TEMPERATURE CONTROL MODULES FOR SHOWERHEAD ELECTRODE ASSEMBLI ES FOR
PLASMA PROCESSI NG APPARATUSES BACKGROUND 5[ 0001] In the field of
serm conducV8r'¢d¢P7 al processing, semi conductor mat er PET/USPU8ELE N
appar at uses i ncl udi ng vacuum processi ng chanbers are used for
perform ng various plasm processes, such as etching of materials on
substrates. The effectiveness of these etch processes is often
dependent on the ability to control the tenperature conditions at
certain |ocati onsmmi ffmeém&h Eé% ERFPRB] An
exenpl ary enbodi ne g&g PROVESIRIEONer head
el ectrode assenbly or a sem con pl'asma processi ng
chanber conprises a heater plate h om surface adapted to
be secured to a 15top surface of a top el ectrode of the showerhead

el ectrode assenbly, the top el ectrode having a pl asnma-exposed bottom
surface, the heater plate includi nBAGIKGREIINDne heater adapted to
supply heat e

op el ect t odliV0hl bR SEITEE AR Sk ohcckeb B P Eh 0Pl
secured to apobcedsmgrmpdrytusesohdtdiog f/ammnaarbm}:tstmgrclwrh‘eMe odeddot op
plate form ng g top wall of the 20 gslasma ggces

cool i ng pl at SYATIO8S RIGFT BiOCESies: SRS e

The effectiveness of these etch processes is often dependent on the ability to control

gena?s on su%strates

the temperature conditions at certain locations of the processing chambers.

10

SUMMARY

[0002] An exemplary embodiment of a temperature control module for a
showerhead electrode assembly for a semiconductor material plasma processing
chamber comprises a heater plate having a bottom surface adapted to be secured to a

15  top surface of a top electrode of the showerhead electrode assembly, the top
electrode having a plasma-exposed bottom surface, the heater plate including at least
one heater adapted to supply heat to the top electrode to control the temperature of
the top electrode; a cooling plate having a top surface adapted to be secured to and
thermally isolated from a bottom surface of a top plate forming a top wall of the

20  plasma processing chamber, the cooling plate adapted to control the temperature of
the heater plate and control heat conduction between the heater plate and the top
electrode; and at least one electrically and thermally conductive thermal choke
located between, and in contact with, a top surface of the heater plate and a bottom
surface of the cooling plate, the at least one thermal choke adapted to control heat

25  conduction between the heater plate and the cooling plate.

| [0003] An exemplary embodiment of a showerhead electrode assembly for a

plasma processing chamber comprises a top plate forming a top wall of the plasma
processing chamber; a top electrode including a top surface and a plasma-exposed
bottom surface; and a temperature control module comprising: a heater plate having

30 | a bottom surface secured to the top surface of the top electrode, the heater plate

including at least one heater adapted to supply heat to the top electrode to control the
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the heater plate and control heat conduction between the heater plate
and the top electrode; and at |east one electrically and thermally
conduct i veWPReVMI13Thoke | ocat ed between, and in cont a®CTHSEN8/0HF20p
surface of the heater plate and a bottom surface of the cooling
plate, the at |east one thermal choke adapted to control heat
25conduction between the heater plate and the cooling plate. [0003]
An exenpl ary enbodi nent of a showerhead el ectrode assenbly for a

pl asma procesg er. ¢ riges a top,n

Phe bl aom. prouaCfit TRl SPRRTE Pyt o Lol (Bt B ana®

surface and ahqﬁﬂnamniselaveﬁmda batdm)mrfarté béia eip fme, the t@MPG plitelidapted to
control nodul e ccggprl sin at e havi nf]h 30a bottom surface

secured to t (&Y E‘reo?fhtgﬁé af%r? ale ana coaiel heaheenduciiaarbehy sepdhe

including at hkgasiateasd fh%@é;ﬁéle@lﬂﬁ@tﬁd at %&%9 kMciiealy 4 thétgal 0P
el ectrode to control the tenperature of the top el ectrode; a cooling

pl ate hav?ng canckugbV%thmraaé @@@dma@d heﬁVdealtdhé theamplcontaet witkch top om a
pot tom surf aggQk o it e {19%0&89 LRl S cBAAPR AL 12 P RAL

the tenperature o ate an contr onductt on

bet ween t he Itiwhelrchpkeaacapaddo bdsmarol bext ebehitctiadiestwesndthahedta@adite aethe
electrically d th rmal 5conductive thernmal choke | ocated between,
and in therr‘rﬁ? ?:t with, a top surface of the heater plate and a

bot t om sur f ageooaf V\hh%x@ﬁplatﬁ@nﬁﬂdﬁh&t off Benetiiod FGhtrONAg thbeéripdrattRfa
adapted to control heat conduction between the heater plate and the

cool i ng [59 at &P glestiods ohmshovsrispd PisctEerdssasembly ingf plasmasprerssigg chamber
control | ing E&ﬁngh&ga%ﬁ%ﬁ&@su%o@h%gs990&8,@gfe%&ﬁ B sRow VRN Agde

el ectrode assenbly~in a plas processing c er containing a
substrate s upmmblympmgma aldop plete feinsiog adafewall heths plrsma pewdssaigect r ode

assenbly co ng Iatef rmng.a to the

processing c aarIT%DGr g rgp{% et gﬂlrlgocgl&% foea! dﬁ%&'ﬁ?‘éarf S(?ﬁ %?%tga\tﬁé’en

and secured phtddnd thopp mleatreda@ Pravitizd! Qe ele@RidreoaRrice geheruiisteslasnidia

"o o gap bet e s%n&?%%%s'lﬁggg@p?baa”% s DS QP AleBSpa e swosisie

appl yi ng powsippbftosp PAGdr fRIMEatNOWEbnSHINRY rxu;s,;cl;y %tatlléa&sane%@@cemt er

of a heater glateo hete erature control ule to heat the top
S

el ectrode; sHgarplaigohthe &mﬁwrcenfe@ meqdylg tedhenti thefop clacopdasupnbysg a
Comper at ure careralrei bRl IIRNRGL 3 Ry Bnf BLLREE, B1EpR qrblifels ora
20cool i ng pl atdingapiee cithe taniperamge le@tol monidiectd icomrdlithe torperatme dftbe
cool i ng % arg cooefmg ptlate and controlling heat conduction (i) between the cooling plate and the
top plate by thermally isolating the cooling plate from the top plate, (ii) between the
cooling plate and the heater plate with at least one thermal choke located between
the cooling plate and heater plate, and (iii) between the heater plate and the top
electrode by controlling the temperature of the heater plate, to thereby maintain the

25  top electrode at a desired temperature.

DRAWINGS
[0005] FIG. 1 is a cross-sectional view of a plasma processing chamber of a
semiconductor material processing apparatus comprising an exemplary embodiment
30  of a showerhead electrode assembly including a temperature control module.
[0006] FIG. 2 is a cross-sectional view of a plasma processing chamber of a

semiconductor material processing apparatus comprising another exemplary
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top plate by thermally isolating the cooling plate fromthe top
plate, (ii) between the cooling plate and the heater plate wth at

| east one WA&pHH218hoke | ocat ed bet ween the cooling pl Ca/ispwdshBai2er
plate, and (iii) between the heater plate and the top el ectrode by
controlling the tenperature of the heater plate, to thereby nmaintain
the 25top electrode at a desired tenperature. DRAWNGS 100051 FIG 1
is a cross-sectional view of a plasma processing chanber of a

sem conduct or .erial. processi appar at us. conpr.i si ng an exenpl ary
embodi ment - 3B BT BB ot Qe iPgaE G B BT g Al R g ok conrol
tenper ature g@dtleol nodule. 100061 FIG 2 is a cross-sectional view
of a plasma processing chanber of a sem conductor material processing

appar at us cof¥07ki RIG-anidusteatesarsnpmplagy enghadiaenieht thermal chrkeelthead
el ectrode as%gjg}aymjerg&lnwjinﬂiglupe &gﬁg%ﬁ(y@e control nodul e. [0007]
trat

FIG 3 illus es an exenpl ary enbodi nent of a thermal choke of the
t enper at u¥ e E948F oFIGrddilingirasdscawexempliEtyGmidpdirh¢rd 00 8jotlkdr Brerdhal choke of
illustrates gn.exenpl ar odi t of. ther thermal choke of the
t enperat ure glgﬁ?rfl%?@t eo%épgg@ﬁ%%\ﬂgf 0“@11&%‘?@.2[0009] FIG 5is a

Cross-secti of@09)Vi BUG.Gf is @ cplsesethiopdl aies 8f Nflashapildesssid cBamber of a
sem conductor material processing apparatus conprising another

exenpl ary entfEUFPRAMEOpmaleral FResSHEg APRIFAY TR SHELERBFY I PIAYi ng a
tenperat ure gapddiRkntldt aRGWEBead QE&HBHe HsEnbl ih@lucli"ing_‘é@éxﬁie?ﬁﬁlte'c@ﬂ@cl)l

vi ew of anot her enbodi ment of a heater platé including outer heater
pl ate antli nmedulgeat er plate. [0011] FIG 7 illustrates the

et et OB T RTRA Pchh helo haar
including outer heater plate and inner heater plate.
[0011] FIG. 7 illustrates the temperature versus time (ramp-up and ramp-down
rate) of an exemplary embodiment of a temperature control module.
15
DETAILED DESCRIPTION

[0012] Temperature control modules and showerhead electrode assemblies

comprising embodiments of the temperature control modules are provided. The
temperature control modules provide an integrated heating and cooling module that

20  allows desirable control of the temperature of the showerhead electrode of the
showerhead electrode assemblies. The temperature control modules can be
thermally isolated from selected portions of the showerhead electrode assemblies,
and have desirably fast response times, to allow reliable and responsive temperature
control.

25 [0013] FIG. 1 illustrates a capactively-coupled, radio-frequency (RF) plasma
processing chamber 100 in which semiconductor substrates, e.g., silicon wafers, are
processed. The plasma processing chamber 100 includes an exemplary embodiment
of a showerhead electrode assembly 110 and a substrate support 112 (in partial
view) positioned below the showerhead electrode assembly 110 with a gap between

30  the showerhead electrode assembly 110 and the substrate support 112 where plasma
is generated. The showerhead electrode assembly 110 comprises a top electrode

114, an optional backing member 116 secured to the top electrode 114, a top plate

-3



15 DETAI LED DESCRI PTI ON [ 0012] Tenperature control nodul es and

shower head el ectrode assenblies conprising enbodi nents of the

t enper at urWOgHMOAIB7 nodul es are provi ded. The tenper at RCE/USHNBHTN52
nodul es provide an integrated heating and cooling nodul e that 20
al l ows desirable control of the tenperature of the showerhead

el ectrode of the showerhead el ectrode assenblies. The tenperature
control nodules can be thermally isolated from sel ected portions of

t he shower he el ectrode assenbl.ies, have desi rabl ast res e
e o o HORAPER IR GOy onul D aird et ties ek BR momeBo 1)
FIG 1 illusth@iopplée ¢oPasichbiiShemnOHRE 8emb3dD i QS MeYoah BEdwdeh awma
processi ng chamber 100 in which sem conductor substrates, e.g.

si licon waf ef® elggodpl bt ankedstratpaimppeddd processi ng chanber 100
includes an exaap! ahy+ 9[9'1T@gﬁn(?é;mgde%}%“ﬁiﬂﬁﬁggrech@ﬁfté.Oggﬁcgﬁgz,ﬁg%v y

110 and a substrate support 11 partial vieW positione
t he showef hesanmErauterod the tas pltdbl I8 14 ¢dhtwilledbrflgamgratmpentud@ctriimlled

h head el .ect,r,od ly.110 dth bst r at t 112.wh
oo o geBrd Ea AR e fudie b P SRt LR R B e pReL
a top el ectr dggeid 1%he @9 plidé | Bédn fbAE KirdiBovIBRNES WAL 6f SR GIMsEA précebdig:

top el ectrode, 114, 8 top plate 118 and a tenperature control nodul e
120 | ocated 5 A% he backi ng nmenber 116 and top plate 118. A

confi nement ng] aghe B fhedrRt x%giseém@lg 109 1c0RBs PEIVERN of N&srhLP
el ectrode 114 and substrate support 112. [0014] The top plate 118 can

be made df alkemfingment wrgstlRd whokevertipal posidrsiare adjest@ebypepeaationeofone phe
top plate 118 i S;. . f i s r - ol | ed

| aurd (o g oS RRRIEE o it Al QTR B PRl e

| i qui d passagksmh osmfentecheigdsri24 TiHer ¢éxampj, dteeodflentan rihg asvembly 122

removabl e top wall] of the plasnma prqcessi hamber 100, [0015] The
conf i nerent Ffwcllaegm%ﬂ Qf?ﬂ%ﬂﬁef’ﬁﬁ@&%ﬁgﬁﬁ PP OB} ?amb}fﬁ The
confinement oifiembadrind3q28 cMednkcé Q@lﬁr@&%httdfgm‘émart@tk@%a SERRES tHMop
operation_of one or nore |ift nechanisns 126 to control the vertical

gap betwdén &upEdentl4gnéihesmperrirakifeofdontubresienirretidd. Ezanplmor
exanpl e, the GORfehRRMEIY astdiiisli RS TR Ve W€ in the plasma processing chamber 100

are disclosed, e.g., in commonly-owned U.S. Patent Nos. 6,019,060 and 6,984,288,
and U.S. Patent Application Publication Nos. 2006/0207502 and 2006/0283552,
each of which is incorporated herein by reference in its entirety.

