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dielectric and netallic materials, physical vapor
deposition, chem cal vapor deposition ("CVD'),

physi cal vapor deposition ("PVD'), ion inplantation,
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apparatus that 1s ‘used in sem conductor materia
processing includes a reaction chanber. A substrate to

S eSUR in the 10 reaction chanber
B@@@@@S%, EJ st Lfﬁ.ghe substrate is typically
SeCpaGifla PRocksiheSiPparahRbeare BbHAPE ol  foPPladms BieBing ¥ Semiconducting,

hol der. process gas is introduced Into the reaction
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substrate support can provide. dynam c tenperature
prosessinggnclpdes 2 reagionchambart A subsiatoi bhpracessessissaproried in the

i i n .
PO 11 SO ALSGRH e kot D YR SareTOf e b
suppbrtéy substeate holders SA pgocessgga isinttoducked inte tiwegeheion2hardber by a gas
disgr ef.erred enbodi ment _of .t he ggh% trate

suppor t
SHeR setem,  Agrelepirc figd fkgstab  BFEFEE hBIRPE frgH g process gas
to ﬁ;%ggggqhe%\ﬁggd.a\fé_ng the ceram c nenber, and an

el ectrostatic chuck overlying the heat transfer
menber. The heat transfer nenber has_a | ow t her mal
: er menber includes at |east one
'“ L8 819) 351 5L !!i,», ich liquid can be circul ated
t o Reabstrfdppot Q@tmt{fd@d.h T8¢ subs@as seipofteial §rovidd)@namic
el ectrostati c chuck has a support surface on 25 which .
temperAfys CPRT Y at asupnorieyusiace s which @ snbsjrate is syrngrted daring processing of

thetssgﬁ%ta'ieat ’Fheséﬁ%gt?{té Sﬁpgg% Iﬁ%blﬁ éx‘f IQ ﬁB‘éﬁlp? gﬁh Feattdt'of é)?z{%nrz]i processing

v)

erature contr w conmmuni C

appardtls, foreexhinple. passage(s) . The substrate support

preferably al so,, conprjses a heat transfer gas source
opefdBHErEd e@agcbwn'%ﬁ%%iuievaéﬁ SHRRPTt GIWIPHEHS\ feReFATRA Znember, a

meﬁaﬂifb%'éf Fan%?errfﬁ&]?oe? %delfﬁg%ﬁﬁ S ﬁgm?ﬁ,e Qﬁ hPB@Ltrostatic chuck

controller can contro eration o qui d source
ovalyingtile hbat thapsfer memberf. eFhegwest sansfec yember bas & lowctbermab mass. The

e T 2 o e 3B s8R can e e

to heat and/or cool the heat transfer member. The electrostatic chuck has a support surface on

“which a substrate can be electrostatically clamped.

The substrate support preferably comprises a source of temperature controlled liquid in
flow communication with the flow passage(s). The substrate support preferably also
comprises a heat transfer gas source operable to supply a heat transfer gas between the support
surface and the substrate. An optional controller can control operation of the liquid source
and the heat transfer gas source, so as to control parameters of the liquid and heat transfer gas

supplied to the substrate support.
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preferably can be rapidly heated and/or cool ed by the

wWOguis@oed4suppl i ed to the fl ow passage(s). Acc@ai/vsbos/020749

the substrate support can provide dynam c thernal

con " . .

o of o B e b oAbl in SRS BROL coofba by the liguid
supplibd tor the doivrpassage(ak nAcrdingly sthe gubsfraespppoxt can provide dynamic

' ti trat S ort surface
e RS BB 670 TRl Sbsertnc & SuPport Surface
Pl aaPRefefrod embbdife AT REMHS offtHcestin ey ElfﬁstrQQl iﬁiabﬂéﬁiéﬂg?rocessing

through at least one flow passage in a neta
apparaiissfomrpriseshsipponting @rsustrate arhasuppent sunface af au elchinedtaticachuck in a

Sy PS8 e o o
ond MRS phdsddeGhl aGretditE hEXAANMLNESmEInber vhdei®ahe e dbtrostatic chuck to

exenpl ary plasma_reactor in which enbodi nents of the
congioh thetemieratyra,pfdhe subsiratge The dgat trapsfer merberzhas a low thermal mass.
cross-sectional view of a preferred enbodi nent of the
substrate support. FIG 3 is a top plan view
BRIEHDESCRIPEION OR THE BRAWANGSheat transfer nmenber
ove in(ig .15 a ceramc_nenber of the substrate
-1, depicts anexgmplagy plagmma BERMhich smbediments f the substrate
nber with a two-piece construction. FIG 5
Supli)éﬁg%%u%lgén vi ew of an enbodi nent of the base of the
he aIQ. 2¢is 8 feerss-sentioeal vieh ofw prpfarell embopinennglthe 2@bskhte. support.

P o 3% 21E o B v it i el TR Rt 9ot metifer overlying
2 cERERhETON B STbEARAHES Dur i ng pl asma processi ng

of a substrate (e.qg., a sem conductor wafer, a flat

pard. 42spigtsas| fmbogum phithe heai tegngfermember Wigh @ twedpiecer
con%t@@cti'o%lke)’ it is desirable that material be renoved

fromthe substrate by etching, or that material be

de S, Sdsla twp plae viewbsTtanaitbodiagentiol the base Yof 8t he@OGZiskr énember

sQ that a device fabricated fromthe processed
showing HOW 83R48 sat i sfactory el ectrical properti es.

o7 B et RALGPLES Sl RBASESnRIS Bkl iy
embpdihents i ncreasingly nore difficult to achieve.

DETAILED DESCRIPTION OF THE DRAWINGS

During plasma processing of a substrate (e.g., a semiconductor wafer, a flat panel

display substrate, a dielectric material, or the like), it is desirable that material be removed
from the substrate by etching, or that material be deposited on the substrate, as uniformly as
possible so that a device fabricated from the processed substrate has satisfactory electrical
properties. However, as substrate size increases, while the size of features formed on the
substrate decreases, this goal is increasingly more difficult to achieve.

In order to enhance the uniformity of plasma processing of a substrate in a plasma
processing apparatus, it is desirable to control the temperature at exposed surfaces of the

substrate at which etching occurs, on which material is deposited (e.g., by a CVD or PVD
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30 In order to enhance the uniformty of plasm
processing of a substrate in a plasma processing
apparatus, it is desirable to control the tenperature

Wb 2006066 surfaces of the substrate at whi CReRESHNE0749
occurs, on which material is deposited (e.g., by a CVD
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the substrate support and a substrate 10 supported oOn

sysione.  Elowsverathe heapipansfer capabilitignef lreat wanstip gases amad\ependent on the

| |
A A S AR Pl Bl g
pméenrsmgd ehetability bhthe IRaytfamsfer gandiréthevesheaf frémehssibsiritd iRo can

support As the surface conditions can change during
chaggecessing, the ability of the heat transfer gas to

bt P ey phO LAl Bbldp g B Soal i SR bl e

ort can 1 ncl
pracessingndn sudhemsystéur, ﬂrqgld ipiflowed through dne os nmine Aow\pabsapes in a

meghwgl(l CTOEA Elaﬁ’y) ?ptl[} QB%ES@%}’I@ r"%l@ ?c[%gf@e meltath body,
thefebly RRArgi %Lh@ tdohiRiratiRaf tiRY subffite bn'fhe ¥BBsHatel SapPREY The rate at which

t her eby angi ng the tenperature of the subs rate on
a bo%eca;f,lm@sheﬂtad or Qeqigblstrelatﬁﬂéo thetbedyls hedticepacity, dzroulyermhmaSS",

d | ed t he. b
g ot BF « SO Fitels Tk BighTor b s el it of the material
of Bk b@d)hfaﬂ& tmuadssxﬁ laethervedy Gite, O =+ Be 9P Ldcbidin dgly?&he thermal mass of

capacity, c, of the materi al of the body

a bﬁ%}g@m lw]vagpd 13) ) @hq;),gg:sg 1(s| mgss, which-can bqﬁcme;x‘@(bby ghanging the body's
t
volbE. 8L L R Pl . 2K REadBA LR, GIAEMA e vy, o

glven Uﬂ' Ibyi e bodlyshy, cobling thetbody, infordeeat chatjge thbai)d}fleedﬁpctratture by an

ed to body b t' bod |ven
amwt ‘%@&?P%S/ Tt gl Sheghilapass o1 erbaﬂw mcreased
thetaﬁl%uﬁ’tclﬂ%e& tﬁﬁqﬁlﬁs‘i 8t H cﬁ:dkw oiaﬂenﬁfé Hl% £dd inst)rgér\ﬁs Rhanpge its
=Cc-m us as ss of a bo

tempsratlmc by as eniount AT also is increased.

