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WO 2005/ 006400 PCT/ US2004/ 020749 SUBSTRATE SUPPORT
HAVI NG DYNAM C TEMPERATURE CONTROL BACKGROUND OF THE

WO MMERIT4GN 5 Pl asma processi ng appar at uses ar ePCBEES004/020749
e.g., for plasnma etching of sem conducting,
dielectric and netallic materials, physical vapor
deposition, chem cal vapor deposition ("CVvD "),
PRYBSIHA VB SUPEGRISAVING DY XAMIC POMPER ATURE CONTROL
and resist renoval. One type of plasnma processing
apparatus that is used in sem conductor nmateri al

BA EE%CSEE ng d| ﬁ%ﬁf\ﬁi&ﬁﬁ ction chanber. A substrate to

& sUgperted in the 10 reaction chanber
0 gUPS 18 Flaba E¥RInEAf s¥miconducting,
sgﬁﬁégpgﬁét bst r%? gr-mglip’po t, %@aa %u%s tn%ateS Ticoncucting

dielebipiccat . medalfic aeradalg ghiysisalivaporodiposition nétentited vapercdeposition
. ~chanber by a gas distribution system An electric
("CMD'g} physicab¥apgs|deppmidon G PYdhes Wndinplantationsand rasist pranoval.

rece . .
o BRE et b RhSRR EB pt 1he  AR Fvria
proc&suistih@h@eseRAGTIN chafhbBF. OXi siBstraly fFbe SroctRBP & stippdiged in the
control at a support surface on which a substrate is

reactinpppiemberion asibrapy sppesi rigiechbstrateisdppistliyasesuretiam the substrate

sybstrate su t i,s useful in a plase tch react.or
suppgt B thS BPBicts & hrgoces sl dnfdicRd o S b S e Rnber by a gas
distrBuB5E5¥s8dn  MPLLARE FieRf is R8bITNLS td 3dRratt!ARPsina from the process gas
conpri'ses a ceramc nenber, a netallic heat transfer
to proessidre sobetrdtyi ng t he ceram ¢ nenber, and an
el ectrostatic chuck overlying the heat transfer
menber. The heat transfer nmenber has-a | ow thernal

SU!@%&YaﬁHﬁqgﬁ;ﬁﬁg@er menber includes at |east one
ich liquid can be circul ated
t 0Ah@Bstradd SpPortae provided. M@ subsiedts bepporedangirovilBdynamic
el ectrostatic chuck has a support surface on 25 whjch

tempgrasurp SpREeleat @APPet SYIdace 0BSWIER 8 apbsjratq igsppRpreefluring processing of

the SRR 2F i SHRRRrsuPhcEl SRR P ARSR Ein e 5 Pogma processing
appatitlid) fo&ablpiw passage(s). The substrate support
preferably al so conprises a heat transfer gas source

opaArubfesred emboginhent af theatibstratmsifpportgagippisesve eeramiigomember, a

meta i eabirpas e B e TG SREFBIF BEmPrHe JhH ARl chuck

f i
oSO ISR AT 98 RIS oty B § P Okl s T
heat srapyftn @ember inblrdsuidtdeasavee Aongpassage through which liquid can be circulated

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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WO 2005/ 006400 PCT/ US2004/ 020749 The heat transfer

menber preferably can be rapidly heated and/ or cool ed
wgooshes4bo qui d supplied to the flow passage( SPCT/US2004/020749

Accordi ngly, the substrate support can provide dynamnic

S up pé;?‘ltat ﬁ% pr ellr“(%l?l?%@r%fné?;%f ?@{L‘P&(ﬁ? h%{gé éﬁcg%f cooled by the liquid

suppREDREAS 10y Fassugeh . AlcCordingdy, thesumtrAleAappGH Bsh pﬁmde dynamic
appar at us conprises supporting a substrate on

therr%alﬁp@wl of @r Julsteate on e sibsicate seppori.c chuck in a

R Se, BB medt of's RieBRfbrREesRs # SuRBAR g Blase Processing
ppaﬂﬁ?s%ﬂﬁ)rises SuppBiidlg d ﬁlb@t‘?ﬂ% oh /a3 ?f)@ﬁ SHRAHREIT ad MR Eo¥aid ?huck in a

the el éctrostatic chuck con the tenperature o
reactiomechsmbett ofzt plasiii prdn:emmg zr@am‘tusr and: niveulatiepsa hqdlldwhrough at least

her mal nass. ﬁ E@g SCRI PTI ON . OF TH
one flqv-paspageeig;apetallic SiTyMebEL yRdpriyag die -SiFctiayagR chck o
conﬁEf’%@%zrﬂ' ?&Bﬁr@ bt g %uﬁéﬂﬁ%é r f)éahea? ﬁaﬁﬁ&t mgﬁlﬁfpﬁasuasﬁ)% thermal mass.
I cross-sectional view o

enbodi ment of the substrate support. FIG 3is atop

plan view depicting a | ow thermal mass heat transfer
BRIERRESE Qi THED

Y i1 c menber of the substrate
S I El 4 |ct an e odlmstoftheh
¢ ARG geptn Sy e SRASE R Tk Bpboiiesitols the supstrate
suppd,rsc@b@ﬁsegl an view of an enbodi nent of the base of the
heat transfer nenber showi ng a flow passage. 20 FI G
6 Hénilis e caqucsmtncmal mrewa)fmfemd@nmgpmm ofl theosuddstnage support.

E]?F@%t her er r eaﬁ@lenb()dk-pé\’ B]EHB gqg %grf t?%lss?eﬁg mem‘t%}*| overlying
a cerﬁﬁﬁ%&rﬁﬁ& &f?h@subsﬁaﬁ%ﬂ%ﬁtﬁf‘dum or wafer, a flat panel

di splay substrate lelectric rmterlal or the
I |IF<IG) 4 depidtsamenbodiinest éftth¢ hem tiansfat niembeﬁwﬁxhedwoﬁpsiecre
t he substrate by etching, or that material be
constiiahiedi t ed on the substrate, as uniformy as possible
S {. .
S G 2oe & PEHIaEichE BE b BhElehe HE pRIetEA Bk ranster mermber
showhi@veflew passagsubstrate size increases, while the si ze
of features fornmed on the substrate decreases, this
gddG. bolepisty & Reitieg|of arppbwrall suppexs|accardingdniasoder pefarred
embogfrxq to enhance the uniformty of plasma processing
Alsubstrate in a pl asma processing apparatus, it
is desirable to control the tenperature at exposed

surfaces of the
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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substrate at which etching occurs, on which materi al
is deposited (e.g., by a CvD or PVD -2 WO 2005/ 006400
weERaDsB82004/ 020749 techni que), and/or at whi cPCT/US2004/020749
photoresist is renmoved. In plasna etching processes,
a [ L
techl%iﬁié),r %cgélseg vﬂnﬁﬁ Eqﬁ(gg*épﬁlt.e fs? ﬁo&&fa' tpﬁ'i @éﬁé&ﬁ%tc@ﬂg tp%ce'séés variations in
the sabypase@mpstatiral &nd/6ein thevaes ofashemlidad Agaciion b @e Slidirate’s exposed
rate of the substrate, as well as variations in etch
surfagey| GaBcaYSer YATHENSI the Ech Fgte of die Sélb@tmw,eas well as vmaénonsm etch
selec&}gﬁgﬁc? %xglg(gtrorp'yg aq?@é’a&et 1 Oagr t%é)s t%lgp]er Eca Faltséjsaa??ave 2 certain
tempkRES! Whitk Gaﬁiﬁ?@(édg :NphotbR81¥t @fhage§ 8kt bQAS, aﬁfﬂ"teﬁhﬁerature -dependent
altered. I'n maferial deposition processes,
chenden seActipamcandhesgliesssl. Inahiterial ctepesmompmesscsgrthadcposmon rate, as

