This recess and separation of
t he di spl aced portions 104 aid in the isolation of the thermally conductive -
gasket 90, as described herein, to substantially prevent its contam nation
of the process gas and reactive speciess-within a plasnma processi ng chanber
10. As used herein, the term"isolated" neans that -5- the thermally
conductive gﬁﬂhehmE@GESmh@I@%Bm9®E@bmepﬁm@ﬁﬁ&hhMyS@ﬁﬁ&ﬁHﬁﬂaﬁﬂ@ﬂkﬁ@d at

| east subst ant neuma Yoe m t he shower head passages
and the pr oc‘gbsc%anéaa% Pg%uél%an C&tﬂ\} Seabf’ dot %Oé]? glfeﬁll? Wtfé%eagﬁ%%agfz% MR ASFe¥sAduct i ve
gasket 90 g@ﬂenmyb@sm&tﬁa&@tloned al ong the displaced 5 portions 104 of the
disjointed thermal interface 100 such that gasket 90 is isolated fromthe

shower head passag e&e%@mazﬁﬂ@m&:@ﬂr@’ 2858 éeﬁ&alw R ggﬁéongc@ﬁmlﬁomﬁé dis 2@%6@ ass

t heret hrough. The thermally conductlve gasket ener ali
subst ant i%al Pyruestiof ef fre gileingd dhsrad arfenoe t Pbwmsh ?l?@ﬂ:a@ffef Phie ls(dlaSqd(fmmtbd t her mal

interface 199)%}&3[1 ﬁl&ﬁ?&%@rﬁﬂh%lﬁdalgcﬂﬁé prdtd LRIy hﬁﬁpi@ ﬂeké&%g%fiug;ﬁé ve

gaskets 90 may osi 1 oned al ong the displaced t1ons the 10
di sj oi nted ﬂﬁ%%#ﬁFmFﬁﬁgﬁﬁﬁﬁg9@@@”“ﬁbﬁéVﬁ%m ﬁ@ﬁ@ﬂb@ﬁWﬂY@nﬁyp%ﬂﬁlngle gasket

90 covers s §&;@nmameymgamea Bledndt BRerfllS PhoaGed BRI AR5 4 U@ t hE
disjointed thermal interface 100. In addition, generally, th gasket 90 is

not posi ti omedady sprgustive spkesPtmey Rorsiiens aime thsrdisphesddiosjook hided theher nal

interfage 18QosRdanRa ilidacdlRAbSFeveS MndhiPRnRls dM% Lasked 90sfrom the

shower head passages 86.
substantially entirely the displaced portions 104 of the disjointed thermal interface 100, In

addition, generally, the gasket 90 is not positioned along the proximal portions 102 of the
disjointed thermal interface 100 so as permuit greater isolation of the gasket 90 from the

showerhead passages 86.

13 Further, the disjointed thermal interface 100 defines a degree of indirect
displacement of the thermally conductive gasket 90 sufficient to isolate the gasket from
the showerhead passages 86. Fig. 5 illustrates that this degree of indirect displacement of
the gasket 90 may be defined by a degree of lateral displacement (d,) of the gasket 90
from the showerhead passages 86 and a degree of vertical displacement (d;) of the gasket

20 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, se long as the degree of indirect dispiacement is sufficient to

25 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,)
1 about 0.15 inches, thus making the degree of indirect displacement of the gasket equal

to about (0.40 inches.



15Further, the disjointed thernmal interface 100 defines a degree of

i ndirect displacenent of the thermally conductive gasket 90 sufficient to

i sol ate t hgoxagkgtisi rom t he shower head passages 86. Fi gpcpukidhdtshhat es that
this degree of indirect displacenent of the gasket 90 nmay be defined by a
degree of |ateral displacenent (dl) of the gasket 90 fromthe showerhead
passages 86 and a degree of vertical displacenent (di) of the gasket 20 90
froma plane of the proximal portions 102 of the disjointed thermal
interface 100. According to one enbodi nent, the degree of indirect

di spl acet nent equals the sum of the degree of |ateral displacenent (dl) and
the degree of vertical displacenent (d8). The degree of indirect

di spl acenent may vary fromon disjointed thernmal interface configuration to
anot her, so |ong &'EgstGheSHiﬂgﬂtleeadéwbﬁﬁﬁéhﬁﬂ&roﬁ;&pﬂnﬁﬂelmﬁdﬂﬁted mergldf fi cient to 25
i solate the ket..as des n_one odi nent, the
degree of |4 gfa% 1t0 qic&H] acecr)rnés aqfnaﬁ?&:mgaé} n(g{% %@ké?%@fgﬁ;e degree of
vertical di Slpﬂn&éiemmt(vdzz)gkaﬁoa&fﬁubnt@{a 11551atemMEI*@zsl-;et frbm shersbovareatine degr ee of

i ndirect di n Qut 40 |n hes.