20 [0016] The substrate support 112 includes a bottom electrode and an optional
electrostatic clamping electrode (ESC) for electrostatically clamping a substrate
subjected to plasma processing on the upper surface 128 of the substrate support
112.

[0017] In the embodiment, the top electrode 114 includes an inner electrode

25 member 130 and an outer electrode member 132, or electrode extension,
surrounding the inner electrode member 130. The inner electrode member 130 is a
éylindrical plate for plasma processing of circular semiconductor substrates. The
inner electrode member 130 can be composed of any suitable material, such as
single crystal silicon, polycrystalline silicon or silicon carbide. The inner electrode

30 member 130 includes multiple gas passages 133 through which process gas is
injected into the gap between the top electrode 114 and substrate support 112.



can include three Iift nechanisns 126 spaced 120 apart from each

ot her. The confinenent rings 124 enhance confinenent of plasma to the
gap bet weemORpE/0#23p7 15 el ectrode 114 and the upper surfPaeEaS2@80hs2t he
substrate support 112. Exenplary confinenment ring assenblies that can
be used in the plasma processing chanber 100 are disclosed, e.g., in
commonl y-owned U. S. Patent Nos. 6,019,060 and 6, 984, 288, and U. S.

Pat ent Application Publication Nos. 2006/ 0207502 and 2006/ 0283552,

each of which,is incorporated herein hy reference in it nt.i y.
01 0036] " Tho P 1S SRERGH b i%€48 b3 SrReY HES HeNg0  Bhion dectipttetnd an
optional el egid/@sobicCeléd@dapi Nng el ectrode (ESC) for electrostatically
cl anping a substrate subjected to plasma processing on the upper

surface 128 H018heThapuerdecrodepisatber 132s cpmfiarryd tpsxpand tantiaeivent |
the top el ecifqgeerldtbdeNth ‘ﬁﬂgﬁasﬁﬂl proRElin Slaft G 12 2B RIRE in &égla@&g

de
an outer electrode nenber 132, or "el ectrode extension, surrounding
t he inner> el proressig chembarl 09380r SRampia Heringlr etecirodteneebdyd30 t30hivs aa

Y bsreny cal BakferbPl> AR 1RIRGES SR e Bl SR SR GAILUCLOL

substrates. € 1 nter  el"ectrode ne i
sui t abl e nat dng hivingaieddiadsvidth nigh expangsihaldiasididrothe toptlarotstial ké ne

silicon or silicgg.cgrbiggn he i nner, el ectrode 30 nenber 130
i ncl udes nul ghayf Lo felesdy @S’ﬁgvﬁnﬂ%bh whi ch process gas is
injected intmoihe YRPoREMELDBAE KR niber1 R c%ﬁ%@‘ﬁ%@nt%%ufﬂﬂ% ﬁ.‘é%%tcfn@-tp‘?ecet o

support 112. Plasma is generated in the gap by supplyi power

the top &9 ectin®deuchpgapplrsliconginge ilsrmasivelydbe optoodeitrofhmembteet 32 can

el ectrode ne r - 1S i ed, t @ exna i t er of e top
el ectrode 11&;9?)8? kg@?é%ﬁlﬁ%ggggg gsf né ?raor ger Q g it%]r%gg’g%&gﬁagg{’g%ttgg&nna t he
pl asma 5 pr ooes sThyigh=ginents t&0be Eomposed RY.,&f single crysted siliebgct r ode
menber 130 can have,a di.aneter..of 12 .inches.or 13 inches,_a th
outer electr B(QECW%BE? sifigen, ot siligon carbide, o M%%e?téﬁeﬁrewag&ﬂp ﬁ‘?ﬂ

expands the @jgad®t exdj@fent cfls OF tHeQfileer blkdtréde A&MEr 132 pldt&hNS hhee
17 inches, or even larger. [00191 The outer el ectrode rrenbper 132 can

be a co nH n u%ﬁglaplpiﬁg nge_s ghat arg b@ﬁ@e‘dptp@é@ other with a bonding material. The outer
electrode member 132 and inner electrode member 130 can be bonded together, such

as with an elastomeric material. The elastomeric material can be any suitable
thermally and electrically conductive elastomeric material that can accommodate
thermal stresses, and transfer thermal and electrical energy.

20 [0020] Asshown in FIG. 1, the outer electrode member 132 can have a thickness
greater than that of the inner electrode member 130, or be vertically off-set, to form
an inner step 134 extending outwardly at an angle from the plasma-exposed bottom
surface 136 of the inner electrode member 130. The angle is preferably an obtuse
angle. As also shown in FIG. 1, the inner edge of the outer electrode member 132 is

25  configured to overlap and mate with a recessed outer edge 138 formed in the inner
electrode member 130.

[0021] In the embodiment, the top surface of the top electrode 114 is secured to
the bottom surface of the backing member 116 along a planar interface 140. The
backing member 116 includes a backing plate 142 secured to the top surface of the

30  inner electrode member 130 and backing ring 144 surrounding the backing plate 142
and secured to the top surface of the outer electrode member 132. A cover ring 121

is provided on the peripheral outer surface of the backing ring 144. In the
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10ring), such as a poly-silicon ring. Alternatively, the outer

el ectrode nmenber 132 can include nmultiple ring segnents, e.g., from
two to terweeyamsid] arranged to forma ring. The ringPS&Fisens/a116in
be conposed, e.g., of single crystal silicon, polycrystalline
silicon, or silicon carbide. The ring segnents are preferably bonded
toget her. Adjacent ring segnents of the outer electrode nenber 132
preferably have 15over!| appi ng edges that are bonded to each ot her
with a bondin terigl. The outer electrode. menb 132. and .i nner

6l ect rode meABBISY. B paEt BT O ByBI T SAELLR (05 b (feLsectode

el astomeri c pREMES BJO. Al P&i}ﬂkﬁﬁi b&Y#eh 1186 BEhE bhckingCpiite 182 akén&uadtien
thermally and electrically conductive el astoneric materjal that can

accommodat e thgardigl dirgetiarsEey thepraipheryd therinpes gleqpdegnemberd 3P apg 1y
. 20[0 i : nmber 132
ener gy [ %@kﬁé?or?@%sb@s&ﬁa%lﬁf%@? Rﬁ%a&k@rﬁﬁ%opﬁ.”e er

can have a t ness greater t at o e 1 nn ectrode nenber
130, or b® vH0RRkalThginofrfelentode trenfber hdlandiontee elestrads MSuba B2tk ng

outwardly at an e.fromt l,asma- exposed, bott om .surface 1 of
Che et ol SERFOdE Hatare hgt PR RGBT LPCreP T ey SuntiBi
angl e. As al sendsdorethniqueF|As shdwn iHEIG. NNk QY eleOfodehigertbdr @80 &lchales ode
menber 132 is 25 configured tqQ.overl ap_an te with a recesggd out er

. d
edge 138 f or FEGCRTePHED fhihe Packingh s d42 R &tectats mpmbyP2 2R PRRKING

enbodi nent,  he 1 ANRSHMIErATEBle RbEOB26hAGAds 98 Fackd dechifedS6 eielifRkrt O
the bottom surface of the backing nmenber 116 along a planar interface

140. Thel®ackleetpdewpdpatrer 11@5andqb_ﬂcgms§ma 184tk hepkpiealete 142 inchidgs awafaces
the top surf f in r [/ n j i ng
144 surrouncagrepe MR slsPRds b6 130 CBIERR g ANRE AR O
of the out erring e4¢4 mohdesmnrfaeds st3ited ¥ thobekingipige 122, outer plectvoddaneniser

t he peri pher outer surface of the backin i 144. 1n_the

oo ent | e i da Bomhe 19 Ao gl Mhsiasos ol thderhe

i nner el ect r gd@rdRERRAbet 380, ofitch el ORI AEmIRR N 82, Mackidb phite 1288 daKiiNY
pl ate 142 extends outward in the radial direction fromthe periphery

of the i hherrieg &4 sanche bepreskisingzn depmasichiopdios madrrish that fsweared
surface 148 %%?ﬁg%%j&éﬁﬁ@%w&é%ﬁ ﬁlé‘ﬂ@taéﬂeﬁgneln“o%rs. TR dmHiGn At Can

el ectrode nme outer el ectrode nenber 132 are secur ed to
t he backi ng picatnenctl4® therthabsitsksesgandi tragsferithermad spdeleitvied] epergy between

sui t abl e bondi hni que, shown i.n G,.,l, .the inne lec de

oarbor 130 1 e UntE PR ach iitond 1[4 o theinR ke L1 € SREARCC
el ectrode neslgoménsZbaiithdaaststiflg afid Rghniduds fértjeintigttRe indkredédiode niwrivber
132 includes_ surfaces secured to_the i.nner 10 el ectrode ,rreg‘ggg}_ngO

he 1.
and backthg L3hguiehalectrqrde mperpher A2, hagking nlate 143 anddhackiag ripg ecur ed
to the inner gligeddrifdemRaRESwied 8NPLtEANG. 878 57 whfidi is@@rjoifed

backi ng ring 144 includes sSurfaces secured to the backing plate 142,
out er el ect r bereinyrrplsreneg m iggrntirsiner el ectrode nenber 130. For

O e ho NS 2955k P SEHE D ISR s i

materials. Suitable materials for forming the backing plate 142 include, e.g.,

25  aluminum (including aluminum and aluminum alloys, e.g., 6061 Al), graphite and
silicon carbide. Aluminum backing plates can have a bare aluminum outer surface
(i.e., a native oxide outer surface), or an anodized outer surface formed over all or
only portions of the outer surface. The backing ring 144 can be composed of quartz,
for example.

30 [0024] Inthe embodiment, the temperature control module 120 comprises a heater
plate 150 secured to the backing plate 142 and backing ring 144, a cooling plate 152

secured to the top plate 118, and a thermal choke 154 located between and secured
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15 ring 144 can be bonded using an el astomeric bonding material that
forms an el astoneric joint between the attached nenbers. The

el ast oner i0AMYA#I1Z] can accommopdat e thermal stresses, PERASEWRLIEr
thermal and el ectrical energy between the bonded nenbers of the top
el ectrode 114 and backi ng nenber 116. Suitable el astoneric bonding
materials and techniques for joining the inner el ectrode nmenber
20130, outer electrode nenber 132, backing plate 142, and backing

ring 144 are djsclosed . in_co nl.y- owned - ). S. Pat ent .6,073,.577,
which is inc6°r{]j‘8?‘5§%rd’qﬁ8rlg§ﬁn%°klé$ B\V"\*méen%@- H'r‘ileicf’%“ q?thkf)%/!s 8O The
backi ng pl at ghekfennehoRa ¢k Bl Rdabd pledkdt] STABY 06 RREPIVFE AvHéh A8 irlseik&d in
materials. Suitable materials for form ng the backing plate 142

i nclude, e. grecesssepRAFnEs A therepling MatedPdrnd exicas trenahrlisoed enenings in
e.g., 6061 A'u)ecog{i bieq 53N erlal LG 138 fter dﬂé‘lfﬁ%”‘fﬁ%ﬁé&é&% Boat es
can have a bare a num outer surtace (I.e., nati ve oxide outer
surface), 5Sor peferabipdicheld aowsber sstiwitine dodkorgmeathenead sbp Wwaskrer addpyed to

ti f th ter . Th Ki i 144 . )

0 uar 2 ¢ SRR B B8 PR R DR SR B MR PR
gont< rol Wlt)d;Jmfi%&tmgﬂ%MCﬁ@ﬁpht&%mgzgﬂ&hﬁalb?_@lixﬁg&ﬁ}lhflﬁka&eg glaﬂt@lso. g
ackKl n at e CKI Il , .coolin e, secure

to thegt gp pl 42l 1?8? b%%alg@qi%ﬁéf‘ﬁ%c l@ﬁ%@laﬁzﬁpw g?%@’rstﬁéyme%
secured WD 39@,qls@ﬁ%b?fwﬂé%%iﬁ/p%ﬁgﬁ%ﬁ_t@défﬂi%d'Bg%tc%ﬁtrsﬁ ladess a4 and

cooling plate 152.  The cooling plate 152 is attached to the thernal
choke 1540 andoveealata 176} andethe sutepplenivms brfed 60 a8DIG2 appdefined by anmdar t ed

in recessed i i ] i |.at nd_thr h

i gned opentiguet g MekidgpfRg 4 ol R ites PR AdhGER o0 HY

heat er pl at eplkbOmns T 16&stSENEGG ad® 059, 3 6P nefsepaitbd fromodavidethar vasher

set with a | ocking washer and. sl i sher adapt to resi.st | oosening
of the st ofSPE e AR E DR tione Bl TRSPAAG B L SeP RSt S al
nmovenent of therAPattRE bikaie1dts V42 Usd S@mphe IMRcotteldta g7 for iteccheat er
pl ate 150. [0025] The backing plate 142 includes radially-spaced gas

di st ri bulb onPlsneRUAR Prefgablybas a digp shapgand thecoverplptgs 1H) Shthaorss | s
e e o B S RGRAF 161 Rl R4Sl A, il Nt
plates 170 are preferably bonded to the backing plate 142 to prevent gas leakage
from the plenums 156, 158, 160 and 162. In one embodiment, cover plate 170 can
be welded or brazed to backing plate 142.
20 [0026] Each of the plenums 156, 158, 160, 162 is in fluid communication with a
plurality of gas passages 135 in the backing plate 142. Process gas is supplied from
a gas supply 169 to the central plenum 156 via a gas passage 164 in the heater plate
150. Gas is distributed to the outer plenums 158, 160, 162 via gas passages 165, 167
in fluid communication with the gas supply 169 and radial gas distribution channels
25 168 and axial passages 171 formed in the heater plate 150.
[0027] The gas passages 135 in the backing plate 142 are aligned with respective
gas passages 133 in the inner electrode member 130 to supply process gas from the
gas supply 169 into the plasma processing chamber 100. As shown, the gas
passages 135 in the backing plate 142 can have a larger diameter than the gas
30  passages 133 in the inner electrode member 130. For example, the gas passages 135
can have a diameter of about 0.04 inch, and the gas passages 133 can have a

diameter of about 0.020 inch to about 0.025 inch. The backing ring 144 includes gas
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grooves in the backing plate 142 and by cover plates 170. Adjacent
pairs of the plenuns 156, 158; 158, 160; and 160, 162 are separated
from each WwWORew/0a13T especti ve annul ar projections 166. PTRAS2H%/11052
pl ates 170 can conprise the same material as the backing plate 142,
for exanple. The cover plate 170 for the central 15 pl enum 156
preferably has a disc shape, and the cover plates 170 for the outer
pl enuns 158, 160 and 162 preferably have annular ring configurations

R S R e R A R T
enbodi ment, @ex&Tplik A5@arkiflitle 84k faesane ekt afterld@aode emBackiong s@ip@ e

142. 20[ 0026] Each of the BI enuns 156, 158, 160, 162 is in flui
communi cat i oRTARFISIEaRINY theghpmberof gas passages 135 in the backing

plate 142. Piqpg TH@&rAf%ra?M@Bbﬁt%i nfddfi[® QOQ@&E@%&%@%@&SH ?gﬁdjuséas

S
central plenum 1E6 via a gas passage 164 in t
i s distribut eud meintdiecaniobef the tampesatdrs®f thegop eleditodei 14 4 gathephosapes!