A substrate support that includes a cold plate with a large thermal mass (e.g., a
metallic cold plate having a thickness of 1% inch or greater), and also a liquid supply having a
large liquid capacity, may be able to supply liquid to flow passages in the cold plate to
maintain the substrate support at a fixed temperature during plasma processing. However, it

has been determined that such a substrate support does not provide dynamic temperature
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t he anbunt of heat that nust be added to or renoved
fromthe body in order to change its tenperature by
an amount AT also is increased. A substrate support

Wwoabosdaedopdes a cold plate with a |arge thernpéTfﬁm&moMg
e.g., a netallic cold plate having a thickness of

(
coxitrolgapa}bgﬂ %F%&e al F%%ep%ﬁ% 8% l?pgyﬁanﬂg ﬁugz \/ z?cglﬁé Eﬂhg?rvrleﬂl%ved from
thd suBstrle E@pf)h%}’ tREAGAE &S qhitkly 6 g@hﬁ sabdtafe §ippHRisiidpedtature.

the substrate support at a Tixe eraturé durln
Copsequerslyp ﬂ@@hﬂﬁ@tﬁrﬁglppmmhéuch large thezma does mtmrm;de sufficiently

A A AL SRR P R
conftiak beshpdirininddabatAenbitee dppeit BE/ iR Brami®fendpeRiture control

must. be quickly added to or rermved from the
capghiigies esmeblérs@ byysinga heat diansfer memberdiavipg @ faachermal mass,
\/ et Slloﬁvglﬂge @é&gg%s?erﬁnérﬁdyl) ﬁé #lgﬁli ehi%asa%%‘? %(l.)IXd (t]oaa desired
tempmtatuneow de sufficiently responsive terrperat ure
ported on the substrate

con ? sybstrate su
sup %"'q%te"ﬁ%’g%ﬁhﬁ DSGr3fF SERPOFYPRMPEISE Alquid squrce operable to
supphP® ﬂﬁﬁld heKédt Qn&%f‘ 8501 tae tﬁgﬂﬂxﬁf&‘ rfenfbP S ‘ﬁlesu'ed temperature. The

capabrilities can be provi y using a tra
heatwnabsfer inembergncludasek leastione iniv pmgc; throvghovhieh thevikuidhie circulated

T TN RN T —

TIRMRA JGRFde, préfefibSlidunHeat Hid Aoy @&Wat snﬁﬂrﬂ%‘iﬁrﬁ@& ﬁilﬁd qil*héjtemperature-
sour ce operable to 10 supply a liquid to hea

controdled figeid igam be synplisd to thenbers dransfer merndsrite prpvide fast resPonse

cob SR D46 oo AR5 Bl cnve

entan¢edWyathe Gombinationt dféthé heguiransfed Wiedsbel Baving a Mo tHeh@allradse and the
of heat_ transfer to or fromthe heat transfer nenber

liqueeh soyrpe, bvingsmidciesnomes eapallitiese JFherligaid soEnecareferbly Gan also control

sel&'fgﬂl ﬂaréfﬂétéi‘g%f e ﬁcfg?i‘* esﬁi‘:h S téﬁ]ﬁg}mt dhldfor fﬂ%%ﬁfa'éé’ Iled

[Tquid can be sup to the heat trans menber to

pr olni ajprefesret embgflme tlldSsubstmbsdplpbnt dncludey ndweataransfer gas source,
ce of the sy

W%ﬁ“%ﬁéﬂ?ﬁbi%ﬁ 8Py eah e o s g, yRaes BRTAGE Of i Subsrat

Qﬂfand fRabfFatarENDeEr having a | ow thermal nmass and the
i quid source having rapid response capabilities. The
| i gl ngmlmélqﬁn@freaw 1;1 vduigh paeferred embediments of ghet substrate support

q such as its .t er.at
carf R REF I et sh 270, |t paFlf PealB insihp T i plasma
reaQiti S ThEdubsatp BEport dafi laltd &8 uaedlmaihet Epes Beplaﬁﬂes reaétfsGt which
20 which is gperable to sugi a heat transfer_ gas
tempgraiiEe Fonirel a&gévbsgatef%@g plasmp progegsingyis desired | Jiop example) the

subktifte SUPipott'cdh Be used in other inductively coupled plasma reactor constructions,
electrocyclotron resonance ("ECR"), magnetron, and capacitively coupled plasma reactors.
The plasma reactor shown in FIG. 1 comprises a reaction chamber 10 including a
substrate support 12 with an electrostatic chuck 34, which electrostatically clamps a substrate
13, as well as applies an RF bias to the substrate. The substrate 13 can be a semiconductor
wafer, for example. A focus ring 14 enhances plasma above the substrate 13. An energy

source is disposed at the top of reaction chamber 10 to energize a process gas to generate
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An exenpl ary plasma reactor in which preferred

enbodi nents of the substrate support C can be used is

depicted in FIG 1. The plasma reactor is an

wbdbesdos@b Y coupl ed plasma reactor. The subspEiigo04/020749

support can al so be used in other types of plasma

r eacgt 25 erature control of a
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openiagstibrough svhichprogess gas indelivered frqmppigasssupplyrd3 toi the reagtion chamber
10! he substrate. The substrate 13 can be a sem conduct or
wafer, for exanple. A focus ring 14 enhances pl asma

abomeo;tdaamu brtsubdteatel B islacedibii ghe expeored Qppdr%uﬂfhéﬁhf&ﬁﬁsubstrate
top of reaction chanber 10 tq energize

hoﬁ}ieb g?eggd HJessrosiatigallyeslamped by the glectrastatio ook 4. A heat transfer gas
prefeibl gfi‘@ &%@d@&g%%gvegﬁ l et {hl‘f&@@&f the Qﬁﬂsﬁ'gtg‘i%gﬁgzﬁ a,u_c? B substrate

energy source can be an antenna power e
13 so emhmacel it fransfertetyden theldubstratm t3 ahthe bppdvesnrfa®. A process gas is

i ncludes vaguum arat us for i nt ai, n|
sugEREL G F T SOR ERRRE A0y A RSAls EPpestieh 0 dpstion Hhaber 10 by
suq)lg%gegprﬂoqvey\fwﬁg@\gnégndﬁg di sposed between the antenna

d the interior of the 5 processing chanber 10. A

gasFlF 52 Hluswateonprsifeated ezbolimentofthe subistratesuppiotvi® 0 Thesibstrate

| ud ' t h
sugpdt 450 e R nate el TR bYf0r S FERPR, It shPoirs pport 40
coril@nsels A boR6maovEr2, ilvasesanos thatévet 32| & cdthmirederibert4dcoverlying the