well 5%@@?405#3@18%% BESpefieR ok dhter s RCHR oty On sHteatesy can be
Varlehré Iﬁﬁ%ﬁg%k ih Bife ot éf% f ﬂl‘é%hﬂ&rﬁ@ﬂﬁ%ﬁ&%&smbﬁ
er to ance heat tra st er etvveen the su

s uImrmdtr toredhanceeat tradséer botvedep Pl $ubdtrate stpysors afb4 S@biserate
ort, the substrate support can include_ a backside
Supparzs‘af{3 ot thej syhstrags synpRyt, gate ﬁworfé@p ip¢ludesy backside gas cooling

s 5 By e BRI, SRR B RSB n

surfabd ComlitidB O theosubsiraterappor) Ab ﬂmrﬁdé CowHitioHsQRa Thank during
the ability of the heat transfer gas to renove heat

processing theabiiinof thetheabiransferzgas terramaye. heatframsho substrats also can
support can include a liquid cooling systemto renpve
feat duri ng processing. In such a system liquidis

1 Rwesktiaf Q%)@Brt%ﬁ n@ludéoar l‘i‘qlﬁcll 861 8@R5to! 8m@ve heat during

nmetallic bo cold plate of tRe substrate support
procetssingi ﬂneucﬁwajtstem laxpmcl 1stﬂtmvenlahﬂmgh©nb@dynore tilemepagssages in a

metafig 0ty kol BlaisSF BF hiskbsiesic supPOTAP GANSI BBk caouhaaetallc body,
thereigg1 Sg%%tl , th‘é? ﬁ%aﬂu?e ieljh@'él?&tlxal% 51“218 prﬂs\(ra?ehﬁliﬁa{t The rate at which

errra mass

a boc@ff caﬁ Hedxé;{tedqm absled erefutabtitocthe bodyt'h e Rapddity s oh éﬁhtarmal mass", C.
city, c, of the material of the bod and t he

The thglggal mass opa bpﬁ)é eqyrdp,the ipreduct ¢f the gpecific Kw@ capagityige.yof the material

ot o g TR B 3 AN 28 W, I g s o

bodyQdakBe.-vafies§ By ch §'HasQ hwHi@Réan Bb achit¥bd BFHESgifk #18 bod
. OdgQided tVo a bgo(I: xl‘ﬁggn@%?e%atl?19‘;({he 3(1)1 y,a glgen o%iﬁg ody's

volumé¢re Atb@djzhdaa}m@lms loif heptt fethbioabeds tanbeaddied tm o botinby éleatmg the body, or

et o SRS B SIRLF o b B et
amodn\':‘B'T“e‘i"sS %n hﬁ]—aﬁoﬂ‘gl %’Pf THegta tH@Ehe%ﬁf mi& (ﬁdﬂ%iily if increased,

rem) y in or ertocangel
the ameumlej‘fdtalrthaﬂmusi beaddedto oxTrembosed fromi the body ﬁﬁorder to change its

change

temperature by an amount 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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A substrate support that includes a cold plate with a

| arge thermal mass (e.g., a netallic cold plate
whawsmgp4e0 t hi ckness of 11/4 inch or greater), BeMUS1084020749

a liquid supply having a 30 large liquid capacity,

‘ m .
condPYaBL BN ALY 58 oY BARRROREH Ty b emo e fom
the sibstiact Suppdie brtihé Bqeidrid Sﬁicmyaﬂlﬁﬂgepﬂh@ eabsiafdsuppor\emperature.

it has been determ ned that such a substrate support

Consgaresntliion sphstratecuppgin avithosucle kgsee ehernal mass dpep not provide sufficiently
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t Oft Bhs PRARIEERIife@ hat! I\ RibSYRS Shigfoft BARROd¥nakic i§perature control
liquid to quickly change the substrate support's
capabilitigrecaatherprovid@d by esing ratHegt transfarbsemizdr chagimgrosmallbeimal mass,

. such | arge thernal s does not provide sufficiently
whicf gligws Bieeat GAAFIGRET o b Fatidbricaied gdior gpaled o a dedired
rted on the substrate support. 5 It has been
tempgllé?{e}?'m ned that a substrate support having dynam c
t elmpepreferred enebvidirént, thepabstiatd suppot TOmMPEisEy DUinid doilxye operable to

using .a heat transfer nmenber having a small thernal
supplyeesliquid jgh heas andiop gaolithe heps nansfenmember ipehtesired demaperature. The

iedl t. d led t desired .. . g s
e R e B LR KA BRI it et i it
fromIWPRQUIH s6@HIR b ftfande tHeGlebf TR tEMsRP S 8P Fdni Me hd& transfer member.
supEIy aliquid to heat and/or cool the heat transfer

The ig urqs prelgeably ean heabrpast/ont ¢caod a siriall volne of liquidf dihe temperature-
d.ncl ud I t fl th

coneF 5 e G RLEbAoBEREEr Wlpee

capatthiﬁti@sr.‘ hpP&Enit h&nﬁ%ﬁ%ﬁr@éod@%@hf Ie3NPHES of @e Qﬁbﬁﬁaﬁgﬁggpgﬂ can be

eat transfer er. e liquid source prefer
enhaxczd byeht camblihatiorc afbthe heatrtednkfey adember hévihg gdow .thekfhml mass and the

. .tenmperature- controlled |ligquid can, be supplied to the
liquid, a0ce haviag BpihispRIe p@q@rlgwuéfhpdwdr g&lg%n&r@fei@ly can also control

selecfef} &?Pin'létéﬂ;g of theqﬁf{}@gf,"t snch 5E'RE Ee%&}ré[reﬁm%od}:‘gg&' %03{1 ke

ace o he s ate supp can anced by
t @ acsreferrdtentbodihert hidie ReBstrate WPHOR indadEs thehﬁt\taﬂs@r?as source,
| ow thermal mass and the [iquid source having rapi

which ssonefahie tapdply ¢ heas sransfpregdsi bt eensnnper préice o4 fheysubstrate

can SO ntrol selected paraneters of the |iquid,
Supp%ruéﬂ@lgﬁ’ S’luﬁé)m{t%’nperature and/or flowrate. In a

Pr & Giérﬁﬁm?ﬁ'ﬁlﬁ’ﬂﬁe{%@&or hehRH %ﬁéféﬁé& em¥BPigichts dTahé d8Bstfate support
heat transfer gas source, 20 which is operable to

can bemsed is depietsalt intlFIGn df eFhegalasnireteaeton iscan ingpaivelyuedupted pddsma
reactp ST CBSIe PPN Gt 4P B ey ip Shed e ohBlAas gractar f which
et SR B MRS Uy RSy, e
substrate support can 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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reactor. The substrate support can also be used in

ot her types of plasnma reactors in which 25 tenperature
weonwsnad40of a substrate during plasma processi PQI/US2004/020749

desired. For exanple, the substrate support can be

plasrﬂf‘ dtthE @eef&hgﬁ‘ ha\rﬁ‘lgj ct h\éeén&ggfost%mc%dcaﬁ Ib@%ﬁ%n{ ﬁ?& E%ﬂo‘jvered by an RF

constructions, rocy ron resonance
sourdee) €bf &mpié) d Tﬁa @@@n&n viginbet Q0 RhE6deR vasiEn hemping pparatus for

