TEMPERATURE CONTROL MCODULES FOR SHOWERHEAD ELECTRCDE
ASSEMBLI ES FOR PLASMA PROCESSI NG APPARATUSES

WGBAGKERAIND [ 0001] In the field of sem conductP€T/US2008/011052
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mat eri al processing, sem conductor material processing
appar atuses i ncl udi ng vacuum processi ng chanbers are
used for perform ng various plasma processes, such as
etching of materials on substrates. The effectiveness
of these etch processes is often dependent on the
abi | i tJEMPERATURE GRNTREe MOELES FOR SSHIWERHEAD
cert ai n AIIRGTROBE ASSEM BLIESSQRRL A 8N RO CESMNIY
[0002] An exenplary enbalPPRRADUSESt enper at ur e
control nodule for a showerhead el ectrode assenbly for
a sem conductor material plasma processing chanber
conprises a heater pIatjigéiggggﬂﬂﬁgtton1surface
adapted to be secured t ce of a top
e[O@Ol{ ogetheffidder shavsidiead nek@ il brstessass eehladndiidiér material
top el ectrode haV|ngMa pl asma- exposed bottom surface,
tm@cm@g@ppmamses inakiding vequam precessing searpless are usdd red
u ea tr

ﬁ%oé—ﬁlg %\(2@1 6’% i mafbg%éegf %ur%gx e%&%n} oﬁﬁﬁ&izﬂ% bgﬁbstrates.
h"ﬁNd Efectivis shtHeac &clrgareads isofa (Epémdeﬂdoﬁ meéubﬂity to control
thermally isolated froma bottomsurface of a to
phg tEnpesaterhepnditioss amﬁﬁanb¥009wsmfé§%r05¢%§w§é1@ﬁ§ers
chanber, the cooling plate adapted to control the
tenperature of the heater plate and control heat
conducti on betmeen t he heSUNMMARYe and the top
el ectrode; and at |east one_electrically Q% thernally

c9982k « Apexemplany PmbadiRent eE%%e@web%mé@ﬁtm gdylg fora
C%%%eaw'eget&tro@e %ég HH bR %elﬁfcofx@@ct&erﬁ%]t%ﬁalpﬂl?stéxgas ?x’&ger:]sgmg

bottom surface o e coo ing plate e at
t ¢hambel cahpiises adeptee platechayong a bbttdme aurfwrmﬂapmd ombe secured to a

AP 58758 oy OB AscP ot B A UL e aPset b

a&@&fﬂﬂ%a@ﬁ@ a%l@n@ﬁ@i?po@é@ﬁ&%h @&f&d&aﬂﬁq{eaﬁpﬁﬁfé inERidthg at least
top plate form ng op wa pl asma processi ng

coreritsater aéant@btoauepb'rlmdétq thc tqufrlﬁgroae t@pordiad theclempatature of
ace;

ptilﬁ?(}po?le?y}g ?g cci) gt { o gte :ﬁlra{nng aﬁtggtslérlfac& ?{qgte% gcbﬁ%%ecgred to and
b@akinedNysiss1hRa frone g tbbﬂ@lmts@rfmeoﬁ DPpPltE fsieniag a tdiewhiopf the

el ectrode, the heater plate
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
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

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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including at | east one heater adapted to supply heat
to the top electrode to control thetenperature of the

W o9Iekaatrode; a cooling plate having a top SPCT/HS®08/011052
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secured to and thermally isolated froma bottom

surface of a top plate, the cooling plate adapted to
control the tenperature of the heater plate and

control heat conduction between the heater plate and

the top electrode; and at | east one electrically and

t eamesdtuieod dlmzttop\feéeCtrh@ rfedooding plate bevanged the‘-’zlm@éﬁ secargdl to and

et RO b bbb Pt SR BEE, B chiTp BleRlispied o
a&oﬂtﬁﬁiﬂie tempetan e aatheqia@deepa@anidecbnhel E@iﬁbbﬁduch@ﬁlbetween the
conducti on between the heater plate and the cooling

ph%at@ plqtee@dt}heAﬁp elestipea pyd atdsattione glectically gad Hisamak
Jhd"u? gmlﬁ Bl‘?é‘i%‘éﬁt@& Uéggxfe% a%dtlﬁ %eﬂnﬁféé Qils v&ifh Q fop

omer rode ass Focessi

chﬁfdee bf theﬂieateﬂ phage @&mﬁr&tm@tmfmpﬂmﬁd cda)aamg até, the ‘att ledst one
electrode t he shower head el ectrode assenbl

ke adapisd tBIcapEeliisphrangugtionpetwasn thgihepieplate and the

p& t9cessi ng chanber, and a tenperature control
rm(gﬁlﬁgpl?{)cat ed between and secured to the top plate

aj0804 he Anapxemipbey embedmsenp pH¥ nebdtehd o1fhentmlﬂ1hg dhe temperature of a

nprise ner at | Lasma in the rocessin
cWBr?E)eé?Froaﬁ gg Eg Al FFiRonE 2835 iY E’c IGSBE BfCtes hamber
StdRdihAk S%HBP(QE Eu p%ﬁﬁiaﬂr%ga R elfef:t%'ﬁea‘hel s‘ﬁ@%ﬂ%ﬁ@ electrode

power stpply to at | east 6ne heater of a heater plate
ozﬁssem‘elyto@nnmsatgwr topedait faminged tdpewald ohidwtpldshe propessing

?%@?thr ?dal?lg %gﬁgﬁéh{}gﬁ t%jﬁ gqgflliee Ofiﬂ,teg ggt&’\?eglll l@ﬁ ﬁl Iél?%i tgfthe top
2p1aRAndNEe Rhal&tdte ifiRotABRETAS H{e&dammpqiseygaﬁkﬁufg%asma in

control the tenperature of the cooling plate;
cbalasiaipigcaseiag chamnbkidn e @ap (ocywel@etthce@n edmmde encil thy substrate

L EHE P98 LA Bt ARSI T AR s ot

Cleatdr plat® bihe téfferatuge ttﬁmtoefnd@h&tte heht the &p ¢leasddepaipplying a
thermal choke | ocated between the coaling plate and

hiemperatyegoatrolgddliquid frpmpattloase ane heuid sapse tpligrid chanpels of a
t(%)%hhgg £ 8?{1‘1 %jfﬁp«?%tu ‘ﬁéebtrné | Hr(r)alalglnet tgl%ﬁhl?(gﬂﬁ% ?etnlﬁ;e?atﬁie of the

ectcerhhg plige; amdaodieallhng dezttemaemcaiour(e beEWth%cﬁlﬁ@Qﬂ}te and the
FI G is a cross-sectional view of a pla
pﬁoa@éet% P heemaliy éﬁof gdheseqpling plaie fiom tt%l? plare, (ii) between the

PRGBS PldtdakPREHRL S paRTRih §f 188t 3fe MERTRI @oke located betw

enbod?%e “of a 5%1 wer %régé e1 ectrode assemnb § peated benveen

i the Icuoﬂurrgplatetaad';heatat plate, edh(inpbetwee the. heater plate and the top
electrode by controlling the temperature of the heater plate, to thereby maintain the

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
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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[0006] FIG 2 is a cross-sectional view of a plasm
processi ng chanber of a sem conductor materi al
WQe@ee$sdBhg apparat us conpri si ng anot her PCT/US2008/011052
exenpl aryenbodi nent of a shower head el ectrode assenbly
including a tenperature control nodule. [0007] FIG 3
illustrates an exenplary enbodi nent of a thernmal choke
of the tenperature control nodule shown in FIG 2.
[0008] FIG 4 illustrates an exenplary enbodi nent of
agroborementefrnsiiowshiskd elictrodeassemblbyriatiudmgeoimpetature control
Ile shown in FIG 2. [0009] FIG 5 is a
cﬁn8§'§ ®sectional view of a pl asma processi ng chanber of
a[0907] CPIGUSiIREtries 8 badmmMi C@stoditedRIFalBérrfal choke of the
conpri sing anot her exenplary enbodi nent of a
sﬂ@ﬁ%ﬁﬁ@ﬁ@%ﬂr@l@ﬂ@@désm K5.2ncl udi ng a tenperature

v@@yvﬁlg f ano Lﬁlstrgtgg%tg%ﬁ%mrﬁ@argfemb dim I{t%ﬁpgt?lgr h(emah d;hﬁke of

er e ReEQTEr € inc
otht @smpeeatues cqpital thodalt showarin FeGIEr pl at e. [0011] FIG
7 illustrates the tenperature versustlme (ranp-up and

r 9881 oHIC- rSatS@)cr@?rs S&ﬁm@}@é M9 KA RIAHBR PTRSATSIG clamber ofa

RN i

edrebddindnt efesshioblettead etpodsissgmbliytinadudigtastempetahae control
tenperature control nodul es are provided. The
10 t’é‘ﬁﬁ‘é‘?at ure control nodul es provide an integrated

h[%@i o gFﬁ?%t ﬁ%@rbé&gsel?@&}éh Gieltt n% Heﬁ\@ﬁlbgﬁizrjggl@gr £ heater Oplate

cont rol e tenperature of t ower ectro
afhcludmgsivberdrehtea dlagd amtmnddma@sptabd ies. The
mopdul es can be thermal ly isol ate

£ ORFE ok 08 RSP aE: Cromdime et 4ga-down

a2RgPhh @§em€1€ﬂr HANSIIRRS dralbMpatie CEKRANSEIIE. MBS, tO
al I ow reliabl e and responsive Perrper ature control .

[0013] FIG 1 illustrates a capact [ veI y- coupl ed,

radi o- frequency (RFb hanber 100 in
whi ch sem conduct or i con waf ers,
o177y otespedurd béntR)] asdiu1dR08 @ﬁ@dvélﬂeﬁ‘él@&%de]a%bmbhes
i ncludes an exenpl ary enbodi nent of a shower head

eqomanrisitgecralaimgnty of e tamgerature bartred neodilgsrse proviged; jThe

(@?ﬁ%?%o é'cgé\%%lﬁlgf(yﬁé 1}8’8%%9%}1 gﬁ’i’ Q%Jé%gg{ég\%\ﬁe%%cﬁgoolmg module that

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.