Fi gs 6A- 6E ?ZF% g%?rg% ém etiggo qz?‘%e&ﬁﬁgrrg%gtfgsn%ﬁo% 51 gl nted ther nal
interface 18€:ngdinf @fgmﬂrmécsamrmsmnthmt Frea§A defré clearly mhegme:ethe)ﬁmyomchdrtmmi

di spl acenen; | duct i eﬁ ?99 t RN sol ate

t he gasket %treg%ﬁ’etlﬁgs%ﬁgm@ i %gsgﬁ%gé 6 glr%?il drréc’lntgéjtherﬁn@olrn eaf?(?tg into
vari ous enb@dipreing sctm‘f’edwnéﬂfebe@@n@ﬁ@of@fb@éemm@@mﬁﬁe trdspecpvaéﬁent i nventi on.
Fig. 6A m)rﬁ st fgrn Jnﬂ@d e 100 shown
in Fi gs. eﬁk@ﬁé Ilz% el Iiél‘C-aéE S @%@}aglnr%tt[%%% Zé%%d ﬂn%}}ﬁ Sgi%e 100
conpri si ng ig FrgupAvel lsmomﬁmpleted élavnmremwf proef @ibjemt&émumistt@ﬁpewOpr ofile,
respecti;yel ng@a%BH‘ﬂhﬁ%a e 6@@6@ tiat8s. & interface
100 inverte nfl até stﬁ ¥ I‘Cfs HIK%A.S I't ?s ‘g%%!t‘gé P%’?teénﬁl i nversi ons
of those dugfpltﬁﬁcml‘é{acopﬁgmmps fOnPléP'i??a%@f thQgaspe mmﬂwxgun@(m mdxrﬂehmsfrat ed in
Figs. 6C G%Jm&eﬁlfﬁ@m% E’@feﬂisFﬁﬂh@lbkt?s Qm%n@!a@d%th&ﬁ&%l BPBI%OW%ﬁe 100
configurations for purposes of pl asma processi ng and/ or “enbodi ments of
t he presentharmyéretasn i Omfégm"atwwhﬁtw&mtfi%scmedéveimnewﬁluawé@ﬁ intfgt nuner ous
ot her di sj gt tﬁé}ﬁés@ﬁlapﬂ{iﬁﬁﬁfnfr@@%ellgﬁze@l%]Elhwﬁédtm%hetp%gm%{V@nt[bgt

descri bed herel nor il rated i'n the res present application
may be Ui BP Pagasthe Eppagr hsrrd msfacpeilppéddines ¢ fazenof BAES so | ong as the
di sj oi nt ed gisheseiBhe d &Ie%ma@ dehddcliwefsdehi Heseidy datiRenL b dBdideCt

di spl acenent of the thermall'y conductive gasket 90 sufficCient to isolate

t he gasket teebaverivad 15 eeitead passages 86,

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

20  ‘backside 82 of the showerhead electrode 8( facilitates in the trapsfer of heat across the
thermal interface 100 from the showerhead electrode 80 to the thermal contro] plate 70
under Jow 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

25 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



The positioning of the thermally conductive gasket 90 along the disjointed
thermal interface 100 between the frontside 72 of the thernal control plate
70 and the de 82 of the showerhead el ectrode 8 s in the
transfer of %@?Eég?oss the thermal interface 100 fronlg 3&%rh%

el ectrode 80 to the thermal control plate 70 under |OM/COHtaCt pressure
conditions. Cenerally, during plasnma processing, the tenperature of the
silicon-based showerhead el ectrode 80 increases due to ion bonbardnment from
the plasma. To provide greater control over the tenperature of the

shower head el ectrode 80, the thernmally conductive gasket 90 facilitates
heat transfer fromthe showerhead el ectr.ode 80 to the thermal control plate
70, More particularly, as shown in Figs. 4 and 5, the thermally conductive

gasket 90 i snaiRiadise Glcthe mmm&c@&tr&ﬁ 200 trhis iRt Eéfﬁm@&a@ten S2nOfheinhigy t her mal

control plate 70 and the - de 82 of the showerhead electrode 80.
This direct “CHRTESIes %Wlﬂ?th? g‘é“til%e i e rgaRgrTs pRtegdsre thederkiiie h t he

frontside 7Z20ftmt Elﬁmtehféﬁdm&caﬁﬁﬁﬂﬂ’;ﬁd)mcﬂésab&nﬂﬁmm HeR@eh ae kadidge 82r0f t he
shower head ele tro 8% ronptes. c at.ion between the backside 82 of
e Shower ha oty SRer CePH0 ShHs RN GrEet HE BTG ot PP aaser Kot - of
pl ate 70 sindeitad: pissDreGos t&ﬁ&he@’aﬁ&ﬁ&ﬂ’ﬁmﬁﬂd&hhé&h&insiehﬂ:r@s@&ié@ﬁenﬁg facilitates
heat transfer acr %he thernal nte face éoo ggf by the shower head
el ectrode 8(5“%{%'8 ﬁ)@ fefip frafe S@8‘ﬁ‘f %ftécfdé gnd m@‘F“P EIORRYE {f-ansf er heat
across the thermal interface 100 under |ow contact pressure conditions, the
gasket 90 gener al |'Tp dfgctoghftiagtierddatsoiosstthnthiralal integfhceal 00 ledomitvl gpneanduct i ve
material. ot &xaRdifons! de LA STRALHMP R contl AR0dBRE B o RRnfufsOTPOS te Of

conductive material. For example, in one embodiment, the gasket may be a composite of

10 aluminum foil coated with a thermally and electrically conductive rubber. One example of

such a composite 15 Q-Pad I from the Bergquist Company. Thus, it is contemplated that

the thermally conductive material may also be electrically conductive. According to one

embodiment, the thermally conductive gasket 90 comprises carbon nanotube fillers. 1t is

contemplated, however, that numerous other thermally, electrically conductive gaskets

15 may be utilized in embodiments of the present invention to effectively transfer heat across

the thermal interface 100.