‘&osed upper surface of the substrate holder 12 and

basg| @Lﬂfl@g@la%m& an inferiqr spare POpg lavrmagsy heat ransfosmember 48 joverlying the

Cel'éé% ﬁeﬁlﬁ 46t LADS a@c@@fm&@ %%v@ﬁ%ﬁgtﬁe Hed &fx}g %%aénber 48. An
ween eup per surface o the substrate er

REgpuotver beurseith® isreddotrically commeetedh anthe hba’tatan!;femmmber 4feviamn electrical |

ol 5Pt e R, MBS LS e RS A

surdGinRs fHeSfdat (ardste? mieRite 49 " M@d&omu@uhucﬁ $BP I DHegFing 52 can
power to the antenna 18 ilTustrates a

be pradé ef quagtize §i6H dir thsnlikeof A sttstrsta HQtls shownssypperted ongthe Flgetrostatic
h‘{?ﬁgﬁbrate 15 support 40 can be used in the reaction
10, for exanple. The substrate support 40

CONPh¢ SidStrate BRfoRMACAYIAdestA inlet $P&R dbulet 6072 MY €smmunication -
42, a ceram c nenber 46 overlying the base 44 and

withioaE 05 mege Hawipassegesarodgeria tpheaptransfer magieber d8t The inlet 58 and
outEJt %B%I' S ﬂ{ﬁw&ﬁmﬁc&%%r\blm Qﬁqth&‘ Source 100 via a supply line 102 and a

return line 104, respectively. Liquid is circulated from the liquid source 100 via the supply

line 102, into the flow passages of the heat transfer member 48 via the inlet 58, through the
flow passages, and returned to the liquid source 100 via the outlet 60 and return line 104. The
operation of the liquid source 100 is preferably controlled by a controller 200 in control

communication with the liquid source 100.
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ceram c nenber 46, and an el ectrostatic chuck 50
overlying the heat transfer nenber 48. An RF power
source 49 is electrically connected to the heat

wbabgsfoBsoreDEr 48 via an el ectrical 20 condugdfisradsnzeras
to provide RF bi as. An edge r|ng 52 overlies the

cer ur r.oun t he heaj trans )

ori s BaB SR lnad? of B fetal $yE A liminy, R Sl Sl or the ke,
The bag@ 4445 eRbtrichly pRadedl quartz, SIC or the like. A

substrate 70 is shown supported on the electrostatic

chubkths gmbegigestgiovindn FISubsbe t:erqu merhbaated$ i m nequrddeto the base 44.
ui.d co ation,
il Saffte et Bty Slok e bt ok SGRARAM 2 @i bl 46 for receiving

matmgmfeaasnma:’ﬁes béls, sdre®ws, dtl tBé liks t@ﬂﬂten@&g ¢e@AmBAndtitRer 48 to the
f1ui d_conmunication with a | iquid source 100 via a

basg #fp| he| Gerpanig memberi 4@ is ade o 4 spitable material; exdalge isconfigured, to
have sﬁifﬁc(i’edt %)gﬁin?rctyl ézi'bfill et Jtﬁreés @%ﬂu&ﬂ a&ﬁosl)ﬂ?mi hr%ssure) acting

t he suppl i ne passages
on thecottomesusthes 62mﬁﬂhe cerdfiio/membdret6i Thetcefafhic iehbeg6 preferably has a

sutfAlpbe] BHbERIus 80 AR 5 MP fae e ¢rgecgen during plasma
proRe8ing! By mAfimizify ddfettich oT UMY GPardi® TemibeP Kf T 6E @Bhehsional stability of

control I'ed by a controller 200 in contro
the@gmcnmmbew veind of theepvhilyjog teas transfer mhéfiber-48 and electrostatic chuck

50 219% % PCT] US%OO4/ 020749 The bage 44 i.s maqu Z
R P LR RRPOASNRE. oCrP AP e e 4 AC TEFAER g6 can have a
thidkiabs of frbREaboAs €-44fimi 2§ it hﬁﬁie‘ét' poRtion! Dﬁﬁﬁ@ﬁ%@essin@ {h@%ase 44 may be

enbodi nent shown in FIG 2, the ceram ¢ nenber
at eithen a higher prilpgensgmperawre thmheémntpﬂnefer member 4 Eh@ seramlc

metnB& 46 #ﬁtg&%@' Rrr%tdl %gﬁc?éan%l?' lb\g tﬁe@l%alc Sgic\:/g%m?('f‘rgl é’lfye\ﬁ@ate it from

recel steners. "Suth
the baset4de Iniakiditioh ptht @atamic mbxﬁber%mﬂdmimb &olation Hiond und for the

ase 44. The cera er 46 is made of a suita
RFEE ekt ritifer abPe 48, UG embe 46 apcesuade falmpina
(Alﬂd)@)' ot Bﬁhef ShiaBlehAspa ance the pressure (typically

at nospheri c pressure) acting on the bottom surface 62

of Inlagreferradrembodimiont; theGop dfithe ceramii memberbi had @ central recessed

surRREGPAFEbulialy Fpofpletat Tafdk ol Thedtrsiipecmiarnfiatedormed by a

machéhiff OE&S) §i@h aBynilling] 6 thé ke, dGE) @6 Eéx@ﬂn@ﬁwﬁlﬁ@r 4654 HE.
menber 46, the di mensi onal stabi | i tatg the ceram c
Alteraatiyely. e feﬁﬁ#é?%ﬁ‘“@%%%@rbeyfpﬂ@edm e pragessfused teefotyaithe ceramic

d t | LN d
Iﬂﬁea{??rﬁ gf’o essi %d %a&ﬂx x?‘ﬁﬁﬁlgat t{aﬁsetg%n}%lﬁ? %r#sgpseg()onthe
recassnd shr:ﬁme&ﬁ préfexablyefish ofithfthoffampeddt 1-4 nmat its
ion. During processing, the base 44 nm

h
bo Tha heas (Reler oinbgh s B ecibhisradhaist banded i s mcsemsed surface 63
of tﬁhe@&arﬁ: MHhtRE 455 PRAEsi*apphOEbARER tE ceramic member 46 and the heat

transfer member 48 preferably has a low thermal conductivity to thermally isolate the heat

transfer member 48 from the ceramic member 46. The adhesive preferably also has sufficient
elasticity to accommodate thermal strain generated between the ceramic member 46 and the
heat transfer member 48 during plasma processing of semiconductor substrates. The adhesive
is preferably an elastomeric material, such as a room temperature-curing adhesive available

from General Electric as RTV 133 and RTV 167.
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15 nenber 46 preferably has a sufficiently |ow thernal
conductivity to thermally isolate it from the base

44. I n addition, the ceram c nmenber 46 provides RF
woeabwstopemo f r om ground for the RF-driven heatpd1es2s6s@20749
menber 48. The ceram c nenber 46 can be nade of

al um ' I i
o o 20 fed XAt metber s tbtofuly SR S REEHAGH Shan by B thg gecessed
sutifacs 68 so ¢t thx! peripberabetge of thehent teeamefet hember 48iisde@raly spaced from
ed surface 63 can_ be

ri r fl ange 64. The_ recges
tne iR 477, o Xy i Fo5 B bUEESS S CENPEGHCH{EF | TG e Byt transer
mekdber 48 K@ alf beEirdull® 26€hNVE LsriBIRP§hmAB: ﬂﬁn@i?eglgc?sg?d  surface 63 (FIG.

