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of the Invention [0001] The invention relates to an electrostatic chuck
(ESC) usewwolo3foas448 pr ocessi ng substrates such as sem condu@caruvseai®es. The
ESC can be used to 5 support a sem conductor substrate in a plasnma reaction
chanber wherein etching or deposition processes are carried out. The ESC
is especially useful for high tenperature plasm etching of materials such
as platinumwhich are not volatile at |ow tenperatures. Description of the
Rel ated Art 10 [0002] Vacuum processing chanbers are generally used for

et ching and chenical vapor depositing (QvD) of materials on substrates by
supplying an etching or deposition gas to the vacuum chanber and
application of an RF field to the gas to energize the gas into a plasm

state. Exanples of paHRGHETEMPERATURREEBIECTROSTUVPIGEHUER R ( TCP) which
is also called inductively coupled gl asma 15 (I CP) and el ectron-cyclotron
resonance (ECR) reactors are disc f owned U. S. Patent Nos.
4, 340, 462; 4, 458; d .5, 200, 232. Vacu cessin anmb are
typically desfﬁ dto ?ﬂ’@t Brr%ﬁtﬁﬁéo %Ibgl‘c:?tf‘?séag{c Ciﬁgkgﬁi@c‘ﬁeﬁ]ég%d on the
process to bg)r&%ﬁsﬁh?ﬁhﬁ%&%teg Ql%hedsrhemﬂ?iﬂauct&h@/aﬁ?sr U TRYEST dah@sMRed gENEr ati ng
source, vacuum punping arrangenent and substrate support associated 20 with

t he partbcul anppurbe sssicngdurharTsobsirateist a hlasma s¢aotivr ehnober speectinletohimgesi gned
to meet the perfornpance specificatjans. 0 Substrates typically
hel d in pl ac@ WEPORIHPT HOCSERN ATRCARSAISE: Lfga%gskg! i %5&%?0 slﬁglét rate
hol ders. Con I d

el ectrostati E%éarrgr%gé {’% %{C‘Eing J}ﬁlg%&ruﬁs l“rg'rde;&glhag at1 %ﬁﬁpg#bg&aﬁgﬁggg{]

substrat e holig¢empergupgsovi ded i n conmonly ovvned U. S. Patent
5, 262, 029, 5,880,922 and 5,671, 116. Substrate holders in the form of an

Description of the Related Art

10 [0002] Vacuum processing chambers are generally used for etching and
chemical vapor depositing (CVD) of materials on substrates by supplying an
etching or deposition gas to the vacuum chamber and application of an RF field to
the gas to energize the gas into a plasma state. Examples of parallel plate,
transformer coupled plasma (TCP) which is also called inductively coupled plasma

15 (ICP), and electron-cyclotron resonance (ECR) reactors are disclosed in commonly
owned U.S. Patent Nos. 4,340,462; 4,948,458; and 5,200,232. Vacuum
processing chambers are typically designed to meet performance specifications
which depend on the process to be carried out therein. Thus, the particular plasma
generating source, vacuum pumping arrangement and substrate support associated

20 with the particular processing chamber must be customized or specially designed
to meet the performance specifications.

[0003] Substrates are typically held in place within the vacuum chamber
during processing by substrate holders. Conventional substrate holders include
mechanical clamps and electrostatic clamps (ESC). Examples of mechanical

25 clamps and ESC substrate holders are provided in commonly owned U.S. Patent
Nos. 5,262,029, 5,880,922 and 5,671,116. Substrate holders in the form of an

electrode can supply radiofrequency (RF) power into the chamber, as disclosed in



el ectrode can supply radi ofrequency (RF) power into the chanber, as

di scl osed in WD 03/003448 PCT/US02/ 17663 -2 U.S. Patent No. 4,579, 618.