Referring back to Fig. 1, according to another embodiment of the present
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

20 assembly 60, The vactum source 20 is configured to at Jeast 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

25  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.



10 alum numfoil coated with a thermally and electrically conductive
rubber. One exanple of such a conposite is QPad Il fromthe Bergqui st
Conpany. TRdSosonh7igs contenpl ated that the thermally copdpgtinweszsmberi al
may al so be electrically conductive. According to one enbodi nent, the
thermal |y conductive gasket 90 Conprises carbon nanotube fillers. It is
contenpl ated, however, that nunerous other thermally, electrically
conductive gaskets 15 may be utilized in enbodi nents of the present
invention to effectively transfer heat across the thermal interface 100.
Referring back to Fig. 1, according to another enbodi ment of the present

i nvention, a plasma processing chanber-810 conpri ses a vacuum source 20, a
process gas supply 30, a plasna power supply 40, a substrate support 50,
and an upper el ectihedgpe? camsesiampl6H), wilihe the ptummpsosssicecli2®bérsiOconf i gur ed
to at least _partially ey ot r S chanber 10. The
substrate s%ﬁ%%b%‘gﬁ¥s%%%%§ﬂ%ﬁﬁfgg%ﬁ%%%it|oﬁggggﬁ%gﬁn ﬁggggggﬁeportion 15
of the pl asspecipyeites S agcotiandvgion 10 obthe pleonppriosesnacsubsgtlOdb eotel ect r ode
spaced fro s Ry, S . ode and

t he upper 2%%%¥$%d%§%g§%§%#%'ggﬂgggﬁopéﬁgggggﬁg%§6§%?%%Q%§m$k§%%easna power
supply 406. Frenb2660gpger thelplans wdessargsompby 160 The pdriieéd miamet mevhpdhas ma
processi ng r : hesone of, any..6 i the e

assenbl y GO&Q%%%?&@#% Riog%tgﬁ’e %%{aaiﬂ?e&ﬁ d%?c@?%&%%ﬁp% egﬁxtz#e&ﬁ% a%q%ésr%? t he
present apphé datmiabeonufoplateXGamg|te, shevwrabaat asaterde BBc Bssiongmplhadtier il0 may
conpri se an, &l gctr @de.asseilvidNaigdehl pesna G Phit rmal interface
100. ‘qn&i T%% uﬁﬁQ% éﬁgéfﬁg e é%%%ngﬁy 68 ﬁf%ﬁ%n ?%gggfasna processi ng
chanber 10 sgenshal ipcerdf Bh eyl Eiihethpmaiottl ¢f yhesagltied 6p| Mgwditipmfttid ti on 65 such
that gasyand, L8aGkh Yt SREEHGS sl hdhielE R YREHALEARRRE e Yoy & the plasma
processi ng c%angkr 10tdo ngt g%ﬁétrate bg onJ’the pP%snggpér?}tfon 65 and

i nterfere watiulpewhgpe hathegpl epntohplate @ ard thejghoserisyienkisirgdegd inieréicor t he

pl asma pr oGessh A anPefin difer cJSonBAL & GUbIR MBSl Bahl 66 the pl asma
partition 65 is defined wll vary depending on the respective

configurations of _the thernmal control g]@%g 70 _and the showerhead el ectrode
80. It is contenpl&{ETEHALE ©F mdt I CaSEL S PRY (erpael 48 PRt al s
f orm ng t hgeduher MRdwLONIY, Qliorppaiicalan0, dndeihecashomaibendaed@gticode 80 wil |

define the majority of the partition 65. In addition, it is 10 contenplated
Chat ' Uar Feupr st g et ¢ G e (Rt o Bt OB 1 11 on 65,
parti cul ar hytewhier ckdi itdagy $eajosidart irothe piratleecétQeafhldiehshaciwek e afl

g: Sgﬁng_ogre Oﬁjg§g]lg%g %%ﬁﬁ}g‘éf%&%&%ﬁ%@odg%ae’&heatﬂgrm\gﬁ éogﬁgltp?ﬁg 7&%%%@1 1rclgns of the
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
20 with the backside inserts 88 positioned in the partial recesses 89 along the backside 82 of
the showerhead electrode 8C. 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 elecirode 80.