165, 167 in fJuid i i ith . ly,16 d di al
gas di st ri bubrOrisHamrs | BLYBE Bhira it Eag R Y o3 BRp R Rei i e
heat er pl at ecdnbber [i(R02Hd pladiga YAN" parisagS andwherd plairieishackding gt

142 are aligned with respective gas passages 133 in the inner
el ectrode mefiferhoRBsH, @‘E}%m(’ﬁwa terpRerptugs sopHel yaduls Lhispdanied

into the pl agRpPlyLRa&bIN SAAMPES hehPR thdopHNRWBde | NE 2B8PRNRAE AEAFDm
135 in the backing plate 142 can have a | arger dianeter than the gas

30 passades i®3op pleethnsleilppep maintanibaiep wlostiede Nt adegiredstemprraturet he
s . ; L
oo o0 TSR AN 0 0TF U B O 9

passages 133 can have a er o
i nch. The bacipegaturepfthb4lashmaedxpoed, igpaom dfFace 136 of the top electrode 114.

2009/ 042137P /1J82?0?/ 011%52%)@%5%8% 14813 in fluid comunicat.i on

with radial GI5GMEL% (BIRT QARG E- 18 M PHiBUREPBY AP aadigs P and
with gas passapgi@s JoPCtdievallesy, c&l ®edchReed WRHRS tethderatue SoHRB] MolileCeSS
gas into the chanber. [0028] The tenperature control nodule 120 is an

i nt egrat &8 uh?Q Buawredosedy urgng the tspgetsirg phpnd rdind famesturehe

tenperature gfaalRBadiOR, BE B6kdR Y& rabL436 Bt B SoppdlodRiabeddl fl fGimpde
assenbly 110 when plasma is being generated 1 n the plasma processing

chanber (i . echemibiey pilthsbattonONIrfage hdf ¢cande)bettertontreledol asma i s not

bei ng genera i he,pl "OFE!. conditiqn he .t er re
cont vor - moaul @ 2bo T reste Bt PR aciird oSSR A s Wihg b PRE N Th AL,
to the top elreahiladediclidn tlaaskhrteebackingaaémberAme.1ThdReat@plad £30 dande a

114, to intain the top el ectrode 114 at a desired tenperature The
t enper at 6¥ e EBARIPET PIRGFARTICASUPEE! Bietali WER 25 AP a8 alynyiaa alay og the

control of tlige ! EHORGLRE Plak B0 dah &l RIABoLMBRSIRA IerdI et I8 B Prd3eethd 36
of the top el ectrode 114. For exanple, for the el ectrode,

Cent o - t o eqge ARFHIE CaRaspEimIa heslgr A AR O Sy FIGoL, thoheasratte
more ol avely  SORTRAT i RNy S TRERR! HepE ORIl TR Bed ;o™
gradi ent acr ok 1%0He.ghembeddes)r Tledeati@belaherith 72 cgm bel cctilanatel 114, t he
plasma chem g1y, @baly"SrB98d QLR 3L etapIS N FRS. L Rhefiiehit | €9
heating element is depicted by the two cross-sections of the heating element 172
disposed over the plenum 156, and the outermost circular heating element is
depicted by the two outermost heating elements 172 located below seals 186. FIG. 1
shows six circular heating elements. The heating elements 172 can be
30  symmetrically arranged with respect to each other. The heating elements 172 are
electrically connected to a single power supply 151, or to multiple power supplies,

which supply power to the heating elements 172. For example, each heating
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[ 0029] The heater plate 150 is adapted to supply heat to the top

el ectrode 114 by thermal conduction through the backi ng menber 116.
The heat erw@Rew®42150 can be a 20 machi ned pi ece or castPChFSas/madal
such as alum num an alumnumalloy, or the like. The heater plate
150 can include one or nore heaters operable to provide the desired
heating capacity in the heater plate 150. As shown in FIG 1, the
heater plate 150 can include radially-spaced, internal heating

el enents 172 within,.the heater plate 150 (e.g., enbedded)..The

heat i ng el enBiPET1L2 GaRC GMEreR I repaiie Basich HRBNG A7 S0P OLPYRLaTguse
as shown. Fohesivg@Rhnfntsi 172khkbe tonnk&ted foReipeativeqiowiad k@iplise athdéhe or

el enment is depicted by the two cross-sections _of the heating el enent
172 di sposed™everorgssupplish b qameoptignaliv saply ¢iférers smognis of paveriedhs ng
el ement is dept : [ SIERL cat ed
bel ow seal s %g%‘g&%?&wlfgg Eeaﬁ&%sl?’gt(gﬁéug? gﬁ{ggltﬁ ?ﬁgl el errelﬁlsf);ﬁ.zgl‘%%g
heati ng ef enwariablet zontoalled theatB@f winfdrent cegidng oaromasgéd thedicatsr plateplddt Foo

each other. The heati.ng el ements, 172 ar.e electrically.c ct.e 0 a
gl & pawer "SI 488 oFess R fenRlp TRl s SRemby PER LD, 0

power to thephealtSorigogdraste td sipplFz koo agoanidfécataacie tpalecngde Hldanent
172 can be connected to separate power, S |y, or groups of t or
nmore heating O@F%Wéﬁ?"é‘tawge ST HectEqsls meathet !ij(ga’%é%‘ﬁ"é "TCVBR‘?)WE‘P“ 2

supplies. The en&iffkiefR GoRAWRhe S4RBA tediheradie, 30, HRbipeARlrt ¥etPeRR! For
di fferent anmounts of power to the individual heating elenents 172 (or

to groups0of exanpladeg ionglesiredrehitisan be muntynedyihinabpe+ Ténerlessioééhe
heating of diegds%xta%% s%tﬁ%ih?%ﬁ?oé) at?o%%??heQErgg%%nge&%%l Rbaus 1%@0' For

exanpl e, during opera e shower ectrode assenbly 110,
t he heater pl#Be] 158e siowepemnadbbleetrode assqmdily 1 H) éanoneludmdientpeciturb satsott 0

the t | ectrode 114 j der t jntain the | I d nmb
130 and out P SIESEEP T BhBar RRPRL Gnout REpkiort 5 BRbeE. t e

desired tenpeedibef EL6. EFHE respacthvRitiapéhtfesefi®dhs Rindnitor @le tdpexanita,
the top electrode 114 can be mai ntai ned wthin about 5C or |ess. of

the t enpd? at [RSReCEEe PRRtiaR obihedprplatiTods 1af artwipplyipis iemeraluedriqpption
modul e 120. {030}, LAk ShRMEIEH e @eef%ﬁﬁgtﬁre%ﬁﬁmrﬂ 53 LOncadmenelebde

a tenperature sensor arrangenent of one or nore tenperature Sensors
| ocat ed, e. gonepawarisepiind &l tegsupplyiperven tbghe Iitating elspsntsilve ta beppthedemr e

sensors can Ltar th t r i i f. the
Cop ol ect r odBeiof " Ik BTRRS Bhebudsutbiy vl SRBGENIGT, Bty o
t enper at ur e derikatild demdiiS172Theed enhe raatublraad desitedathperatibe3o fabertopol s

e ot st cBRe R, Fo BBt et BB BR AR R 5 e
supply 151 i gheGfRRier PlateB1d0tcan B& BidiviteR @YBat tHR tédedifliei1Ng wilef BRI PlSsmbr 2
based on the actual and desired tenperature of the top
is OFF. The heater plate 150 is preferably also activated as needed, but at a lower
power level, when the plasma is ON, so that a desired temperature of the top
electrode 114 can be maintained.
25 [0031] In the temperature control module 120, the cooling plate 152 is adapted to
cool the heater plate 150 and control heat conduction between the heater plate 150
and the inner electrode member 130 and outer electrode member 132. The cooling
plate 152 has a small "thermal mass" for the following reasons.
[0032] The rate at which a body can be heated or cooled is related to the body's
30  heat capacity, or "thermal mass", C. The thermal mass equals the product of the
specific heat, c, of the material of the body, and the mass, m, of the body, i.e., C=

c'm (Equation 1). Accordingly, the thermal mass of a body can be varied by
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70 el ectrode 114. For exanple, prior to plasma etching of a

sem conductor substrate, the heater plate 150 can be activated to
heat the t\WQ2e098¢218de 114 when the plasma i s OFF. The Pa@aS208/pl1aize
150 is preferably also activated as needed, but at a | ower power

| evel , when the plasma is O\, so that a desired tenperature of the
top el ectrode 114 can be nmai ntained. 25[0031] In the tenperature
control nodule 120, the cooling plate 152 is adapted to cool the
heater plate 150. and control, heat .conducti on tween the heater plate
150 and't e FHREIEAERT o NATBFS TS TaRIoiss HaeeL PonaE s fnd o)
132. The coohiaRBighhcbcdly khdllfedndrr poRiub. AlsdethBamoiR%T hedtOd, thdl@eeds to
follow ng reasons. [0032] The rate at which a bo can be heated or

d

cool ed i3 r ebapdiedita beb Bemye heaturiedy heaiedhe jodvorr ey HRRERY tdedy
C. The ther Eéqu@l!,s-t f £l
the materi alrrg%? &?ﬁ%t ody, ’gn%@?rﬁéggﬁ%gg ,ﬁ%r%OHgg t?ﬁ%%%%gygﬁ%gmuﬁ% ?ifscm
( Equat i on5 1) givAe bprai ngh\f (EqirtionRer ihks, asths thefmal rhasd pf & hodbie deareised,
by changing,its ma e g.,. b ang| t he vol t he .mat eri al
Panni g She  Bsdray Srhei: s B eisite e Cmbrd Fom obell RRLEF e
anount gf Eealﬁgngmhet}iaagl;’s maqﬂsatﬁze_bpanad??ﬁtbADisﬁﬂdagﬁgreﬁggom a lheat )
source by heating the body,. or.given o y the body by coaling the
body, in or afhoad 8‘5&&@@%%‘@ bRVt GRpFRYiH Bhe) SHFCORBR i A 5
given by: q fafSFdded(tRaN tlelHRR %hrce-[@ﬂx%ibﬁéfbil BShdubEs T WheMBR SeRperfuRAstY

a

i s decreased, the anount of heat, q, must be added to or renoved
f r om t he1®odiheihedp mgegasesovheshahahsonbh bedially tesnpeeatyye diffarense bytvweesn dheount
AT is also d S| a
W th a hoat Coueesigies Stighey B8l A% RERsy Duf R LR, BASENL
to the body mducothduaé bhinat tiesfertfiven the parsatirae & the bddy. t Aecobdingly, the

i ncreases when i}t absorbs _.heat, .the tenperafure difference between
e canEact B phRBLOSER? Ganribs bo o Eerhg POl A s PoscieaTad
whi ch, in tupfreditin tHeaHtER1 tlass sfahebsdy. heat transfer from the heat

source to the body. Accordi n%%}/ the rate of heat transfer fromthe
heat soul®e 1993theThoeRrlingplate! a8 Pepadedypaminenprraee eRptioberpabiiges

the thermal URgS (dpeldice ROl Mol Jh%er- AL Iﬂétﬁtlgz hada GRA1

provi de dynam c tenperature control capabilities In the tenperature

cont rol nodutlemainise (aubat thdamaud bf nggt, gl thiabmi g dehddedzo onedniovied domal

mass (so that, the.a nt. .0f_ heat th nust, be added t r_renoved
from the cooltegoliftee15oh oS8 sflonds BnembinS A8 RE0uAT b by an
amount AT i sredackd).emi theegvdlih$ placoidiinthefhallydsdladd feomtthetopedldty 118.