The plasma reactor shown in FIG 1 conprises a
mamtaemcgﬂmntﬂnm*@éthel@ambenmdﬁguad prsger at e support 12

n_el ect hu

o1 At indehy o813 Gofrded beistn 17 ditengg 15 and e igugrfor of the

proc&%m@ RihiBer £ KFp Q'd?s‘in&ﬁmh'}ﬁaté 9D béeSth the %Vlﬁdlﬂ'@ 20 ah& includes
can be a sem con uctor wafer, for exanple. A focus

openmgs ghrodgle whinhoerecqss g delivered fioe & gixssupplye2 3L ®. thémeaction chamber

energy source is disposed at the top of reaction
10. chanber 10 to energi ze a process gas to generate -4

. ea%&%ﬂt%ﬁ ﬂl%%uggﬂl‘%% %A%%%%e € c%%ﬁ"ﬁ s'ili:ﬁce of the substrate

on chanb source can an ant

hold&&mmwﬂrdsmuaallymampéwmcme ko ctrbaatie xtamil B A hﬁat transfer gas
reacti on chanber 10 includes vacuum pu a par at us
prefergly iviafradugedibegvecndhe nprer iswifacsrofithe Sllhr;g 13 and the substrate

13 ERphE e Eenfoefe RN R oo SP%?% "Rphocess gas s

suppREPHARE rétdti6h ehdisier 10. A\pHiema g %éﬂerahea iothe RéAti6n €RarhBer 10 by
beneath the w ndow 20 and i nclu openi ngs t hrough

supplpingcRE powee ssthgastensa d&l i vered from a gas supply 23 to
t tion cha n operati t he su rate
s ek il BHlesh Drotered ibtodiPeig che sitFiiats SGpoatpad, The substrate
t t1ho I
sop i IBHAYE LS i aPEnghRF O Al Y BARE: oor 4
comprise$ ebatiby doser 4%, radehse 4l obh efienaor 4hea cyypmic mambac‘&’) oferlying the

t he subst rate holder 12 and the substrate 13t
base df |3pch BCIPERE R IHFHHITSPAGFI Wt AW RS SHeRL I Ansfer I&gn%ﬁm*& Qysrlying the
r{%gﬁ% a@e%gﬁgift itk 56 ovétgﬁﬁé ltlfedhdéaf? try?(%er member 48. An

reac{l on asrra I'S

RF po®acidu@ce 49 anddediridl %médt&mbﬁhélﬂedﬁﬁaﬂﬁ‘éﬁmehmef h& via an electrical
antenna 18. FIG 2 |Ilustrat es _a preferred enbodi nent

condugtor Hk tospiteyideRI2 biasp gar edga @ing TiReoveuligstthe ceramiGmembpo#¢ and

s 12 55 e 9 50 SHORREL R gt o 2
be meRVS quAdz, Sic) Q)?Qhéfﬂk@ NALRBstEAY 20 ishowd Bp&eColBIRRE trostatic

46 overlylng ‘the base 44 and enclosing an interior
chuckpce 56, a | ow nmass heat transfer menber 48 overlyl ng

ouBiq SiPHERE RRPERT0 inehides B infd aema.ap ot bkin Fdsprimunication
with BRE oAb pBbGELY do0ldbd iE RBRS st e8! The let 58 and
transter | e

a an electrica
outlet 60 are in fluid communication with a liquid source 100 via a supply line 102 and a

cerarl

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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20 conductor 51 to provide RF bias. An edge ring 52
overlies the ceram c nenber 46 and surrounds the heat
w0 eas®bé@nd nenber 48, and the el ectrostatic chup&r/E82004/020749
The edge ring 52 can be nade of quartz, SiC, or the
l'i ' SRR
oi S DAt IS Ll e {hei, SRS o RRGK: B aBUBOR iy, or the ke,
The base Mddesleatnically gioud@edand an outlet 60 in fluid
communi cation 25 with one or nore flow passages
prigthe é@bpmeﬁésm intKlGi 35 the Q%mérmemberﬁﬁels sequaed ®ghe base 44.
ut | e.in. flui tion
For PRimpIE sl 18P BhT ol T i s SRR o B 8AmAL tpénbgs 46 for receiving
matnig ﬂ@teﬂ&‘é; sufcﬁsaﬁ ®6lts, Welavs, bt fheiltkel fo fabeh Yhedd@tnid 19%158‘5‘46 to the
I quid source 100 via t he supply line 102, into the
base Mov’v'“lqga:smge snepiber H6 ihmade of assfable metatiel; and als as cdrdigured, to

vl o RS e ) g
on the 'bB&oﬂa%rfaE@@Z §pth‘3 Q@f it Aendter 4G 'I‘h'e Q:E ic ﬁ’ré(nﬁ%r ]1@ g)[réf@rably has a
preferably controll py ‘a controll
sufficdentiyungh atddatuswe.igh, attﬂlﬂst 15 Mpdi)s0 umthetaihﬂ) ﬁeﬂecﬁloﬁ‘ﬁurmg plasma
2005/ 006400 PCT/ U82004/ 020749 The base 44 is nade
procegsings A1y m&’&l&lﬁ% eflegtiomohthe garamic member 464 &9, duafensaqx@l stability of
the céﬂgﬁﬁc meHB rd Sa%dAtﬂ’ tﬁé?\%lrﬁlgfg lkq%ﬂrﬁsf&r r?lgllﬂggl‘ 8 %I{]d etég %‘Sostatlc chuck

e ceramc ne

50, 1§ﬂﬂiﬂta3ﬂed mlriﬂgeplb@ﬁaepﬁéessmgo FoReRBMPR, tH¥defdmiciB@fibey 4!6rcan have a
.. the like can be inserted Iin the ceram c nenber 46 fo

thicknesg of @iongabcwt Aett Ippatfitsghianest ortinme hDaking pracessings rtlm/\]sqse 44 may be

ot cilfr A REn fov e iRtate i 5 4O Pl e b agegramic
memlﬁ@téﬁr hr8feratt dad SEFfitRnGP W HFREL conBuctiAY 8o %rfn;aﬁg &dllate it from
ity to counterbal ance the pressure {typicall

the baﬂerﬁés pineaddigiopy é@&l@rw)lc anibieg 46 guotities RB tidotationlfr rageoiid for the

af the cer The, ceram c menber 46
RE- dBP’%‘fE aémaygfﬁ]fa%leglgersf# T8 et EsTRIC WEgR CrARicAn e fadgof algmina
(AlZ(b ast otter Mitible Hiketthikhst and defl ection during plasma
1%’proce33| ng. By mnimzing deflection of the ceramc