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

thermal controi plate 70 and the showerhead electrode 8¢, According to one embodiment,



Further, referring to Fig. 4, the electrode assenbly 60 generally al so
conpri ses securing hardware 110. Mre particularly, the thermal contro
plate 70 nay oemtisse 15 securing hardware passages 78 phtgsaheszmali gured
to permt securing hardware 110 to access the backside inserts 88
positioned in the partial recesses 89 along the backside 82 of the
silicon-based showerhead el ectrode 80. The thermal control plate 70 and the
silicon-based showerhead el ectrode 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 20 with the backside inserts 88
positioned in the partial recesses 89 &long the backside 82 of the

shower head el ectrode 80. As a result, the securing hardware 110 may extend
t hr ough t heslseour Fiag, frrbduarde ipasshge be #@fignretihea sthécomglrisiegnbicabidpl ate 70
and engage ) Lde i 8 I I gsitioned in the rtial
recesses 89E§ gﬁggéﬁgggggﬂgﬁﬁééggﬁg?@@%iagﬁgﬁgﬁﬁ%g@g3 g%??BﬁgggﬁﬁgThe
securi ng hamdivathemil@nagicplah®y. bawkich dwe.i theerirmg88rdvne 16 6 hfdogfipued tt 0

mai ntal n_engage RO LI RSEABE 5 BINLEL inpL A8 B AML NG | Con- based
shower head el ectrode 80 and to permt repeated, nondestr etive engagenent
and di sengagpesmanis of. fertvaamnbe riakaded meopgpimol. ab@ofigan dudtiive ersbhstivamh ead

el ectrode Q) gl - ' - 9= Sk [ ol t he
backs! de- i ngsrt V48 ALROpt Andb P iR Rhor e pBMOMI S fhpedint de
ext ensi on 88Abackude §2f thgnha elegirod 8@ nWith Hednson €8 of plichehsecuimigng

har dwar e pagsages: 168xiifh hiieot Qﬁ&gﬁgo&b%ra%emeégﬁe% gr ‘kd“rn%f‘gg%eg hecase, the

securing hardware 110 is configured to access the backs xtensi on 88A of
t he backsi d@chsiisdpsert Bojsprurdibe Yepgihiaiglasapdvidhie U8 trawygageroy glawi’a, for
exanpl e, a threaded engagenent. According to another enbodi nent, the

backsi depi nserts 88nfanhdankanidnguiersaheRNCANNSyihdork BEmBRMhIAl. r ecesses 89
formed in the b he shower head el ectrode 80. Wth the insert

cksi.de 82 of t
88 in pIacé?thgl§§6€?@W§mﬁﬁwaﬁﬁ¥ﬁsTfﬁ?”%ﬁW%WFﬁ%?“%&@m§%§ﬂﬁﬂémtonprise a
t hreaded soaeWdEmsBEISE, aneAGPAES! rbetes PREKSdnt@uicN SRA tha8ButR (B8ekWr € the

shower head el ectrode 80 to the t control plate 70. 10l n any of the
oo rmont SHITSCr ot B ABI 3y PRGN eCrooRap & BeoRigrdne. i

backside insert 88 is able to move with the securing hardware 130 within the partial recess

15 89 without dislodging from the recess 89.

Accordingly, in another embodiment, the insert 88 can be secured in the recess
89 in a spring-ioaded state by providing 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
20  insert 88 can move with the securing hardware 110 within the partial recess 89 without
distodging 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
25  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



inserts 88, it wll often be advantageous to ensure that the securing
hardware 110, the backside inserts 88, and the partial recess 89 are

conf i gur edwsumbe/tihst , during thermal | oading, with the geemkiodgoNgpdwar e
110 and backside insert 88 in an engaged state, the backside insert 88 is
able to nove with the securing hardware 130 within the partial recess 15 89
wi t hout di sl odging fromthe recess 89. Accordi ngly, in another
enbodi nent, the insert 88 can be secured in the recess 89 in a
spring-1oaded state by providing a spring, the insert 88 being configured
to allow for novenent of the insert 88 in the partial recess 89 in the
spring-loaded state. As a result, duri-h® the thermal |oading typically
present in plasma processing, the backside 70 insert 88 can nove with the
securi ng haraalrecesseBMPpmisi po thhbagksife §2x01 theebeweh8@ clectrdrio B0 antl 5 odgi ng from

the recess §§uﬁﬂgmm;8 QMngﬁ&&gﬁhggféggngggg%gﬁggyﬁ?%ggggmﬁggy&%gg har dwar e

110 and the insert 88. fety o pring- contigurations
can be uti | Feéiguedorgerie & fupn ol tagigenty povideheheadburermpetharddwarlié0 110 t o

becone di sengagadndsiciide stk bs O a8bh&SonARAUEE theBhiciRide Sl ks 48, £ ther nal
| oadi ng i nduced during plasma processing. For exanple, 1n one ‘configuration

for proviidi pgitad §drongtdisedeerien grigerment Wil 2 tapeedthelsringie clsgmtdeol plate 70
and the ShOM@éR@ﬁﬂh&%ﬁ&&&Qﬂ@g§@ge%ﬁ&ﬁ@ﬁ?&éﬁ@?&h%§gh&mﬁ%ﬁgﬁgggﬁéhgured as an