R T T TR M A
conductive material, such as aluminum, an aluminum alloy, or the like. The cooling
plate 152 can be a single piece of material, such as a casting. In another
embodiment, the cooling plate 152 can include two pieces bonded together along
opposed major faces of the pieces. The cooling plate 152 preferably has a small

25  volume. As shown in FIG. 1, the cooling plate 152 can have a diameter that
approximates the outer diameter of the outer electrode member 132. For example,
the cooling plate 152 can have a diameter of about 15 inches to 17 inches. The
cooling plate 152 can have a small thickness of only about 1 inch to about 2 inch, for
example.

30 [0036] The cooling plate 152 is temperature controlled. As shown in FIG. 1, the
cooling plate 152 includes liquid channels 174 through which a temperature-

controlled liquid is flowed from at least one liquid source 175 to cool the cooling
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conductive material, such as alum num an alum numalloy, or the

i ke. The cooling plate 152 can be a single piece of material, such
as a cast iWg 200944480t her enbodi ment, the cooling pl at e PCBAUS2HN011052
i ncl ude two pi eces bonded together al ong opposed nmajor faces of the
pi eces. The cooling plate 152 preferably has a small 25 vol une. As
shown in FIG 1, the cooling plate 152 can have a dianeter that
approxi mates the outer dianeter of the outer el ectrode nenber 132

For exanpl e, (o] I te can

ches to. 17Plck20 Thrde el T SREbE B8 A0S EalinR PilleRRes o
of only aboutodlingmidie 1 52. a@mrﬁatﬂieiyl;lﬂi& lighier ch@r&r&ﬂﬁ)l’lﬂ caB BF Bs3Bges Hbfined
cooling plate 152 is tenperatyre controlled shown i1n FIG 1, the
cool i ng pl at geti@ﬁn FeRaTaffgueces ngam tbﬁ’&?ﬁ@"é‘n&?kteﬁ h2o g ligidcan ge de-

t enperat ur e- %%a%lt&dfok bﬂ;&ﬁ;ﬁe "§hef1 w&buﬁéeq"ﬂs%&eféﬁ@ﬁ}su fesasﬁiélld
source 175 to cool the cooling e 152 iquird channels 174

can be inter n@llumpa@ Qﬁdmﬂd‘f@rﬂiiﬁaléﬂqlfhcmmlﬁ@'}’%topﬁl]@b’efa@@gphnﬁg Plediquidiigs .
Al I
ternative ¥d %srnlgg tex Cﬁe]egétgrfe%gﬁ?lg rﬁtejtg grog?cf} tf? dfggr%% ﬁgﬁ? Zrax%%ér'_ cgﬁ%elhtles

bet ween separate ce coo0
| i qui d can b® tlecodlmgiptae 1 0atHre, temperamxeacminelledl'h@iﬂ bmnhdinsﬁxmheeodlﬁ@
| une

preferably supplies, a, small ypd.to the |iquid.

channel s 174P ’lg% ﬁaf)evteli%fat‘é%é’??lﬁfﬁ’t é)’ tolﬁ ‘g) ha@r g Frt}&eulllqmd
tenperature aginéls M 5188 Bedr@usPHR\ALE of 1A céiaﬁigrpeﬁe heRtwHiEAREERE the
capabilities to the cooling plate 152. The tenperature controlled

li qui d chh ndicrealimass pithe @mhrxg@kﬁp 4%% Insbe wmpsrefuserpente grodulsfl 280b6it
20C to about cﬁoqgg 8%;%{ 1t9%€1ﬂg ol atk Il%lhlftl: %ﬁg@@eé%sé’r?e%gt ét?ecijsle&lrtﬁgse

the mass of t whi ¢ es t ermal nmass
of the cool i oy ecerpde lBQcau$ad hyhliasnargmcratedmetm@ap betwerm theltep dl2@rode he
cool i ng capagj of . the coolin | at.e era exceeds heating
ofects on ¢ hid Piguniefs PER T Tl edil e my R LS HE RS Er G o ehe
gap between inbeule QR0 & &imidehelfdguans sﬁldbﬁdghﬁﬁ@ SWRBBhdotinEdif heC 0O i NY
capacity_ allows the terrpera ure caontraol nodul e 120 to m.nim ze the
frequencl® antFTPSEHHIE SE&OBY © @%F@hﬂ%ﬁ?ﬂﬁ18?“@ﬁémcphﬁna“(nq

[0037] In addition to having a small mass, the cooling plate 152 is preferably
thermally isolated from the top plate 118 in the showerhead electrode assembly 110
to reduce heat conduction between the cooling plate 152 and top plate 118. The top
plate 118 has a significantly greater thermal mass than the cooling plate 152. In the
20 embodiment, the cooling plate 152 is thermally isolated from the top plate 118 by
reducing the total contact surface area at the interface 176 between the top plate 118
and the cooling plate 152. For example, the ratio of the contact surface area at the
interface 176 to the total surface area of the top surface of the cooling plate 152
facing the top plate 118 can be about 20% to 30%. In the embodiment, at least one
25  groove is formed in the bottom surface of the top plate 118. For example, as shown
in FIG. 1, the at least one groove can comprise multiple, radially-spaced,
concentrically-arranged grooves 180. The grooves 180 can have an annular
configuration. Adjacent grooves 180 are separated by projections 182 (which can be
annular projections) on the bottom surface of the top plate 118. The projections 182
30 arein thermal contact with the top surface of the cooling plate 152. Heat conduction
between the cooling plate 152 and the top plate 118 occurs primarily at the annular

projections 182. Alternatively, a single continuous groove (e.g., with concentric
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15 tenperature set point of the top electrode 114 when the plasma is
ON. 100371 In addition to having a small mass, the cooling plate 152
i's preferabbypowhensml |y isolated fromthe top plate 11@8Crmstdogoi1052
shower head el ectrode assenbly 110 to reduce heat conduction between
the cooling plate 152 and top plate 118. The top plate 118 has a
significantly greater thernmal mass than the cooling plate 152. In the
20 enbodi nent, the cooling plate 152 is thermally isolated fromthe
top plate 118 hy reduci t he con act urface area_at fhe
Pertace 178BUHMGEHSE R BF Botort 08 tan of PHeoRgi g, BRischcrsh

For exanpl e, jsblaBof 8f the c&dlingiate O51 86 tBaHobdTe BI LRudds HeberonBi®iochas Be
176 to the total surface area of the top surface of the cooling plate

152 facing tPamagly bsheaea thq@a@aﬁla&elﬁga@dtm@bwlmgmlm apg got between
enbodi nent, of
the top pl ate H%@{Sﬁé%@’lgg}(g& %Q%@a@ﬁééﬂ%ﬁgﬁp %\lstl%ﬁ ﬁ@aﬁﬁl&r%?g géltﬁﬁgne
groove cah cmamthaethﬂnbd:lum;éateﬂa% al | y-spaced,

Concrar " cont 43RE: FORE B RRKAR o Bioblonds 13 Bhedfd P0G et
proj ections ﬁﬁ% 1(5t)hh@ Bod1ay pifte 2FMtd @htrPl et edidh b@ﬂvdeheheb@blawm

surface of the top ate 118. The projections 182 30are in thernal
contact withl Pﬁ@efnaaﬁ Cg%ttefla?éé’r‘b‘fldtshﬁ’eéfﬁﬁj'ir?ﬁﬁa‘ﬁ%e fecheg Bow o the

conduction bgfween 16 iR GeRhd ﬁlgtelfl'SQtt&alWexﬁﬁﬂcéd%n&&l%f%@:ta% o¥h8atoCcCurs
primarily at the annular projections 182. Alternati veI}./l a single
€

conti nuol® greguetiqnefryn thaticater plateckntte ﬂ@ copiing plate 152. The meaning of the
20091 042137PCT| US2008 030572 ROLLI BT ko580 108 (O MRokd 48 L o

surface of the top pla errra[ i SO |on e cooling
pl ate 152 fr prefdritdy bufficiehthy SexibiB tc astapsisite &ir rmdmichndtaxmhex;mnhm of the

primarily befween th eate ate 15 smal | cooling. pla 52,
R ot bet wEEHF Pl FisbGaaredn b s B ing SRHEE SRS SR TR Eh has
a signi fi cangleprdddrag@mbiynerorel Smass than the cooling pl ate 152.
100381 In the enbodinent, the thermal choke 154 is | ocated between

the heat & pl04988l 1Eer oatqdﬁl@aaﬂlqrwb stsRéx- étatfélzatttané%htcrrtérﬂ%atbe Besh asferon
bet ween t hespd Hlale ﬁaﬁ‘?g%ﬁlz lﬁ%éoﬂ( %Fl ﬁﬁlontjg%ﬂgr% k is the

resi stance" to heat Iow rom to the cooling

pl ate 152 t othatthadworhistivitedf the ntatepial, @’fmtﬂhmcroatsectmnah@aa ofitbe oateiatini on
fromthe hea |.ate 150 to t 0ol i.n a 2 Th an|n

thet erm * ¢ nip iRt RaGegiiefiat fing 8Rtdidg obhh Fagité T NSnIRARLA:EL
154 is al so piicfaes efthy matekibl fideTitib yheftbpdriue attancppmeasa&beffmrmartatﬁlal
and axi al _expansion_of the heat

Iate 1500 cling
during operatdbn Tor Tes H}éheéﬁémgaﬁ tl“(?c‘t"r“@&%“’ﬁ ‘?r{r gthfg??gt 3&‘8%391
For one-di mﬂﬁteaapélongs\tv%ﬂmeateat@artafae%c&tsar@uaﬁomeat Bd :RAFange 8s: hgat

transfer
AT/(L/kA) (Equation 4). In Equation 4, the term L/KkA is referred to as the “thermal

eater

resistance” of the material. Equation 4 shows that at a given value of AT, increasing
the thermal resistance of the material decreases the heat transfer rate, q, along the
25  length of the material that heat transfer occurs. The thermal resistance can be
increased by increasing L, decreasing k and/or decreasing A.
[0040] In the embodiment, the thermal choke 154 is a plate having planar opposed
surfaces secured to the heater plate 150 and cooling plate 152. These members can
be secured, e.g., by elastomer bonding, brazing, welding, or fasteners. As shown in
30 FIG. 1, seals 186, such as O-rings, are placed between the top plate 118 and cooling
plate 152, cooling plate 152 and thermal choke 154, and thermal choke 154 and

heater plate 150, to provide vacuum seals.
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rate, g, across a material is given by: g = KA(T1-T2)/L (Equation 3),
where k is the thermal conductivity of the material, Ais the
Cross-sectwonglyogaéa of the material in the direction pETASAYBGUPRr
to the direction of heat transfer; Ti is the tenperature at one face
of the material and T2 is the tenperature at an opposite face of the
material 20 (AT = T1 - Tz, where AT can be positive or negative); and
Lis the length of the material along which the heat transfer occurs.

Equation 3 ¢ ar.r ange S; = AT/ (L/kA) .(Equation 4). In
Cauat | on 4, - 100F o TBF FlRRAREoRE e boesiihe ehBh el s P e
of the nat er ipake 1960HMALCbOIMLAP1SBA9S, thhelanle. FodleXBRpl¥ ahé theRhaldhoke 154
increasing the thermal resistance of the material decreases the heat

transfer rat €20 be madafiemepediz smgnrinedizedrumiguey orafuminem alexss (c-g.
transfer occgpgr.Tdle 7(5'}Sef€§llunﬁd‘ﬁ§ﬁ)s ?%@Qﬁerﬁglrbhgﬁe | M&a%aa?t%qlaﬁ‘yﬂy be made
an or ec t he

i ncreasing L, decreasing . ecreasing A. 100401 Tn
enbodi mend, vhethetwetals) naphokiellit Sdatérial sonylonipesiteavatagalp haneg doppls ed

surfaces secured to the heater at.e, 150 _and ceol j.n | at.e . _These
rorber s can Hsiaabpali Ry Bhelph it alRES B bR Bh St A o,
or fastener s strfsurs leefattivieno pfdvlde.thd desiredthsrm s esistaneh batsvebn ﬂielrl@ster plfue

pl aced betwe the to ate 118 and cooling plate 152, cooling plate
152 and t her ﬁgﬁ) a‘&fﬁﬂi’ggﬁgiﬁe dd Pﬁ%’fmﬁe’mmﬂfh‘gﬁ&sﬁéé‘iﬁveﬁi ate
150, to_provhgfey¢anb Ydr S Raddplate Worrd8R94 PhR] 37 &hdr shit #OPSLAL AR Rire to

[0041] The thernal choke 154 can be con‘gosed of the sanme material as
t he heat éf ppeavedetbodesirad Bsonilnesipineee Thep ex¢roplapxdimpluees ilgease Xl e,

t he ther nal Cah ' - '