nﬂn‘raq)reﬁfr,edtehﬁ)odimmn&hﬁt@ ofthabéramiyymeinbet Y& heLd Séitl recessed
nber 46, and of the overlyi ngr heat transfer nenber
surfadgebhsreanded by siaripherahiange 640, Thesrepgrsbest wirfaeel 64 gean hg formed by a

or ceramc
machHlu?fgsEl%cgsrs Qlfc?]hlsqullul: og?ﬁ%alﬁgemggt%}@? cqrapic mem e?QE is made
Alterhidtivelyg $hie fe0EdsedSurfdod 163 en BE 9625l BYOthe phstebrgRd 44 fél‘ﬂi/the ceramic
be at either a higher or |ower tenperature than t

membps 40, £1gankyf Boldingrpecastiag. The h@%rtmnsf@r 1B nrben8 s dlSposed on the

f1] | th | ducti vit
rces R RBE Y RIS g et e 50 Pt
adtetheQitrarshe Iﬁé%ﬁ&wg 1§ prER&ab1Y BBV 65ndi th ¥R ALLRBd surface 63

fromground for th
of the ceramic member 46. Adheswe applied between the 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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RF-dri ven heat transfer nenber 48. The ceram c nenber

46 can be made of alum na (A1203), or other suitable
woraiosni@bs. | n a preferred enbodi ment, the topP@f/US1964/020749

ceranm ¢ nmenber 46 has a central recessed 20 surface

63

< u}‘ é;%éea?grgﬂc ang%mﬁ? %'?Qg‘ﬁﬁg hag Qg A%%ldé?@n@éi@ﬁ%?%recessed

surfa@® 681sb lthad ghe puriphbel bd%eﬂof tﬁé hedt tiah@fefl fiefibe€ 48Rk alROspaced from
is made. Alternatively, the recessed surface 63 can

the flgage 64 rrEQr pYanipie, tbc seaessed gurfacer @3 ¢asrhe qireulag eanghihe heat transfer

e RE G i i Breutt el B e (et e B88sea surtace 63 a1

3). B dla@fostdic cRiEE SU Rkhourtddisi thei gt BE ahdl #RARaPttanste member 48.
The heat transfer nmenber 48 is preferably adhesi vel y

For fbf@mpéﬁ;l in thet dase ofprossseigsuiilanm B&er,ghe thetrostatindhmek 50 can have a
46. Adhesive applied between the cerapjc
diamlgt SRRo iz AL S04 1) ARGREREIRALOF TosisH PG Ry SnbBeavarer, e..,
\V t
sout 98 B PO O SOSEITRAL el A8, IR RSPt
membeltiSscanchage afdiaradiblylesd than hbsut 208 fnima ise wiat iteils 8pdded ifiom tie flange
accommodat e thernmal strain generated between the
64. ceranic menber 46 and the 30 heat transfer menber 48
r
SV Sl AT 0603108y AETBRHEIOMT IILIR e 72 anan
overl?ﬁ@bo&ér 4.1 ThOhbR MRQLRE ufeﬁrb@ms 0%h BEIRRGE ¥Ea A6l lh@blhg sufficient
rom General Electric as RTV 133 and RTV 167. -6 WO
heat remferquepticRCULIUS OPRED 20c0pper atloy, hlaannum,aansalemmum alloy, and -

e BT A D AR ¥ 5w b P B e e, o

provfdggfhﬁ@geaq%a%@ﬂhe%nber 48 is laterally spaced from
the flange 64. For exanple, the recessed surface 63

c dhhebiease 72 pudferaplyarad at thiekhxesatof tbaut 4 dunch ordedse motd prmsrably about

1/8 g dea L GO Eh 7E B ALl 15 SYhickies f S SLBAg of l6ss. The base
f
) ar{a[uggg,% @ppfe?fﬁgﬂy rh%g@a %@ohﬁ@% gong@%d%cg}g@ s bP gbeJhg g)& inch, more

prefepabdy atssit 18 mcBO0 nm waf er, the el ectrostatic chuck 50

can have_a_  dianeter approximtely equal to the
di Ehechase 73 fnalygdes ﬂé@léglyfé@egérmad@clswwan@wdlmmssages are formed.

h
STV TR N
LiquiftSs gtibdiaatint e FHRE Fdssd RSB \hﬁ‘ﬁ{é lﬂR‘PQB aR® S WHppl ﬁﬂéaIOZ and the

it is spaced fromthe flange . As shown'In
11qu1d418 retwenddetatthe Hguid fsemrcmﬁlﬁ% & the Opﬂetfﬁé)ramldlthe remuinuatesl()at The flow
se 72 and an overl er..74. The heat transfer
pasagly G oy § S Apatiriratin o€ RSP A 269 VIGE Bamer fonttol of the hea

transfer member 48. For example, the flow passages can alternatively have a spiral, 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,
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heat transfer properties, such as copper, a copper

alloy, alum num an alumnumalloy, and the like. The
whawe/odedolmnd cover 74 are preferably joi ned t oREL/N82004§20749

brazi ng, or the Iike to 15 provide a fluid sea

the fR)‘?xt ﬁ%@%eg 5@5@ a h i ?ﬁﬁoupl/ﬂ &' 48l gfé%fﬁ?‘@l 4 % E'td%b@/e bout 1/32 to

ess, nore erab
ﬂxmtmﬂblﬁﬂLless The cover 74 preferably has a thickness
of about 1/16 inch or less. The base 72 and cover 74
pr Eheﬂwgassag@emahwha@eﬂ@ma@mpm@ byhansksveiebleqiroegssuor example,
inch

the 5y piiahon 8 e Fsfedf PicloB Ptior e 8 72 1S fef i uch as by o
maclﬁﬂ‘ﬁgg)lg%g s@r R1tbRaAPdy, thEflow ﬁas%@%a@b@fo@ﬁl‘é& Hﬁﬁn% manufacturmg of

nt of the base 72 i'ncluding a circular
the bpdg.saugh ay By a casting, dorging, stampihg; ed othet pradess. f | ow

Pt fid gt b waite -8 liipedoratera, whifBeityseh swceai
watel/b gfe!ﬁ@ i anﬁ?]m@l%s gﬂﬂl thb ik & SrHE Qo&lir@eﬁ)e%ﬂ)?‘wgﬂ_‘gég of | gg(q%ud can be

pas age ave er arrangenent
contrpiled byl @sing mipfferemtliquidsamid/o miafurtdef diffaten? hquidanairging the liquid
menber_ 48. For exanple, the flow Eassages can

flow gate cansern Yﬁé}’l}lg e/ emperasie Af the ligjig iproduged mfqihe flow passages. The

conbB £ ol LYRATENISE by BRG] B e

eXRéBirtng BIG. 2l tHeWldtrosttit ehihckl 50 ckitieséldétricBftedifluctive
ot her pol ygonal shapes, and the like. The transverse

electrode fer & pait b plgbtredes fonbipelar opdratiom asmbzgebedcmra dlelectrlc material.