anchor in one of -10- partial ‘recesses ormed 1nt I de 82 of
t he shower h#PRH adPesitdip 6xtgDioa9d the KervsRe hardrrge hbrid Wersecutinohadmpt i ses a
spring el enpidagd 1.t he formof a spring-loaded washer configured to oppose a
force of engagenent provided when the securing hardware 110 accesses the
backsi de insert 88. |In _.another. confi ation, the backside insert 88 may be
5 omitted in favorl “gP ?]?aé{:ef‘t%“ﬁpsg}%eé T GHGETBRTT (G AFCl IRSPREPERSl e in the
el ectrode rebtcbel’ wAbedynatarticelaypropdie o8 pinkig ie k @B larG@Rnkerepr ovi ded as a
hel i cal sprin ranged about | ongi t udi. nal §xtegfion of the securing
har dvar e 1 20UHRAREE 07 THRG AT ol A 4UagaT s, M PeTrEdss hat
reci t at i ongetenek heref cathe anpen@anthidfa dohpopnhes SRinfinVE LGN Bkt

physical condition of the component and, as such, is to be taken as a definite recitation of

the structural characteristics of the component,

15 It is noted that terms like “generally” and “typically,” when utilized herein, are
not utilized to limit the scope of the claimed invention or to imply that certain features are
critical, essential, or even important to the structure or function of the claimed invention,
Rather, these terms are merely intended to identify particular aspects of an embodiment of
the present invention or to emphasize alternative or additional features that may or may

20 npotbe utilized in a particular emnbodiment 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 possibie
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

25 preferred or particularly advantageous, it is contemplated that the present invention is not

necessarily limited to these preferred aspects of the invention.



10 "configured" to enbody a particular property or function in a particular
manner are structural recitations as opposed to recitations of intended
use. Mre @pemidiieal!ly, the references herein to the nmapaggsighoyBigh a
conmponent is "configured" denotes an existing physical condition of the
conponent and, as such, is to be taken as a definite recitation of the
structural characteristics of the conponent. 15It is noted that terns |ike
"generally" and "typically," when utilized herein, are not utilized to
limt the scope of the clainmed invention or to inply that certain features
are critical, essential, or even inportant to the structure or function of
the clained invention. Rather, these t-é&r-ns are nerely intended to identify
particul ar aspects of an enbodi nent of the present invention or to

enphasi ze al t er natli i eotot thatchde br walof e &tliorew cldvat utitby tlﬁrtemmayrh@r@mﬁm be
utilized in , r ent_Lnovent

descri bed tﬁgmgﬁ%%% ?%%3Fﬁp§88&ﬁﬁggmgkg%g$ ?gggﬁ%gVHHME %P? %E%hbodlnents
t her eof , it thysitbrim jbeitragysed mrike dhas a‘myld:lpf:rl -ceied gasitiand pluasd thdtiionsd @r e possi bl e
wi thout depaghifag, oM, {Italea ROPS Bl ddifadsBY RO QR A6 b0t he, appended
clainms. Mre specl i cal ough sonme aspects o0 e present invention
are |denﬁlfméuﬂﬁe¢@ﬂﬁﬁa@mgsmwh@ﬂﬁnﬁéﬁd@ﬁﬁmhmE&uﬂtanmwagGVantageous, itis
contenpl ated that the present invention is not necessarily limted to these
preferred aspects of the invention. It is noted that one or nore of the
following clains utilize the term"wherein" as a transitional phrase. For

t he purposes of defining the present invention, it is noted that this term
is introduced in the clains as an open-ended transitional phrase that is
used to introduce a recitation of a series of characteristics of the
structure and should be 5 interpreted in |like nmanner as the open-ended
preanble term "conprising."



MCSLLP 12 CLAIMS 1. An el ectrode assenbly conprising a thermal control
plate, a silicon-based showerhead el ectrode, and a thernally conductive
gasket, wherein: the thermal control plate conprises a frontside and
a plurality of process gas passages; t he shower head elfgtrgde
conprises a backside, a first showerhead passage, and a seco SéhBwer head
passage; the thernmal control pﬁ te and the showerhead el ectrode are
engaged such that the frontside of the thernmal control plate faces the
backsi de of the showerhead el ectrode; t he process gas passages of the
thermal control plate, the first show¥iead passage of the showerhead

el ectrode, and the second showerhead passage of the showerheaci el ectrode
cooperate to permt passage of a process gas through the el ectrode

assenbl ¥, andn electrodd gembB@eipridthopr bink @ Somkolthae fa4 Hidosi-lee®f the thermal
control plate ngﬁthe backsi de of the showerhead el ectrode each cooperate
to defi ﬁ@%?ﬂaﬁag FoTRPEd 2hha thaameilnpaidual e eapkeds Bhprein: the frontside of

the th I L0l ' ' j ti t hat
e e ) LR, ST A oL TRlpor L2

term nates at irst s ad passage o eact el ectrode, a
second paseagesi de proxi mal portion that term nates at the second showerhead

passage of the showerhead electrode, and a.fraontside displaced portion that
e o Taet r eHESTETPG FEF L SPGB Gl e O BGTEr GRSt P second
front si geot Sk Bleal@hish@n of the frontside of the thermal control plate;

the frontside displaced Fortlon of the frontside of the thermal contro
plate is sephe Heamakqonfpt platefand she dwordicae algcpadsargengfoct ectstholibe head