[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
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
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t he shower head el ectrode assenbly 110 and the
substrate support 112 where plasma i s generated. The

WG bwes1ead el ectrode assenbly 110 conpri ses aP@DpS2008/011052
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el ectrode 114, an optional backi ng menber 116 secured

to the top electrode 114, a top platell8 and a

tenperature control nodule 120 | ocated between the

backi ng menber 116 and top plate 118. A confi nenent

ring assenbly 122 surrounds the gap between the top

el B andoalteniperataredogtrbbimodule 130 ﬂxpxated between[tHe MQ}kingl gember 116

to | a an made. of
ot Bnids e A oRBrar i whertily 120 Rpundd thq g evween te
cswtdlaitﬂoasl 1p¥ ahd QY¥sBEteBuppPEIAL Ure-control l ed |iquid
HM& water at a set tenperature and flom1ratgg
t fibh

The éfm plajgad Saxga demppdemd aluminemnor thedike o Ppsioaseldy, the

LA L 5 BBl ol B g vt

aﬁ H’léé ¥., hateriangketdesmparanlrebgd flby r8k) HréseMliquid passages formed
conflnenent rings 124 whose vertical positions are

atietesn-abhetopyplypdd & caw forat a gmoviebleden wafliof theplasias pEregssing
1ﬁ§?ﬁ%rq gtrol the vertical gap between adjacent ones

0 asma confinenent rings 124. For exanple, the

c[00fl 5he Maatortfirtgnens siaglaksenib?? 122imcludes b @turilityed pldshia
nechanlsns 126 spaced 120 apart from each other. The
CEMYINGRISBLENSS h«?éswli%& Véﬁwahw%ﬁfar%h’éﬁeblePymsgaﬂantoé one or

PrORRniSRHER: 1251 SR IR AR A g8 el AR Bles of

cplagmaeorententenngngs sahtiForexamphy t}mannﬁnem&ﬁmngrastérnbly 122

T B LB 0 LGSt e o
6 (g%el%%ﬁt %dl 24 cBhah@ SREinéRB oF gidsﬂﬁ 15 ééf)agétwggen the top

Nos. 2006/ 0207502 and 2006/ 0283552, each of"which is
i eledrqslerld #ed hleg epper byrfacef1@8ad tlee Sunbstmts sepriart Bt/ Exemplary

00 Th bst t 11 d bot.
T RbpRE A B BHERR ot s uPEplmR RagHpE Thamber 100
ehrg @iscRited (eE%Qh doRmEN19GwWiRANAET BAbdt NG, 8J00D080and 6,984,288,
substrate subjected to flasna processi ng on the up

smdftdcserat applidseion Publieaiion NerpB 0207202 [ag@z¢q>6/o§83552,

odi,nent, fhe t ctrode 114 des an
| R P BRRCATR ool s SE RO e it AL o0

nm‘me]r rﬁe subidtratl ReH610d €2 GxRRRS a ®BttomWEcdiode afd ah Bptional
i nner el ectrode nenmber 130. The i nner el ectrode nenber

19dertrastagicolamping ielestrods GiSCxfor clrtzastatically elegyingya sybstrate
Cédb?éé'te@fto%%&rfa%%&&ﬁ% ouhs {qgﬁaetr %ﬁ‘rfac-ghl%8 of the substrate support

112.

[0017] Inthe embodiment, the top electrode 114 includes an inner electrode
member 130 and an outer electrode member 132, or electrode extension,
surrounding the inner electrode member 130. The inner electrode member 130 is a
cylindrical 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
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.



i nner el ectrode nenber 130 can be conposed of any
suitable material, such as single crystal silicon,

w@eiogosmst al | i ne silicon or silicon carbide. TPET/US2068/011052
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el ectrode nenber 130 includes nultiple gas passages
133 through which process gas is injected into the gap
between the top electrode 114 and substrate support
112. Plasma is generated in the gap by supplying RF
power to the top el ectrode 114 and/or bottom

ePlasmp ergencragahig]thapep eyisunplying Erpayeer e tigdop egotrpde 114
con HQﬂﬁFd H°t§¥ and the dianeter of the top el ectrode
1Y% oY BPh%ﬁ% 6@bcessing | ar ger - di ameter substrates

| [D018E ThesiRr PleOEsteshBfbEeNEITHE tordffired @ exPindieiiathBer of
i nner el ectrode nenmber 130 can have a di aneter of 12

i the peselgetrods 1j1ddpeRlasmp aracgesing taegersliapetercubstiaippisy the plasma

' [ r adi: |
(FiReE MR fafings 1 Y Rmbicl A% iher MhBal [t B PEFE have o
i diameter b1 ichechres3 inohesg wehthle@nige lelecfro@d fembBe 1 3UERT be a
el.ectrode nmenber. 132 can be a continuous rin si.e. a
ofies Pa2 Fadigwidth 1BAt expandyshe gliamqterad ihg fopglectrode 114 to
Aldogt 1a1HHE! ¥ 1]7t iﬁ@hég%leéveﬁll%%&r. ode member 132 can

include multiple ring segnents, e.g., fromtw to ten
sPftent The antenelgetdodeanéaben 1B2rdande aldoatinuowy riggirent sne-piece
can be conp

osed,. e.g.., of single crystal silicon,
ARG cruF A PIRORESILFPY s, AMFTERFyche Sl Flfét_.rogfh@embﬁ@m can
; Yo HO I
Staeiae h?ult?él@ tri%g%g%tﬁéﬁk, e LORERAWoE 8\ ementl] %g‘rgg:eg 6+ )@Qm a

segnments er electrode nenber 132 pre

hanvg ‘Bvenh@agggnentsecigds dohgiosat, e. daarfaegld aysakchlicither

wi th a bondi material. Th ter el ectrode nenbe
SRR S Rt o 508 ter | AP 5B GR BEUetably bonded
1Rg&h&erAdjastnb riag s¥rhént@Bf Bk datc? RRLir6ddMEeRbEA] 32 JilRferably have
el astonmeric material can be any suitable thermally and

edvecleppiogedgesdhatdue bondeddd aachorther withabending material c Zhe outer

agc date t mal,.stresses, and. tr fer ther and
BT Ry 175 TR i RS RRe RN URebe pRRpREloc R, such
Odstveith & elastbm@eic meitdiell. T8e eRstdniesi¢enaeridlicelk BBy suitable
greater than that of the inner electrode nenber 130,

ohemallyangdiedastuiallyiepndegtive elpstogparicanaterpldhateps gegaamodate

[ I
R E AT e L A
€l0620]r ode sh@pibar FIRA, thehmitareddotrolds nphefee 1 3btan kave a thickness
. As also shown in FIG 1, the jnper

oG ek oL MRS aiceHEND B beD 130 CEBRPFEGARG 0fge! o form
p%‘q?ﬁ%%tﬁ%r@{@ﬂ% %\E@ﬁ%ﬁg gt?éﬁ%l&?yfrg{n 16 gRisrha&xh OB dttom
surface 136 of the inner electrode member 130. The angle is preferably an obtuse
angle. As also shown in FIG. 1, fhe inner edge of the outer electrode member 132 is
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
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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[0021] hi the enbodinent, the top surface of the top
el ectrode 114 is secured to the bottom surface of the
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backi ng menber 116 includes a backing plate 142

secured to the top surface of the inner el ectrode

menber 130 and backing ring 144 surrounding the

backi ng plate 142 and secured to the top surface of

the outer electrode nmenber 132. A cover ring 121 is
perobadimdnio thet ek ipgmilash é A2 hasoutasger sligmeiercthan thepaner electrode

13580 0. 18 phiphet ek BT TRESS TF ekt BpEF 4 Bl Bufvard n

nibeR&tialldfctibn RO AB PEAphdRPOF ttRrindet@ldetrotlb thedzkil B and is
plate 142 extends outward in the radial direction from

t fyoppred pma rgeessed shefagentsy foamed iy tha baskangepg 146 and i s

S t r S f-C f '

oBBRF . 8 MR aBERE3OBU: AR TS bkl 12
130uiddo eHeltRickidiggtite 042 and biskingl@s 8445 réspectiwdly, by d dugtable
backi ng plate 142 and backing ring 144, respective

ly,
Ronin e e oG Midtlbhil g inTks clsbase TRmMPe S0 ncludes
tgﬁ?fahéwd&{:m%hqg h%g%%(ﬁg'fgﬁg 142”{%&15%}%'1&%8(3 HiRE €52 and backing

secured to the te outer el ectrode
nmgd £44; 1R2owtadelbanddemgernberd 324dcluddssurfatasrsealred ta thdenner

nmenber, 132 i ncl udes. syr.faces cured to the jpner
e?lé‘éfqdéd%e%’fﬂéﬁ and hackibe Hag Q?%HF Eﬁfdﬂa&al?t& e 1ggludes gyrfaces
p . 3 . .

o 2531 LR B RS 1 36588 SR AP 4080 i ki
braneg 1 4dpincludgs Swtrfacensdcuthddo she bakag rdate Ud@gdoutter ¢lémdrode member

backi ng plate 142, outer_el ectrode nber .132 d.

P b susdrimtier 135, Frpomplmiesir e ebibr e
od1edthRle &b eraR8 CoUte R dTRIMB SherdR? 1 30 W R kil 8k 199@nd backing
menber 132, backing plate 142 and backing ring 144 can

beng bévtlean heshanged nsiag as etasomericthondinggnateridrthat| forpsan

far an el.astoneric |olnt . between t,.he h -
ranarer S Pl e fichha AERER R RGEfpseriat con

t figbmModats tREBes strédies, hh@haher thbefidrahd ardtriabeidr g bétween
energy between the bonded nmenbers of the top el ectrode

1the bapdedomemberg ofrthedep eleegodasli4 anst kackinggnepber 1 6. Suitable

b . ' - . ol pin .

B

bE3k b@r pleatredelfh@mbantB ) dadkimgplaienig2] ded Backirth Sieg déteate

in comonly-owned U. S, Patent No. 6,073,577, whjch is

i Hedpyserin cemmaaleprngd U e Ratei do- p47354 7 cWhichds jcorporated

hﬂgéﬁh)zgﬁxgﬂ?Kﬁﬁgeﬁh%B? 142 and backing ring 144 can

be conposed of various materials. Suitable materials

f @023 )or Fhabadkieg platki42gpnd|batldng 4i2gildd icanlbe cemgosed of various
materials. Suitable materials for forming the backing plate 142 include, e.g.,
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.
[0024] In the 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

-6-



al um num (i ncl udi ng al um num and al um num al | oys,
e.g., 6061 Al), graphite and silicon carbide. Al um num
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(i.e., a native oxide outer surface), or an anodi zed
outer surface fornmed over all or only portions of the
outer surface. The backing ring 144 can be conposed of
quartz, for exanple. [0024] In the enbodi ment, the
te erature control nodule 120 conprises a heater

e he®er plateU58@nd gooling Wakisdg T;hle@pehngmlamwkﬁ%a@ttamd to

144 I|n Iat ecured t

1%%%1 R a e R IBE R gn doR 8w bR o Bbred in
SRedsed berdifs iReRd eolinkpfe 158 a@ﬂ@xfe‘ﬁ@ |thrBG%lPhﬁﬁ1fédjo'_p%nmgs in
The coollng plate 152 is attached to the thernal choke

18hs caplingielateel52pthermalichoke y 54 ard bm@l@gldw WhE &asteners 190A
1@%?Jr£bqg njlcnltl de 8\%?%1%9 s& %[H D Q)Sck % \M&?lerc hd éhﬁq?nﬁség} adapted to

rough o enrngs

Ctegist 1ogsdiling 6f thd Zastéd&ﬁsf A @diwﬂ@&héﬁr{hl amhnbmtaaﬂ aniaab@d radial
150. The fasteners_ 190A preferably include a was

s’é‘PVW‘?IH 04 th%@aﬁ%@%éﬁ%fiumt@mﬁ ayalrgeef the éls@téaplﬁ@ 150.
o2t rhesatifidolle 1nimaLenalhy LIRS ol b it Bnums

pl 54, @ 58 516 0¢ u62.NThd J:mmmhple?ml 1i56ds déﬁﬁerieayfm@dnaral fkedsaind a

150. [0025] The backin ate 142 incl udes

r%mfeaplagﬁ ﬁﬂae%@tfg&lt%@m%mﬁ%h %P%lﬁ?sarfsisﬁnqcs%y annular
ové'sqg thell @ﬁzkﬁ‘%ﬁgfi@ 14812689 c%&gl‘ ﬂl%[8§j dﬁgjﬁlpé’nt%alrs of the

ntral recess a cover
pplemmrrs15_65858155£8 ana; a2 68y 43621Iaafe|sn1miaﬂe§i fianmedchrother by

roov é@gﬁhe backln%d% e 142 2 cover Latgs
1“?61’ec 4 pgeFuo he' 51 “@Nth atf% 0 gaggcomy) {o]jmund
al'ﬂgteillﬁpas thé ga@kﬁﬁg pRRAIAL &4 KkhRplCant? c%b&eﬁlall%yl 70 for the central

respective annular projections 166. The cover plates
1:71©n1mar1 56 qmp’ﬁnabky hase dsoshapatandithd caver platesdd0Komige outer

coRbnt T8 d S AT KB2 BredoraP AT FeonligypRiont n e cover

t ;bl@te@ QY6 hreffirafefiblyl BOndedrto it kingplatk 882 kS prkOént ghéfeakage
and 162 preferably have annul ar ring configurations