Al ternatively, the recessed surface 63 can
3)-b¥he electpstasie sbucks¥hiis mpuntsd on theeflange G4iand herteatteansff member 48.

| di ng. or casti The he tyransfer
Fofempidyin I8 S48 5 RperSetng o 30 wbf el the HeRBHEH: Bt gon bave a
diafrletes ApprokimatdlE eduak ROe Gthme#? of BiR rB@8ded lshAaw! 63 andBAD Ghfer, e.g.,
48 i s preferably adhesively bonded to the recessed
abay; 29 man, 59 thasthe electrostatieriuckShisentactsthe fange 64.c The péat ewnsfer

medBLDRE S iCe & AT R TR 00 78 02 B B e RO R o e
64thermal ly isolate the heat transfer nenber 48 from

the, ceram ¢ er, 46. The_ adhesive preferably al so
hasA_§ ﬁwnﬁ%wemﬁ#?t&ﬁfe{ Bembetgthisaferably iekudes a base 72 and an
r r .
VA5 BT b S it A ndBIUE L i
heag gaisferrtaparties, sulbsasrcappes, a ddppenaltogs aluminuns, aarabiminaiyl afloy, and -

the TR 0P8 PRI Ry PSSR ] (BE0her o g g the ke, 0

proklde Giflui® seab béffWenl@dmand RTV 167. -6 WO 2005/ 006400
PCT/ US2004/ 020749 The heat transfer nmenber 48

pr eFher bast y2 Recderably has p Hrckpessiod abond Ys inghior dgss .t mere preferably about
I f ' the. peri [ of ,the
STRSESIES, 08 Ao P RRE BEBERLAE A The s
72 ddecoger Béprefevably kaved maxitnam dofbaked eliclaiess G ob!4Ciach, Bkore
nd the heat transfer nenber 48 can al so be

i rcul ar
pre{qr pbaut LB fnelh e 4 snal ler diameter than the recessed

sur : 0 i .
ToUnR oG 72 e & toploug T Sk R et ort R ek Eare formed.
FI@35 shavora prefenyel embodintentofiths base {72 fmohatisgsa oigedaridy passage 76.

. waf.er, the electrgstatic chuck 50 cap have a i gnet er

Liqlf i roHEe I bt 5 Bossherc ST ectulel 0 Axdge Puesi S 02, and the

liquid!isfra@enel 3o &ediduitPsdliddeCr00 via flie outléd804hd 4% e 1180 16424 he flow
the electrostatic chuck 50 contacts the flange 64. The

Passages canhayie pther armm&cpt&'gl_ e hasefedo pravidertemperatues eontivhof the heat
tra.ngﬁp Hﬁm%&%%&oeylaﬁﬂe, 'tﬁe fic S%%gg%(sj ca]:nr ﬁ@rrga%\e}elgf lh%\r/]egg spirla?, zig-zag,

or other pattern.

The flow passages in the base 72 can have various cross-sectional shapes, including,
for example, semi-circular, circular, rectangular, square, other polygonal shapes, and the like.
The transverse cross-sectional area of the flow passages can be chosen to provide a desired
volume of the flow passages based on the desired volumetric flow rate of the liquid through

the flow passages, and the heat transfer capabilities of the liquid. In a preferred embodiment,

-7-
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As shown in FIG 4, the heat transfer nenber 48
preferably includes a base 72 and an overlying cover
74. The heat transfer nenber 48 can be made of a netal

WaVveshosdab T i ci ent  heat transfer properties, sefEPsRS4/020749
copper, a copper alloy, alum num an alum num all oy, .

d the like. The base nd cov 74 are _preferab
o B obi Py e s Vi BF Ak §/3305 abt Sfanfitor aga BEEb Fabdu 132 0
abputavigimck fluid seal between them The base 72
preferably has a thickness of about 1/4 inch or |ess,
nor dhp flepenasssigcs inbe base V2 @an he formed by sy, sultablequeasss. 7Hor example,

j; € of .aboyt . 1/ i nch.ofr | ess.
AS) SARBIS 0% ol 0855 Lo 2 ek On 0 b S oy
machiningedceshi Akamativelf, tBdfow pddsdgds Rekbe FRined BighE fidRhficturing of
bout 1/8 inch. 20 The base 72 1 ncludes a top surface
the/ody \sughjas Ry @,fasting. FRSEIBET SRMPIBESYT AYSE PEACESS: or med.
FI . e ' t SEu: .
" CTRENARALan B BE SRR RN, At 00yl o,
watenfethyéine gty cohmixtires, dnt ohve fies SEtgecodhng/peaforinanderdfabe Bdhid can be

corptef 85 opiiE Rifece Huiod o b7 motiwes o difbrens s vapane the liquia
floweraté! Bnd/biaryiag -theTt'Eﬁgéﬂaﬁl\fé of@ie FAS}QQ SutfolcdPitf @k MW passages. The

arrangenents in the base 72 to ovi de tenperature
tempgratyrg|of gie liquid eanprefegbly benasdfustedibyrtheiqui@ souroe 100.

opi Fopefing gy, 2 o BRERHTR AR BERY o gl sGaccve
elettfodel(r & psie of Slectigled Bt dipthri oPLIati6R) RaSIvAEKdl iR ielectric material.
shapes, |1ncluding, for exanple, sem -circular,

d
The plegiadg;s provided rf'gqﬁlanping dhecsmbstragsy T r RB biag doeapacitivelp eeypled
thr?t%zn 41{' gl\c/:vé:ﬂr')&?atic é:ﬂfcex 50 ARy §.{%}§t?atg 5@2 %‘lﬁg B 'ggs?erdrzxrgﬁls%ro 8 preferably

assages can be chosen F OV
has30flat aipperesudfaicd foenhimey theasaplinpsunifasily . OThet di€le€leis infagial can be a

. unetric flowrate of the ljiqujd through  the flow
suitgBle ¢paic Sughenta sheh, B Aimingrrthe ey i sandceiy e ectmgs can be made

r b5 A PSSO Loy O Lo,

exagipdtit The gectrastatip cnck303@s amidth seehothat itigetripherhil edge wbntacts the

out 1/16.1ipch. The fl gw passages jp the
farle ¥ dshe, SR sdcrial 81 osihely, kPR S0 2RRCRE pifrio the hea
trafed Midntber 48 whith aveipassm@e The Aeldeeid MEEAS fofind AfedpdRed surface of
surface 73 after the base 72 is forned, such as by a

. . y
the sleisestatic chyclpfos supporting the syhstrate d0y The ieapdsed wnneedtipreferably
cirif 0 Fral R/ thalibt A oTBBHI i e WireR of Wi POTY.  SUCH

as by a casting, forging, stanping, Of oOtnhéf process.