Al i nam or A Sretss 7o, BEATRG 4 Rt A R 0% RPN Ee of
t her mal chokéelbedmabehokketié4.nati vel y be nmade 5o0f other netals,
non-netallic rials or c osit terial i ng desirable

t her mal cond&@%ﬁi anpther §¥‘B%Fﬁ?‘a§*e§ﬁ%@€?‘r~’5? i 8@%%%@%?%““&
choke 154 hagnctudsid € bxting 1€ faf e Qayets MAQViede ohb entelamiilabdajdier aal
resi stance between the heater plate 150 and cooling plate 152. For

exanpl e, 1¥ hemetdiqranogrprelis Sermally msalecinlnegebirive paeriaiaged
plate, corr Ug@fyﬁférip LBt Sial O stRABE stRY) Ha@fﬂ%% 16WEOYS V§l}.l£ E%E B0 &atlof 4 glsan

provide the deSired thermal resistarnce. ese exenplary structu
i ncrease "L" theradinoinunid ayessioancragse ithe tEeruel resistancabiohe themhdlchokenciheases

t he thernal ISt e of t . .chok 54, 042] 1n ot
enbodi nent , P%glh?lhcgrgﬁnea} 5Q‘ccha}lb Egvﬁg%E%C@SSSaO I‘%‘r’r‘i1 noéé e S lroua(l:)f) ﬁfgmcﬁ%r
i ncl udi ng foexaxdeapl e, al um num | ayers and at | east one internedi ate

layer of 28‘ [0043] By operation of the temperature control module 120, the top electrode 114
can be maintained at a desired temperature during and between successive substrate
processing runs, so that multii;le substrates can be processed more uniformly,
thereby improving process yields. In an exemplary embodiment, the temperature
control module 120 can maintain the top electrode 114 at a temperature set point
25  within the range of about 40°C to about 200°C, such as at least about 100°C, at least
about 150°C, or at about least 180°C. The desired temperature of the top electrode
114 will depend on the particular plasma process that is being run in the plasma
processing chamber 110. For example, dielectric material etch processes utilize high
applied power levels to the top electrode 114 and/or bottom electrode and produce
30  high corresponding top electrode 114 temperatures.
[0044] The small mass of the cooling plate 152, in combination with the thermal

resistance of-the thermal choke 154 and thermal isolation of the cooling plate 152
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15netallic or non-netallic thermally and el ectrically conductive
material (e.g., a polyneric material or stainless steel) having a

| oner "k" wapee/fdee Equation 4) than the al um num | ay@C3/UsSyos/fidsrase
the thermal resistance of the thermal choke. The thermal choke 154
can have a total thickness of about 0.25 inch to about | inch, for
exanpl e. 20[0043] By operation of the tenperature control nodule 120,
the top electrode 114 can be naintained at a desired terrper ature

during and between su substr at rocessin hat

mul tipl e subBPPane PRl Eié ﬁﬁB %@%@EF‘@TWPF&H& t‘i*Fe‘iaIa-edgf eat

i Mprovi ng pr @8RS btividefl $he HeateR PlaBXSTRhAEHE &Hi?ﬂgimm%ntsz és%ntpﬁféa% fleur e
control nodule 120 can maintain the top el ectrode 114 at

t enper at ur e Beater piate 1 SObriRg M diregtibermphepntast Wilhdhe topplate bl%ﬂ%m 200G,
such as at \alﬁg %tcoglg‘gl%f h@&t coﬁﬁ&‘imﬁ@%e&éx@ gaatgxgﬁgtte P ?H& thleeaSt

180C. The des enperature of el ectro depend on
t he partiZul esolipkabuel 12, dedsstet plate 158 cmemng: ¢loselyi contrhkthp Itamrmature of

processing c er Ie dielectri.c erial etch , .
processes ut ?ﬁqupeelﬁ?]tﬁ‘% ég& Fg W pure 8%5(’2“‘[08“1? sz f"{‘?B péqvé‘ietg Adgaraply,
a:’ld/ or got t offiselegRinEOGRe Moﬁﬁﬂgﬂgi@ﬁ% élbclgil‘bdGQM %‘ixﬁﬁf ﬂaﬁﬁrﬁg Thlé)Ebsponsle

el ectrode 114 tenperatures e smal | mass of the cqolin ate
152, in conbl lwaﬁ"fgﬁ rajp %Wlelﬁlé ﬁ@?%ﬂqué&q L204RE8° & I4HIE heAah B Temeke

154 and ther g&in %eﬂ fhe heQe! J129 15 &ttﬁrml:égn a%ff respectively.
2009/ 042137PCT/ USZO 8/0 52 fromthe top plate 118, allows cl oser

and nor el® apl0#48lonFimI2 idastrates apdasmagirodessing ¢hambsf 200 domprising anbtaer
heater plat ee)ge %1%93&&% € (Lf'a 9/' r%t d gl?c%fod?%sst(e:o gd ésgsgltgvnﬁ ilgﬁﬁteer

plate 150 berng™i Irec erna CORt
i mprovi ng t h2 thestomarhead eleeta:hdecasmuﬂy thdnqimeemtoph&-cheaé BY4, phekig 150

and the Scoolng bl ate 180 b0y 8kSke BRls 20 fE A Dl htse! ¥
control module 220 located between the backing member 216 and top plate 218. A

15  plasma confinement ring assembly 222 surrounds the top electrode 214 in the
plasma processing chamber 200. A substrate support 212 (in partial view) is
disposed beneath the top electrode 214. As described below, the top electrode 214
and temperature control module 220 have different structural features than the top
electrode 114 and temperature control module 120 shown in FIG. 1.

20  [0046] In the embodiment shown in FIG. 2, the top electrode 214 includes an inner
electrode member 230 and an outer electrode member 232 surrounding the inner
electrode member 230. The inner electrode member 230 is a single piece of material
including a step 231 of increased thickness extending outwardly, preferably at an
obtuse angle, from the bottom surface 236 of the thinner inner portion of the inner

25  electrode member 230. The inner electrode member 230 includes multiple gas
passages 233 through which process gas is injected into the space (gap) between the
top electrode 214 and substrate support 212. The outer electrode member 232
expands the diameter of the top electrode 214, and can be a continuous ring or
include multiple ring segments. As shown in FIG. 2, the outer electrode member

30 232 and inner electrode member 230 include mating projections 215 with a lower
projection on step 231 overlapping, and preferably interlocking with, an upper

projection on outer electrode 232.
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the top electrode 114. The tenperature control nodule 120 al so

provi des a desirably fast response tinme for controlling the top

el ect rode W02009é1338T at ure. The response tine i s the ratP€TAIS20B0TH52 he
control nodule 120 ranps up during heating and ranps down during
cooling when the heater plate 150 is turned on and off, respectively.
10 [0045) FIG 2 illustrates a plasnma processi ng chanber 200

conpri sing anot her exenpl ary enbodi rrent of a shower head el ectrode

assenbly 210. in FlG wer head el ectrode assenbl y

210 conpri seémﬁ%! E“ﬁqngﬁb%’&éené%ﬁe ??é Sfeuseo thelgp § SﬂE"S"lfhe
top el ect r odeéhedider eleeod Iﬂbﬁb&lﬁoaﬂ@l @ntlﬁaﬁﬁfewgr&dqm"ﬁzfcﬁln 48 220
| ocat ed between the backi ng nenber fG and top lg)l ate 218. pl asma

confinement PSP d4e dhsigp yur 2@@&%‘%@&“?% P %Izé%tf\éﬁléomzlhﬁ n the
| asma proce i al

\Fjl ew) i g di s%géﬁ% %gﬁgggﬁa%%%r?@gﬁggﬁ%% ?i"gee&gﬂ%lt istgdescg:}r %1%813; K::el ow,

the top ebecmoraher 230 Hdemeertrtmtradamembm%ﬂ@hd noidnélect@@O nieaber 232 are.

diff t st t de 1

enper at ur o CMP e sRHE Biu? BT alink et P84 508 AR P8 syavie

enbodi ment s lbomhng n:cllﬁh@e 2As dhbentin PI@| X eicringte cRtdodarabiible 238 mndlinder
el ectrode nenb 230 a er electrode nenmber 232 surrounding

the inner el & EICB%I%“H’L? cé eé’ﬁé““ﬁ' Rlats s eputen edectipdgmemB Rt a2’§@a?l‘§n%

singl e pi ecergh 20BtRE btﬁér élélﬂolelgh{é&b%r §§26iﬁcla§és sBffadeBGERAad thdinfkness
ext endi ng@outwardl , preferab écat an obtuse angle, fromthe bottom

surface 286 electrore membaidp0 prhbackpgrrinigaid4othe backingplete 233 inclustes sutéaces
menber 230, JSRfrdd 0Bl ifhREIL008 HRABET 3630 ch‘iJntéecl?d% bl 8%

passages 233 through process gas 1s Injec e spac
(gap) bet weenngBé4 tmblded mfacmh&cﬂ&dtoama bsukhgplab e42,tqnm elecZdde ma'rhber

outer electr nber 2.ex s..the dianmeter, of t el ec rode
Dta and oan MLl B S TR P RRE 0 b P SRt St LAces B 1

As shown in HgeheRusiddetherhAly SRRy B@fﬂh@t’ive?e@dsaﬁ@er@rb@nﬂlﬂg%ﬁatenal
el ectrode_nenber 230 1 nclude mating projections 215 with a | ower

proj ecti &f oH¥BEpThgempertyre spmtre) moshly %%)QP@PEEﬂSy‘ hepteeplpe A0 mgadkiet h,
an upper projggk '09&1@})19&4 85 affd G5k 5 eadld[ao&%ﬁx]xg %l@tetﬁg_ a{tached t

enbodi ment, the backing plate 242 1S séc op surtace o
the inner el thsthealgeplate?58and B mite B48.aA contrgingR22e ivpoyidehadn thegadial

backi ng ring 0 rfagce of outer el ectrode
menber 232. Béér dréwess otcfﬁll;eeekge fa?eezsfo %64 ¢ mgrmét;%?%m mately the

Si’:lrre di Srret ef00d9] t 'fﬁhe bztt(ﬂj&ﬂfg ;ﬂdteml% ﬁdﬁldESdﬂﬁlﬁImnlegy @f3&hs di d'Ehﬁ)ultlﬂﬂptenuréls 256,
el ectro me r. 230 _and, o ec e nenber 232 are secured to
t he back?%g 2?83283 243> R ° g@(ﬁmﬁlwfﬁlﬂ@ corpmunicalighaRith %hupﬁl%g gps

sui tabl e bonghdaghel 83413 HY Backfisy WAL | mhé:ééﬁtralzpleﬁdﬂﬁzsdh@%(eﬁﬁém 4 ode

menber 230 includes surfaces secured to back |n§|68 ate 242, outer

el ectrode neRpdRl 12gcss anda bk PHEE 27%gndzﬂmpleph@s 258, 26063ere defnedbirber
232 incl udes aﬁiﬁﬁz;r%?@o%esszﬁﬁlucroggr ﬁl&eg bR, "ﬂ'{%%rover plates 270 are preferably bonded

to the backing plate 242. In one embodiment, cover plate 270 can be welded or

25  brazed to backing plate 242. Process gas is supplied to the central plenum 256 via a
gas passage 264. Adjacent pairs of the plenums 256, 258; 258, 260; 260, 262, are
separated by annular projections 266 on the backing plate 242. Gas is supplied to
the outer plenums 258, 260, 262 via gas passages 265, 267 and radial gas
distribution channels 268 and axial passages 271 in the heater plate 250.

30 [0050] The gas passages 235 in the backing plate 242 are aligned with respective
gas passages 233 in the inner electrode member 230 to supply gas into the plasma

processing chamber 200. The backing ring 244 includes a plenum 245 in fluid
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10 el ectrode nenber 230 and backing ring 244; the backing plate 242
i ncludes surfaces secured to the inner el ectrode nenber 230 and
backi ng riWQ20844213hd t he backing ring 244 includes suPfadisz008ediized
to the backing plate 242, outer el ectrode nmenber 232 and inner

el ectrode nenber 230. For exanple, these surfaces can be bonded
together using a thermally and electrically conductive el astoneric
bondi ng material. 15[0048] The tenperature control nodul e 220

conprises a heater. plate. 2 att.ached tqg th Ki | ate 242 and
backi ng ri ng°‘é‘&ﬁ‘}‘m§§%" naw%%g’gi asgalgtlngfl %oﬁé’fn%% g@ilgdg'?%eoaﬁ’ig?%ee%ﬁegas
pl ate 250 angassages phAinethe bickind pvem, indgis Paskagds 200 avihddtcpBletthale

radi al outer surfaces of .the {]gﬁter pl ate 250 and the backing ring
244. [0049] TREOELEK: ﬁgasrsﬁ‘» sppeliedyntq the chageler xiadhe,gas nasspeet 24Jas

di stri buti onygysgNURe Rabor ptite Z505incB hedfiids e1&REfs 872 mkﬁg t%guﬂfy fidati d

communi cation with a plurality of gas passages 235 in | I'ng
pl ate 2425 Tinea eanitroHed mpnnen tontho 56 dlectrgdé 2 hethrdnghshaaskingimengwe$6.and

a cover plat 0 . 8,..260,. 262 are, define
Bnul aror ooonEieie B A Bh IS, Bl £ in el 8PS G5 250 kn
preferably bomdededdt hentbackiug tiyd ddseRéipelatur@nCheclidacdl slements QoY er

late 270 can b | ded or 25 brazed to backi | ate 242. Process
P s auppl Ped bl ot f Lo TR E R e opa 2 o Fudils oy,
Adj acent pai &pphts. tAenifetitttdBerdbParrA2B8e28n be flvideE8n (Hrhckiak e

separated by annul ar projections 266 on the backing plate 242 Gas is

suppl i ed1q§ o membeid1érto mrositoride tongpergheg of figtop plactepds 234 98d spplhB, 267
P adi al DULET™" P .= .
fhe hoator DTSSR AR (AR SRR TRARBARR Sy bl

pl ate 242 ar® adhptgh®conirolithe etdpast bne/eovega sunpds 2digesudg powet thehd nmaer
el ectrode ne r 0, to,,suppl s.into t pl asma processi ng ¢ er
200. The. backiirgsDinhtsS 1 e s8Sec MRt inp BadSier frioge Hetbef 247
comuni cat i oMhavhdaker phige Ps6cad ioperaielibl tieane hadhned desad?diaBotdia réRad @r

pl ate 250, gas passages _247 in the backing ring 244, and gas passages
249 in the o@‘ﬁé’featé‘l@%t?rlég‘e nmenber 232. Gas is supplied into the

chanber via {dinnépaﬁs a@s%ﬁeaﬁa?oo%tghe tR9RA blaldB2Ne 8l ptedRb 30 thOfkater

i ncl udes hea el ements 272 adapted to supply heat 5in a

control | ed nelatgel50wnd pordrol bent éredenhetiecen e haates plpte 2 Heanddek élagiradenber
216. The hea . i t I i i | ect.r ode
rember 230 abi ok arSuTERpE 232 ELAR e s st Brtlol PR SR BT