el ectr r i de L mal _porti.on.of the frontside of the
t her m?@%&%% éf'ﬁ:tre) lfllge{r@?il éJn%%E gfa{% FaPISQKL BB RO HiY LhQtvethagd electrodse,
the process gas passages of the thermal control plate, the first showerhead passage

of the showerhead electrode, and the second showerhead passage of the showerhead
electrode cooperate to permit passage of a process gas through the electrode assembly;
and

the respective profiles of the frontside of the thermal control plate and the
backside of the showerhead electrode each cooperate to define a disjointed thermal

interface, wherein:

the frontside of the thermal control plate comprises a first frontside proximal
portion that terminates at the first showerhead passage of the showerhead electrode, a
second frontside proximal portion that terminates at the second showerhead passage of
the showerhead electrode, and a frontside displaced portion that is offset relative to the
first frontside proximal portion and the second frontside proximal portion of the frontside
of the thermal control plate;

the frontside displaced portion of the frontside of the thermal control plate is
separated from the first showerhead passage of the showerhead electrode by the first
frontside proximal portion of the frontside of the thermal control plate;

the backside of the showerhead electrode comprises a first backside proximal

portion that terminates at the first showerhead passage of the showerhead electrode, a



t he backsi de of the showerhead el ectrode conprises a first backside
proxi mal portion that term nates at the first showerhead passage of the
shower head el ectrode, a MCSLLP 13 second backsi de proximal portion that
term nates at the second shower head passage of the showerhead BLEELT ode,
and a backsi de displaced portion that is offset relative to the first
backsi de proxi mal portion and the seddnd backsi de proxi mal portion of the
backsi de of the showerhead el ectrode; t he backsi de di spl aced portion
of the backside of the showerhead el ectrode is separated fromthe first
shower hessdnphakaige pofximhbpaghonwdrheadineics ¢t thodecdny shheeticadpasbamkdi de

proxi ma), portion of the backsi de .of .the showerhead. el ectrode;  and t he
P or o P R e e AR B e R BB R B <) aced
por t i onfigf badreidt pantishosoradn biibtht besomalbagignter mbxiplabertdadrierbrsksi de

di spl aced portion of the backside of the showerhead el ectrode such that the
t her mal Pithe siprehsadelesiiolkst i s isolated fromthe first showerhead passage

of the showhp%gagﬁ{eqﬁ%&gggﬁn%n oHe: @Acﬁggé Bﬁﬁ)[eiasgﬁﬁéﬁé%{ azaféﬁ%it; 1, wherein

the thermally conducti et covers substan ntire e backsi de
di spl acegapaxtiron tief fitshdobadiead dessafe dfhtke shovehddatkcelodeby ddeirst 3. The

el ectrode, assenbly of claim1 erei,n the therpally conductive gasket is
not post¥ky %Hmﬁp%ﬂdmpﬁg“ﬁﬂk%?w$$§ﬁ9§ﬁHéEBWBQFW55388FFE@Hyand t he second

frontside proxiHEhaPeESIRBHRS gdBA if fi@?ﬁ\;ﬁeg%ld?ﬂcg tfl@ﬁ"ofxﬂgﬂem{pééggg b@lonP! at e.

4. The el ectrode assenbly of Claim erein the disjoin er mal
i nt er f adéhadEptaids of thteherow! ofntich dlateatd e Sptkackristacofl pphimntdieharal | y

conduct, ve.gasket suffjcient tq isolate the ket fromthe showerhead
paos gl dPSie S e Gl rode BRI P A ot B s Hiegr e of
i ndi r eGtolgies Ploace@entt sabwkiead ﬁt@&d%'dmlecs}l@%ﬁ{éa&@}egﬂ&h@t is defined by a
degree of lateral displacenent (di) of the gasket fromthe showerhead

passage and a degree of vertical displacenent (d2) of the gasket froma

pl ane of therﬁeieﬁ%}rgpé QL Hofleo RIRR MBlnPRR et N8 nhi QAL ShYR, of the

t hermal " contro
covers substantially entirely the backside displaced portion of the backside of the

showerhead electrode.

3 The electrode assembly of claim 1, wherein the thermally conductive gasket is not
positioned along the first frontside proximal portion and the second frontside proximal

portion of the frontside of the thermal control plate.

4, The electrode assembly of claim 1, 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.

5. The electrode assembly of claim 4, 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 first frontside proximal portion of the frontside of the thermal

control plate.



MCSITL P 14 6. The el ectrode assenbly of claim 1, wherein the thermally
conductive gasket is in direct comunication with the frontside of the
thermal control plate and the backside of thc showerhead el ectrigoge.! 7. The
el ectrode assenbly of claim6, wherein the direct comrunication of the
thermal |y conductive gasket wth the frontside of the thermal control plate
and the backside of the showerhead elléctrode pronot es comruni cati on between
t he backsi de of the showerhead el ectrode and the frontside of the thernal
control plate such that the gasket facilitates heat transfer across the
disjointed thermal interface defined by the showerhead el ectrode and the