d d_ 3
o SUER L B BB TRt R S g
througf§hd élﬁéﬁ&tattférdﬁHQPSO e sh@é&a@@?@ a@“ﬁé hed 'ﬂfﬁn&i‘% ! rﬁgagr 48 preferably

transfer capabilities of the liquid. In a pre
has aeﬁ‘etbaxpperesmtface to?ethdbOﬁSb&Qﬂm@mnﬂﬁiﬁhit;SZDMdﬁEGﬁ‘l@&nmhﬁal can be a
f| ow passages, have a WI dth of about 1/32 to about

suitaplg @ﬁrangﬁép TRbURD 8% alBHA: of thplike Thgerndugtiviesel quqle can be made
of tur]—%% ] éb Yﬁeplﬁés aﬂ?eseléarc}sﬁﬁc k&ﬁﬁ& i(?%a%laﬂbf P 4 tfn%f(ﬁ'@sg o?%b&ﬂﬁ mm, for

€ process or exa OW passages can

exampte. f"Dhdeotr@tdtfﬁQ:hﬁﬂ@S(S Had :ﬁWﬁitH Sud they its pe@iphef edge tdntacts the
formed, suc a 5 machining process.

flangp\6¢ &f g W@w m%th@alf%ovﬁm@laglas thezmisgw diachBE Rtk tnde heat
t
eansEEHALAEH I, ool 5 o iRl B Rt 8 eaposg surtce of

the eMBiréstaticectick féledu f)‘d)rﬁﬁ tNeduBEtrate QDhYFHér&PSéeHCsﬁi'face is preferably
silicon oil, er/e hyl ene gl ycol ures the

circulair ke mahehe @hﬂp‘m@ theesubsirate 70 én dfe fote of aquafer. c an be

Hff]%gtlfhlgl;e gﬁ?éffq%aqw dl Lig rsi;gyrs}tﬁ in Eg@ﬂ g Ztgg gg{a?nrlc metber ?36 has a
planar surface 147 (i.e., 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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10 flow rate, and/or varying the tenperature of the
liquid introduced into the fl ow passages. The
wao esopeoadur e of the liquid can preferably be aPfT/ESm™d4/020749
by the liquid source 100. Referring to FIG 2, the
o , . . _
ST SRSt Sl o Mkt 85000 ek Bl momber 4 witn

suitabledhesiveanatesinl, sugh ssancblasidigeric marridl. eTRe hdliesive preferably includes
material. The electrode is provided for c|lanping the
a matgegigh tspgh as yoetatiic fllets to enhaapis theysalycondugiivily te provide sufficient

e 006, BELERSHA. i B0 A Rp b g WAL RG g 45
For e*_m?m, Fhe desivé GarPHORAE Paftidees ©F dPlehit®ne Fhdtalr i thatal alld§ to enhance
dielectric material can be a suitable ceramc

its copduetivityl , such as alumina, or the like. The conductive
el ectrqde n be de .tungsten, ar the like. The
| SEbEled Abver a iR ce meblid (T Bl ppbatlyiGatd P alppijimy can have
- f 114 I ' a
O OO B SLEES SO Sl 0 G, e

transfelr amgebef 48 qfre fetublyc Rascnvaluma equal ad abdit SAN% roditiegvolume of such large
irect RF path to the heat transfer

there is no di e
cold RigtePua e (g e IcRBY geduged ylgmeph hedpcaf wansipicmember 48, the
r
no Ptk LS, R ARRA bR L DS rppoepmber 5 1
changéhies Rxperute byrd gieen hdowiteisasighficantl9 iréduced s tOMPREE o such a large
the shape of the substrate 70 in the formof a wafer.

cold plateanbiehiagat presier megberdfoprefasahly st bm hegied-and/o6coal¢skat a rate of

cerarm nber 146 a 5 planar suyrface 7 (i.e.,
rromBRRT. FaTRRER B 235 TmiameAnEin, gl PRt pnie has  lage
thernit W8S, A8vidss a BnSRPAER chih: Btee@mbl Iﬁg& 6ﬁ1'yooe%tlﬁgh 2about 1°C/min

overlies the heat transfer nenber 48. A'wafer 70 Is
or lesshdlhie hpatiransferetenbert43eprefecatly oat bt cantioliad ko 5Gemperature ranging

[ ' 0 i ' d th f 147 d
from g A S Hhovk BOTC APERE PlPA RSP, ol cot oot at i ¢
 gthepilore? e VERE o sl mECHY it B papel hHACEAS. e

volurhéteic Stomera8Oofiiquid ttak newls i be spphiet ¢o thertear trdnkfer(rBerfiber 48 to heat
al um nail.é The heat transfer nmenber 48 is laterally
and/og ¢pak the bgatrtragsfer membends to p dgsisy tByperagyse dsesignificarily reduced as

comefisR3h S By N oree v B B hAEh b Son) Wlge bl Pt vink  locee
therntaDufks. 50 i s preferably bonded to the heat transfer
menber 48 with a suitabl e adhesive material, such as

arA preferreshembaedimanteofi the subFirateathpast 4@ inphades adisjuyd source 100, a
Jncludes a 1.al .. such as a. ne lic filler, . to .
heat (50N 2B poueq FotfFRIE. Somiiich SRHIPYE Htpr 05 AERsTioEf pefee e liquid
f t { j
sous 10 1 REVHGRT U PSS A€ ol i . T
liquid $oar@diifsianeconypnise acharcheelpetriciohilles (. ,ai Pdldastootery heat

nmetal or npetal all OY‘ t.0 enhance
exchanger, or the like, to supply liquid at a selected temperature and/or flow rate to the 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.
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its conductivity. As explained above, a large netallic
cold plate (typically nade of alum nun) can have a

wao hioskeass of 11 inch or nore and a correspondP@USBNYE20749
thermal mass. In contrast, the heat transfer msnber

48;134 ngéagp‘ag%%%&ﬁssoﬁrc\é%k#ﬁés %@&%@ﬁr aggu%t @éh%%% Qistek s passages.

HeaStr@tisrférl gagnd ﬂgwécedmmegh the ﬂleﬁt&rafhfsfef lBes peeedgeb \ @NEE 8xposed surface of
nmber 48, the anmount of heat that needs to be renoved

the eiqcsﬁ&tat& chigk 58, w@eret the heas Atansfer sas is disibwsed viagopesings and/or

oo TR 5 B e e P 5 g e s
surfaé®hsll e Mabksidd6f e %bsﬁﬁ&”ﬁf G‘IG”E}TbRr su‘f't gble ‘h@flﬁfﬁﬁfex gaé8upply

be heated and/or cooled at a rate of from about
systeg thaiPprowides soreheoling Of eexposed surfper ofsosubstate auport ! disclosed in

comfo st sh i’ﬁbegt NEt & 508 TDr T i Popmpontied Petrimey reference in
its erﬁ‘?&?‘t The fmctg%nsge; ggﬁ;%r} 1(3)\%r F@/ dgh%@fav lg%ﬁﬂ‘ t‘?ﬁnsﬁ@'@?ﬁblﬂt@es to

pr ef er abl to a Cenperature
suffidiemly tedmsfer he2(vdyofraahi subSEatd duiing phisagProgssiags Fongxample, the
Furthernore, due to the Iowthermal mass of the heat

heat ir?%ﬁ@fg@? cai he Belium, onthe likg.o] umetric flow rate of

T ol SREGR P MR g BF R 8P stecivery
vary pRiatieter48f the liu pREH {orh® BoM pHssages, a‘ilﬂgﬂ‘dofdo%ﬁﬁlb eration of the

reduced as co ared to the liquid low rate needed to
heat t5ansfer gag p@urcg t@sqlw@@ymwpgm@rmMQ dreat tramsfpe gas supplied to