El ect r ostwbios/oehawsc ks of the nonopol ar type utilize a singce/wshyctopdde. For
instance, see U S. Patent No. 4, 665,463. Electrostatic chucks of the

bi pol ar type utilize nutual attraction between two electrically charged

el ectrodes which are separated by a dielectric |layer. For instance, see 5
U S. Patent Nos. 4,692,836 and 5, 055, 964. [0004] Substrates including flat
panel displays and snaller substrates can be cooled by the substrate

hol der during certain processing steps. Skch cooling is performed by the
application of a gas, such as helium between the substrate holder and the
opposed surface of the substrate. For instance, see U S. Patent 10 Nos.
5,160, 152; 5,838 a8t No. 38794018, BleckrSstdirdh@dks of the momopolag typasitilize a
typically supplied to channels or a pattern of grooves in_the substrate

hol der and aibsle electiodss cRopina@nes: seq H -3t NG (4ab@ 490 BELIraRipis r at e
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4,579, 618; 4,615 Pakhi Nos 94892836 abd 2005528%#. and 5, 262, 029. A cantil evered
support arran nt is scribed. in comonly .owned U S.  Paten

Nos. 5, 820, 72388% 5, 94&%@&@5 fe?h[‘g’@ﬁ)gj“ %nﬁﬁdlﬁl?vein hallep P@@%@@é f48ic
chucks i ncor f 1 %'In% en
proposed for p%gtg&o:léglgb h@%@gg{lﬂl e;ﬁ;éggﬁ(?‘gﬁﬁ%gﬁ% er gésgi% g?@?ﬁ;ﬁuggﬁ%ﬁlg,ﬁ@u S.
Pat ent Nos. SpeffifdmB03dy the SFplicatd oba 988 s8&vas hetindh, beBtRnAES substtatEur opean

Pat ent Publication 628644 A2. O these, EP 644 _di scloses an _al um num
nitride chuckhaddenanddbe apposed surfapetod|ths qubsirale: Hiog dnsiange esess) (nPaisnt s

perforatgd wiih oL &5 152 495480, 8550, 47! Ma3£81£MRRAUGHANBRE N the

typically supplied to channels or a pattern of grooves in the substrate holder and
applies a back pressure to the substrate.

[0005] Substrate supports for vacuum processing chambers are typically
mounted on a bottom wall of the chamber making servicing and replacement of the

15 substrate support difficult and time consuming. Examples of such bottom mounted
substrate supports can be found in U.S. Patent Nos. 4,340,462; 4,534,316;
4,579,618; 4,615,755; 4,948,458; 5,200,232; and 5,262,029. A cantilevered
support arrangement is described in commonly owned U.S. Patent Nos.5,820,723
and 5,948,704.

20 [0006] High temperature electrostatic chucks incorporating clamping
electrodes and heater elements have been proposed for use in chemical deposition
chambers. See, for example, U.S. Patent Nos. 5,730,803; 5,867,359; 5,908,334,
and 5,968,273 and European Patent Publication 628644 A2. Of these, EP’644
discloses an aluminum nitride chuck body having an RF metallic electrode plate

25 which is perforated with holes to form a mesh and a heater embedded therein, the
chuck body being supported on an alumina cylinder such that the outer periphery
of the chuck body extends beyond the cylinder. The ‘803 patent discloses a chuck

body of silicon nitride or alumina having an electrical grid of Mo, W, W-Mo and



chuck body being supported on an alum na cylinder such that the outer

peri phery of the chuck body extends beyond the cylinder. The 803 patent
di scl oseswea ogleszks body of silicon nitride or al um na haviPeg/tsn2/eleextri cal
grid of Mo, W WM and WO 03/003448 PCT/ US02/ 17663 -3 a Mo heater coil