The heati ng elodingpiate 252%haabemell ewiks, iand id madeafaekdredily endelsitrigilly power

supply 251, or to.nmultiple, power s | ies. A.tenperature . sensqr

arr angenz(g]t %oéﬂuﬂgeﬂ?a&?f?a&‘eégéwwrh'@ﬁ%c k’i tﬁ@ C‘i%mﬁt?%%g 2xpg hage ?Tg‘ﬁf“te?ff
the tenper at thaeis0fosé fethé BianRlee 6f heGithe? Sctadid rBdhitidr 230 BhSoldterapetatsr e
information to a tenperature controller 253. The t%ature

control | er i BeBAgptEd Fepexmpls die coplingplajegadican hey etgpfAbgutdls1 t o
supply powver tR.stihe7 ﬂﬁ?&s‘? bndh &h8ll %%&nEé% o %ﬂl%[ 20 1 R8¢ fﬁloﬁﬁ €
d er 232. The

menber 230 and outer electrode ne eater plate 250 can
operate in tKW85%anthawnohag pdtesdSiibdudeabiguiel channelaRyddintowhishlae heat er

plate 15?5 temperature-controlled liquid having a desired temperature is supplied from a single
liquid source 275, or from more than one liquid source. The temperature-controlled
liquid can maintain the cooling plate 252 at a temperature of about 20°C to about
40°C, for example. The cooling capacity of the cooling plate 252 is preferably
sufficient to minimize overshooting of the temperature of the top electrode 214
30  caused by plasma heating effects.

[0054] The cooling plate 252 is thermally isolated from the top plate 218 by at

least one groove 280 formed in the bottom surface of the top plate 218. The one or
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[ 0052] As described above, the cooling plate 252 is adapted to cool
the heater plate 250 and control heat transfer between the heater

pl at e 250 ¥AAWHHR1&T ect rode 214. The cool i ng pl ate 252 PCRASpOYVI105

cl ose control of this heat transfer rate. The cooling plate 252 has a
small mass, and is made of a thermally and electrically 20 conductive
material. As shown in FIG 2, the cooling plate 252 can have a

di aneter that is close to the dianeter of the inner el ectrode nenber

30 and th | t
525 200 gt SSLLAIR0 TR IR L BEETE) G GBS IR Bl |
t hi ckness of thenhai oabmutwﬁh iheedp supfaadofithe 2odling platé Mailteama:oﬁ@.ﬁﬂtémg

| ate 252 includes |i nnel s 274, into which
25t enper at ur g SR %I“? aﬁe 238 aag FRRHDE glate $p2primayily éﬂ?’dé? anylas prgjections

suppl i ed fropsa Bidali& of ihdebslag QSR ﬁ&%ew%enftﬁ%mézwﬁﬂ &8 g
liquid source. The tenperature-controlled Iiquid can maintaint

cool i ng p! at Blae224¢ thy prejagionataihe tesel satfwtarmth@toab@xfacemci@e q‘oohrtl)gl
exanpl e. The f o 2 ef erably
Sur ] ci ent t By P ok BEEb a1k o FORCL RSB BEckinihe Fop

el ectrode 21[0088] chubscnibpdiphas,mae Ioemtore*t@emfaﬂ ehnl&s afe@limdll béthees el i ng

| ate 252 is, therml |sola ed f he top ate 218

gne gr oove 2%??“’?8?%%%? G 9pdise8 I%PIP{?%% E? Prz?X’éieSghatnﬁ%d ?%*Hog%/%‘g% r aﬂgtshe?he
one or WO 2&%&&%&%%&5’@@2@@&&&19%250 dﬁﬁfceolﬁl{gqqﬂt@§528ﬁs§li&vr§ﬁﬂﬁ@§ed
by proj ectl ons, 282 (e. annul ar projecti onsg her mal cont act

with thel®op? E]dt‘fefll&‘:%f@fm’ﬂlléh%épﬁ‘h&5§4 (! ang 859 C#‘b‘%ﬁplil@dééﬁm@mﬂ@d
bet ween the {opplad £50248 c’a’sgﬁx}é@%'z@g ?h@@h%n&ﬁ%h&%%? 1%, i’é?%dij%&)

annul ar projections 282. Th atio of e contact surface’are
bet ween t he uogopdeatrigalby-grrangdd ewmilarings plaatdin2&Dectivetgieoves cﬁqrmeﬁ iroths

to the total of .the.to face of the coolin | ate 252
facing the toog%f)% Fac%igt gsrels Pé%%@?flzﬁ%‘?‘b‘%sﬁe'é © PR PIEa fiipItuous
100551 In thnﬁgsgﬂﬂhﬁdhﬂiﬁ'ﬂiﬁe,%%nﬁﬁeffﬁgQegidﬁ:ﬁfsﬁﬁhst@rwm@ﬁ@ réﬂe%@%
between e 2geat Iate 50 and cogling plate 252 to provid

enhanced tont'tegFd gp nf‘}?é 1p Bedopyplaisd e coshng elafedy 2p bewpd wholks 2I§Iéaa3(5ér
pl ate 250 angs7c@ldsoohdtedpmte?Dd andHadidyWale4b! he thermal chokes 254, 255,

257 and 259 can be composed of the same material as the heater plate 250 and
cooling plate 252, or of other metals or non-metallic materials having suitable
thermal conductivity and structural characteristics. For example, the thermal chokes

20 254,255,257 and 259 can be composed of stainless steels having a lower thermal
conductivity than aluminum used for the heater plate 250 and/or cooling plate 252.
[0056] FIG. 3 shows an exemplary embodiment of the thermal choke 257. The
thermal chokes 254, 255, which have different sizes than the thermal choke 257, can
have the same composition and structure as the thermal choke 257. As shown in

25  FIG. 3, the thermal choke 257 includes radial through openings 261 for reducing the
cross-sectional area for heat conduction, and thus increase the thermal resistance of
the thermal choke 257. In another embodiment, the thermal choke 257 can be a
porous sintered ring, e.g., a stainless steel ring, made by powder metallurgy. The
thermal chokes 254, 255 can also be porous sintered rings. The porous sintered

30  rings can be fabricated with a desired pore structure to provide a desired thermal

resistance. The thermal choke 257 (and thermal chokes 254, 255) also include
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10 a plurality of thermal chokes 254, 255, 257 and 259 can be pl aced
bet ween the heater plate 250 and cooling plate 252. The thernal
chokes 254W0288/0422877 and 259 are concentri cal | y- ar r ang@®gTAIPIB/A11052
rings placed in respective grooves forned in the bottom surface of
the cooling plate 252. The rings can be one-piece, continuous rings,
or can include two or nore ring segnents. Fasteners 290A are received
in 15aligned openings in the top plate 218; cooling plate 252;

t hermal chokes 25 257, and..259: heat er . pl 250 and backi ng
bl at o 24, TREERErRGRR: Rk, B SadiDustifks 368t BifRLS
of the sanme mateptisab0as the heater plate 250 and cooling plate 252,
or of other netals or non-netallic materials having suitable thermal

conduct i vi t y[¥3d] stilGct shars syvixemetasy F@‘P‘?Qi,@.entlﬁ&heé}&%?ﬁ‘!o@,th?rﬁ@l thoke nal
chokes 20 25459 253 shdwr i a%ewmmhggmﬂn%ﬁzgghg}am ofifefel s

having a |ower thernal conductivity than al'um num or the heater
pl at e 2505 aneirfice obieicngling plate 2552 Th¢ heBE|l cFakE 258 isprofesatdynnexpenohsir y
enbodi nent of. t I Kk S57. . The, t her chokes. 254, 255,
which have dlidRehiobl et R e iR Sl e MR ik 52t e
same conposi theanalahdkeyt AUsltitatiey EfSnwivdlyt-dxeendinlg prbjekitond intludds shown in
25 FIG 3, the thermal choke 257 includes radial. through openi ngs 261
for 1 educt ngC I ErBRUDERRARA S0 PP LIRS COFECSTE ¢ hus

i ncrease t heyrfRededstehesinodAnce of the thermal choke 257. 1n anot her
enbodi nment, the thermal choke 257 can be a porous sintered rin

e.g., a 3$0ai 058k 4sekawn indgG. Aerpeh pfthe themapl ohekesi A5dr PP, 25hand Hdrheal
hokes 254, . b -S| I i .

Sintered 30 FERalPReBhafe h BOLOUSARLANG"ER ihe Rlan of R RRUEOHR: srooves,

provi de a de&irmed it the coslingrpdate 252 scthat thheodling it 2 £ lseppdbiéd patic

2000/ 042137 LI ORSBORPOT0RS: 17T G er BHAPAYI® el defined between the

axi al | y- ext epétdhg si@RRBbNYsH1iAB Plat©F 5 Adehe/iop Guifiveeddathch@s prrersd. 290A.
[0057] FIG 4 shows an exenpl ary. enbodi nent of the outernost thernal

choke 2595 AgaRhIiinipatey dyecophysical qomtachiatwesrgRe heata plale 420 g qookipg

the radial OPfaRI252 and forces heat conduction to occur between the heater plate 250 and

cooling plate 252 through the thermal chokes 254, 255, 257 and 259.
[0059] The thermal chokes 254, 255, 257 and 259 can have an exemplary height of
about 0.25 inch to about 0.75 inch, such as about 0.5 inch, and an exemplary width

20  of about 0.5 inch to about 1 inch, such as about 0.75 inch. The thermal choke 254
can have an outer diameter of about 2 inches to about 4 inches, the thermal choke
255 can have an outer diameter of about 6 inches to about 8 inches, the thermal
choke 257 can have an outer diameter of about 10 inches to about 12 inches, and the
thermal choke 259 can have an outer diameter of about 15 inches to about 17 inches,

25  for example. As shown, seals 286, such as O-rings, are placed between the cooling
plate 252 and the top plate 218, the cooling plate 252 and the thermal choke 259,
and the thermal choke 259 and the heater plate 250 to form vacuum seals.
[0060] In the embodiment, the cooling plate 252 is fastened to the heater plate 250
with threaded fasteners 290A. Each of the fasteners 290A preferably includes a

30  washer set 273 with a locking washer and slip washer to resist loosening of the
fasteners 290A due to temperature cycling and thermal expansion and movement of

the heater plate 250.
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S5surface of the cooling plate 252. The thermal choke 259 is
preferably non-porous (i.e., has a density equal to the theoretical
density ofWORBEINAI8Ti al form ng the thermal choke). A PICEURRI0BA11632

i nwar dl y- ext endi ng projections include circunferentially-spaced
apart, axially-extending openings 263 for receiving threaded
fasteners 290A. 10 [0058] As shown in FIG 2, each of the t her mal
chokes 254, 255, 257 and 259 has a greater height (i.e., in the axial

direction) t he| of the r tjive ove for di t

cool i ng pl at E&@%E 2‘8 yt’ Huthissg ﬁbgedﬁ?ét‘%sﬁggmﬁ? 3 IB%IP%IW #ﬁe
thermal ¢ hokesco%aﬂnat&'ﬁsnﬂaﬁa treﬂdalaéﬁsta@e@r@me@myahe aleﬁnaamoftes 28gfdsged
bet ween the hottom surface of cooling plate 252 and the top sur f ace

of the heat er>hPit e 28t themal 1s9iptign QE@eé"P?lﬂﬁgrﬁ?tEQS%i Apdiop pig/ 31 & allows
contact bet waghol&iecdhadt & thdtAd &&%&rﬁfg@r s&weemc%ﬁ&ep@é%s@'aﬁd fngrces

heat conduction to occur between the heater plate 250 and coolin
pl at e 2525t heorlyis plate2thes auhpaseblodhe bauter pm<52502®mamdinzagson[ao%@n

The thermal ahokenafoAs 80isRnkMIdoRnd SaIOANLIAN: RSIREaL 18 a0t

of about 0.2 0 abou I'nc SUCh “as-asout’
exenpl ary w dipreléfrodé 2Emm1h‘e forb closellp comtraleduln ddditivmhtheshefrad about

0.75 inch. The thernal can .have_ an er di aneter of about
2 inches to ?H&ﬁa%ecﬂ’&tﬁg dﬁ‘f?e2 HEOVIHES adreikad 32%&3”83??“%9@65% out er

di amet er of a&m&hr%thélfdis%‘fech@d@@% clafighes, the thermal choke 257
can have an outer aneter of about 10 inches to about 12 inches, and

the therhl EM6RE PES Xillustraaser Rirsmepnreseseing phandrer 390 eftrosemigmdpeiehes
to about 17
0t ros, o o afEPplads biBbes N TR Eatnd Sortit i andit Sxchibary SibHafRn of
218, the cookisgvgrhatel2G2deaasderhivle 31 heAsralhomhmlﬁGZﬁQhe gindvetltead t her mal
choke 259 and, the, heat te 250 to f al s
t he enbodi nedltecmfdﬁe@sst?gg)li)f g{fﬁoﬂ%e%% gecg]gfggh glnb? "-‘t%féle‘hg%rgg pI ate
250 with threaded tb akttemelesrotR3AM Eawp phite 3 Barkiastapatmr@frol module
prefer ablhé i ncludes a 30 washer set 273 with a |oc washer and

r

slip was 840 digRgsed betygenthe hackine praberad O and fap pé@eA?&ué copfinement
tenperature \g\)&ghas&gbgrﬂltg%@rxlﬁu %g%b@&eend ITRGTRM. pRbcebdife LiafbeY

pl ate 250. 2009/ 8/ 0110
300. A substrate support 312 (shown in partial view) including a bottom electrode
and optional electrostatic clamping electrode is disposed beneath the top electrode
314.