t d t he su stra
the hig] falBer B Pisdeshe The cpipfed 200 arare aufisangoniiab@erdicn of the
11qu1d §(ﬁﬁ‘§€ £00 ﬁbae%nﬁﬁpfh‘é%rﬁﬁ&aﬁfé ﬁd/@r) ﬂo»@%’te %f ?1 Bid' Rpbidd to the flow
. As described above, the Iiquid urce 100
passagEsl b3( the)liguithpiuress ahd qonntnbltoq»etahenfolfdw hmts&mgsﬁer gas sbinee 150 to

ransfer. menber 48, The liquid source 100, can
COﬂtfeloﬁs Howeriie THUPTRIEIER of heat Haliqu@rga(s supplied o thg intesface portion, to

ach1e99 Qldg%?ed t@ﬁﬁérarugégptgl@ osed's ffgk% like, to supply

era ure and/or flowrate to

t fﬁefdeoll@ﬂHE)qge&rabTﬁ Becbivesl impus sighale frbd0ok2dr OfeEnPerature
a suitable punp arrangenment. The chiller or the Iike
sensofs; (ngf ghasyy moyltm@bmetae sbsgate; YPPOTE 4A da measurp dqmperature at one or

di.st 0 the ui d
more(SFAEA 1oHb GY el AR sHbRYE 36 Bud bR on s SRS At ot e
backdlde‘)l u lFér ‘éﬁérﬂﬂ@ teﬁlﬂefh@uﬂe'sﬂﬁ’do?s ca‘ihaierm&ﬂlﬁéd ReREsutOteRfperature at
heated or cool ed, as well as reducing the response
locatiphgrprogimate ¢hel ¢WOSQ§1 susface oéthe en:cmmmamﬁmo Ol'he temperature

s E I S50 4900 LS ARSI 285, BOUER e comto of

the opt@&¥i06the liquid source 100, as well as control of the operation of the heat transfer

gas source 150. The controller 200 can be manually operable or programmed to automatically
control 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 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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Heat transfer gas is flowed through the heat transfer

gas passages, to the exposed surface of the
web@swnoast ati c chuck 50, where the heat transfRCT/UsZ04/620749

dlstrlbuted vi a openi ngs and/or channels (not shomn)

G RS Sk kB B
useftﬂlibﬁirir@dlﬁ vﬁ@ulfn’f képicBaductdrprodeddtse Fb@%&aﬁlﬁﬁnﬁfeﬁé cldcteristics are

gp system that provides zone cooling of the
usefl pb&@uramrstqedla@geaé»ksﬂgmtmaane cenlpgldntgaiesandisballas erdnénisolation

" assi gned, U. 720,
ST B BB sFr Lhe SynEsaPeanb ) fepiperstivecian afigimptivel e ramped
h ®
e R R e fle PR SRR T Y g, 0Pk le. The
capabllhey wutapidlya tieange lthengxbpﬂaie rEnperacesis useful movarivxaprdcesses, such as
10 .heat transfer gas_can be helium .or the like.

dlelefﬁﬁg: kiRl Aieieprosesses, 4m Whichrthe highypassh depnitiesylntare YHlignd can cause
tl

raplc{ ﬂgfek e %m?@l%l]ﬁ'g céﬁc%lﬁ&%setg OF?,(@J V\l/}ﬁFlJeas\é ?g%t elg %ragﬁy ﬁ{n’?ov%ﬁ from the

subsgget r ol operation of the heat transfer gas source 150

to sel ectively vary paranmeters of the heat transfer
sk inventiqn hashsemdescribedainsdetail wih rpfassmg &55peTitis embodiments

o B0 SN s PR ] fcsion
can Hel IﬁéMer ah@ eQlivhibAty 'eﬂlpﬁigiw' wiKout ‘aef)zﬁﬁn% I tﬂé%éﬁ&@tsth@ ¥ppended

the Iiquid source control operation of the he
claimsy ansf er gas source 150 to control the flow rate
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
receives input signals fromone or nore tenperature
20 sensors (not shown) positioned in the substrate
support 40 to nmeasure 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 di sposed to
nmeasure tenperature at | ocations proximte 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 manually
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 plasna
et chi ng, physical vapor deposition, chem cal 30 vapor
deposition (CVD), ion inplantation, and/or resist
renoval are perforned. The plasma processing
operations can be performed for various substrate
mat eri al s i ncl uding

-11 -
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sem conducting, dielectric and netallic materials. -10
WO 2005/ 006400 PCT/ US2004/ 020749 The substrate
WG appoed400l0 can provi de dynam c, close tenper apCF/ES2004/020749
control, which is useful for various vacuum
semi.conduct or processes. For exanple, these
Whatésng ‘31",6{(1&1‘.*; stics are useful for ggcurate,
st ep- changeabl e tenperature control in gate and
shal low trench isolation ("STI") etchi ng% processes. .
The substubatraie suppest vsefid in @ rpastign ¢hambef P13 Rlasmapiogessipg

be ranped 5 (e.qg., linearly) to formtapering
appargqla,et%gﬂ?@triaﬁ: %‘BE%IFF%BQSIB%H ng etching, for exanple.

TQ%erMQMﬂe}y to rapidly change the substrate

tenperature 1s useful in various processes, such as

diaehetaitic iheatrtrnsfer alemdte bvenlying theawrania mgmbs, thediept Gansfer
menGgAS e o e bk 559, SO RS
least o fIGP ?QASX%J ﬁg@i’éﬁdw%&ﬁ’ g]lfqgﬁl capes thalifed 1OnMiah& of B6ol the heat
on as en escri

I nvent ed In detail with reference
transfePneAdet:fand enbodi ments thereof, it will be apparent
. to those skilled in the art that vario

h d
rodicldcbasihGh ehuck AeHEng darheak Hansier FAPEn £ Rt chuck

i S S e BEAP e s B AR e
procedifd Apshraths. 1. A substrate support useful in a
reaction chanber of a plasma processing apparatus,

the substrate support conprising: 5 a ceram c nenber;

a netallic heat transfer nenmber.overlyin '

mhmber , TREEDHEAE SRPATH & b S ST (g ARG gD s o
maxi mrféﬁgfcﬁéss%ffa&?ﬁti%h&mh’ the heat transfer nmenber

inclu e

I ng at ast one fl ow passage through which a
liquid can be circulated to heat and/or cool the heat

f nber ; d el '
T g it TR b B Bl R s e
. huck i i ]
wida{phiSp % R ndhe SYBPAh, A d 847 bPRORYRAR! thlaBOLEL/16 inch.

processi ng apparatus. 2. The substrate support of

Caim 1, wherein the heat transfer nenher has a
4. The substrate support of Claim 1, further comprising a source of temperature

controlled liquid in flow communication with the at least one flow passage.

5. The substrate support of Claim 4, wherein the source of temperature controlled
liquid includes a Peltier cooler operable to change the temperature of the liquid to a selected

temperature.

6. The substrate support of Claim 4, further comprising:

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

a controller operable to (i) control the volumetric flow rate and/or the temperature of
the liquid circulated through the at least one flow passage, and/or (ii) to control the flow rate

and/or pressure of the heat transfer gas supplied between the support surface and the substrate.