wi re enbedded therein, the chuck body being supported by a Mo heat choke
cylinder which surrounds a Cu or Al water cooled cooling plate in thermal
contact with the chuck body by a thermal grease which allows differential
expansi on between the chuck body and the cooling plate. The 359 patent 5
describes a chuck operational at tenperatitrres on the order of 500'C, the
chuck including sapphire (single crystal A1203) |ayers brazed to opposite
sides of a niobiumelectrode and that assenbly brazed to a netal base
plate. The ° 33Niciaaesricoil deiss embeRled tindreiak teahucls Bodit bdirgrpeppattad by ai Moexcess
of 175'C, the chuck including polyimde filnms on either sjde of a

monopol ar or lisapehake calindarwiieh sprropndsa CuneAl wotes spyledicarling plaeds f

dh dt t ai nl l, pl .. The j .
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al um num conposite, the chuck body "bei ng supported by a i nder such that
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i ncl udi ng an “upper pyr oron nitride layer or optionally polyinde,

al um na, quardegcrites a civekdoduseain tephpeeaturestiatk@spaf 1 E°C, Ity eluckongludisgd of a

boron nitride substrate and a 20 conductive pattern of pyrolytic ralphite
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aluminum nitride layer, a metal plate, a heater, a metal plate and an aluminum

composite, the chuck body being supported by a cylinder such that the outer
periphery of the chuck body extends beyond the cylinder.

15 [0007] Some ESC designs use a heat conduction gas such as helium to
enhance conduction of heat between adjacent surfaces of the wafer support. For
instance, U.S. Patent No. 5,155,652 describes an ESC having layers including an
upper pyrolytic boron nitride layer or optionally polyimide, alumina, quartz, or
diamond, an electrostatic pattern layer comprised of a boron nitride substrate and a

20 conductive pattern of pyrolytic graphite thereon, a heater layer comprised of a
boron nitride substrate and a conductive pattern of pyrolytic graphite thereon, and
a heat sink base of KOVAR (NiCoPFe alloy with 29%Ni, 17%Co and 55 %Fe).

The heat sink base includes water cooling channels in a lower portion thereof and
chambers in an upper surface thereof which can be maintained under vacuum

25 during heatup of the chuck or filled with helium to aid in cooling of a wafer
supported by the chuck. U.S. Patent No. 5,221,403 describes a support table
comprised of an upper member which supports a wafer and a lower member which

includes a liquid passage for temperature control of the wafer, the upper member



chanmbers in an upper surface thereof which can be maintai ned under vacuum
25 during heatup of the chuck or filled with heliumto aid in cooling of a
waf er supposedsdy the chuck. U S. Patent No. 5,221,403 @€3arsSobenchn
support table conprised of an upper nenber which supports a wafer and a

| ower menber which includes a |iquid passage for tenperature control of
the wafer, the upper nenber WO 03/003448 PCT/ US02/ 17663 -4 including an
ESC constituted by a copper el ectrode between polyimde sheets and a gap
bet ween contacting surfaces of the upper and | ower nenbers bei ng supplied
a heat conduction gas. [0008] Conmonly o#ined U.S. Patent No. 5,835,334
describes a high 5 tenperature chuck wherein heliumis introduced between
contacting surfaces of a |ower alum num el ectrode and an el ectrode cap
whi ch i s bol tiggdudiag kthEICwaistiueddesyt 4 oolgper eleetredeclodtwoetepagimide simetssindg

anodi zed al um num or di anond coated nolybdenum_ A protective alumna ring
and O ring sdo3ad hefwean contacHBK 8g&acss of e UPPHIINOWER BIeBberRsNg SPPEE ct r ode
cap and the | aogwer electrode. The el ectrode cap 10 includes liquid cool ant
channel s foragF?£ﬁI§P%ﬁ81QECOOIant such as ethylene glycol, silicon oil

fluorinert orpgogiat er/ atothbnk osinedeU BNPatcAENLOBBB 5 Bacles@iles anggiides a
heater for heating the chuck to tenperatures of about 100 to 350C. To