20 [0063] The illustrated showerhead electrode assembly 310 includes a backing plate
342 and backing ring 344. The backing plate 342 includes plenums 356, 358, 360
and 362. The showerhead electrode assembly 310 has the same structure as the
showerhead electrode assembly 210 except for the different structure of the backing
plate 342. As shown in FIG. 5, the plenums 356, 358, 360 and 362 have a width that

25  increases in the axial direction toward the top electrode 314. This enlargement of
the width of the plenums provides sufficient area for placing seals 392, such as O-
rings, between the backing plate 342 and heater plate 350 to prevent gas leakage
from the plenums, as well as provides sufficient thermal contact area between the
top surface of the backing plate 342 and the bottom surface of the heater plate 350.

30 [0064] During disassembly of backing plate 342 from top electrode 314 for routine
maintenance, the backing plate 342 configuration of FIG. 5 facilitates the ability to
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[ 0061] Accordingly, in this enbodinent, the small nmass of the cooling
plate 252, in conbination with the thermal resistance provided by the
t her mal chReeIREN37 255, 257 and 259, and thermal | sol &Cirais2@s/otine
cooling plate 252 and top plate 218, allows inproved control of the
rate of heat transfer between the heater plate 250 and the 5cooling
pl ate 252, as conpared to the heater plate 250 being in direct
contact with the top plate 218. The tenperature control nodule 220

[ the t at. f heto el e re closel
control | o, - FREL B iBieS S O kpRat A SRl 4rt S SANEH PRI B
220 provi deSanrgexsgé@lafmafqug[ 0062?&%@ momomﬁuq@stli%awg the top

el ectrode 214 tenperature FI G illustrates a plasm
processi ng cl¢skr FEg dhust @t%%@?@um%ﬁhﬁ&@émaéq 659 ‘&hlﬁhlfwi@@%@g?mg

apparatus co AR

el ectrode asggerrr%r%lEQ 6%&%@{ glxvm .kaﬁlé%@%ﬁg seﬁlg%/\lg%%%&gm ﬁﬁiode
assenbly 310 OE@'thqI' s@str@detmgnb&rééﬂ rand eindelectdb ackibeg6 3te raer 13her
secured to th el ect.r 31 t | afe 318 an erat ure
control noduPé ﬁte 8?%%’5%%? %E’P\%@%ﬁﬁt‘ﬁﬁn %?%ﬁéteﬁgdlﬁﬁéggg%c% t op
pl ate 318. Ahmglemfstmmang. alsisie ddtiyig 3Rthefitdl67QNREAS 6V ateGRdividually

el ectrode 314 in the [i)ll asma processi ng chanber 300. A substrate

support 312 ELHG6Rd fthpsams of SePi‘réW)poiWﬁEF‘{P@P?Fg Theiswter braten Rlate 004 cathd

optional el eg¢ 5Qataaltd Sadkhf Mg Wh4tlshiz uRMe FRreliSRRR e top
el ectrode 314. 20[0063a The |%q@ stsﬁggtsed s%owteer head gtléee@?r ect&aoggenb

310 incl ddes n@mbatﬁz@npble@ped@tg bagkingaegd4ig Thenunes hdaterThase HSSK mgbe

plate 342 in 60 .and 3
el ectrode as géeCH 30 g&%{}@aé%ﬁzg ﬁ%‘t%’? é?mf’mrrs aggt}ieﬁgn ﬁgﬁ}éﬁe‘aﬁnbef
el ectrode as 6Entﬂnyoe2:bﬂdﬁkmemk1ﬁ9platdre12d|T1hfe emdodinht 6RRIGL 6 pafvidee
backi ng plate 342 n FIG 5, the plepu 35 358, 360 and
362 have a \N&&W‘?raf‘f'fﬁfomi‘gm?ﬂ@%%lg@éodis aghing ‘gﬁ?’g‘i’rr%?r‘ Prstentlp RainEer: he
top el ectr odeledidtie nidhhtser 8BY. a1t GRSBMbe Abted At Ndatk B1aaf 6306 FIGEHERBbe
provi des_sufficient area for pIaC|Eg seal s 392, such as O-rings,

0|

bet ween the BidiR ARy o the emBodimsnig ohEKE® L, BoRSe 350 to prevent gas
| eak f
cont act ar o ivg8, DERD: oy @ helEhpodr tls ik foht P I St ¢ e

ace o ing p ate
bottom surf aclabqﬁlmﬁmfhshowcrhpdmle:tﬁbﬁé) aSS@@[)B’OM]ldlm nitoycel ditode mhidhr;g

of backing p 2. fromt eI ectrode 314 fqr rqutjne i nt nce
the backing pf a grrods ?zgfl PB%EI glfmﬁ%@m%&fe&(ﬁ%aic%lgggg? BEFPE Ly
to clean thﬁng mttaehecbfo tBMi’nfnalcﬁﬁl ddifer pleeiodemehbers, 208 a taffbrad dordfid

wi t hout #(frmval of an overl al(H(Q%Jncover | ate (e.g., cover plates

170/ 270 oninefide att alchgg tp t@y g plate an backlng ring and to a top plate. The
temperature control module included thermal choke rings between the cooling plate

and heater plate. The thermal choke rings included a center stainless steel ring, an
outermost stainless steel ring, and an aluminum ring between the center and
outermost rings. The heater power was 7 kW, a coolant at a temperature was flowed
25  through the cooling plate, the heater was on for about 17 minutes and off for about
17 minutes. The temperature set point of the top electrode was 200°C. The ramp-up
rate during heating (with heater power turned on) and ramp-down rate during
cooling (with heater power turned off) response for the temperature control module
for several cycles, was measured by multiple thermocouples A to F located at
30  different locations across the top electrode.
[0067] The response time for embodiments of the temperature control modules

that include one or more thermal choke rings located between the cooling plate and
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[0065] FIG 6 illustrates an enbodi nent of heater plate 650 which

i ncl udes outer heater plate 650A and i nner heater plate 650B for

i ndependerwworemIe1dt ure control 5 over outer el ectrode Pa@msenos/6B252and
i nner el ectrode nenber 630. Quter heater plate 650A includes heating
el ements 672A and i nner heater plate 65018 includes heating el enents
672B, in which heating elements 672A and 672B are individually
connected to the sane or separate power supplies. The outer heater

pl ate 650A can be.secur.ed to .backing,ring 644. usi ng,suit.abl.e .
fasteners; a ?t?rﬁé‘ﬁ?) GFge 2 ttlg}ff‘?adc()ta éh%‘??sﬁ%‘ﬁ@éafﬁ%ia’tggﬁ’y&?h AR
backi ng ri ng(dAfiguritién AHIDmpAsiabeY offhAtherntd OckeGaz(d) & ERESI Beht t O
backi ng plate 642 by suitable fasteners; and the inner el ectrode
menber 630 cSHAYEHYLRFIRErtBeSs REATS 1B thy temperamse copel magdes: fedthesr FI G
6 provides tempediaichis®r RMEhMrafie QU6 mELES iHaPReLRAS 't'ﬁep&lalrE'ﬁHp%]Slal@,?’2
i ndependently of inner electrode menber 630. It should be noted that
heat er pl at etl3onigurEiag ang compopyson &f the drmal choke phte chebeapouizediot s
of FIGS. 1,2 . S the,te ature versus tine
response forc%ﬁ“%Q%%%&gg%uggﬁ%ggﬁgﬂgw%ﬁﬂgF%R%%gﬁ#%%apgﬁéctrode
assenbl y i ncl[00dBhgWhilealpe @b eationbdebéenclesudibad iradetainwizh reféreaderto dgecific

menber, an outer . el ectrode nenber, a backjn ] at e and backing ring
attached to FW’“Pﬁﬁ@?ﬂEﬁﬁﬁdﬁWgrgﬁﬂg@FWBﬁﬁhﬁgﬁggk P’%ﬁ&“é@?@ﬂﬁ@Pate
control 20 neghabe AdtrasdifehtibAs EMdenrdel 40 DhAhRnARMPRACK Wehduk Ng and

to a top plate. The tenperature cont r ol nmodul e included thermal choke
rings bettheeferafingdeun thegepnepidhapendadicddmp| at e. The thermal choke
rings included a center stainless steel ring, an outernost stainless
steel ring, and an alum numring between the center and out ernost
rings. The heater power was 7 kW a coolant at a tenperature was

fl owed 25t hrough the cooling plate, the heater was on for about 17

m nutes and off for about 17 m nutes. The tenperature set point of
the top el ectrode was 200C. The ranp-up rate during heating (with
heater power turned on) and ranp-down rate during cooling (wth
heat er power turned off) response for the tenperature control nodul e
for several cycles, was nmeasured by nultiple thernocouples Ato F

| ocated at 30different |ocations across the top electrode. [0067] The
response tinme for enbodi ments of the tenperature control nodul es that
i ncl ude one or nore thermal choke rings | ocated between the cooling
pl ate and
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heater plate can be optim zed to the desired operating range by
optim zing the design (configuration and conposition) of the thernal
choke ring(s) to control heat conduction between these plates in the
tenperature control nodules. In other enbodiments of the tenperature
control nodule that include a thermal choke plate, 5 the

conf i gur ¥thatis daitheddstposi tion of the thermal choke plate can be
optim zed to control heat conduction between the cooling plate and
heater plate. 100681 While the invention has been described in detail
with referenck tempspest fdontrelmadiieeidrsat dhewedkad idechbld dbendPpavent
to those skilled in the art that vario hanges and nodific tlons
can be n%t’&téc"“&ﬂﬂo’é&tﬁ‘% é’ﬁﬂseaetfﬁte%a Chgpiodte © IORFEEICt SO Moy

scope of cdyfispiepended clainms. Wat is clained is: 1. A tenper ature
control nodule for a showerhead el ectrode assenbly for a

seni conduct ora hestesiplast hplingsarbotime seask ndanttaterscouredtor eiopenaagrad a

control 'igcﬁ'(c)lg %xg%h&gerhe etlecu%d{] %%%%Blryp h%ttg%gﬁg Ok I?av%)ngéaz plasma- ¢

surface adapte secure
the s home«pbaﬁloboedoemwfade thes Beidalpyate ﬁﬂﬂ:ﬁldﬁl@atdéﬁﬂ bmeohi@tehadapigi @ supply
pl asma- e oseg%bot urface he heat er ate i ncl |ng at | east

one heat &' Rdapioas etCHO LBy tet”é’e‘taﬂ’éet’ &pee&ff"FrB to control the

tenperature of cbdifigt PBeChRls’ #A6p surface acﬁp&@%'lﬁgs&{lﬁﬁetohzﬁﬁ\d' hGrmiallyOP
surface adapted to be secured to and thermally isolated froma boftom

surface isplaigdiop pbeitan swiask vga sont xdpte\tmnmgw tqphealbo%tbnalagnweesasng
hamb t h
charper, HaR%eF Qgé Lo O@&%eggﬁ% e c&r?troq Qﬂ%te%vygtme o‘% @Taat a d e

heat er ate an cont conduct1 on the
the top eineot heategndacttbn betweenahqdieareaplateyandftheetbpehctr@t&t hr;d and
thermal |y condu et

h k | t d t tact
with, a top saurp?‘k@etyo‘?fh {?gnﬁ%l 2 S o §ﬁ6° gﬂg’t%? gﬁ{r@%r?lﬁg‘ég g‘?‘:a?e’r%e

cool i ng Rtatd, atd@ doheEimith, Ghek aﬁfa@d aptheqte&ter ﬁl@t@taﬁ&)la bb@aﬁ sEeRAYE tHeoN
bet ween the heater platetothe cooling pla wherein the

t her mal m&t&eela«%erthgelaé@htleaeéam%twqopgtﬂ hqahgordndlca bepwesncthe hepjer

surroundiing ¢ Be bbkstpkiknd, the second ring being non-porous and
form ngd%n out erC sur%pace of the tenperature control nodule. 2. The

t enper at ur e cwinreiol thentibunel dfok& aomprise atHeaseione first ring and a second ring
surrounding the first ring, the second ring being non-porous and forming an outer surface

of the temperature control module.