Thdnlanoghedpreferrel embatigten shown,in F8G 06)i tHe Ceri@icafidmber 146 has a
col, silicon oil,

- ethylene gl
planar erface 149 (%{ €., a non-recessed surface) on which the heat transfer member 48 is

disposed. The electrostatic chuck 50 overlies the heat transfer member 48. A wafer 70 is
shown positioned on the electrostatic chuck 50. An inner ring 80 is disposed on the surface
147 and surrounds the heat transfer member 48, electrostatic chuck 50, and wafer 70. An
edge ring 52 surrounds the inner ring 80. The inner ring 80 preferably is made of the same
material as the ceramic member 146 (e.g., alumina). The heat transfer member 48 is laterally
separated from the inner ring 80 by a space 82. The electrostatic chuck 50 contacts the inner

ring 80.
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wat er/ et hyl ene gl ycol m xtures, and the |like. The
cooling performance of the liquid can be controlled
by using different |iquids and/or m xtures of

wofbeleagdoo | | qui ds, varying the liquid 1_0 f! OV B $004/020749
and/or varying the tenperature of the |liquid

i nt ' t ] ow d s T t t fo .
t e T BfeeEpslt el Yo rBAS TG Aol Bt et 48 with a
suitabler ibesiEOmateeihle 6iidhnG ah@ldslomerié matetfl. ¢TRE hdHRSiA pteferably includes

chuck 50 includes an electrically conductive ) )
a material, gk ag @ megalligfitlergfo enharce it desmpalgongugsivitsto provide sufficient

i ' ' ' ' nial.. he

O AR L LR RO o s
Forexapipls thesadhesioe tn inellife partiglbsof at feabttune ugdtalidrenetal alloy to enhance
. electrqostatic chuck 50 to the substrate 70. The heat
its CondUCHIY. nrenber 48 preferably has a flat upper

sur i C ral ' ' T : :

1 NS A€ S P i o
a thieknessi efl 174 énchior amora ludra narrespondingelat gekbernibh masw Niioohirase, the heat

l.ect rade .can be de of tungsten, or_ t | i ke. The
trargﬁf%' (9%0% 48D el%%grﬁhag@ vo tg abopt Sp10% of the volg of such large
coldplatd. ODue R*@BRgRificAREy RUSEH VORkRLIf %&@d?ﬁ*aé@er'}ﬁ‘én%é 48, the

w dth such that its peripheral edge contacts the
ameyny qf heat thag peqds do beremaved frame or added g0, the beat tiansfeymember 48 to

N TN ITE T K-
coldrplater. i Blie Heat ransfut monites 48 pfeférably @awbe hédi® and/or cooled at a rate of

el ectrostatic chuck for supporting the substrate 70.
frompgbout, 0,2 € fsec i about 2, Q/Sﬁ?-egb‘f(’&ma?mﬂ@ Rrlerge seldtplateswlhiph has a large

t ' f fer. .o .
ol s888o Sl it el Bl By LB L B -
or lessy a]’ﬁechemeumrsger mbﬁ}mags preféi\%lp bﬁﬂbﬁr’]C(ﬁlhttbﬂ&Fﬁ) ad #hpetanfe ranging
- face) on which the heat transfer
ﬁo‘ﬁ\?ﬁg@r‘ﬁ?fiﬁm ?%@%ﬂ?ﬂgﬂ@“’élp&‘i‘*f‘%‘& atic chuck 50
OV eFdrit@fmdrBedietnd 1o BbSal WRIPS théBeat éﬁx@{(ﬁ{é%ﬁﬂﬂ'r@, the

shown positioned on the electrostatic ¢
volyraeteie flowrrgtegdf liquidathstmsedscio b supplicd to tha deat tiahgfenmémber 48 to heat

rr h at transfer r 48 electrostatic

and Y OB fed Wi b8 %5 FER Frniians S gnBiiranly foguced as
comiparedrto theiguEd flow tgte indetRE té héyd amtfoPécRl &125¢ Yoll Z}ldf@ﬁ’sﬁ'u%f a large

the same 30 material as the ceram c nenbéer 146 (e.g.,
thermal Basa) . The heat transfer member 48 is laterally

se f t [ Mot dl . e 82...The

ol 0% prHGfed oty OERR subodd, Hdpqll o nRRAES, ifya Jifee 100, o
heawhmm @AMM?QFI%J?@OM zfd)&glﬁ'éﬂer Zr?mehﬂ Gt a];%bil@, the liquid

C i refera onded to the heat transfer
sou 66 (P53 3 sl it LB Htsstages b rensdeiomereleer 48, The
liqufsoBt @100 ¥&A meﬁl?geeiﬂh@ﬂmerEEic%ﬂHE§ ¥e‘.’$. Qrf%;t{%F aBh¥r), heat

includes a material, such as a netaffic tiller, to
exchangern orthetlikes tossupplly lipidca atselected temperature iandyos flbwirate @mthe flow

passages. The liquid source 100 can comprise a suitable pump arrangement. The chiller or

the like is preferably located close to the heat transfer member 48 to reduce the distance that
the liquid flows from the liquid source 100, thereby reducing the liquid volume in the liquid
path that needs to be heated or cooled, as well as reducing the response time of the liquid

source.

-9-
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heat transfer between the electrostatic chuck 50 and

the underlying heat transfer nenber 48. 5 For exanple,

t he adhesive can include particles of at |east one
woehadsoogsoret al al l oy to enhance its conduct ipydiiys085020749
expl ai ned above, a large netallic cold plate

117 The Feek eaP et safts® el wSEBwifet gor e hési dramater zas passages
Hmﬁﬁnsféﬂ‘%a@ e flowed thrdupf theeldat tridsfen %E@ﬁas??é? &b tﬂ@e:%posed surface of

preferably has a vol une equal to about ‘0% of
the\elactraptatig Chygk 50 wheye theilpatsansfop|gas is distiikutedsvialopenings and/or

D T T LRI .

surface emd tiie backdbidt dfahe Substrdte 0 (FIGRI6.1 ArsuftebTd Bkat 4hnkfer gas supply
e its tenperature by a given amount, is
SYS&% fproxides ?%é‘&ﬂ’é%l(’fége IR waface,ofa bstate suppert is disclosed in
e
oy 5 500 6, AR, bty

its entizgty/ Slthe heat tzdnsfer g@Clande any gasclmvpgrheamans&r lcapapilities kol
pl.at e rovi des a

which has a lar
S“ﬂ?%‘ﬁfbﬂﬁ’r%%“&f h&ﬂa‘%‘@ frfi e s &é{lmaalp S8 P SHiRfh Bar example, the
heabb@ntferlgablcal Be hdlfunl, P $he [jia¢ heat transfer nenber 48
preferably can be controlled to a tenperature ranging
f r oFhegoatroller, 290 cap Peﬂfcxably 8018ral wpenatjop bfa&lﬁﬂquldcmeme |t<m gelectively

vary BEBBELIP b e 1S sBorid B doRcidPPhaet. 204, B comige! bheration of he
heat trepsfet gab séuroe estsmtselebtevegumy padmeRrd dfahéd et utahﬁﬁsgaa lsupplied to

nmenber 48 to heat 20 and/or cool the heat transfer
the heatirapstaneaspagsagess i Fhercontalis 200 preferiably sap spmtral Apetation of the

IIQLLC? W& o(&gﬂfﬁ’@rtggfeh&e{alﬂﬁe Fﬁd@&{ ?\I’ Irﬁgl\?? ﬁgﬁd gﬁlgpq%g t(g the flow

eat and/or coo e co
passages bpathe mqsxl sourceAaml cmhﬁ'bt qﬁra&wh off theehieht todnsfen@as source 150 to
UId sqQurce 100

conﬁgg t {ﬂ?’ g}g}résglglpn gag g\%r(lq%: 2s 6YpP lied fo the mterfaceaportlon to
achfe98@h deditedlterd atuﬁesat‘iﬁeséil poRaduahqve, the liquid 25

source 100 (FIG 2) supplles [1Tquid to the flow
pasErgestroliert2Q0 preferablyregeives nnputestgmis fr8m Oohle®r Iniagrel tesperature

o 5 AT BB 55 S e s o

moﬂelskEctedl {ocatiglof the subittht@upBort ab afd/6Flod BRRRAbR A @.¢., at the
and/or_flowrate to the flow passages. The |iqui id’

bac ackside) c £on example) teBRgsAtuEesersosy Fandhel cbsngandoamaawgéemwamre at
o B B exph B8 oo of SR EAAN kP e Ko

sendomapreﬁﬁatﬂyl pravidgireal timeotemipératupe inbssutdnipntstto ea4H1E Eeed bk control of

t hereby redyci.ng the liquid volunme in the liquid
the pezatioReas e Nt Sowez1 Oy sp el @%b Ferol oEthgoppratian poie glpzﬁgransfer

gas bdiftcd P50 OTREcdntrdRerXS00' A bk bttty opeMbRSor programmed to automatically

control operation of the liquid source 100 and the heat transfer gas sources 150.