t her mal cont r.ol of cla.m1, wherein the

| plate. 8. . .The el ectrode. assenbl ,
the Py conmuebr i s BEsEhT SuRaSIBh AR OEeoBt gk dIEEE  oae
assenbl ¥ir@f cehaiuiichiiomighehdfrbie dt bf 8l thasksbeardHoxd iRl thperdlseRr And t he
second backsi de proxi mal portion of the backside of the showerhead
el ect r othé sBeEerheadgip@radeconmuni cation with the process gas that may pass
t hrough the el ectrode assenbly. 10. An el ectrode assenbly conprising a
thermal control plate, a silicon-based showerhead el ectrode, and a
t her mal Ty colidudtétwelegasketly ofitieimes nwherein the thect cbhepimmicadontf @k pl at e

conprises a.frontside, backsj de, and plurality of process gas passages,
the sho HoB @EPF@@%“E&’ ﬁb%@gﬂ%} Pgﬂpéﬂﬂgﬁl&”H53K@¥%%$f%ﬁd a plurality
of shovgrhgad,PRs RG8Shead electrode promotes communication between the backside of

the showerhead electrode and the frontside of the thermal control plate 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 electrode assembly of claim 1, wherein the first backside proximal portion
and the second backside proximal portion of the backside of the showerhead electrode are
in direct communication with the process gas that may pass through the electrode

assembly,

10. An electrode assembly comprising a thermal control plate, a silicon-based
showerhead electrode, and a thermally conductive gasket, wherein:

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;

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;



the thermal control plate and the showerhead el ectrode are engaged such
that the frontside of the thermal control plate faces the backside of the
shower head el ectrode; MCS 1. L. P 15 the plurality of process gas
passages of the thermal control plate and the plurality of shawerihead
passages of the showerhead el ectrode gooperate to permt passage of a
process gas through the el ectrode asd nbl y; the respective profiles
of the frontside of the thermal control plate and the backsi de of the
shower head el ectrode cooperate to define a disjointed thermal interface
conpri si ng pBeti@AKY Y oxeess Laspastigesstoheihaal asshpet aad digontaiions

di spl ac f r-hea sages;., t he displaced portions of the
disjoin?gﬁm&%g%%gﬁaﬁ%@%ﬁ#g%%&§§%%¥%%8%%%? %%ﬂ?gFﬁggoﬁﬁﬁPﬁgaﬁﬁgivﬂﬁ| portions
of the dics¢wignt edoudhehealecirodeetstagidyand are separated fromthe shower head

passages by the proximal _portions of the disjointed thermal interface;
the thermail{Pe¢ Hﬁb‘{eiW%ﬁG% B frpbdeo idipdernel wnirgl lateiandthe t he di spl aced

por ti ongaRtidt BemdishhRiMESHILBRIIRbopME @%ﬁieadis‘omté fefhaligLmhad therml

interface defines a degree of indirect displacenment of t ermal |y
conduct ¢areprgaskentiensf froginento the shewtrhtal paheggaskeportivomlispecsitewer head
passagﬁﬁf ﬁ?d d the thermally conductive gasket conprises a conposite
of al uni’Ram YMaddsi86™wi th a thernal Iy and el ectrically conductive

rubber.  11.:pdbRpRkerhsadss asmeahiomned 1ehahm i nhersidsdherdegiee of
i ndirect displacenent of the thermally conductive gasket is defined by a

degr ee Bt proxtrlglorenspit deedisivinidibyroaf inthdacgaakete fapemiecdheostthower head
i i.spl 1t. 2)..of the ket f
s a0k, R, 8 N AL bR 5 BT o7

pl ane of t he ons o I 5]°0i t€rface. 12.
The el ect r odie dsseaiy yorahictiagaskd Qovarh eusiantibhe chtherynmb Uypheaduct i ve gasket

:ﬁt2?¥ %i;g% %%Hﬁ%kgﬂgjﬁggnﬁqﬁéhggt portions of the disjointed thernal
the disjointed thermal intesface defines a degree of indirect displacement of the
thermally conductive gasket sufficient to isolate the gasket from the showerhead passages;
and
the thermally conductive gasket comprises a composite of aluminum foil coated

with a thermally and electrically conductive rubber.

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 (dz) of the

gasket from a plane of the proximal portions of the disjointed thermal interface.

12 The electrode assembly of claim 10, wherein the thermally conductive gasket is

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

13, The electrode assembly of claim 10, wherein the thermally conductive gasket is in
direct communication with the frontside of the thermal control plate and the backside of

the showerhead electrode.



13. The el ectrode assenbly of claim 10, wherein the thermally conductive
gasket is in direct communication with the frontside of the thermal contro
pl ate and the backsi de of the showerhead electrode. MC C 16 14. The

el ectrode assenbly of claim 13, wherein the direct connunicathﬁﬁw f. the
thermal |y conductive gasket with the frontside of the thermal ¢c0O Fol pl ate
and the backsi de of the showerhead ell8ctrode pronot es comruni cati on between
t he backsi de of the showerhead el ectrode and the frontside of the thernal
control plate such that the gasket facilitates heat transfer across the
disjointed thermal interface defined by the showerhead el ectrode and the