ThemdbeBlenwnai 86 1580160 enh e dinsisk pibedmRents coverplate 170 can
I k f h
RO B BB R e T 0o e ment

C[@026] pEadteoflthe prsatmid 561 3B d60,r1 &rlﬁieﬂulﬂ(bohﬁmhhﬂgmn with a
pl ate 142. [0026] Each of the plenuns 15
11612@11&)’ PhEasIDgFASE ML tb%baféqmwlew 1425 |Pei9%95$ 8'3‘»8 léﬁu@ased from

%%ﬁaslglggly%‘i%g r%b ghég %gngg%l%+ﬂﬂ f@g‘%aea %ﬁsgpasgz{ flglﬁfin ?gers]héa&r plate
115,’({) Vi@ ia dasbpabmae olfed plenuik é SBelaile t 6patgas passages 165, 167
in fluid communication with the gas supply 169 and radial gas distribution channels

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
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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150. Gas is distributed to the outer plenuns 158, 160,
162 via gas passages 165, 167 in fluid comunication
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channel s 168 and axi al passages 171 fornmed 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 nenber 130 to

supply process gas fromthe gas supply 169 into the
pbasseges g 4 die Suidrpmynumipationedh radéal ghs distribution ghannels 168 in the

AR 1R e GO PSRRI R S e SRR RE 17 0 porrty

epReéssedeime mashaki®@r. For exanpl e, the gas passages
135 can have a di aneter of about 0.04 inch, and the
gla@éﬂﬁhs The tasmpezgturconiral modulgi 12Rus & indgeratsd upit@danted to adjust
BB d 4R ChlantOpr 1RG5 HLABL I, e g

r aéd:tﬁidegﬁ&nﬁhl?tl no b\t]ieh phasahdnbeing gfidated it e plasatLprocessing
pl at e 150 and with & S passages in the outer el ectrode

nerprer (i3, the plasma| PNy roadiionyand whenplappa enagibsing generated
2 ¥ 0

e e it PP Qe oDy ThE R ik Gookidl raBlk 120 is afapted

on‘o supplytascopaoledi amourit ctﬂhmattto phceﬂopcdleromide 114}, dnd réteve heat from

hower head el ectrode ass | asma | s being
g'élﬁé%? eirqds ltlﬁetop%!%n égé gﬂm Héh%@rfeeve%temner?éure
pjfl?esféﬁ]tpeg}{lre %Qﬂﬁiblt th(mle fl‘@ﬂgm%s Qél?a%‘f@aﬁcﬁreﬁé’ita‘t_h}ﬁ 'ggﬁlrol of the

generate conditio
tknweraammoét}wiam ex;mSeldl dotidh susfacel hpd efithe d)op;ellpqueal 14.

ntroll ed of heat to, t el ectrode 114
ERF ol SRS Clerhic: RECHGR SRR BT tFAEgarS Sradient of
ot 230°¢ 6 dveR 185 &ah b dehibddl @ith hekfipkRflure control module
tenperature. The tenperature contr ol nDduIe 120
plriwvu Bemoretlosdly eoriralling edembératueconf, and raghalttpraperature
pl tt rface 136
n?lhnfa %C(Lr;%s%e%eé) Eg esu?_t%le. 1%&)@% gdrpp(%gc’tr(}%g rﬁ the plasima

edtralistodst, th@b6dth Slirfide- 186dan B8 befitiBohaoNed. at ur e
gradi ent of about 30C, or even |ess, can be achieved

, V\EODFPlt hé&he beserniatgrla0 eviflaptad tesupnly heatdo thsytopsiestrode 114 by

Ctlhgﬁl%mé FAILR It oﬂgl'tl {H%%ah?ﬁ@ %{Ie‘%ﬁ%}% f Th@ﬂg?téfz}ghf%égo Sgn bea

enpera ure gradi acr oss; on1sur a
tthecHingl gikecor @dingldfmethl) eu¢:H mmmwtanmnﬁmnt !ﬂmy, or the
bottom surface 136 can be better controlled. [0029]

- Hehsthsatep plate 1 3G ean 1gc &G%B%%F mgrehieaiars opraale {Qpioryigde the

I@clrl1 g&tgg %gﬁ?agc]r§/ 1{-?3|.’h€{~I ltlaeté: ? g{é‘&g %%gs%ﬁ ('f:lgpf{gl'l t&heater plate
niaﬁﬂnanedclpd@mdlahhy -gpacdd, ngemﬁl hnatlag elesients B2 withinitie/ngater
;ﬂa 1%6](2 lér,n efanlbleg&'d).o rl'hE: plgating elements 172 can be circular and
concentrically arranged, as shown. For example, in FIG. 1, the central circular
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
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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i ke. The heater plate 150 can include one or nore
heaters operable to provide the desired heating

w@apaoixty7 i n the heater plate 150. As shown i nPEI/G52008/011052
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the heater plate 150 can include radially-spaced,

internal heating elenments 172 within the heater plate

150 (e.g., enbedded). The heating elenents 172 can be
circular and concentrically arranged, as shown. For
exanple, in FIG 1, the central circular heating

e¢lementt 1 72scag dygiconeertesitotadrgparats pomes supplit ¢rggrgupsfofitwe or more
heat.i nq, el ene 172 di sposed over the plenum156,.and
RRUBR MG T et P RBIRT g ettt 8 BRI, e o

U rd pev @ LIRSS 1 kaa bbehatlyRUBHY i ffetént AeaiRsoDedwN to the
seals 186. FIG 1 shows six circular heating el enents.

Tindividuad heafing) ederaents 117 ordagrayes of thedicpiieameliements) imgfiaw
anlrﬁb[e‘? %?ﬁt%llﬁtdl%egﬁﬁ oP&i?%F J&goxﬂ%?tz})ﬂ& & BIRGS: pq%% 150. For
are electrically connecC edﬂio st ngle power supply
1&mpdé¢, dubingbpeafibe op thessho®eihehd elgctroddl asbermblylly, the\ester

to the heati ngl el ements 172. For exanpl e,  each .
helatei lngds epsrable 1o suppdy 2 kaow AmeunieRf heat i@ the fpr degrode 1141n

p&ﬁ@f toH#ZH thfi r%%%%rogé m%ﬁﬁep i 36%@0&1&%1&&%% member 132

elenents 1 can be connected to respective power
satpgd suéBcierdtiyeclosetoptherdesieedotemperaturppd. .68 tekbyleratare set point. For

R o s} LSRR R SO s ot
hl%ﬁ{p!eﬁgur@l &g_ﬁﬁ{t %%r oh@raﬁbﬁ BMhLaLhARhfire SHMI AAdREE 120.
hea fferent

i ng ofS | regi ons or zones of the heater
pl088@] 1Tbe shoverbsaingdéarodd assentply pE} cani iopludf attéreperature sensor
shower head el ectrode assenbly 110, .the heater plate.
[HEMEETERLA  RIELT MRPTE (RGPS Ia5ierc < B On &l Dacking

tABmMbEP1 K. eftte’ &%cﬂi&é‘ténﬂae%tﬁx%%eﬁébri@n%@ﬁ'ﬂoﬁtﬁ@ td'n’i}.’%giture ata

el ectrode nenber 130 and outer el ectrode nmenber 13 _
atespestive portiopiod thd tppclastrede b14 anresupply thisdempayséyra infognation

. 0. int. | h
cloprRare R 5o R a3 Fo TH sl e RO Airofithe ateas
| @feSpoWer shigply @5P €6 Alppl L pS@ERDIthd hddying® BRhddnkO17 20t HeiEthe top

tenperature control nodul e 120. LOOBO] The shower head
etlectradgdd4addemblepstions poxist w4l i coptipledhtosugply power to

FRERPLI SARARETTE ooy ke R T Bl B iy
rdeqecieilng. Fenpemala) prices phsma eehinpoofi d @nitdreluctor substrate,
ttﬁgger ature at a respectiyve portion of

e

the top
3tpRlate11p 0438 beaphyared to eat aten %lﬁﬁfr%ieq Htovhen thg plasma
t; I
(B FTRERGLY A 03 [had I Bl RSEEA ot g over
Iowerdevslipphan thopasmiaos O s dladt agsisddarmpemitur? 2f the top
| ectrode 114. The at | east one power

heat the.to
sﬁﬁcﬁﬂﬁieiéi nggem’?%’lnleg'd to supply power to
[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
heat capacity, or "thermal mass", C. The thermal mass equals the product of the
specific heat, ¢, 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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the heating elenents 172 based on the actual and
desired tenperature of the top el ectrode 114. For

we@x@opsa37 prior to plasm etching of a sem conPCUS008/011052
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substrate, the heater plate 150 can be activated to

heat the top electrode 114 when the plasma is OFF. The
heater plate 150 is preferably also activated as

needed, but at a | ower power |evel, when the plasm is

ON, so that a desired tenperature of the top el ectrode
1dhhngiag itsenansi hig-aby ebangimddevolume ¢pfcthe aratesiad farmang the body by

cont r ol dul e 0 he cooli plate 152 i.s adapted
CBag R ey end eS8 ARe B nfreliCofulel 47t Recds o
Cesidet it® B bbey WesiNa héie sh@at bY heataigahd bOdyd givied dffiethe body
el ectrode nmenber 130 and outer el ectrode nenber 132. )
Thecedwigithg)beslyatreorisptohange thediody's tenepargiirafrsanr ampeynt AT 1s

the follow ] 1.T ' )
b8 LSRR o) CBRLTHE B Al 8 oses
Céhpagiouyt ofteat, gheatBlustBssdded € orlftendvbé fidad thewsdy in order to
equal s the product of the specific. heat, c, of the

anee the body's mpgsatire bynan pmaupt L is aljo dserqaped. hody,
i P Cun - r.chi .
0354, 005 SRR BEEBNTE o 1 s
etransfertey fedmatiyd gt shecy ol thebody by benduatie,ivelienftbe tanmgprature of

t he bqdy by mekjng. the pbody smaller and/ o or ous.

A body fsréasgnperoi ahiox s hegt, tﬁ?&@&l}nf?&&wfg drRecrdbgen the

ac sy sér?’&:'&s 8f ﬁ%%%atjs%ﬂ%&%n@%?@ﬁ@&;’ WAL dddeealO WhicRlin turn, will
0 by the body by coo

r
gl ven I ng "the body, in order to
ciednggetht nate b Hgdt srahsfiepfron the bedsysomnce sortherbod PT Aicsomglingdy, the

s, the therm

otbic,Shieal Sy T et SO i POt i RO Clogty Controlled
B edfin@ BeOHeinal Shass @FRASbdLT OM the body in order to
change the body's tenperaturé b¥ an amount DT is al so

d9oB ks Ele colRIlateiéA cammpray yngmigteptpgeitergiconimalk eapabilities

Wi t heat, source su t heat ..i s ty.ansfer from
s BatreEbuR 65! PHEs a0 beg TR nishoblifRBla L ol

t @ERRAl hasE esodthatithe akodit ofHehedShat s bd dddadenéiti@moved from
heat, the tenperature difference between the contact

silie aeléng piptetlisad inerder soehange A erprsatyEry 44 amount AT is
dr%ﬁﬁgegz,fanfi\ﬁ%émg@iéﬂg é%[? 192 isV\fhE %ﬁlﬁgcglgtgg gxgm{ ﬁ‘lte%o;? E)lal?g fis.

trans source

Apodsdi Mat yoolinasplitatls2 of cdirpdsed bhn sHedmally amd élbetrioalay
source.to the body can be nore clasely controll ed bK .
r edurting mafarialy S AW 2p BNy allogoesdhe tke The cooling

PRI SR 6% O U, APD Csees

1&éfbdabmants énetdoeling plater S bt iaclb8 twapicacsshrakled together along
opposed major faces of the pieces. The cooling plate 152 preferably has a small
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.