prevent 5cradémperamie thekanedeindelion isinradgced} betweermemacting sprfages ®f gansi on,
the el ectrode ca iS maintained at te rat ures no eat e han 200C. In

the case of tlﬂ@e‘g?héw i@‘“& ! ﬁﬁ%@&%‘%'ﬁ&’gﬁéﬁﬁ ﬁl?h%wghuck can be
used at high AR ish &0 AMinEHR)| Gt Re IR/ 36956
describes a Se?eggrggg,e@g%}éﬁg %%?T%D et r|1Snr§t aopl ati nur%1nel eét rode | ayer wherein
a substrat e imolybddnath.t A mbeveve dbNOE @nglandch©-1iig dealsaninimize iecfrage bftha hi gh

density inductively coupled plasma_of an etchant gas _ conprising.chlorine,
argon and optdosliat 235 hstyeey thy eleciypde eap apdythe faw ez@legﬁgggoﬁge Bfeg?rg‘é%?aé’nt No.

51930 638 2 ARG o B LA R P Ponl kot 2
silicon oil, fluorinert or a water/glycol mixture and the lower electrode includes a
heater for heating the chuck to temperatures of about 100 to 350°C. To prevent
cracking of the anodization due to differential thermal expansion, the electrode cap
is maintained at temperatures no greater than 200°C. In the case of the diamond

15 coated molydenum electrode cap, the chuck can be used at higher temperatures.
[0009] International Publication WO 99/36956 describes a process for
plasma etching a platinum electrode layer wherein a substrate is heated to above
150°C and the Pt layer is etched by a high density inductively coupled plasma of
an etchant gas comprising chlorine, argon and optionally BCl; , HBr or mixture

20 thereof. U.S. Patent No. 5,930,639 also describes a platinum etch process
wherein the Pt forms an electrode of a high dielectric constant capacitor, the Pt
being etched with an oxygen plasma.

[0010] Although there have been some attempts to provide improved chuck
designs for use at high temperatures, the high temperatures impose differential

25 thermal stresses which are detrimental to use of materials of different thermal
expansion coefficients. This is particularly problematic in maintaining a hermetic

seal between ceramic materials such as aluminum nitride and metallic materials

such as stainless steel or aluminum. As such, there is a need in the art for



bei ng etched with an oxygen plasma. [0010] Although there have been sone
attenpts to provide inproved chuck designs for use at high tenperatures,

t he hi gh werpesastires i npose differential 25 thermal stre®sFgaSanI®h3 ar e
detrinental to use of materials of different thermal expansion
coefficients. This is particularly problematic in maintaining a hernetic
seal between ceramic materials such as alumnumnitride and netallic
materials such as stainless steel or alumnum As such, there is a need in
the art for WD 03/003448 PCT/ US02/ 17663 -5 inproved chuck designs which
can accommodate the thermal cycling demafids placed upon high tenperature
chuck materials. In particular, as |larger work pieces are used to increase
productivity and for |arger display devices a design which can acconmopdate
greater ther iaprovedanskaiesighs Rdiuhemin abcdnmoaaty thaf thetieal loyokng damarldd011] The
invention provides a substrate support useful in a high tenperature vacuum
processi ng chleebrpon high tgpdraureehuskmereiialnt In praculagpsageeWetport is an

el ectrostatic. chuck conprising a chuc 0 4 3 and an
expansi on as8&B FCWHF @8’??31%09%8%%“'&%3&%?ru%fékgtadﬁs t}f{)t #ergceggtc%gg}r%. 10 The
chuck body cqmh GaScesmBloasik cP&d ! thérnfil RPInkdnas aedde@de and opti onal

heater elenent, the el ectrode being adapted to electrostatically clanp a

substrate such as a sem conductor wafer on an outer surface of the chuck
body. Thﬁ heat transfer body iE seEaratteg Itliromlhe chuck body by a pl enum
| ocat ed bet ween spaced-apart s t \4 body and the heat