-12 -
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15 maxi num t hi ckness of about 1/8 inch. 3. The

substrate support of Caiml, wherein the at |east one
woowspaasege has a w dth of about 1/32 to aboReT/BSBB4/020749

inch, and a depth of about 1/32 to about 1/16 inch. 20

4, The,subst i m., _

c3npr 1 AR guen el BB OF ool Mo 8ty o comprses
a basé ﬁcfuhﬁig BRI Miskdue! Bl @tovegavtriping thd base.

passage. 5. T

e substrate support of Claim4, wherein
the source of tenperature controlled Iliquid includes

a Peltier cooler oper agl&ﬁ A olch nge,t he tenperature of
t Be | i ddedubdrale SWpet i 2195 ’t%ﬁﬁﬁ Fature. 6. The
S lﬂ?séetrr%ﬁ 1?1%@9&1 iheiBfesd RcB8séa srtick RRd aGRPhéral Afligeathe ceramic

hea rans gas source operable to supply a heat
membek RS § Eticlorss bEfromebotthb4suppotle resesséapufagad ttheheat transfer

substrate; and 30 a controller operable.to (i ont r ol
membends dispenedonithe Faceised awréa%@aﬁ ey Spasi é”?oélﬁ Eﬁ"eﬁa&ﬁe’ and
t liquid. ci I 18 the at |east one flow

pgﬁ%ﬁlﬁ 10§ ’&/‘%’fﬁ&i ?érﬁgﬁt%&gg}régg%l the flow rate and/or

pressure of the heat transfer gas supplied between the

support surface and the substrate. -12 W) 2005/ 006400 )
PET/ USZI4hbaede supportifCleinn d: fusther eQrppiasing a cerame ping overlying

wherein the heat transfer er. C i : h

e R e B bSO S RERBAER 2 B8 e chuck, the
' RASRralf spate FoRTRY Sdr8mfliiRg the lectEbstatio chuck

heat@?&%@%%h%lﬁe g}ﬁ’ar% ¢ nmenber includes a recessed
contagtiid leecamtic@inger i pheral flange, the ceranic nenber

has a thi ckness of from about 1-4 mmat the recessed

surface; the heat transfer nmenber is disposed on the

r SSEH, S hy £ e8mbrignt LA RH p&Source

aﬁ@e‘t hgﬂle %@Et?%gtswg ﬁ@%@ébﬂ?g%ts tﬁe1 F{%ange.blo 9.
electri®iBlyoRAtdiat © tepparitansfer Sleaiber.1, further conprising a

ceramic ring overlying the ceram c nenber and
surroundi ng the heat transfer nmenber and the

R e e

betw L I.eShAd henfbRbld thedRheEinshd nidiEbes camharcelastomerid $oint between
. The substrate support of Caim1l, further

the heatryamisfer meenzher R fovdectrostatic ghuckl ectrical |y connect ed
to the heat transfer nenber. 11. The substrate support
of Aaiml, further conprising an el astoneric joint

12. A plasma processing apparatus comprising the substrate support of Claim 1.

13. A method of thermally controlling a substrate in a plasma processing apparatus,
comprising:

placing a substrate on the support surface of the substrate support according to Claim 1
in a reaction chamber of a plasma processing apparatus;

introducing a process gas into the reaction chamber;

generating a plasma from the process gas in the reaction chamber;

processing the substrate; and

circulating a liquid through the at least one flow passage to control the temperature of

the heat transfer member to a selected temperature during processing of the substrate.

-13 -
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bet ween the ceram c nenber and the heat transfer
menber, and an el astoneric joint between 20 the heat
W e@smbano mnenber and the el ectrostatic chuck. R@I/U$2004/020749
pl asma processi ng apparatus conprising the substrate
support of Caim1l. 13. A nethod of thermally
controlling a substrate in a plasma processing
appér at The mettfod FQlAins 1 3\ Furthédonidistgs ubst rate on the
support surface of the substrate support according to
O direnlating aliguid daving edirstHemperatuge thyopghathemt fpastomesilowy passage to

ratus:  intrqgdyci a.process gas.into the reaction )
cont 3 B (Epbeipnind o e a1 paetiiies 0 st fepgraling Giripg processing of
the sibfrai€aalii on chamber; 30 processing the substrate;
and circulating a liquid through the at | east one flow

pasisauptinga liqrid having heetondpempdratuee tifroughhthe heknst one flow passage
t f nb | dt t duri
o cobALEL SRR o B SR U LN0 i
pmcgsgg L&%ﬁ)@é{bgggtz;dfg 14. The method of C aim 13, further

conprising: circulating a liquid having a first
t ewhereat the eeiperatughoftthe hedt tlagsfet nefitbef 1sqiy raAPsAHOM the first
control the tenperature of the heat transfer nmenber to
tempgrafyre 4 thesseprudtemperaling, erg(ii) ebanged step-veise from the first temperature to
; d circulating a liquid having a second
the S?ég%gg%@%?tg@hr ough the at |east one flow passage to
control the tenperature of the heat transfer nenber to
a second tenperature during processing of the
subst r ad subsitaég sipportiscfukinreplasma prasessifgeapperatus, comprising:
transfer nber is (i ed fromthe first 10
te%ogf%ﬁ?ﬁg@gwgcégk%{?g%}%erature, or (ii) changed
St L@ ESmémpép- t he first tenperature to the second
temperature. 15. A substrate support useful in a
pl amaalljr wattsisier mempberaivesyingahecéramitgmembers ahy beat afnsfer
ﬁ%n‘ger&ture controlled liquid; /15 a ceranm c nenber; a
memper ielpding 3 lgast gng {love passagera dluid, eomipunigationewith thgriguid source and
e r .hel pdi | east
torouff A ke 180N e ARBLEN o TR Ao G P hermber at o
rate dfifepih dbea ). 2382 80Mdec;tapgough whi ch the |iquid can be

circulated to heat and/or cool the heat transfer
getrpstagic chuck overlying the heat transfer member, the electrostatic chuck

having a support surface for supporting a substrate in a reaction chamber of a plasma

processing apparatus.

16.  The substrate éupport of Claim 15, wherein the heat transfer member has a

maximum thickness of about 1/8 inch.

17.  The substrate support of Claim 15, further comprising:

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

a controller operable to control operation of the liquid source and the heat transfer gas

source.
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rate of from about 0.25-2C/ sec; and 20 an

el ectrostatic chuck overlying the heat transfer
wOoreeobee640d he el ectrostati c chuck having a sSuppOr/US2004/020749

surface for supporting a substrate in a reaction

80 e O RO s s conpri

a basd nBRAT@r at NBIDEMe NGS passadd aid>ai oouen derlykigeths bafe. about
1/8 inch. 17. The substrate support of C aim 15,

further conprising: a heat transfer gas source

b t | h A f . .
O S P b A A ot
reces%g@hffgcl:é ﬁfél z?ﬁé;rip'ﬂéfa@ flafg IS hédk taRSERieMBefs Hispodet Quithe recessed

urce an heat transfer gas source. -14 WO
surfac0Ra/ 19869 GpRET/ frisa tigesflorRe 7 49l the elethrostatib shucktcentacts the flange.
support of C aim 15, wherein the heat transfer nenber
conprises a base including at |east one fl ow passage,

ang a . i : 44 Eéthfic ring overlyin,

e, IRUPURAEE A RSaBERE o e Lt ne overying

the cdri@lcudenber dndrsasoandidg she eat ramsfet member qudehe Elettrastajis, chuck, the
the heat transfer nenber is disposed on. the recessed

heat tgansfes ceenahed beingdpigrally sppreddom tnsoryiCing, dhe elgrigosfatis chuck

ost at.i c. chuck contacts the flange. 20. The

el.ectr
contag%@;gp@n%ﬁlﬁg“ of Claim15, further conprising a

ceramc ring overlying the ceram c nenber and
surroundi ng the heat transfer nenber and the
eldct r GBteaubstrath supporttdfeClaing 1 hefirther eoiaprising,akBEpower source

being | aterall aced fromthe ceranmic ring, the
electréqaggtcpggchqditetﬁﬁﬁ%{traggrﬁliglgﬂ%ﬁrg the ceramc ring. 21.