2. The temperature control module of Claim 1, wherein:

the heater plate comprises a piece of a metal having heating elements embedded
therein, and gas distribution passages adapted to be in fluid communication with a gas
supply and with gas distribution plenums in a backing member of the showerhead
electrode assembly, the heating elements adapted to be connected to at least one power
supply operable to supply power to the heating elements; and

the cooling plate comprises a piece of a metal having liquid channels formed
therein, the liquid channels are adapted to be in fluid communication with at least one
source of a temperature-controlled liquid which is supplied to the liquid channels to

control the temperature of the cooling plate.
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the heater plate conprises a piece of a netal having heating el enents
enbedded therein, and gas distribution passages adapted to be in
fluid conmunication with a gas supply and with gas distribution

pl enuns in a backing nmenber of the showerhead el ectrode assenbly, the
heating el ements adapted to be connected to at |east one power supply
oper abl 3.t o sUpgepperanes congok medeat Clagn &) whereins; and t he

cool ing pl at [ ' - ;- Vi liquid.channel s

Foi med t her ei e LR o FRpREs a8Vt B FEhREg, s Behf g o
conmmuni cfitst gmowdstilnthatbottedstirfareeecbof te fft ghodvesparaitreighorihdol | ed
l'iquid which is supplied to the |iquid.channels to control the
tenperature oFech ﬁ}?e‘gﬁlo‘ﬁﬁohﬁ 154 Hpg dis °S§g HRdStPERBEr fWr@OYFth SFOMUI e
of O ai nyihte, WAAI @bal choke ist EcERRLAINTarindEE weBREJecseR 8achl HAG! kich of
radi al | y-spaced, concentrically-arranged tirst grooves in the botton1
sur f ace, themedh chgkethas afspeond hgiehbwaishhgereates thes thenasighight gf the respectivsach
t her mal LS : i: 1S i . i firs r i he
cool i mg BraeovE B e oaeRRRed M £ RABERY 4B bhch R BAKE iyt
respect suppeacthe otdimg plaeaahtht hestomplate ok ihddfinad dewmead thediogbih swhaceh

is greater than the fir hei of . 1 he respecti first grogve in
whi on" s Faimpict e B mipesoesahe el PRt ondfre iydp i et
suppor t stht Reat&qRAtk B &lofihe pRR thivecherlBlsPl ate, a gap is defined

bet ween the bottom surface of the cooling plate and the top surface
of the heater plate, and heat is conducted between the heater plate
and cool j ng t I . . The epatdre - cor

nodul e o#' d ﬁ h?re] %@%@#g:&ﬁﬁtﬁe&?@gif)f r(i‘}?%al ?nvcv ug}e&s{hg fg%tu?ag ﬁcg‘g%'? e

t hr ough wpehiyngfshrough opkinegs.enper at ure control nodul e of Cd aim 3,
wherein the first ring is a sintered porous netallic body. 6. The
tenperature control nodule of Caim1l1, wherein: the cooling plate,
the thersml chokempanthirdeait® nidaleeofCORRY i3$ §hatel O diraPetl RASsinRAd

a threaded fastener is received in each of the aligned openings to
secure tPREOEIBetRNgbpiate, the thermal chokes and heater plate to each
ot her, each threaded fastener includes a washer set adapted to resi st
| oosening of the fastener due to thernmal cycling of the heater plate.
7. A shoWer heébu tehpatuodenasksmoabily of Gkina | phsem: pr ocessi ng chanber,

conpri si ng: to | ate formng.a, to | of .the plas rocessi ng
chanber; at gBe 8&%@? rpﬁ)ag% tﬁ%@‘]leﬂ“gq] i Boxéegta\é\%h%%?fpé%% C%#Wl“sg n%fgg B¥SUsed
bot t om sandf ace; and a tenperature control nodul e conpri sing:

a heater plate havi n% a bottom surface secured to the top surface of
the top el ect® dUerded Hastenenderecsivat dnjcael qhithiyalignefl psringh e Rt the
adapt ed éo%liﬁg‘;'?&lté{ thedtmd hb&stA0 h%!lt@lcﬁlﬁfédtg chSh 6@BL ek thi8ded fastener

tenperature of the top el ectrode;
includes a washer set adapted to resist loosening of the fastener due to thermal cycling of

the heater plate.

7. A showerhead electrode assembly for a plasma processing chamber, comprising:
a top plate forming a top wall of the plasma processing chamber;
a top electrode including a top surface and a plasma-exposed bottom surface; and
a temperature control module comprising:
a heater plate having a bottom surface secured to the top surface of the top
electrode, the heater plate including at least one heater adapted to supply heat to the top

electrode to control the temperature of the top electrode;
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a cooling plate having a top surface secured to and thermally
isolated froma bottomsurface of a top plate, the cooling plate
adapted to control the tenperature of the heater plate and contro
heat conduction between the heater plate and the top el ectrode; and
a plurality of electrically and thermal conductive thermal chokes

| ocat ed between, arrdoling platrhasing@den swrfacobachredgo papthsummdllygeolased frhle

heat er p!l %t&gﬁﬂﬁfa@e 919% {og’Bleﬁ eago%hg%g{ | on gtgjg 'tdchmpxjoﬂlég ter &{é?atﬁr@%r

chokes adap 0 con con ween t

and t he loadiphge phdatamrol heat comzhenm hettvhen thadienmt platodadshe cupperlecﬁledat

| east one first ring and a second ring surrounding the first ring,

t he secoﬂ@'rlng bei ng non-porous and form ng an outer surface of the

tenperature contral plaRAY 6f elotriddly SAanGHNLachRLER! thegi] 3RSIQID K

Claim?7, wherein:; the heater plate conprises radial gas
di stri bubdtweenp 484 iy étsermﬁl eaniacy Wadmauiap catthesnoinibe theateg akates @mb B ypottemd

the top ﬁﬁrﬁgé PUS COTRE RES: th%nth&mwchaleﬁctaaaﬁ@d %e%)lﬁfol g &%39&0%

plurality o fi rst gas ~passag el ect
nmenber whhteten the Beatarpéde amdtheldo@mglptumds t he |nner eI ectrode nenber,

t he outer el ectrade nber | udes a pluyrality of seco )
passages; wheremn the ”%%?“BQIC?J} %83 ﬁ?‘ﬁ?résegaégﬁqséan%/@rﬁ If”@pargiu? g%ﬁ?{-‘}d S8t he

i nner el gglouRdes R Ting hR sbamlirig beingtn@nipdedud dR$ f&nﬂfﬂnﬁdméﬂéuﬁﬁce
I a

radi ally-s aced pl enuns 1 n fluid comunication with ra gas
dlstrlbwﬂﬁgﬁw§§§§@§%§mﬁﬁﬁaﬁﬁhkrd gas passages in fluid comunication
with respective first gas passages; and a backing ring
whi ch surrounds the backing plate, the backing ring includes a
pluralit8 of TlewhtoWerhesl q:ias@dgegemblyfdfmlajmcbmhardimati on with the

radi al gas digtri ut| ass shower head. el ectrode .
hosenbl ) of (PP PR eFET T Fial 2ag dlRp R Harae: b HumBapication
|ncludeswﬁya%ac§@p@oaﬂed to the backing plate, outer electrode nmenber
and backing rin t he outer el ectrode nmenber includes surfaces
bonded to theﬂpgﬂ%@eﬁﬁﬂéﬁﬁﬁﬁﬁﬁﬁenber and backi ng ring;

an inner electrode member including a plurality of first gas passages;

an outer electrode member which is secured to and surrounds the inner
electrode member, the outer electrode member includes a plurality of second gas
passages;

a backing plate secured to a top surface of the inner electrode member, the
backing plate includes a plurality of radially-spaced plenums in fluid communication
with radial gas distribution passages, and third gas passages in fluid communication with
respective first gas passages; and

a backing ring which surrounds the backing plate, the backing ring
includes a plurality of fourth gas passages in fluid communication with the radial gas

distribution passages.
9. The showerhead electrode assembly of Claim 8, wherein:

the inner electrode member includes surfaces bonded to the backing plate, outer

electrode member and backing ring;
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t he backing plate includes surfaces bonded to the inner electrode
menber and backing ring; and t he backing ring includes surfaces
bonded to the backing plate, outer el ectrode nenber and inner

el ectrode nenber. 10. The showerhead el ectrode assenbly of C aim 8,
wherein the outer el ectrode nenber conprises a step extending
outwardly at thh ogisr udectigdgimeenitrep nnelugdsasnriacesx powted toothe oimmeueleetamleof
the i nne .enher. 11. The shower head el ectrode assenbly of
d ain18f£a§%$%%%8%%l niér el ectrode nenber conprises a step

ext endi ng outthabaikngplatninolitless eurfaned Borfded o ahgpinasineleexjie saemiatandm
surface of the inner electrode nenber. 12. The showerhead el ectrode
assenbl YEKNEILEAYS, wher ei n: the heater plate conprises a

pi ece of a mahabadkdd Al MRAIDGuelLIBHIRIGIIRIIRLiINSRR! Butet BRctrode
heating el ements are connected to at | east one power supply operable
t o supplyepesiand fnmex flectipdameomper| enent s; and the cooling plate
conprises a piece of a netal having liquid channels fornmed therein,
the liquid channels are in fluid communication with at |east one

sour ce of0.a tHrpgoatetced ctmtrodd hesdmbiyqof dlaitmi 8 hwhsreguppl ek tloctidie
liquid channels ta control the tenperature of the cpolin | ate; qr
the heat/BRnRYSPBPRESHT TPess e ergREPaia ah o piuss BEEvRG e meaepsclne
i nner hesfttoRGkueh&dMhe Ane: Aktuolt gemBeat er pl ate having at | east one
outer heating elenent, the inner and outer heating el enents connected
to separate power supplies operable to supply power to the inner and

outer hegtin I ilg eqj.n ter
ol ot rodg nenir SR ULchO Wenb R ERIN, £ fhoble tkonsl: Rt
8, wher enember compritdse stapodxitanginglcatveardiyrap nn sbss@artyid fromaglashmesxpased a
plurality of radially-spaced oncentrically-arranged first grooves
in the d%¥?8h$§%??§%§?mggﬁﬁ“%Pg?ﬁ@H$F?st grooves has a first height;
and each thermal choke is a ring disposed in a respective first

groove in the cooling plate and has a second hei ght which is greater
than t hel% i r skherdpyyerheasielectiads essprablyiol £1amSs tvhgicBbve in whi ch each

thermal chokepi ﬁeag@@ﬁé %Slm?H%P al ik o%%qﬂetglhﬁarggg he%ﬂﬂ%@leﬁi‘éf?@%tkﬁgd&eﬁe

cooling plate on eate ate, a gap Is i ne et ween

bot t om stherkmg ¢heoheating etapmdnitn greploabestainth sthieadt ape spowfeacepy opbmblectat er
pl ate, and fhe tog}t ugfgce Pf tpe eater plate and heat is conducted
bet ween YRRYREEe Eﬁ PEMaRETE031 g pl ate through each thernm

choke. 14. The cetinwesibradnghrieed i pitRe agserllay hafinC IR dBundbEs@ica
the first ring has g %Iurality of .t hrough openings or is a sintered
C

porous nBeEly ke Baig channsls apdn fhiduspmengication tidd laass eppIsguret obrai m
7, Wher efperature-controlled liquid which is supplied to the liquid channels to control the
temperature of the cooling plate; or
the heater plate comprises an inner heater plate having at least one inner heating
element and an outer heater plate having at least one outer heating element, the inner and
outer heating elements connected to separate power supplies operable to supply power to

the inner and outer heating elements and control temperature of the inner and outer

electrode members.
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the cooling plate, the thermal chokes and the heater plate conprise
al i gned openi ngs; and a threaded fastener is received in each
of the aligned openings to secure the cooling plate, the therm
chokes and heater plate to each other, each threaded fastener
includes a washer set adapted to resist |oosening of the fastener due
to thermbl: cydh¢ phywsrhoad glepisedeassepibiy ef Clamg8, Wirseishower head el ect r ode

assenbl y of [ M@@r L0t he f - - Bl
conpri ses rag%gfﬁyﬁ§ acedﬁh%gﬁgé%?@%%gg%%ggF@gﬁb@gmégg%iﬁeﬁﬁgg@%ﬁ?
adj acent camnegsrigillytdnangeicoscrgses wethe dpeors spdircat @dh bfjthafinttlgaroves has a

projectigns, on the bottomsurface of the top plate and the top plate
isin coﬁ?g%?gﬁﬁ?ﬁ the top surface of the cooling plate at the

annul ar pr oj egth @¥$mal choke is a ring disposed in a respective first groove in the cooling
plate and has a second height which is greater than the first height of the respective first
groove in which each thermal choke is disposed such that each thermal choke supports
the cooling plate on the heater plate, a gap is defined between the bottom surface of the
cooling plate and the top surface of the heater plate, and the top surface of the heater plate
and heat is conducted between the heater plate and cooling plate through each thermal
choke.

14.  The showerhead electrode assembly of Claim 13, wherein the first ring has a

plurality of through openings or is a sintered porous metallic body.

15.  The showerhead electrode assembly of Claim 7, wherein:

the cooling plate, the thermal chokes and the heater plate comprise aligned
openings; and

a threaded fastener is received in each of the aligned openings to secure the
cooling plate, the thermal chokes and heater plate to each other, each threaded fastener
includes a washer set adapted to resist loosening of the fastener due to thermal cycling of

the heater plate.

16. The showerhead electrode assembly of Claim 7, wherein the bottom surface of
the top plate comprises radially-spaced, concentrically-arranged second grooves, adjacent
ones of the second grooves are separated by annular projections on the bottom surface of
the top plate and the top plate is in contact with the top surface of the cooling plate at the

annular projections.
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