transfer bodyﬁ%‘e'l'ge heaSFhEriff\?k?ﬁiSﬁ Rp(gq(y siaZsu}iftré’tg i }g’g%‘%%fdlqm\‘ﬁgmeat fromthe

chuck body b t conductance throug eat gas i1 h the plenum

[0012] The i ptgRiratare wdcaomprosdssiag chambetpansi mufeasdemBodifiert, tiee substrate
support which accommpdates differential thermal expansion of the chyck body
and the heaSubstraiesTUPPOTS 34gn elppiEosiatisHhuslo FOBRELRS P ek BRdye & heat 'i’é%ﬂsgﬁ"r

periphery of b%(ri]f and an expansion assembly which can form an outer tubulation therebetween.

[y

D!

10 The chuck body comprises an electrostatic clamping electrode and optional heater
element, the electrode being adapted to electrostatically clamp a substrate such as a
semiconductor wafer on an outer surface of the chuck body. The heat transfer
body is separated from the chuck body by a plenum located between spaced-apart
surfaces of the chuck body and the heat transfer body. The heat transfer body is

15 adapted to remove heat from the chuck body by heat conductance through a heat
transfer gas in the plenum.

[0012] The invention also provides an expansion assembly for the substrate
support which accommodates differential thermal expansion of the chuck body and
the heat transfer body. The expansion assembly attaches an outer periphery of the

20 chuck body to the heat transfer body. According to a preferred embodiment, the
expansion assembly forms an outer tubulation which, in combination with the
chuck body, an inner tubular section, and the heat transfer body, encloses the
plenum. A vacuum seal between the chuck body and the expansion assembly
maintains a hermetic seal of the plenum during thermal cycling of the chuck body.

25 Preferably the seal is a compressible metal seal, most preferably a C-ring seal.
[0013] According to a preferred embodiment, the heat transfer body

comprises a cooling plate having at least one coolant passage therein in which



20 chuck body to the heat transfer body. According to a preferred

enbodi nent, the expansion assenbly fornms an outer tabulation which, in
conbi nat iwp 08i00334¢ he chuck body, an inner tubul ar secti omCTArsd2/11863 heat
transfer body, encloses the plenum A vacuum seal between the chuck body
and the expansion assenbly maintains a hernetic seal of the plenumduring
thermal cycling of the chuck body. 25 Preferably the seal is a conpressible
netal seal, nost preferably a Cring seal. [0013] According to a preferred
enbodi ment, the heat transfer body conprises a cooling plate having at

| east one cool ant passage therein in whid¢h WO 03/ 003448 PCT/ US02/ 17663 -6
cool ant can be circulated to maintain the chuck body at a desired
tenperature and the plenumis an annul ar space extending over at |east 50
% of the undejpsiaiecaf bé bigculabd ekmbidthin tHerchubk dodyrimadieviret terhperatneanind
transfer body includes a gas supply passage thr ough whi ch heat, transfer
gas flows i ntthe pleausinis@anannglpnsnace pglerdiag ayerstdenshdpardhe vadesside af thent |

t he chuck body i.ngl ude as Ssages . ' e_nl and the
outer surf ace“)ﬁb‘?k fvwi‘/cﬁrt,@%s ‘B@@Qﬂs te_ﬂbe)a(lﬁse ggé%g%re@%&ggﬁﬂ%ée&pg%ﬁ ﬁgl in any

sui tabl e arrapge 'i’ﬁrouEl‘PKVh!idlﬁﬁe%ﬂﬁ@nsférf%a% HRweUh®r the afifilnspate. heeordtigck body
tends to becone hotter than the central portion thereof, the gas passages

can be | écat ed agupfecedtenitmdithent ethp ahsilobodysivelndesyzas passages exiendiegat transfer
10 gas flows fromthe plenumto the underside aof ut peri phery of the
substrate dUiStWEFNINGP Fh%“dttﬁ‘étoé’i‘}f .Sur&?FeaOfﬁ]FeeaW?}(ﬁ’aﬁ SRR ﬁsag%‘/?e
substrate ca - . 0 8 i erably
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above about 2 igher. In a preferre