[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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thermal mass (so that the anmount of heat, g, that nust
be added to or renoved fromthe cooling plate 152 in

wWo@e@e042187 change its tenperature by an anount BIT/US2008/011052
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reduced), and the cooling plate 152 is thermally
isolated fromthe top plate 118. [0035] The cooling
plate 152 is conposed of a thermally and electrically
conductive material, such as alum num an al um num

alloy, or the Iike. The cooling plate 152 can be a
shlatsl 1é2p|137@élqyfd ehenaels 474 canbhindeynal passages fprmed 1n a single-piece
O B8 ey 7, BT DR RE PR Rl Pl s

Oﬁetﬁvbﬁl suparespieddteofaanhiitingicd coting platpl &1 eTHéDhQrmB@Sn Be de-
smal | volune. As shown in FIG 1, the coollng

19p1zed vy For sxamBlee e liamis soupssr 199 nraferbly ﬁ@ppéls@ élsmall
A0 P SEhAOET TG ATl e

abdeﬂired $erhperbiase inll ﬂ.cYWIrzEte leprovideche dediteddhepd taﬁrsfel&ﬂpablhtles
can_have. a small thickness of only OHF,E?IUt 1 inch t

alodhe C@I}Wateflé? dRg tRmReratpsoensie auidi qaﬁ@wﬁmatnethe cooling
el t

e B2 EIRERGE A, SOOI R BRI fribaghifie. Tholfia

whaohela 174 aisedatreasedhe hrasd dfettie coajuigplate SRpowhathfreduvesithe

| east .one |i.quid sour 5 to, cool the cooli |, at

BSrmaf s oG e oE NP | 327 4l By oo pBedl 20, the

f QJormg chﬁ‘ac‘i"ty%f A (%olﬁhg SeatE P93 bl‘égerﬁ’él?teﬁcéeﬁg heating effects on the
Al terhati ve the liquid channels 174 can be passages

diepictestiotdel %eausscépﬁpkasela@ewewdom thee gapl tietw grinetbe top electrode
cpol i | ate 152. e |i Uld can [ zed water

O asiChoBr@i sory qivecasdifecabihe Moap abalshpecif ool
amdimk 1209 HiEinfiZe the Frequsidytnti fnddheulié 8FbEErRARL bEthe

174 to allow fast cooling. "The |liquid has a desired
ttémeramrg iset povet of [theop#lestrode ﬂ;ifbvvihd@ therpdagesisr@. heat

tlrgﬁg C@d?t?obr{ l I t ' ﬁ% £ ﬁqn}ilpl%ag ﬁJle c%%lﬂ%? afe ﬁ?zzfs c?-(l)rl}?rabl

ure-c on I qul ¢an mai
ptlhamealﬂﬁaolatederrdxﬁ tmebpbwtel 1§ inathe umon&Eemladmdte aé@ibly 110
for exanple. The_ liquid channels 174 al so decrease the
negsduse hehfew@éwptiq@gbeﬁwaqr@hi soolingplats 15¢gnd dp plate fis. "fhe top
t
(AT RSl Rl iy P, o ol p 1 2. n

oémbdiimenty thel’t@ohhgpkatelﬁﬂ prtiedranalblisolaxd ﬁedsthbenm plag 118 by

effects on the top electrode 14 ¢

gerrsing & tripl poplag aRripes anenst % glt?rgap?eeh 16 Berbiess tha ot 118

SHRShE eb S {ARI15 Fbt éxa?xg(ﬁé | RO rARRFGhS zzmﬁ&!t@wﬁfaée%ea at the

t enperat ur€ control to mnimze

finegfaced 6 enthe netghiurfade axsh orﬁﬁmrtsp cutfacegpfdhe ccmilng plate 152
facing the top plate 118 can be about 20% to 30%. In the embodiment, at least one
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
are in 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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tenperature set point of the top el ectrode 114 when
the plasma is ON. [0037] hi addition to having a snall

wore®s/04x1Be cool i ng plate 152 is preferably thepPemib2008/011052
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isolated fromthe top plate 118 in the showerhead

el ectrode assenbly 110 to reduce heat conduction

bet ween the cooling plate 152 and top plate 118. The
top plate 118 has a significantly greater thermal nass

than the cooling plate 152. hi the enbodi nent, the
crstipRg) opn he dormd in éhe basiornsurface 96 thettepl plate il §. hBhis ghermal

P o g RS S B8R o
Corithatily hehwaden the Beat&%laﬁ)qaomh& smiall@obkiig plarf 1 32hend not between

contact surface area at the interface 176 . to the total
stie hgeter Rlpkeal SOrandribe toppplaterld %c\@hleh hag e sigidicrRYy frggrdhermal

e 118 can be about 20%to 30%
a?sht ﬁ%oggﬁn%?ﬁtﬂﬁt'east one groove is fornmed in
t [0838)ot Irotie imboditremf the ldeerinapchplkatl 64 1slBcatbd betweanphecheater

i&ﬁ%?ll%\ém@nhgpg]prgg gl:allfer ]géletg ?:tpgtlrglggéb%%%ugtgo%ogeetwgear{] these plates.

ﬁx@ﬁﬁél%ﬁbﬂ(é/ 184 pRVERY "BHeARY§Ssidi8%ke" THReATRA BSMMBO heater

can ave an annul ar configuration. Adjacent grooves
1186tealr56 te tpecomlieg phate bﬁb}ostltq“ocrdlam% qontrot bf thamatbef heat

o tiorb SeriEe heenItR 50 %0 B3 P lihé Haleh D, ofhelBartia of the

V\ﬂehﬁ "Fﬂéﬁnﬁl%sﬁt'dﬁé@cﬁ d&cribberQeR! Mg tﬁ’érﬁfa?cﬂcﬁ(% 154498klso

conduction between the cooling plate 152 and the top
p;brafeeablst gufficomtly flexibletd dompensath forandial @nd gxidjexpenseorsof the

e LT by B o OB S b e

saledtrsde a@denitlp 110P plate 118. This thermal isolation
of the cooling plate 152 fromthe top plate 118 causes

hi®889k oRetuene-dmensiopd, pﬁpadmtaqeyleyetméﬁm condtipps tlg heat transfer

L

athsingdlicbhduasitvity off eHegastetihle Anglthg@ess-debaondl hecacdahé m@gterial in
plate 152. [0038] hi the_enbodi nent, the thermal choke
1@@ ir§ctmdear%ldw1%e the digechen oé heas rapgfer; 90 ifffig temperature at

t ese p?@%’gé&t%r? a{lﬁg? %nt{hé ?%moé@ é)t&{sejfﬁpr o@ng{sé 1338‘%1er malrmlterlall

r @l s Tande, where Adatanf bepusitiveror megathveitand Ipisaheleh§th dfche

t he coollng E{gg %52 to IIowe anced ;con rol of the
mpteTiak 2lpRay i e Rt o PE AR ign 3,6p0 PE rafERnged as: q =

t Re/(EAQ) (Egumd?itéﬂ :h'é% udtih BB RY LQf(Atlbf?eféﬁécmo as the “thermal
"t her nal si st ance” |s descCri bed bel ow. The t her nal

ciesikendeofitke mlatwiapr qumt@blélyshswwtluat iabm glven vialeiaf|Ael, iecreasing
t%n%?e%%%f reemfs arncer (a) %he mzﬁenal%ecreases A % Prgns%r rtape? g, along the
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
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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heater plate 150 caused by thermal cycling during
operation of the showerhead el ectrode assenbly 110.

w(Q 0®30321F0r one- di nensi onal , steady-state heatPCTHINDE011052
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conditions, the heat transfer rate, g, across a
material is given by: g = kA(T -T2)/L (Equation 3),
where k is the thermal conductivity of the material, A
is the cross-sectional area of the material in the

direction perpendicular to the direction of heat
t A4} e The Theringl ¢heke tl8san he oempesed ofi¢hef sapw ateripleas the heater

TP e b 2 TSRS BB SRRIBEA B RS 14

pesi tid Mﬁd@froﬂﬁ%aﬂiz&@))r néiénddized dnAiduangt Au@iminh &lloys (e.g.,
mat eri al alon%6mh|ch the heat transfer occurs.

EéQ@rT@ Ar 306 h6 phimignm) ah e theaal dhoke Hi4 can flpgrnatively be made
ﬁéxjt rﬂgtaﬁp ﬁoﬂ-ﬁleﬁ%@ﬁm af& or p|3§11p5? %é]?nlafeFlAls h%vfn%fﬁglrgoqe

tO as ermal resistance'

Ethephalaondusivitysnt Batictatal ahayhosteristical Tae dHerfddl choke 154 has a
i ncreasing the thermal resjstance of the nmateri al
deBRIcays stfeethie ta@RqVids thedesired theanal gesigtprpepeteen thp jeater plate

of s¢ ARt ARIGE bRdte SR RERLMY 'El%eftﬁém?ﬁ%l%ﬁe Sh&ntaet gel
EpRte il |5

resi stance € |1 ncrease Yy 1 NnCreasl
dearegesmbgpdiforated plateg ecnre@e(hgla% of &ﬁé{Odulﬂablet}imeous structure to

enbogkng ge the chokf 154 is a plate having
pPIQ eéeére 1&9@@ 206 | FRgeERemR rm&tc&reiﬂnaff‘ése L
Loty b rasd *@'gm%tgfaﬁoﬂ A%bovd] %ﬁﬁcmﬁmﬁé tﬁ@fhep@laﬂ gslstance of

secured, e. |'ast oner Bondi ng, brazing, welding,
oﬂwﬂhﬂﬁﬁhdu&elAé shown in FIG 1, seals 186, such as

bet the to 18 d
e g n st e disniy i Cheeberls Tshath A st kcture
]ﬁéludﬁ{gdfo? Bednimt, Anakfind RyelHd RERh& onRliAkAndde 1dyRr of a

provi de vacuum seal s. [ 0041] The thermal choke 154 can
b@etaﬂrqmg@@ metatlttvéh@maélyrmﬂ@iqcmcaas coh@dﬁeranmterpﬂ &g, a

and co e 152 .for e By
Ryt fiferlan . BhlGs 728 pihe SIOVRL & aRE G&3Biafion 4) than
Nhe '&ﬁﬂﬁlﬂhﬂﬂd b tMinBreAy Othe dhdtmiaNkeBistink ®¥Sthe €hé¥mal choke. The
6061-T6 or 7075 T6 al um num) . The thermal choke 154