:L

The substrate support 40 can be used in a plasma processing apparatus in which various
plasma processing operations including plasma etching, physical vapor deposition, chemical
vapor deposition (CVD), ion implantation, and/or resist removal are performed. The plasma
processing operations can be performed for various substrate materials including

semiconducting, dielectric and metallic materials.

-10-
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WO 2005/ 006400 PCT/ US2004/ 020749 The heat transfer gas

source supplies heat transfer gas to the heat transfer

gas passages. Heat transfer gas is flowed through the

weabosiooswsf er gas passages, to the exposed supdpgSofioz07a0

the electrostatic chuck 50, where the heat transfer

gas.hs distributed yia openings and/or channels (not . .

s hoxftff‘ Sﬂgf%??'ﬁeeos“PPPff ﬁ@c ngglaa Hg‘ﬁ‘n"‘f‘%d%”? deTppREatiEg confrgl avhich is

uséthl e VAGAIR VabRur® ¥amisefuetod probasss. Al ekifplRafissd feristi
the substrate 70 (FI G 6).ﬁ£ sul tabl e wegt’trgkgﬁg@enﬂmsmr

usefakfos agnyrafe, stspsehangeahliztteppesatita®ntrolie gatecind shalinfw tréxeh isolation

" 0 face a substrate ort is disclosed.i
AT HoERGE, o BURIL LS 3R b 6 bk b ramped
(e-gn dineqrdy)ad Esinh@pering siewatlé B ABQfatdsturing StcAMg), F&lekamplee The
heat transfer gas can be any gas having heat transfer
capability, fq 5apidly change therspbsteate: tepperatirssis avelilbiat vasions prioesses, such as

s Hpetinke L0, B S5RRECHS S ) 1 g o c

rapihwafeo overeteinperaé camlitions 6 eucabinless Moiti®| rapidBf Rio9&d Rbm the
tHe liquid source to selectively vary paraneters of
SubsHa®| i qui d supplied to the flow passages, and al so
contyiile tRPRNETtI0Rha® bedntRscribe@in &%tﬁpﬁfftﬁ Eefgﬁeﬁcesf?)%i)gaﬁ& 2fbodiments
to selectively vary paraneters of the heat transter
thegros, is wilbbé apparent ta thosehskéltedtin thesdrethatyasiops elsmgessand thelifications
ontroller 200 .preferably can contr.ol operation qof the
carl 8 pdf o eYAIEHY GBPIDYES P depHTLing SpBLibe seape of he agpended
clafmsow rate of liquid supplied to the flow passages by
the liquid source, and control operation of the heat
transfer gas source 150 to control the flowrate
and/ or pressure of heat transfer gas supplied to the
interface portion, to achieve a desired tenperature
at the exposed surface. The controller 200 preferably
recei ves input signals fromone or nore tenperature
20 sensors (not shown) positioned in the substrate
support 40 to measure tenperature at one or nore
sel ected | ocations of the substrate support 40 and/or
on the substrate (e.g., at the backside). For
exanpl e, tenperature-sensors can be disposed to
nmeasure tenperature at | ocations proximate the
exposed surface of the electrostatic chuck 50. The
tenperature sensors preferably provide real tine
tenperature nmeasurenents to enabl e feedback control of
25 the operation of the liquid source 100, as well as
control of the operation of .the heat transfer gas
source 150. The controller 200 can be manual |y
operabl e or programmed to automatically contro
operation of the liquid source 100 and the heat
transfer gas sources 150. The substrate support 40 can
be used in a plasma processing apparatus in which
vari ous plasma processing operations including plasma
et chi ng, physical vapor deposition, chem ca

-11 -



30 vapor deposition (CVD), ion inplantation, and/or
resist renoval are perforned. The plasma processing
operations can be performed for various substrate
materials including sem conducting, dielectric and
metallic materials. -10 WD 2005/ 006400

W \#ﬁo 4 749 The substrate support 40 can
¢, close tenperature control, which is

us eflul f o dyhamicterfparstareLeohiBs B o4ate ot uwﬁﬂ @5 feattionfcBimber
£ lagrrg ? t hese ch%‘rﬁ gterbltstlcs are useful for
of 3 BRIP4 U P e PR A dea é”iteeWBB?I&TOl’ﬂpé‘S‘élént rol in gate
a c@fuahis kehdbeyy trench i sol ation (" STI ) et chi ng

processe

h bstr te s ort ature can
P A REET by FHBHe Biehby & rBREne PRIy L1 eaf faster member
hat/ﬁlgarma’x@tnﬁih dﬁMhdsS)f hous URdH, thk @Sat EHaisifdd gleﬁ{befhlnﬂlgdmg @fleast one flow

bi | t
posSii o e b GAY theee by Qe §bestiby Brieatge b rentsgember
Suc hinatectrekitatic ebickioteriyaigetht Bdat Rimsfer pleMBESHE Slectrddtaibcifek having a

t he hi.gh _.power densities.that are utijli can cause
s U A 0 RO B (OISR i B2 DG i § e Gy pos vt apparatus;
unl assurbesftternseratap icohtiolle@Hqui®sh fomoddninimicatietbe it k@t ledsOone flow
Wii |l e the invention has been described in detail with
Passageeddnce to specific enbodi ments thereof, it will be
apparcetttolleopetabkeeo sdtitdol el volomttie flawtratt he/orvag fefigérature of the liquid

td b d . :
ST R R R ——
heaptrahdi@ rapienstedate ©f abimbout DR25SVEWTsek S CLAIMED 1S 1. A

dyngmi c rature nt r ol str ort usef ul
2T oad Dl B CHABRFT Ol o AEHE SR aH ymemte o
maﬂipmafmdkﬁessbhaboﬁubsmcat e supp?rt conpri si ng: a cer ahm' c
nme nsf er. er, gv e .
I’T’? E)s%ra e Sﬁpé’o‘?] cila.uinr E{E I"[[’(? %toneﬁ %Bas a width of

ceram c nre‘ahsc‘)1 ans
aboplX32hm abctum/&kme}s andaifdepth omboﬁt/Manmabbut Itlldencheat t r ansf er

rrenJQer I 'ﬁie é’lu atrag upBor? gis clalmI afve%felfl eﬁs%grség §F ta%g%rg%% clontrolled

ch a l'iq circu eat
llqltldh mc}méasta Reﬂtmn séader opemtie tq chamgegheempastiatdf thedlyulto a selected
tem% {:uﬁéll ng the heat transfer nmenber, the electrostatic
having a support surface for supporting a

sub$t r at &h¢ ubsratesagortoficleitahiiethecomarighgasma pr ocessi ng

app eofte erat fr coptrol.led Ii

in ?F&&\Iﬂgnosfer as Sgatl o}:ﬁerablfi ﬁ%’nF #af gnsfer gas | be egwch% suppon surface
andpbessibgmte; and

wherein the controller is operable to control the flow rate and/or pressure of the heat transfer

gas supplied between the support surface and the substrate.