enbodi ment, haathekrishdytibnds tbékvanahbdtne thahihe leelxalypoatich theeeoficthe gas ansf er
body through the expansion assenbly is limted 15 b%/ a thin apnul ar section
functioni ng deassagewearmblosatef afiacetd tey theeapansiikassgBblysarthat e heat fRpsiee,r | s

nodul at by controlling,t ] .he t i enum
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tenperature zZapmeWbedising MRk Sintigrefdittdlenitodimanidihe subMrdie omebeheated zone
controllably to above about 80° C, more preferably above about 200° C up to

about 350° C or higher. In a preferred embodiment, heat conduction between the
chuck body and the heat transfer body through the expansion assembly is limited

15 by a thin annular section functioning as an expansion joint and heat choke so that
heat transfer is modulated by controlling the pressure of heat transfer gas in the
plenum. In a more preferred embodiment, direct heat conduction from a high
temperature zone which comprises the chuck body and a low temperature zone
comprising the heat transfer body (i.e., a cooling plate) through the expansion

20 assembly heat choke is limited such that the temperature difference between the
outer perifery of the chuck body and an inner portion of the chuck body is less
than about 4 to 5°C, most preferably less than about 2°C.
[0014] According to the preferred embodiment, the chuck body comprises
a metallic material such as aluminum or alloy thereof or a ceramic material such as

25 aluminum nitride. Lift pins can be used to raise and lower a substrate. For
instance, the heat transfer body can include lift pins such as cable actuated lift pins

mounted thereon, the lift pins being movable towards and away from the chuck



conprising the heat transfer body (i.e., a cooling plate) through the
expansi on 20 assenbly heat choke is limted such that the tenperature

di f f erencwolwaiosmesn the outer perifery of the chuck body @ca/Ea2/iTener
portion of the chuck body is |ess than about 4 to 5C, nost preferably |ess
t han about 2C. [0014] According to the preferred enbodi nent, the chuck body
conprises a netallic material such as alum numor alloy thereof or a
ceramic material such as 25 alumnumnitride. Lift pins can be used to
raise and lower a substrate. For instance, the heat transfer body can
include lift pins such as cable actuated-T-ift pins nounted thereon, the
lift pins being novable towards and away fromthe chuck WO 03/003448

PCT/ US02/ 17663 -7 body such that the lift pins travel through holes in the

chuck body t ohddgisaeh @md thd Wivpins aravelbdiaughdotestio teenchuok body td tsecindck body.
[ 0015] The expansion assenbly can include a | ower nounting flange adapted
to attach to lower heubstraieerip apd o8l theehusk b9dpansi on j oi nt such as a

flexible 5 part ich can al so.funct. e __The
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flange or vice versa. The chuck body may be attached to the upper nounting
f1 ange of5 t hemeteppars which cessadsvofupctinn & cheanplhoks. aflrcaexpension jodnfclanas a
cont i nuous cl anping ri.ng or 10 sectioned ring., A hernetjc seal .is
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material chosen with a thermal expansion coefficient matched to that of 15
the chuck bodsssemblyity sfIRmping aFangementcl pHABPHEUONH GlaBPINE g ABt nal
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metal lic ctii
mounting flange by a seal member such as a metal C-ring seal compressed

between the outer peripheral lower surface of the chuck body and the top surface
of the upper mounting flange of the expansion assembly. The clamping ring may
be made of material chosen with a thermal expansion coefficient matched to that of

15 the chuck body to minimize strain of the clamping ring during thermal cycling of
the chuck body.
[0016] The chuck body can include a ceramic or metallic tubular section
extending from a central portion of the underside of the chuck body such that an
outer surface of the tubular section defines a wall of the plenum, the tubular

20 section being supported in floating contact with the heat transfer body with a
hermetic seal therebetween. The interior of the tubular section can include power
supplies supplying RF and DC power to the clamping electrode and AC power to
the heater element, and/or a temperature measuring arrangement for monitoring
temperature of the chuck body.