AT RBp Kl 1Ay 8 e bt bRt GE & inch 10 about 1 inch, for

aamﬂﬁéalllc materials or conposite materials having
desirabl e thermal conductivity and structural

clog43ict Byioptiation of the tefpermmire coraio? nidathld1 820, shestop ldctiode 114
effective to provide the desired thermal resistance
éﬁal{lﬁé“qﬂieaé@éiPSlEﬂdéF@Pi@@fa Auripand hgfwisempyccessve substrate

c&sd %:ghﬁsper Pﬁr ot sul?sj?ﬁt%@ car B BRI < 8.&%?{ tdte uglrformly,

oneyco Iate corrugat at e,
othbeeby mptcarhrlgpxpoese lyselée; rIncalnuamemptarp embbdimdnh eheie:mpeeaiure
ther | re | ance. .These exe itructu
ng dule.120 can mamtaln the top e ctrode 114 ata temperature set point
w1th1n 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
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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and/ or decrease "A" in Equation 4 above, which
i ncreases the thermal resistance of the thermal choke

wazn/0§n842] hi anot her enbodi ment, the ther maPCTH82068/011052
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154 can be a lam nate structure including for exanple,
alum num | ayers and at |east one internedi ate | ayer of
a netallic or non-netallic thermally and electrically
conductive material (e.g., a polymeric material or
stainless steel) having a | ower "k" val ue (see
E&glatth@tvnglaueridﬁ allvovsadloger anrinnoaey@psi ¢amtriohof thegetetof éleat

t her e of t r,mal hok

BT pelyehihRRG erprots 130 P HERioeiBE Bite, b ek §5RRed o the
| eaker iplat@ S0 beihg i Eftect ft¥mRAK soTRAR wilh08d &p BteOIBr By on

of the tenperature control nodule 120, the top

elmpreyiog dhelcontiohaf heat gendvctipmbetween thechester @bate 150 and the
tceo’Hi’%é gia% 544l Hcgat&' at?‘i %J‘ml%%'é’&‘ég ¥§ FHREE L8 %rature of

foce Funs; ple su R'es can

pthe wae@trdmrla 4u rFHeQérﬁbMatutréledrﬁbe nicdeﬂId)MUbgsd)plfb@ﬁfzS a desirably
yields. In_an exenplary enbodi nent, the tenperature

clgpiciesnonge Hmedon cantrokling e fensslactiass 1ildderaperature dhe nesponse

8 4 BERAE A YRR Bl imothlq L0 s bG8 el ind ramps
I dovari dairggitoolin@ienahe h¢ateripdatt 15@ éssturrbd @@ anlhdt, despiecidwkly.

t enper at.u f the top electrode 114 will depend on
t 1984y ﬂ@@ ﬁwswtsgﬁa{%ﬁms@é%gssl%%ha@% éPR gompHsing apgther

pé)éﬁilﬂ?arp e%%ﬁﬁhé’rﬁ o‘?Q'%‘H@s@érhI}%P leé: %1? éé“ Qs%lr%&\%‘r‘n FIG.

materi al etch processes ut
I k\lhé showerhdad dlcﬁqtrodb e&mbdi;e2 H()l(ébxmmﬂesa tdip)eltectmde 214, backing

mi) e and uce hj g o[ r espondi el ect rode
1‘539, SSPEFF §° dep &1e Ffﬂi“' F‘ﬁ’ Iﬂﬁ gqéfan RdCRBERYG
PtB1 thedulel 2200060 I dtiveEh tﬁ'etbacl&l?g n{eﬁﬁ{epﬁm ﬁﬁé‘to?)tﬁlé‘t‘é@ls A

of the thermal choke 154 and thermal isolation of the
cwwmmgor;ﬂnamnu@zg assembhe2 2 20rpundsethe 16 clattraies? 1 inges

nore Iap d.contr 0 ate of t transfer
SRR e R RactBRPLE 00 oA sl Pl 232 tin ARG is
1&gposad b&danAhe toy fleéthRicaat Ks dikaited bW ahd by dlectrode 214
direct thermal contact with the top plate '118. By

i andrtempergture eontey maesulo?2heaye difderanicttivemrtdesiuens tbanvethe top
?q&:tr%rdi E 6§taﬁd 2 andd e glltr%i) oldFl%ol?b %ng{]f EFIG. heat er

re C enperature of

t[loe46]o pIrethe etrbodiEneht 4h0v-\rllflﬁl Fle}meﬂﬁttup elecwodd D14 iolidb€an inner
120 al so provides a desirapl % fast response tine for
g

cRPRITGF PRGTPer HE0 2B 28 PBIEF FlsaEodeImembeei2atugiogndighe inner
regg&x%ﬁé Shdrh B '36~ e x{na& gleeﬁod%hgﬁbé%ﬁgﬁtsﬁ@le PREUL material

ranps up ur| ng heat ng an
including a step 231 of increased thickness extendmg outwardly, preferably at an

obtuse angle, from the bottom surface 236 of the thinner inner portion of the inner
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
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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down during cooling when the heater plate 150 is
turned on and off, respectively. [0045] FIG 2

WO kdoasiriat es a pl asma processi ng chanber 200 cPOPUSR0$1Q11052
anot her exenpl ary enbodi nrent of a showerhead el ectrode
assenbly 210. As shown in FIG 2, the showerhead
el ectrode assenbly 210 conprises a top el ectrode 214,
backi ng menber 216 secured to the top el ectrode 214,
tggﬁglate 218 and a tenperature control nodule 220
| 7kd b eveathedimenthithe lbiackjngetite24 26 eandd toothe pomsuface of

218.. A pla canfin t ring.assenply 2 ur.r.ounds .
8 s RAPEER: BRsE 5T Ropk ol Sy aRe Toy ekl i kiRERR 244 is
2843urefl 16 Hslop 3hFace PAE buidd lelirdicRBbhbed 2321 €4 sho$vn, the
dligpsed beneath the top el ectrode 214. As descri bed

beacking RINE 264 hae perroxiserscly the saner diampier as meénmyrﬂqcmoﬁe
5 n&gfﬂb?re %ﬁfdr) O'Qgeviﬁ% %%cgfot%gtmghtﬂ;e?‘%%wagh 0 f%g%féé%g utrggl%ﬁtﬁr %32 are

top e mper at ur e “con

sfwouredito thd Kackihg 1816024} ahd bhdken€£ihe d4 B BIpcBINAIMA byha suitable
FIG .2, the top electrode 214 includes an inner

ebakRGgehmawhehs sSHv i Iih Zothedrnes|cksstrrdemerbin &30 ifudes
:%{gfagw CBRdk g}e' l:%%gfnlgghgtg by t%ﬂod@%@@??% Pﬂ(‘f roacking

ctrode me a single plece o
i ring 244 ;nbe autst elpctARit mémber@3Rdadddéshiuefsossecard enthieriiner
t war dl r abl t an gbtuse angle, fromthe

, f h
10 _géﬁftme b5 s8d Shlng ripgi2fiethe bArdre plste I Bringhudepanrfaces
| 6o h B IHAARICRTAE miflr 230 Gnd BAGInHifE AR R IR PRicing

230 1 ncludes nultiple gas passages ough whi
prog 246inghslcs surfatpe sdcaced totthe bivkimppaate 249 apjtetadestrele member

t t I t 214 a bstr at ort. 212. Th
St o srither 299 EQn et naoh suifecs pan be bpaded

F@@etﬁlﬂe&ﬁﬁ§9ﬁ1el Sily FFfclcaRcRsy @otﬁgaﬁ\i'enél@slﬂ&n&g‘%orﬁgng material.

inClude multiple ring segnent’s. As shown In ,

15 t W848ut Ehe Engeratoeontobmod@l’ 228 dmipnisesra ladatar iplasel @50 attached

30 i.ncl ti roj,ect i 215 with a |l
T IRER i RS AP BB Er e a8 Ca
| thE @EAOEHRRP 50idhB to latP DKy, &E:Qif&ﬁiﬂg%lcmﬁﬂiﬁcﬁﬁ on the radial
el ectrode 232.[ 004 In the enbodi nent, the backing

poueresupigoesi of theheaterdplate 268 and die tagkingamead44t he i nn ﬁr
l. i I f . d
g@?&?]:] ggﬁ? Eg%pllg%%ﬁ 18?1%%%{% of)l aZﬁ)E 8f gas 1$nb1?t?o& Iglfﬁ%ms 256,

secu opTsuriace

20 oK P66|2mQ] éntefMEHitels id3id Asmseestiod With Aatkhig of gas
plate 242 has approxi mately the sane di aneter as_the

i PRseasce P at it babavkinplato3. Trecanfakpleara 266 dudetinedihara
S8 SR IIEIIES: B2 95855 90 6, s
bannalas grdosvbs end cover plates 270. The cover 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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bondi ng technique. As shown in FIG 2, the inner
el ectrode nenber 230 includes surfaces secured to the

whaoRkiosy3pl ate 242, outer el ectrode nenber 232PEHtiS2008/011052
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backi ng ring 244; the outer el ectrode nenber 232

i ncl udes surfaces secured to the inner el ectrode

menber 230 and backing ring 244; the backing plate 242

i ncl udes surfaces secured to the inner el ectrode

menber 230 and backing ring 244; and the backing ring
oepmmpgicatienswih tiegas s dbutraschannels 36% icthie rlngatpt alta@ 250, gas
242 I 232 and in ctr.ad
R 28 P REREE o 2 s A ae BP0 R RO fesiroce
t MeRbbE? 32 SGads Supplied il thie amlntﬁ!raﬁd the Gas pakseRPUol i ve

el astoneric bondln%énaterlal [0048] The tenperature

cw1b| The a@ﬁt@r pigtg 258 apslndeseatingelements|2d2 edamed to supply heat
olﬁ?glla C oo erqgl(l.:l}ﬁﬁl t%? é:RJfg’%ﬁe ?féggﬁ&ggl} B IB Hgﬁ% h‘{%gnber 216.

ptl@d kea?hPlaadso mmkﬁﬂ@toz’rﬂl&ntaﬁl ﬁ&%ﬁﬁerféléwoaa ientber 230 and
provided on the radial outer surfaces of the heater

pPuiereeleatrpds meemales 253 akths dlepiretytenpgratyrgo J9p heptinglemenis 272
di A
hakEsBuLsles £ Rl Sty
csﬂlpphen c@ttempbirawiutdmszezszqu a‘ﬁ?ﬂgemmtlt@? haprpadsbgethe atking
BFTREER 104 Blok 1 Crrogaye Qhdhedon BIGHOM Scantaspplias
tllaﬁ'l Rl BRH R ﬁogﬁﬁlonztg% tel%ggra & c%ﬁ die QS?VT S;?ega]tgre controller

gro 6ves and cover plate e cover p ate
pis eflgptedto/cantrotithe at tﬁastrmlehmwelr sgpgdy 2t e t@dpplyt poveerdo the heater

ver l.ate 270 c | ded r brazed.to
R i kgt iR e et Tneyact 230 A P gl odfigember 232,
CERY Keaker I%'l:ﬁ@ a80 géﬁoﬁéreﬁe #h BRSaRRISANRr d8dribATARRR M regard to
pairs of the plenuns 256, 258; 258, 260; 260, 262, are

§bpé¢d@@@abﬁ5ﬁnnular prOJectlons 266 on the backing

suppl i ed Lo fhe outer | epuns, 25
Dl0855,635 g st Bl B0ttt fpe R ater
dp18derdshwhi @OntedRBEK hsBd BeBiednabé RéatdrdIRa Q86 ard dop électrode
the heater plate 250. [0050] The gas passages 23

tHé- phheidoaling pletee2 2acanarevide clpre goniral iof ikis @ai&ttnavéfegwée The
ARIPEBRET A 4 5L PAS) 4R SRR (AT ey

batductiyerhagri4 As sﬂh@bvlndﬁ ¥ IG plteeosolddplate 252 can have a dlameter

fIU|dconnun|cat|on wth the gas djstribution channe
288t i flosp & theshasmeten ofithe pmer Clgeftodsqusmpeis?3pand .cwtftrﬁéectrode

blfl&lﬁb@zgz '%r%ﬁaﬁn%lg? e 811 RIS c%ﬁ%a{zé‘a(i RS qut 15

ectro e nenbe supplle Into e cha
vinehdshe 1@ aschps and gesmaﬂétﬁlckhaﬁ BT pnljrebobnehireh tplabow 2215611

' (0655170 Bnd Sengpite S5F Mctudbl Fi RS tert 872 YRR Whidk 3"
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
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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in a controlled manner to the top el ectrode 214
t hrough the backi ng nenber 216. The heater plate 250