_12_



a controller operable to control the volunetric flow
rate and/or the tenperature of the liquid circul ated
through the at | east one fl ow passage, so as to
control heating and/or cooling of the heat transfer
menber at a rate of from about 0.25- 2C/sec. 2. The
substrate support of claim1, wherein the heat
trarfsf er Themikstrats qeppart ofigiginmimbeteincthnkess rofsfea omwberldogiprises a
b ké"ﬁbl dlﬁ thERe1e5U BRE A rein the
¥ gas one e?#ow %gg %ggtdgg\\tﬂr gL‘ﬁfymﬁlche %%eﬁt 1/ 32
t o a?bout @ws@slirmwppcatmﬁ clambl]e phéreipf thedsmatic mégir inpludds @ mecessed
;lfééc@ D 6Eiphéral %ﬁ@éramm A fgan;l :
“Wher g? ni;tghpe Sour ge t enpe? a?egggg%:%’%heg% ?ﬂe ?bioatull élmm at the
re¢eptet geréase;gheedat tra@sfetm@h@r isghwpsedlon thegeasbradh safachand laterally spaced
f&ﬁgp% ur g qof e1d tenperature
g Théﬁ%uﬁgtréigggﬁ%%gy&ﬁ %&% é?ﬁ?%ﬁgfurther
c ondr i si ridre subsiiete suppprhpbdlam lgasthemampesingresesdshie ring overlying the
SHRPIYmBer A urkh ¢
co L LA D e A S RARK o M P oo
trap%fercmmbeo beinglatefallywpaced Bom ith/corampn s e eledfostahecthlemontactmg the
(mghgpgﬁ gas supplied between the support surface and
strate. - 12 6. The substrate support of claim
1 \R/her eilhe substrateespportrod pleifret, furthatrempusimgraniRdegowar sopwms electrically
Coﬂnggtg Q)'tﬂeghéa gang.fe r €AgL, one flow passage, and a cover
over |n%‘ ase. /. The substrate support of claim
1, Wher eilhe subsfeateswipport of chiimibefprthen corptismgan rlegferseregoint between the
cerMcfrﬁé}l%eﬁm tHe P&t éfr:ﬂle%F ﬁlle &érazﬂﬂe‘m Fa@tgrn&?cr J%mt Bet%émﬁg geat transfer
has a thickness o roma recesse
member apddhe gl¢rgroptatin chuglansf er nenber is d| sposed on the
recggsed aSi. -
{ango: - ARt bbb e e el o Rt clim .
fl ahge. & mathed @fdlmwlbt qenise] ngo qubgsfatedin ajplesmma pioggssing ppparatus,
co¥Rfg Sing a ceramic ring overlying the ceramc
menber and surroundi ng the heat transfer nenber and
t hePlBriag e sePstraie Pe thelsurpRrt sunfase b the subsirain sYppert pesatsiing to claim Iina
nm&ﬁhQﬁmhﬁ&%f@bk%n§ﬁ@&§§n%&$ﬁk&ge ceram ¢ ring, the
el ectrostatic chuck contacting the ceramc ring. 9.
The QAR REOSHHES into B reacgrrshamberyr t her conpri si ng
an E&Emﬁﬁﬁ‘fef pl&%&rfﬁﬁ'l @t g‘a&e@ £l te reG QR SGkRE, L O the heat
transfer he substrate support of claim i,
furP%@%“&&ﬁﬁﬁP@ﬁﬁ@ #M el ast omeri c joint between the
cer ardufatilB A RQkid 8shgh g 8@kt ohé ﬁ@\%%@e{sagﬁ@p&ﬁml AP nrature of the

el astoneric joint between the heat transfer
heat transfer member to a selected temperature during processing of the substrate.
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menber and the el ectrostatic chuck. 11. A plasnma

processi ng apparatus conprising the substrate support

of claiml1l. 12. A nethod of thermally controlling a

substrate in a plasma processing apparat us,

co ISI rate on the support surface

of nq ﬂ%‘gf'fg‘tog g‘gﬁﬁol tgﬁﬁeéa?faﬁ’rﬁal o claiml in a

r ea(ctrcmmnghambﬂrhaolhg a fipdt &ﬁfp&raﬁﬁ@iﬁﬂﬁgh the aﬂ]ﬁmbﬁd ﬂltﬁzv passage to control
' t he reaction ch

i.ntrodu SS S jnt

g BRbPaR of e PR SR T Rr o e RS ST oo of the substat
and eaction chanber; processing the substrate; and

ci rcul t|n liguid through the at |east qne flq

s SGHE8 % JGREHAYE piscPat Bparpiiedhigpel Reat Istgne low passage to
corftfohths fr@tiperanurd of tht bead tradlee alcaler t6 ARENAL ttirPedibid M@ing processing of the

IP{Q[CGSS' ng of the substrate. -13 13. The nethod of
SUEHAPm 12, further comprising: circulating a |iquid

hav iwheretn the tefiperhmpgeTtivd heaetrdnkieOnigthber iva(i)ahkmpedafidm BB Eirst temperature to

TS R R AR A B SM—.
prodéssi rgdyabmichénpardisre caitid] subatide Sppertisatuil figa pladniaqui d
' econd tenperature t hrough the at |east one

havi ng _a
proF?SS\R/gg%psaé e“TP " E8ntrol the tenperature of the heat

t r ansdece ofesnyeratir® cent®Bedighid;enper at ure duri ng
processin substrate; wherein the tenperature

of, the
of f’ﬁ%raWé%Pe’?tfeé’nsf er menber is (i) ranped fromthe
fir sinetatinyiRaatansfer membdr beers_/mgamlcet@np flembet] e hedt trélilsifar member
wi se fro i rst._ tenperature to
renUCA (TP diee S ek o TPBRpOn AP oM with te
liquidi it deainé tiselph ovtichiubeliduid ¢an ba cipdudBEdo MER ARG SH dd@l the heat transfer
rat: I S source of tenperature

memggaalt 3t ee%lff‘f:?%&]n‘a?roldlfb'ggég@?eﬁm c nenber; a netallic heat

tr aaxsébctrcrmnb@huakvweklyiing ghd heat menﬂem men‘mﬁrbmr: eldctresthieadhuck having a

supfy FJ%%S@ for al{ppgrtmg P S%ﬁgg]e a re%célgg ggagﬁableﬁ n% ;ﬁ?sa‘la processing apparatus; and

co rrmnntmilbr cnparash,letth cctnlnel the lvqmlnetns fow cate atddbr therteigHature of the liquid

be circulated to heat and/or cool
Clrc“ﬂke%ﬁlé%?g%tdrl%%g ast Gl menger28t a rate of from about
0. 285.2C §m;<,ubmnteehmxottroﬁslmﬁt lidcwhdnein ke ez irhnsten gheinbe haeaiaximum

thic%%ggfaeoroupﬁgrpn%ﬁ, the electrostatic chuck having a
16. The substrate support of claim 14, further comprising;

a heat transfer gas source operable to supply a heat transfer gas between the support surface and

the substrate;

wherein the controller is operable to control the flow rate and/or pressure of the heat transfer gas

source.
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support surface for supporting a substrate in a

reacti on chanber of a plasma processi ng apparatus; and

a controller operable to control the volunetric flow

rate and/or the tenperature of the liquid circul ated

gﬂgg??g t gtﬂg E}%&U’J’CC{? &gﬁoxp&eclalm ?%’ vpnasesér? %?n at%'ﬁansi,]{er mtember comprises a base
mc!udmasfleastmlﬂbwrpads@, and mcmmlymgth@lm&ess of about 1/8

inchg 164 T t u aim.14

corrp§| Si r’I]‘he &%stﬁa?@%%}n%o?t ao‘ra‘il’s n? PP as ers%l Jfr%eccgragucé rrn%rBli)er 1r{cgu%es a recessed
surBopplda p;;rlhm:tl flangen 81k deat gamsfdmtatﬂnenxstdtspossdj ppthe tecsised autface and