25 [0017] According to an embodiment of the invention, the chuck is a
replaceable electrostatic chuck for a vacuum processing chamber wherein the
chuck includes a chuck body attachable to an expansion assembly. The chuck

comprises an electrode having an electrical contact attachable to an electrical



extending froma central portion of the underside of the chuck body such
that an outer surface of the tubular section defines a wall of the plenum
t he tubulwo 020034zt i on bei ng supported in floating contactCriush2/11se3 heat
transfer body with a hernmetic seal therebetween. The interior of the
tubul ar section can include power supplies supplying RF and DC power to
the cl anping el ectrode and AC power to the heater elenent, and/or a

t enperature neasuring arrangenent for nonitoring tenperature of the chuck
body. 25 [0017] According to an enbodi nent of the invention, the chuck is a
repl aceabl e el ectrostatic chuck for a vaddum processi ng chanber wherein the
chuck includes a chuck body attachable to an expansi on assenbly. The chuck
conprises an el ectrode having an electrical contact attachable to an

el ectrical V?o@@f@@ﬁﬂ Sy HREATéldbE 2¢s 116 6Bctrode Sﬂ@ﬂﬁénﬂ%%@pél@ttmﬁﬂtaﬁbal]@nﬂmp aes the
el ectrode sufficiently to electrostatically clanp substrate _on an outer
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servi ci ng. I nvention therefore also provi des an expanS|on assenbl y
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substrate by {he @Fecﬁ@é?ﬁitcélﬁl@l% f the present invention by energizing the electrode, heating

the substrate with a heating element in the chuck body, supplying a heat transfer

gas to the plenum, the gas passing through holes in the chuck body to a gap
between an underside of the substrate and the outer surface of the chuck body,

15 controlling the temperature of chuck body and the substrate by heat conductance
through the heat transfer gas supplied to the plenum, and processing the substrate.
[0019] According to a preferred embodiment, the method further
comprises supplying process gas to the chamber and energizing the process gas
into a plasma and etching an exposed surface of the substrate with the plasma

20 during the processing step. However, an exposed surface of the substrate can be
coated during the processing step. The process gas can be energized into the
plasma by any suitable technique such as supplying radiofrequency energy to an
antenna which inductively couples the radiofrequency energy into the chamber.
During the processing step, the substrate can be heated by supplying power to a

25 heater element embedded in the chuck body. Prior to clamping the substrate, the
substrate can be lowered onto the outer surface of the chuck body with lift pins
mounted on the heat transfer body, the lift pins passing through openings in an

outer portion of the chuck body. In order to withdraw heat from the chuck body,



t hrough the heat transfer gas supplied to the plenum and processing the
substrate. [0019] According to a preferred enbodi nent, the nethod further
conpri seswouwppd3sissrg process gas to the chanmber and ener gi PCA@SONET6pF OCESS
gas into a plasnma and etching an exposed surface of the substrate with the
pl asma 20 during the processing step. However, an exposed surface of the
substrate can be coated during the processing step. The process gas can be
energi zed into the plasma by any suitable technique such as supplying
radi of requency energy to an antenna which inductively couples the

radi of requency energy into the chanber. -9buring the processing step, the
substrate can be heated by supplying power to a 25 heater el enent enbedded
in the chuck body. Prior to clanping the substrate, the substrate can be

| ower ed ont otHehaethod esin fi¢hidectrcolhtind e lighidodookemdin thietheat frédsfauibody. nount ed on
the heat transfer body, the |lift pins passing through openings in an outer
portion of tRemppiasKeishanges imhesuRYTaRC bevaPRPEd X1ty 3 MRCFEUIEHERIOThody ,
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it is possible to adjust nount” of heat Tenoved through these at
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For instance, since the ceramc or netallic tubular extensjon at central
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first heat pabRioarsfthéllderside of the chuck body conducts heat from the chuck body to

the heat transfer body, the method can include adjusting pressure of the heat

transfer gas in the plenum so that heat removed through a first heat path provided
by the heat transfer gas in the plenum balances heat removed through a second
15 heat path provided by an outer tubulation and heat removed through a third heat

path provided by the central tubular extension.