WO g000p&1abl e to maintain the inner el ectrode neeES2088011052
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and outer el ectrode nenber 232 at the desired
tenperature. The heating el enents 272 are electrically
connected to a single power supply 251, or to nmultiple
power supplies. A tenperature sensor arrangenent can
be provi ded on the backing nenber 216 to nonitor the
t Bepegrapvese8rare peparaed by Brojechigns 232 (e damwigsipyojeetians) in
ti eratur | | er

PRt TR sBlbnecrortnd el Bt s CisBhayeted
t betwaén theasp pRfe2 wmrco@upgbwe?ﬁslz ﬁr@n&ﬁ@@l& tHeQaMR1ak Projections
t he heater plate 250 to heat the inner electrode

b eFhexatio gf thegiontact @irface prrad ehusadhe tapplaterd 8H’§ét¢é?hng

P390 QUREAL 5, I PR SRRSO e cooti
delaterdshedciap dwetop iplate 2 0O Eamige giloat 20232 30%,, dctagpiaatpld. o

cool _the heater plate 250 and ontro heat transfer
b@pﬁglenlms b BIop AneomB0reHEmA) Sheks ATy Bledacfveen the

Tl%%té} t& BS0 Qﬁ@%&l&%ﬁ)l&t@@ @E@ﬂﬂo@ﬁi cH?0 {rgll fQfie rate of heat -
eat trans . The cooling plate has &
scoadhctnasisstwaerdthie heatadplatef 250 andeoohihg plasn2b2. As shown in FIG. 2,

el ectrjca conduct i i_al shvvnln

CHERESY PhipR T Robt T Ioh o 21 453 5t BF Plachd bpdvech the

Cl'lé%%é? plfle 256 sl @&ﬁin%r 188 259 eThé‘ fh%[m@l' &1%1(&50@?4 @Eﬁ‘bﬁ7 and 259
230 and outer electrode menber 232. For exanpl e,

caro Icomg:n]:rically-aZEaEg@handméarelngs glaaﬂdatnenesmﬂctlab gmov%formed in the
n S i.nche a t hi ckness of. on .
BT sirfacs o 5 abine B 257 Theriah S e SRediscge dninugus

29gsl BEtandRslubié Bvb Or MBANIES Seodikdits. IFALRN¥BIZODAdre received in

tenperature-controlled |iquid having a desired

t dligped apemegs 1o theifnpinlatd 21 Biogpoking phage %52,|thﬁmz§tl slakes @54, 255,
22557‘ andl’ 59r R3:dY rlgteth:ge ? %Sckn(lqu age &ur = thérr{rqrﬁal chokeis 254 255,

t'énperature-co an nmal n

P25 £1d 2552 cah ba chRIPpSIdAd Uthe sddfie Mkl M@h&aeﬁﬁ@tﬂzsmﬁd
for exanple. The cooling capacity of the cooling plate

xopling plte? % £5 0 othsr metaleernanomaiaiicimaterials dpemestitaRe

Apeizil chETRALAL RS BhorhidPolyRi A1 EEL  UTeabbiL HEBERIM chokes
i 54t DS, 12817 1andi2S6Icah bel composetl o statieys|sadets M&gaa/loa\ter thermal
LBty B S unraShig s Hraled P SO Br Rl Plate 252
S[EB361AL FIG.PYsHRWR aﬁcetxb Flf—ar? %b&(?nrgant ﬁ%@ Yhénal choke 257. The

proj ectlons I'n thermal contact wth the top surface
cthernired ChdcdsQrSg i pmhidbRavetdetitrentssizasibarcthe dhermal choke 257, can

have the same composition and structure as the thermal choke 257. As shown in

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
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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between the top plate 218 and cooling plate 252
primarily via the annul ar projections 282. The ratio

wo@Roowhe1aont act surface area between the top pPEr/ESDAB011052

10

15

20

25

30

and cooling plate 252 at the projections to the total
surface area of the top surface of the cooling plate
252 facing the top plate 218 can be about 20%to 30%
for exanple. [0055] hi this enbodi nent, one or nore
thermal chokes are placed between the heater pl ate 250
amdclmefgtqnhgllpsmced, altyoexiensiimgiepeninga?de dotsaeivpig threaded
E}gtegart% QI\ heat conduction between the heater plate

| g oling plate 252. As shown in FIG 2, a

P{0053] | tBIGOH shbwes B kxhislkBscrftlimeRf tRSdutaitos? Br@ahnchoke
be | aced between the heater plate 250 and cooling

-eAsshowrr e FiGhel: g thermal eholos259 fonms par pf &rf:oraéebouter
a£u‘%fa%8 ?ﬁl%tc%bﬁ@%g%teaﬁza edrh&{ﬁﬂaﬁ” @&%er PRLSN Pf&%ﬁﬂ' J}a[-%orous

resp ec Ive orne tom sdrtace

c@ el ihaga ﬂla@di@ €482l to ThethebigsalaiRNsibieo fthe naite ¢ forming the
contlnuous rln S, Or can i ncl ude two or nore rln

rradchokgadt ewé%lgy ot axdly-exiendingapyo] eftigns lgﬁléele

oﬂer ma chmllj g& f%&)gp%%&%%@“e 3191%'56&3% gﬁ’gg? E? f%ﬁé%%‘“é‘%o

athdeaded Kistepep| 290A.242. The thernmal chokes 254, 255,

CR0SBE S SRR At F B3 G AAeh SBF ARl OBy AT D5p. 47 nd 259 has
0%] gx%ﬁtefrﬁ&% Q" DAk xjebt?oﬂg%a%rth@h heyt fgr Pbét%l grooves

ct|V|ty an structural racterls Ics
Flormed anthle @polifgep iateeS2edo thitdke sodtng, pl&6252 25s7[1pamlec2519the

R hOERog 2 GHL A Ak AL SB02T S JefBoR Bspysen the
Phtotn SibacRRECOS1i0Nhic?S2Rhatkike Bp durfhdothe ﬁéa@er ﬁate 250. The

shows an exenpl ary enbodi nent of the thermal choke
25@ 2Tirediminetesrdired ipbisisal Zontacistweesshthe hedtayplatsi 250sandrmooling
hoke 257. .can hav
BRGs OR8PS hef FRsFER 1Eo &l op Rt IR nls 818 750 s
S&&mg Enn&tﬁ thiougdh e tiemaPEhokBOXSY, 255, 237cdnddds9. r adi al

t hr oug opem ngs 261 for redumq@a t he cross-sectional

al088%F ot heermelothokies 23h 258t tand 2 5P sen éa\sfeart memplary height of

;%8%51 elrzség odi it ﬁtfo 9% I}cne %prerd:ag%lﬁokeh’gg can ét;)(gmg lary width

poff abost 6.5 nﬁceftedabbumgmcﬁ sgwh agabdai0msaash. sTeethetrhalghoke 254
made by powder netal |l urgy. The thermal chokes 254, 255

c%ak havgan satep diagpterof ﬁP%‘Fté’dlth"??gtg abaied inshesy thedhermal ghoke
r 909550 Bf gép Biaﬁ‘g:ftéar%f%&[h @infR3itb %ﬁo&’c%r cﬁésf Helitéral

to provide a desir t her resi stance. t herma
ct¢imke 233 carf hanek d:thﬁltemhambt@keﬁatﬂﬁﬂlo #ishys E)I aEbout 12 inches, and the

Iotggxl;ﬁleﬁé: | l%g%{q eqr‘]até(:g glplp Heé ?ﬁ%ﬁ&%gﬁtl 1y5 1ncteesqg aggut 17 inches,
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
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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fasteners 290A. [0057] FIG 4 shows an exenplary
enbodi nent of the outernost thermal choke 259. As

W@ hewe42187 FI G 2, the thermal choke 259 forns PEr/USwH8/011052
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the radial outer surface of the cooling plate 252. The
thermal choke 259 is preferably non-porous (i.e., has
a density equal to the theoretical density of the
material formng the thermal choke). A plurality of

i nwar dl y- ext endi ng projections include

cl006Lht Aceerdingly.yn dps embodiprant, thesmall masext thp apeling plate 252,

openi ngs..263 f.0r receiving.threaded f.asteners OA.

[ B5Ru R R e Rl el BT d B R e it 254, 255
2235, andSE59, 2hd thaftaldbf atiéis o Bthe 6l plhRi2gDtand itoeplatd 218, allows
the axial direction) than the height of the respective

ginegoead qastnebaf the ratsof bewitiangfepbeiveen 81 heater piate 2Heand the

SRR 355 & mpa ORIty Bt 250 BOGE TR GGk AR
biht weeplate ] 80 OTHeaBmp eratiae eortifol Gauatule 2R (od1Rives tRS Zenapedlature of the
the t ogpsurf ace of the heater plate 25Q0. The gap 271

eloPAISeHPAS 2L faces mBFR/pseay carieilag Imaddiuam thamiqezaiedr
g{)eﬁ'g)gra%ﬁg BRFoIGROMIE %%?’ b\g}v?de% %%eﬁi?zgol; PlsE Fe%a{)%%%gtiéne foa

ction to occur en the heater p an
cawitiolighgahatep dedrader2ddgémpdreturdier mal chokes 254, 255,

AL G St 85 St o
| RaRrb 138N brdlesigd dpplraniUmmiiflaidthe? e)'éerh?l'iﬁy erB§liment of

an exenplary w dth of about 0.5 inch to abou I nch,
sushowesheadelectrodg Bssembiy 3 itheAs slmwmin ko keth2 SHowaread

h t [ ter. of bout . 2.1 t bout, 4
el ity P hiade B8 8tkufs 20 ShatGng ativet 316
dicRRies tRftop BREtro&e 3 N A6 pRIAPBUNIS: teipBRSure (Bftrol module
t hermal choke 257 can have an outer dianeter of about

1820 dispnsed betwgbn the bagkinganesberail @ and éon platerdliS. ok edmfinement
25 an Ve ~,an_outer . dia r pf,.about i nch Q
0 F2 O BB R R A ARk chamber

S3000 Asubistratd@ppord 32 Shasadn Pattis eiew) hecleding aattpmadl€ctrode
252 and the top plate 218, the cooling plate 252 and

t H qntieptealectiostetic shoping eleetrrderin dispaseddsprath sheyop slpctrode

t heater plate 250 to form vacuum seals. [0060] In

the enbodi nent, the cooling plate 252 is fastened to

t j0063le aThe ilpisahted ZbOvevhedd ¢lbctaaidadsehady 8 b@ i kRO A backing plate
Each of the fasteners 290A preferably includes a

witrid hagking FRegatn Theibgeking glaigdtreinchidas BiCppmaeshetss, 360
LAd R Sthel sROREM AP cREtrddiassembly 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. §, the plenums 356, 358, 360 and 362 have a width that
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.
[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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fasteners 290A due to tenperature cycling and thernal
expansi on and novenent of the heater plate 250.[0061]
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cooling plate 252, in conbination with the therma

resi stance provided by the thermal chokes 254, 255,

257 and 259, and thermal isolation of the cooling

plate 252 and top plate 218, allows inproved contro

of the rate of heat transfer between the heater plate
2e6leamithg intsorsufacayofplanumes3n, 358, Orpydridd w@hqum gemoval of an

o G Bt eV p B e Mt Pt 70 BRbEE IS 2 A e

t [0D65ENPEG 26 Ulustrites bl embOBInRINE6f K€ pPatd 650 whechBERdes outer
closely controlled. In addition, the integrated
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pI asrm rocessi ng.apparat us Conpri si ng anot her