The substrate support of Caim15, further conprising

an RF power source electrically connected to the heat

t raansf erhergabiteate sifpo2of (lhim $5ibfirthat eorspriying an elastomegrigjoint

15, further conprisjng. an el astoneric jaqint et ween.
betvviamhe BHTARRC RN DEHATHBIET TG S HesHLTeLin pint between
an el L.C. ) Nt e heat transfer nenber
tne nEf fipfi3t BREEF shf LR IRBRNER gl R oL Lo
processi ng apparatus conprising the substrate support

of Gaim15. 24, A nethod of thermally controlling faC .
sUlst r oA plasmaprotessing appaseis SPPLIURS glfaqugg,rate support of Claim 15.

24. A method of thermally controlling a substrate in a plasma processing apparatus,
comprising:

placing a substrate on the support surface of the substrate support according to Claim
15 in a reaction chamber of a plasma processing apparatus;

introducing a process gas into the reaction chamber;

generating a plasma from the process gas in the reaction chamber;

processing the substrate; and

circulating the liquid from the liquid source through the at least one flow passage to
control the temperature of the heat transfer member to a selected temperature during

processing of the substrate.
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conprising: placing a substrate on the support surface

of the substrate support according to Claim 25 15 in
wa@20eae4d®dn chanber of a plasna processi ng appBCHUSZED4/020749

i ntroducing a process gas into the reaction chanber;

gepera @gggﬁ gas in the
2§ct | (t)llllil %hegl%gd mg&ggg&%@%@t lﬁnst rate; and
C bﬁ@&lbﬁig Atqhiaehaling i first fetripetdnerelthuphl tiecatieast ofw Boglpassage to
the at least one flow passage to 30 control th
contrelghg tempetatereaf thbeah &rgpsfer @ﬁmb@rrtOr?e%éFemR?faAU@éﬁE%éaocessmg of
u&;@r erature during processing of the substrate. -15
the s 08K006400 PCT/ US2004/ 020749 25. The method of

fihiahBvideQldethid Rehpefdnire Whidiph thedat léagtiont flow passage
hggﬁ%ﬁﬂg? 1gst tenn%er ature tf?r ough thegat | east one

to corfttadthemamperureof theohat thnsféremewherdo At sgeendoempRratye suring
transfer menber to a first tenperature during
Pfoc%ﬁi%%;@%@ieﬁ@ $¥ale;t he substrate; and 5 circulating a

vtk dn Ii]t?evt'feﬁ%eﬁuﬁ@ oPRe ﬁe%m%s?ér%&nﬁé}rlﬁ’ g Parh PRl Bbm the first

Ieask one w passage to control the tenperature of
tempéri@rd Rathe bécond fremperatites for (i) changedosteb-misefeorattis Srst temperature to
during processing of the substrate; wherein the
the secengptempetateicof t he heat transfer menber is (i) ranped
fromthe first tenperature to the second tenperature,
or (ii) changed step-wise fromthe first tenperature

t 96, 10 A ARtIFRCSTHodBERE b 3tibkiAte it pldsi®plvoessiafg apparatus,
processing a substrate in a plasm processing

compalpmgr at us, con”prl sing: supporting a substrate on a
ort. surf age of an electr sta
r é Qripg a Y %Wé%fl SWRPOLE Sdlll‘ %%ﬂ 81§ egésFaﬁiézrkgﬁck in a e reactlon
amp Péﬂ?pl@ fo%leé‘sﬁx amistrate; and circulating a
ch qui dt gh at g]tfgﬁ’st one fl ow passage extendi ng

tfplmg’hpmcmmglthe subsate; antd ansf er nenber underl yi ng
the electrostatic chuck so as_to control

t epselating adigyid thEuehag irast opeflow Hgssa%ea?xt?qd;qgsﬁlé?ugh a metallic heat
trans{lE TRSkbel QA ifly FRUAUEsHAL EKRESS Rto BARKI the'tenfpelaturdbf the

substrate, the heat transfer member having a maximum thickness of about %z inch.

217. The method of Claim 26, wherein the heat transfer member has a maximum
thickness of about 1/8 inch, and the at least one flow passage has a width of about 1/32 to 3/32
inch, and a depth of about 1/32 to 1/16 inch.

28.  The method of Claim 26, further comprising supplying a heat transfer gas

between the support surface and the substrate during plasma processing of the substrate.

29.  The method of Claim 26, further comprising applying RF power to the heat

transfer member.

30. The method of Claim 26, wherein the heat transfer member is heated and/or

cooled by the liquid at a rate of from about 0.25-2°C/sec.
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27. The nethod of C aim 26, wherein the heat transfer
menber has a maxi num thickness of about 1/8 inch, and
w0 b@sate4beast one fl ow passage has a w dth of BEDUS2004/020749
1/32 to 3/32 inch, and a depth of about 1/32 to 1/16
inch. 25 28. The nethod of C aim 26, further
conprising supplying a heat transfer gas between the
suppor t Thelfnkod o @laihh®6, SulBér cintpriditigh g pl asnma
processing of the substrate. 29. The nmethod of Oaim
2 6cirqulgting ey ligtigrpavisg adirstgpmpenagrehrpeghethe @b leasteonigefiaw passage to

transfer nmenbe 0 30. The t hod qf aim 26 . .
contoh B e B, BE e at Gymslet TuffBls ¥ & Hirede o afiy dpring processing of
the sG®lagd ahy the liquid at a rate of from about

0. 25- 2C/ sec. -16 WO 2005/ 006400 PCT/ US2004/ 020749 31.

Theirquistinga lifuidChawing 2 8econd tethperamoerfhrowghnthe at least one flow passage
circulating a liguid having a first tenperature )
to cospfths ermprdadire o fgfipnp ts fegiiet iy Seon domeeraure ging
procés@ﬁ%‘?ff@ﬁé‘&l%stgétei he heat transfer nenber to a first
te

erature during processing of 5 the substrate; and

ci wherkimt the gendperatare of thatiedigraasfeeaentet Brarasiped €rom the first

through the at | east one f|ow passage to _control the
tempergfie i thersecid temperaiie, orr Gig shangedsieparise fom e dissidemperature to

uring processing of the substrate;

thes\é/@g???rﬁlg#%tgr%enperature of the heat transfer nmenber is

(i) ranped fromthe first 10 tenperature to the second

tenperature, or (ii) changed step-wise fromthe first

tenperature to the second tenperature. -17
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