t hermal ;gont ate. 15, A-pl.as rocessi ng chanber . conprising a vacuum
source,lg prggégg&%ggegﬁ%%ﬂﬁPfgaﬁ ggﬁ@“%gﬁgﬁagﬁ%:F?anmgﬁggngﬁﬁ support,
and an thepesllyedoadtdbdeasiss eyl ific (rohgIdeioNthe thermal thRrMagALEhS I CE IS
configugeﬁ to gt | east partially evacuate the plasma processing chanber;

t he sub8<site o5tissBe vehgadelsstqdsmeemetas epmaynicaneebetpeen hebagsided pl asma

processjy Qh&bﬁe e gdr?rrgaldg anp 'Eﬂesf?(ﬁﬁtﬁgébﬁbtﬁ% 'ﬂ%}rﬁaleéo%]%[ ?ﬂf‘e &]Bﬁlﬁlgig {}{gfr om t he

upper el ectrode ass y; e substrate el ectrode an e upper
el ect r oglesketds@hitatep hantarapper atiovethy dopuipké thetioal herfikadandgidwete suppl y;

the upper el.ectrode ass |y conprises . a thermal control plate, a
silicongﬁﬁ?gﬁaéﬁ C%?%%ﬁ@qg? PAFEPIYRIAS: t hermal |y conducti ve gasket :
the thermal control plate conprises a frontside, a backside, and a

plurality of process gas passages; o
15. A plasma processing chamber comprising a vacuum source, a process gas supply,

a plasma power supply, a substrate support, and an upper electrode assembly, wherein:

the vacuum source is configured to at least partially evacuate the plasma
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;

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;

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:



t he shower head el ectrode conprises a fro side, a backside, and a plurality

of shower head passages; the thermal control plate and the shpmerhead
el ectrode are engaged such that the frontside of the thermal contﬁ&ﬁﬂéﬁate
faces the backside of the showerhead el ectrode; the plurality of

process gas passages of the thernmal cgntrol plate and the plurality of
shower head passages of the shower head el ect r ode cooperate to permt passage
of a process gas through the el ectrode assenbly; MOSLIP 17 t he
respective profiles of the frontside of the thermal control plate and the
backsi de of theec¥Rehermetlys ef Betfradedeedheharmateongief plae @ddgcs jointed

t her mal ] hLSi POyt r O%l4ral - t he,shower.head passages
and por??%%gé ?gﬁﬁgggﬁh??%ﬁgﬁﬁgkgﬁgﬁiﬁ ggé&%gé%g§5%$ﬁdﬁwmnm19%53 i spl aced
por t i onsorofrisidrepatiispsoprntiech] thérerhbweihter jacecaned petiessedpheldtinie to the
proximal portions of the disjointed thernmal interface and are separated

f rom t he'“SHOWEr SP&S%ages by the proxi mal portions of the disjointed

thermal i ntefbac@laced portiohfEF th %Esﬂgghﬂgb{ tHPRAUGEd ee Qﬁﬂsljlé@éssécﬁrepﬁ%is tJ oned

al ong the displaced portions of i sjointed thermal interface such that

t he gasteprixgmplspiraewsdfthodsionded thower! hieadaqasslage sepaaaiet! from the t he

t her mal tive gasket conprises a.conpasite of alumnumfoil coated
w th o TREFART ShnkG BT proS R poR i D FRVETP BLPer 4TemE: ol ns o
processi ng charthenaiof caldatmdfskanepaiitoded@ldiiandmlshucsPpdtietd yangasket
covers substantially entirely the displaced portions of the disjointed
t her mal SipAMEd iheranal mterfaceracly thas ihe goplst ssselatgddramier shofvedicad! raskBeeswher ei n
the thefpal ly conductive gasket is not positioned along the proxinal
portions of the disjointed thermal interface.

the thermally conductive gasket comprises a composite of aluminum foil coated

with a thermally and electrically conductive rubber.

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 1s 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
displacement (dy) of the gasket from a plane of the proximal portions of the disjointed

thermal interface.



18. The pl asma processi ng chanber of claim 15, wherein the disjointed
thermal interface defines a degree of indirect displacenent of the
thermal |y conductive gasket sufficient to isolate the gasket froqmggpip
shower head passages. 19. The plasma processi ng chanber of claimi18;""
wherein the degree of indirect displacenent of the thermally conductive
gasket is defined by a degree of | at dffal di spl acenent (cl1l) of the gasket
fromthe showerhead passage and a degree of vertical displacenent (d2) of
t he gasket froma plane of the proximal portions of the disjointed therma
interface. 18 20. The plasma processi ng chanber of claim 15, wherein the
t her mal conductive gasket i.s i.n direct. co nication with the frontside
of the ?%‘er na eg%ﬂﬁrpigtg CSPRtEhamber R Cl@&bk@i‘ﬂg’%@flt Hibe TRERFEI ect r ode.
21. Thegplasivtn pir@tespingicaianhenh 1B reh@idiotthe WAL LHTNSIRE Xl MRl
portions of the disjointed thermal interface are in direct comunication
wi th t hBagspide e§dheghewerhged lagirgsigss t hr ough t he shower head passages of the
shower head el ectrode.

21, The plasma processing chamber of claim 15, wherein the proximal portions of the
disjointed thermal interface are in direct communication with the process gas that may

pass through the showerhead passages of the showerhead electrode.