BiRdErdh vhish heaing glermsai b 7éNeand Q@B are individually
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abdomkredgo beckieg nﬁ% 644 ;asmg sd1tf;bd>e fdsteml;spalrﬂ the tgnfml elerréde
t | at 1 enperature cgntrol nodul e
%5@8@%%31@% a%%gfl}gg’?%%e rTheqignerhgates Bla&f @50513 can be
uref t§ 9951411'1??39% ?]Afé’Z' Br}gs@ﬁﬁfe"fgé&(ne%g, 2nd Yid QY Dxdé:ie%gbg trﬁc{;}nber

ectrode 314 | asnma processing chanber
s@ﬂ:ﬁsctmdiedao&dp:pmbackfk% HlstaowP. The pmbddimbent bER)G. 6 provides
i ncludin ttomelectr nd optiong|_ . :
PR SO el T ebg bo<ditie P EmhPLBiadensagntbrof inmer
t &16ctidR nedBkdreage 1shbuld méd t-ﬂaﬁhéaltérlfﬁﬁté 856 @f FIG. 6 can be

shower head el ectrode assenbly i ncl'udes a backi ng
pisad én gapokihd eb?é)@ﬁm@gltsroﬂ@IG&A 215hé backu ng pl ate 342

B0 SR TR 2 B R ire e B e "Sonit r e SRy
séiay&tihesco el $eiveftad aEeaEd XsséhBlyaxelapingfabp %fé@trode including

different structure of the backing plate 342 shown
i 40 ipper electrody engsnbesy gpso et lednge rmeanﬁbf%mgndv@ agd backing

% pc acH dt'ﬂg é\ﬁ-%? g@%hﬂte}é%ﬁg%@@gﬁ%ﬁrﬁb&? %niq ante}I%?%E ?cgnl?ﬁol

tlhedqdb anwmdm thei heBing il 4t ah®bickiiging oid (0l 20 pats.eThe
392, such as Orin g bet ween t he backing plate 342 and
rf@alpéliattaﬁ seriredsnodule fnedided dhegmal shokr aijes PedYRen e cooling plate

x ont redt Héater 3 eawglllé th@ﬁnzﬁr ﬁXkéjﬁﬁgsSﬁ{EIfuhgd £0LntbNGEiMRLs steel ring, an

outermost stainless steel nng, and an aluminum ring between the center and

outermost rings. The heater power was 7 kW, a coolant at a temperature was flowed
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
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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top surface of the backing plate 342 and the bottom
surface of the heater plate 350. [0064] During

waele®assasbl y of backing plate 342 fromtop el er€T/O8®0B011052

10

14 for routine mai ntenance, the backing plate 342

configuration of FIG 5 facilitates the ability

toclean the interior surfaces of plenuns 356, 358, 360

and 362 without renoval of an overlying cover plate

(e.g., cover plates 170/270 fromFIGS. 1 and 2).

[ m]plw can be pptimized i the deireshensitingangs by epfiraizing the design

p}.at t a
P{cBhRefaliol i oo RSy B Rl S P b spifo i

cmiduedlomw@tWeaumeSe slhes in odacmiperatiie 6aRrod fitbdulvden other

el ectrode nenber 630. Quter heater plate 650A includes

heabodimeris Ok thn tgmpprapirg ﬁanqr?iﬁwdq%%ﬁtaérncmdstaéhm choke plate,

SR O SIS, ey AL Bl i

t tomtivh heat eondiepian beevden wes ccmhmglplz&e andheaterytlgte. he at er
plate 650A cgn be secured to backing. ring. §ﬁ4 u3|n%
® gpecific

sIP068k &Vledthe ieation igs hegn dgseribed af deteil §d
%Hb&ﬁm@ﬂﬂ dededOit %fllﬂe 851'e99tb ﬁse skifediinfg arhﬁ%¥ $arious
pl at to |

e 650B can be secur ng plate 6

schangéd andfrasdlﬁnmcm;s cam te ntade ] andesquisiabants @dpﬂoyﬁh’mthoﬁe 0
can be nded to ba t.e 642. The enbodi ment of

artg %@ﬁ%%%mP%ﬁﬁﬁﬁéﬁﬂ&gﬁédﬁ¥¥%1 of outer el ectrode
backi ng menber 632 i ndependently of inner electrode
menber 630. It should be noted that heater plate 650
of FIG 6 can be used in any of the enbodi nents of
FIGS. 1, 2 or 5. [0066] FIG 7 shows the tenperature
versus tinme response for an exenplary enbodi nent of a
shower head el ectrode assenbly including a top
el ectrode including an inner el ectrode nmenber, an
outer el ectrode nenber, a backing plate and backing
ring attached to the inner and outer el ectrode
menbers, and a tenperate control nodule attached to
t he backing plate and backing ring and to a top plate.
The tenperature control nodul e i ncluded thermal choke
rings between the cooling plate and heater plate. The
thermal choke rings included a center stainless stee
ring, an outernost stainless steel ring, and an
alum numring between the center and outernost rings.
The heater power was 7 kW a coolant at a tenperature
was flowed through 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
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cooling (wth heater power turned off) response for
the tenperature control nodule for several cycles, was
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different | ocations across the top el ectrode. [0067]
The response tine for enbodi nents of the tenperature
control nodul es that include one or nore thermal choke
rings | ocated between the cooling plate andheater

pl ate can be optinm zed to the desired operating range
PWHAT I8 €LAJMER 18551 gn ( conf i gurati o an
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heat conduc
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detail with reference to specific enbodi nents theyeof,
i Plaginpiexpesed SpHpBstrtacs, tﬂr?olae@teg piate glyding sfdeast png heater

RdSos %8210 th WP icldchibd &3PG PG rdBEih top

equ?val 8n§§1ng ?oyed gnet hcout epélrting ?,qg ur scgp0

oéletthmleappended clainms. WHAT | S CLAIMED | S: 1. A

tenperature cqntrol. nodul e for wer head el ectrode
e atarrate b

assenbft {7‘0?18}8 ate Having Rdar SYL SECHed to and thermally
POREIISHAE a%ﬁ@ﬁﬁurfaﬁ:@@f 1 RIPRAAR RS AP QTR Rasma

conprising: a heater plate having a %ottom surface
apiap@ssmgtahambels deuroeting plage adaptegiuip fcantzoldhe Ermprpature of the
|l ectr hower he | ectr a
Chsperndl peo RN ARG Rn e e Biasn B Bt Shf Mikep
tflecthert &kd pl ate i ncludi ng at | east one heater adapted
to suppfy heat to the top electrode to control the
t enper attlgasé ong ehew@cald»pa themalyeconduetvig! thergnab cheke located
ur
?lﬁer rm %&ﬁ’&«f&% S}&&ll, gqg}%tgﬂa[ %gf 91% hsé gﬁag éngd e{agégtom surface

om SUI‘

pdxhe céahrg pleteatht @pleagti dne @Iﬁermlaﬁckwka&ﬁmed acastiolYeat
chanber, the coogling plate adapted to control the

tm@e%&mbeéwsw thgdicpienplate tp|tha @oling Pkddit r ol heat

conduction between the heater plate and the top

el ectrode; and at |east one electrically and thermally

conduc?2i ve Thetamgleratneloentrociabdude b€ Clemn], veretdeinn

ggtn : g?ﬁ&@meptgbgl%tet coompsf'lusg g %)Fecg ]:)f ztl pn%taq %g\t/l%[g heth{flrtlg(:"el‘rélrrrllté‘:jnt%l
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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of the cooling plate, the at | east one thermal choke
adapted to control heat conduction between the heater

wW@k@pe42187 t he cooling plate. 2. The tenperat urBCYUR1008/011052

nodul e of Claim1l, wherein: the heater plate conprises
a piece of a netal having heating el enents enbedded
therein, and gas distribution passages adapted to be
in fluid conmuni cation with a gas supply and with gas
di stribution plenuns in a backing nenber of the

shower head Ehetempstaturesoatrpl modulaef Béami hgvherenent s

d d | I
oper abi's ool RRREREs £ pRiauS AT adlG - BRERE U ylerny

t diean@ed firsd gradvat & teBitbmasrfacdicdfofthe Aritgicdvel ANd Nrst
liquid channels fornmed therein, the Iiquid channels
dreagtigait ed to be in fluid comunication with at | east

one so - 0 [ S
oo S A R PSRN bl BB GO ca
t thagmea] @holteeis @fririgndisgsed imgragpedtiee Jirst Baso viedn ey @dolihg plate, the
control nodule of Caim1, wherein: the cooling plate

CongsArS eancantsically pirpneedithyresagof { eashether, each ning has a second
SHSRIEA AT AR OO B i
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surface, eac
ahd themmakthoke asdispused sixdr thaf the hingesuppoyirths esolimg plate on the

luraljty of thermal, chokes ach thermal_ choke is a
Thoals” glals) 3cken if FetnodRERERa e B fama SRS R/ENT FPing Plate and the
Vc&_e? lﬁhﬂf&:emf@ﬁ@heatté}%litb,%ﬂ 15 Eis CORRRMI Bep@dythd %&egﬁ%e and

respect to each other, each ring has a secon
hiobhg plekd thiough the sager than the first height of the
respective first groove in which the thermal choke is
di sposed such that the rings support the cooling plate

on t heq heat eiie Rhipefsturd c@aRol Bodat bhehifel WaRRiA bR plurality of
bottom surface of the cooling plate and the top

Jings gomposes ddedsbencehirspring end aperoné aingi each distuotigoidceludes a
h . and copl.in late thraqugh th
AR DR Db 08 WU RERALE BB A e

ature con

Vil &gaed ehetfivet hgial forvs @h onted gsr R P theStempaiatire@shtrélfodule.
first ring and a second ring, each first ring includes
a plurality of through openings, and the second ring

I s nong por opg, @g\%eﬁ% QRIS rh&‘&lé‘{)f Jgﬁaié}ﬁ% %%refiljtl Elr:étéolurality of

ring and forns outer surface o ténpéera

abeitingd caomyshides at lbast e fire mingraad ursecaening leadtofitst ngis a
C.ai m 3, wherei h lyralit f..

sintered porous metalﬂc ogy,panﬂ the secgn(? ring is non-porous and surrounds the

at least one first ring and forms an outer surface of the temperature control module.

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

the bottom surface of the cooling plate is planar;

the top surface of the heater plate is planar; and

the at least one thermal choke comprises a plate composed of a flexible,
thermally and electrically conductive material, the thermal choke plate has opposed
planar surfaces secured to the bottom surface of the cooling plate and the top surface
of the heater plate, respectively, and the thermal choke plate has a porous structure
that provides thermal resistance to heat conduction between the heater plate and the

cooling plate.
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the rings conprises at |least one first ring and a
second ring, each first ring is a sintered porous
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“material, t

surrounds the at |east one first ring and forns an
outer surface of the tenperature control nodul e. 6.
The tenperature control nodule of daim1l1, wherein:
the bottom surface of the cooling plate is planar; the
top surface of the heater plate is planar; and the at
| east one thermal choke conprises a plate conposed of
a flexible, fthernmally and, el ectrically cpnduct.ive

Fhe fieraredaped! moabls S Ceimrh oG B anar
surf ace coekny gdtet, gt 1L4xe ohotHephBdHokaafd Réatéf}Rate @BnpHige
pl ate and the top surface of the heater plate,
r digped opongs; apéhd t he thermal choke plate has a porous
structupre that. provides .thermal. resistance to.heat
conduct IR el iiESeibel rop SPBCARET o Qi geoure the
péodlliBg platd, e 1dastiRR tRdritag clhsket andlhehteel place tofeabh athet, kach
wherein: the cooling plate, at |east one thermal choke

atheraded fastenpy includenapiesles sel adgpied L Frsist Ingsening af the fastener
t A EBET RS ERE o i HBRE yzﬁ‘@! in each of the aligned

openings to sectire the cooling plate, at |east one

thermal choke and heater plate to each other, each

t hreaded fastener includes a washer. set adapted to

r esi st 81 ooser HUGG‘F“‘E Rlec %%etﬁﬁ@?‘&éﬂf@r 2 Blaa prRpessing chamber,
CYdphd )f the heater plate. 8. A showerhead el ectrode
assé%ggvgfor a plasma processi ng chanber, conpri sing:

a top ptoptpdatt domming adop wpllwdihe @asnmaproptsasrgechamber;

processi ng,chanber; top el ectrode includin to
D Ur T actiRlropr Sichuas. §Bucai bt fif eliricapadposiom surface;

tguperature control nodul e conprising: a heater plate
having a bottom surface secured to the top surface of
t he t optesipscatursdontrolmoddarcemppbiage i ncl udi ng at | east

h d I h I
o cont PtrnaeraiipersetPR s ERte-biy' dfod B sfEES e

caedtiodg, thk Abfeh@icNBclading Rt Fdsf e etRE idpekd 8 sapsly heat to the
thernallé%lsolated froma bottom surface of a top

plonetectrp@tocesirohie ieraparatisupt the teroelegrmdesl t he

t enper@éé‘brll?lg%flate having a top surface secured to and thermally isolated from a
bottom surface of a top plate, 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 thermal conductive thermal choke located

between, and in thermal 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

conduction between the heater plate and the cooling plate.