t rate; S _qperabl e

8 sphch GMRE e o DRk Rorllf fRBebhes s e

trah®fer Tgaslbstsacwsuopmt ofkthirh 14, ﬁﬁhhaersonhmsnfgtae:e&urp@ﬂng owklying the
cer Ijxéxg énerr}%nc d &grrrc%nla{ngl I ftt%rangflé an%n\}\l/)eerr gxﬁp tﬂbeelectmﬁtnpc! chsugﬁ the heat transfer
mebeErbeing ﬂ’@erlilﬂ'bespb@t’sléronﬂ_lﬁe céFmic sinpsthe eib@rosmqnp:mntk aftactigg the ceramic
4, wherein the ceram c nmenber includes a recessed
surface and a peripheral flange, the heat transfer
mend@&r i §h¢l:l$l$fit(8$ﬁe‘1dpp]]m dflokim &6 desedcauprifiag en RR@ower source electrically

r mtheflange and the

com?&%tt?(lgﬂftﬁg%tﬁ%%c cont acts the flange. 19. The

subgk r at Ehesupybrate tsupnpﬁrt off ciairm 4, fyrthnotripgsingxorfastbserivgoiat between the
ceraﬁﬁ? ﬂtr Oanu% d\r Anggl%eﬁl\égt{; %fnlgf}t%rrgté aAd Al %ﬁomerlc dmflhbetvgeen the heat transfer
merebeeendmstktwstamhumlck t he heat transfer nmenber being

| at gy al | ceramcr n the .

el oot ost AR S Bt e o BB REM o SE st Soppnor opgm 14

TheZXl ubsarattbod wp plormalhf cmtxallmglalt,sulfsmte hera plosm psicesying

.source electrically connected to the heat

app%‘&tgrg]fs{ﬁ?}"ﬁn% er. 21. The substrate support of claim

14, pljaingtatsabstrato mpthe sippert tirfacs|od e erbetratesuppitatcolsiatg/te elaim 14 in a reaction
hainB& of § Sl frotBune L and,t he heat transfer nmember, and
¢ aan eoff gtaorre ic gggn%p%%etween the heat transfer rrenber

andinfreduciag @Processteas into thhieaition2Rambkrpl asma pr ocessi ng

SRR, FOIDE R B PR el

_ y contro ng A4 substrate
i n REOgsssRmie prbstateHindg appar at us, conprising: placing

a 3&119@5{11?& ffie RGuil h’gmqyeolﬁglfcf so_ﬁi%g Qﬂe Jt?a?ist%ﬂ? ﬁ%&/ %s%age to control the

support according to c reac
tem@qrataremf the hgatraptfergnémigr psaleated g:mperature during processing of the substrate.

rin
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i ntroduci ng a process gas into the reaction chanber;
generating a plasma fromthe process gas in the
reacti on chanber; processing the substrate; and
circulating the liquid fromthe |liquid source through
the,at | egst, el P assRe sgentrol the
tenperature %tg&ﬁoh Caﬁwatp tr angof“g)?m%gnber to a selected
t enpeculating eliqid hayigepiise é@mewglr@iﬂlromaleths atdsast encdlow pagsge to control
the ?eéllhrpel-'l;ilaﬁe HFMR& ﬁ’;nsfelr ﬁﬁmngg’ro afﬂ eraﬁRéTMri p?&:essmg of the substrate;
culating a liquid having a t tenperature
andt hr ough the at |east one flow passage to control the
tennebakh £idhd Vg AS&ond f Bihe & i
RABHH Pigta falfne 138ond (RRGSEL: JERICE: htedd b T8l ppssge o
con@plr eifenpematyreof]thepeatiransier mgmberé@@ gasond temperatutadueing processing of
EJHQQ{Qh the at | east one flow passage to control the
the S
tenperature of the heat transfer nenber to a second
t enpéergtnthe teghperiatuty ¢f thedwstdiangfergfiembiehie (i3 tavped &ow;thefiretr e
the. o ERD '
temF&attuH% #&Om ; Eﬁéﬁg I%?agt{.re opg;%gg?%te% %tg;v?/gs@tf oe se@{)st %rchpglja)ure to the
SeCQr@rfBIquetmee or (ii) changed step-wise fromthe first
enper at Wrhel g pgﬁfa{fa d
of pr ocessl,]?e r% 1 o'fEl%ceéﬁggg&lS%& {@gﬁrr%epr?%gsé%gg 2
corrmplplag@mmrtmmm’pwaéq e susmmrfwemj aaelsgtmtamap@cmn areaction
cha&H%@B%lﬁfﬂﬁEﬂ)&%sﬁE &L ctrostatic chuck in a
reacti er o asma processi ng appar at us;
pl a@?ﬁﬁlapﬁ*)%?éségébeﬁgbslfﬁ‘é subst rate; circulating a liquid
t hr @d@hingta 1hq«aa&hro@gheatfléa&vwnparasqgaa@xaxaﬂdhgw@r&@f @UhIIR heat transfer
mem Fr uaﬁlflclcr FG)F ectro ?J 18 l%hué:%soaag%gignearam (rjﬁ:eoxrétgf{ }he %mger tProe Iof tthchsubstrate the heat
trangfermpembar mp‘engﬁ meumub@hreastte“ abcmnéﬁ 1h<éaand transfer
me n&%ﬁolﬂﬁé’ ienvglu"f)neqw (fll iy J}l%}'( Hl? %e?nvéatatlﬂp gf'lghe } gmh %ﬁailated through the
and controlling to volunetric rate and
at leagtrppe flawpassagsf sa 43do Coniel beating andfon cedling of the dpatitiaesfergmember at a rate

of foffstouB2bd/Qw passage, so as to control heating

and/or cooling of the heat transfer nmenmber at a rate

of ¥ om Hisrsthodofxinim 25.gderein i heat ansiypember hef 2 By higkness of about
1/8 Wb r@itHe at 186t dieddw pasapSKae b w87 @bouh BR 1 38R KicH14Ad a depth of about 1/32 to
1/16¥ hjckness of about 1/8 inch, and the at |east one

ow passage has a width of about 1/32 to 3/32 inch,

and?’a deprermashiodztf glaim 25 Forthep comprisigrsupplyig a haah gamsiirigachbetween
the H{pg ﬁ]:gé‘ld t%éjsruinaﬁrte &QHQ 'bla§rh£'9ro§é§§mé Xf #9 S\ﬁ)sgﬁgt

r gas between
The method of claim 25, further comprising applying RF power to the heat

transfer member.
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a

t he support surface and the substrate during plasma
processi ng of the substrate. C 28. The nethod of claim
25, further conprising applying RF power to the heat
transfer nmenber. 16 29. The nethod of clai m 25,
further conprising: circulating a liquid having a
first tenperature through the at |east one flow
pas¥hge Toe wethed of claime St kinhercamprigngyf t he heat
ur
crculi B EnEROPRI3 5 Enbiil hSIRAMPLILE, (illope o, 4
conﬁalvthmjnmerg@@mfdhq lmp@mafegmembmt@a@mt teimperaturé duing pcmessmg of the
subltl@Wapissage to control the tenperature of the heat
transter menber to a second tenperature during
circglatieges Bguig haying arsecondigrsperaere throwahyths a1 leableont daperrssags te control
the ity e hiaP RIS SRFRGS 265t trhARE Bl Bing of e
subgttaitiged st ep-wi se fromthe first tenperature to the

SecQfeih %{mgﬁﬁéM'of Eﬁe'h%Z[ transfer member is (i) ramped from the first

temperature to the second temperature, or (ii) changed step-wise from the first temperature to the

second temperature.
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