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

the heater plate comprises radial gas distribution passages in fluid
communication with a gas supply; and

the top electrode comprises:

an inner electrode member including a plurality of first gas passages;
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the heater plate and control heat conduction between
the heater plate and the top el ectrode; and at | east

wop@esastrically and thermal conductive ther nBCT/UR29RE011052

| ocat ed between, and in thermal contact with, a top
surface of the heater plate and a bottom surface of

the cooling plate, the at | east one thermal choke
adapted to control heat conduction between the heater
plate and the cooling plate. 9. The shower head

el ectrode assewbt ¢legfodeimembd whitteiseieoured heatbsurequnds the

plate.c rises radial, gas distributi.o assages..in

PR ORGSR ol Rbteh Eiofbd bbby ROWRES T AR Risk B second
e R phENdes;conpri ses: an inner el ectrode nenber

including a plurali té of first gas passages;an outer

el ectrode ne ngplptersepured ée & fapcsurigeantiths upnes glggodsh e

R PR
PdoatrBusiestisredith eadialtgap dstitfutiof padsafdrs anditterd @ls@atsagetein fluid

nmenber, the backing plate includes MI urality of
r GHRANGILQIENER T%P%“ﬁl}’ﬁé‘lrﬁtrgaﬁ Paysdede nication with

radi al gas dj | L QR , hi o
passag eg [ nQP ?‘ﬁkﬁ%é)‘lé’té% h@g%?[l% gﬁ&vahgﬁg$lée§%éf§%e?% l%aldr(gllg ring
giasludess plpedity afifbuathlyas passggdsi in dluvdcahmanicabomdsthitheradial gas

backi n | ate, the backing ring includes a plurality
o‘ﬁ“f‘éﬂg?‘ﬁpﬁé‘}geﬁassages in fluid communication with the
radi al gas distribution passages. 10. The shower head
el ectrode assenbly of Caim9, wherein: the inner

el ect ridle nmEhbgrowenldad ddstrode AssemblbafiClatn Opwhbrein:

backi ng plate, outer electrode nepber and backi.ng, .

¢ng: | BReBG el Tt SDePhB T BHELRTHE bAIEEd dafe aeiine plate,
bangeded@dt Afenttrehd Bh&Ehg Al® menber and backing ring;

t he backi ng plate includes surfaces bonded to the

i nner bk outer glgetrodaembeanidchidexsunfpces bapded el theraner electrode
brﬁ&%ﬂaenxganrdibrégkii ncl udes surfaces bonded to the backing
plrate,

Suter “8P&&Ft ode nenber and inner el ectrode
menberthe backing plate includes surfaces bonded to the inner electrode member
and backing ring; and ‘

the backing ring includes surfaces bonded to the backing plate, outer

electrode member and inner electrode member.

11. The showerhead electrode assembly of Claim 9, wherein the outer
electrode member comprises a step extending outwardly at an obtuse angle from a

plasma-exposed bottom surface of the inner electrode member.
12. The showerhead electrode assembly of Claim 9, wherein the inner

electrode member comprises a step extending outwardly at an obtuse angle from a

plasma-exposed bottom surface of the inner electrode member.
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pl asma- exposed bottom surface of the inner electrode
menber. 12. The shower head el ectrode assenbly of C aim

9, wherein the inner el ectrode nenber conprises a step
extendi ng outwardly at an obtuse angle froma

pl asma- exposed bottom surface of the inner el ectrode
menber 13.3.  The skivosrbeddedertiorde esseodbdy aESkaim|% where@:ai m

9, whepein;. the heater plate ¢ ri (R=Te f

motal RS RGP sPenBls OCABIA Oav Pedietite emins
heabédied ehereiBNths hastthCarement et dodnédted RA& leaBNEndIIMEET supply
supply operable to supply power to the heating

eppareie & supply Raveerdo dhd hrgtipg slemeatsnpitd ses a piece of a

nmet al Vi L QL I, R;

Tk B L5 AR el O PR AT Bk Tl g fomea
| gfdin, AReliGuid channels e Lrefipidrcatiniey coihrvoikh sdedst gué sburce of a
which is suppljied.to the |iquid. channels éo contro

) ) |
t EPeEtyErcantip kedoiauif highois ishigp s de ghe liguid fhangelste control the
PledpRr hﬁﬁ%oﬂﬂékﬂag%rheater pl ate having at | east

one I nner Eeatlng ement and an outer heater plate
havi ngthethehteaplatecrompriseean hmat heatergll@ebaving hhleastromennner
d out '
2 outer heatjing el ements cognected to separahgﬁg&&&&nmn’

PeEsmsHes EOYIET Rk INALS BRERS Rblepsi ODF RHEF
Ol §hine? 8R4 biQr ﬁtlzazl?ﬁg@iénélﬁéjccﬁﬁ’l Le@lo ;I,ei)ﬁpaj?%ﬁé\#'éresuﬁf)lﬁésrtg)erable

g
i nner and out er ctrode nenbers. 1 e shower hea
efosupplygevas sethblignapfan@loafenhégtingtedera¢nts andeontrodtanmgerature of

plate conprises bottom surface and a plurality of
rgﬁﬂ%F?ﬁggSﬂgﬂ?bgﬂﬁggﬂﬁgkgﬁ1Iy-arranged first grooves
in the bottom surface, each of the first grooves has a
first height; and the at |east one thernmal choke

conpri s aThe¢ shatdrhgadatleatiode pegembhorieSlaine £ Whered:mal
choke

nt helBeRp g R B REARE U pbteT AR

h&jagéd, cohdenltidalyIh@agear fitshgidvol&einfthe Béttdigis@iticepéachie the first
respective first groove in which the thermal choke is
deropwesdins afurpt heght; ande rings support the cooling plate

o {hewSE} i g R el ) R ok,

sthefragiehoke isherinwpditposep it esspentivetiirg grogvesinitiiacmlof plate,

Lgagpgs t ! ergl%gglhgtﬁg sgcno%d %?gtht stflic%oig %ye%t[eerctihgnetal\é\%?sq htelh g%t of the
respective first groove in which the thermal choke is disposed such that the rings
support 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 the rings.

15.  The showerhead electrode assembly of Claim 14, wherein the
plurality of rings comprises at least one first ring and a second ring, each first ring
has a plurality of through openings or is a sintered porous metallic body, and the
second ring is non-porous and surrounds the at least one first ring and forms an outer

surface of the temperature control module.
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cooling plate through the rings. 15. The shower head
el ectrode assenbly of Claim 14, wherein the plurality
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second ring, each first ring has a plurality of

t hrough openings or is a sintered porous netallic
body, and the second ring is non-porous and surrounds
the at least one first ring and forns an outer surface
of the tenperature control nodule.16. The shower head
el ectrode assenbly of Caima8, wherein: the bottom
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choke and heater plate to each other, each threaded

fastener includes a washer set adapted to resist
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tggm@hap@ﬁﬁ??pﬁases radi al | y- spaced,

y_

concentrica arranged second grooves, adjacent ones
of t he? Juewsied fatansy tsreenivediaracpobiesligaethenanngs to secure the

tp ogﬂ.liﬁggiag%]sat ?é&sttcnl% tﬁé}hla? g%(?&é\r/a ??}Eﬁ%{é p &etoteggl? Qih%}, %Fé’l{‘d

ate Is 1n conta Oop surrace o

tthecadedfastepepinaludesi wiakteer aetudapied 06 fysB€ idosarsing dBtheAastener
t hod of controllinqﬁghe tenperature of a top

usdp thrrmabeycding 106 sy heaied Pt ct r ode assembly in a

pl asma processi ng chanber containing a substrate
support having a bottom el ectrode, the showerhead
el ect rtiBle a¥Theshalwerhead electrode assembly of Claim 8, 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.

19. A method of controlling the temperature of a top electrode of a
showerhead electrode assembly in a plasma processing chamber containing a
substrate support having a bottom electrode, the showerhead electrode assembly
comprising a top plate forming a top wall of the plasma processing chamber, and a
temperature control module located between and secured to the top plate and the top

electrode, the method comprising:
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conprising a top plate formng a top wall of the
pl asma processi ng chanber, and a tenperature contro

woremokhe1Bbcat ed bet ween and secured to the topP@l/ES208/011052

10

15

20

and the top el ectrode, the nethod

conprising:generating plasma in the plasma processing
chanber in a gap between the top el ectrode and the
substrate support; applying power fromat |east one
power supply to at |east one heater of a heater plate

of t heganergbogaiasma io ¢t plosmarprhekssingchagber inegappetween the

el ectrode; s | vi ng, a tenperature-controlled liquid
118 eﬁgoﬁ%ﬂgfggﬁ§b$$#ﬁﬂquggurce to liquid channels of

a cool igplyiRg pbeOfrofnl® 1da8IHRY kb SusIts & leAb0BHE Bedter of a
control the tenperature of the cooling plate; and

clsater pldté eigthk éemparaimrueantoh modplese hagtdhe tapecledideng

pl ate and,.the_ top e her-mally | splati .
ool g PEPATER | AheP Rl ol PE il dlrh 0lchl o Y source o
cieflid BganpkRioE aanolihhplatecstithe tephpriaums doftral mbédstto ometrol the

thermal choke | ocated between the cooling plate and
hismperatyse af the copling plate; apdt ween t he heater plate and

the t : '
g
ethestaliydeolatingthéesbliegplenpenaheitop. pl&e, (iif hevwren Hudcoting
cRiAie A R RAHee P B | BT haFred o dotatel fifmern fhs

ol ¢ .
\é\dso @haﬁgaggﬁdeheatég é)lﬁe,_s‘ﬁlh (RS HREw&h tﬁ@ﬁéﬁrterg[ﬁge LRd ﬂﬁot'ég electrode

ma is bel'ng generated and when th
pbyacomirollingrtbe tdmepangtuggerfehaheadsr Eatd, tolbereeyrmarmdainrtke top
Céntrol noguLe mai nt aj ns a maxi num r adi al
caFttde aha deried EMBERMGr e gradi ent of the top

el ectrode of about 30C.

20. The method of Claim 19, wherein:

the temperature control module maintains the top electrode at a temperature
which is within about + 5 of a set point of about 40°C to about 200°C when the
plasma is being generated and when the plasma is not being generated; and

the temperature control module maintains a maximum radial center-to-edge

temperature gradient of the top electrode of about 30°C.

-28 -