Brief Description of the Drawings

[0021] The invention will be described in greater detail with reference to
the accompanying drawings in which like elements bear like reference numerals,
20 and wherein:
[0022] FIG. 1 shows a cross-section of a vacuum processing chamber in
which a HTESC assembly of the present invention can be implemented,;
[0023] FIG. 2 shows a cross-section of another processing chamber in
which the HTESC assembly of the present invention can be implemented;
25 [0024] FIG. 3 shows a perspective view of the cantilevered substrate
support of FIG. 2;



by the heat transfer gas in the plenum bal ances heat renoved through a
second 15 heat path provided by an outer tabulation and heat renoved

t hrough awolBma4eat path provided by the central tubul aPCeRiSensiceh. Bri ef
Description of the Drawi ngs [0021] The invention will be described in
greater detail with reference to the acconpanying draw ngs in which |ike
el ements bear |ike reference nunerals, 20 and wherein: [0022] FIG 1 shows
a cross-section of a vacuum processi ng chanber in which a HTESC assenbly
of the present invention can be inplenented; [0023] FIG 2 shows a
cross-section of another processing chamBBr in which the HTESC assenbly of
the present invention can be inplenented; 25 [0024] FIG 3 shows a
perspective view of the cantil evered substrate support of FIG 2; WO

03/ 003448 PCTjpbiz®)2/ 1766BIG.-4LéhawdR2ahssdeGiost oS NBINRESC assemblysafcan on of a
HTESC assenbly of an enbodi ment of the present invention; [0026] FIG 5
shows det ai | scrafodimenfrafithh prssert IVERIEISC assenbly shown in FIG 4; and 5

[0027] FIG ws a 5 e cli v ) C 4,
Det ai | ed Desg;oﬁg ion om?\%@ge‘{ef@g 0%%@%5‘?{6%%@: I-[’%%Sz(g%?s?hﬁigﬁ{ th\?@nqlnon
provides a subg} ratgisupport for use in a high tenperature vacuum
processi ng chanber. In a preferred enbodi nent, the support 10 is an
el ectrostsat i f002Tick useFId. 6 shows| aeniangy petspeetieadews of thead TESGi cfonduct or
waf ers durin rocessing thereof in a vacuum processi ng chanber such as a
pl asma etch r thor. The el ectrostatic chuck, however, can be used for
ot her purposes such as cl anpi ng substrates during chem cal vapor
deposition, sputtering,

Detailed Description of the Preferred Embodiments

[0028] The invention provides a substrate support for use in a high
temperature vacuum processing chamber. In a preferred embodiment, the support

10 is an electrostatic chuck useful for clamping substrates such as semiconductor
wafers during processing thereof in a vacuum processing chamber such as a
plasma etch reactor. The electrostatic chuck, however, can be used for other
purposes such as clamping substrates during chemical vapor deposition, sputtering,
ion implantation, resist stripping, etc.

15 [0029] According to a preferred embodiment of the invention, the chuck
includes a clamping electrode and an optional heating element which can be used
to maintain the substrate supported on the chuck at elevated temperatures above
80°C (the upper limit of certain conventional chucks is 60°C), preferably over
200°C, for example 250 to 500°C. For example, the chuck can be used to

20 support a wafer during chemical vapor deposition or plasma etching of materials
wherein it is ﬁecessary to heat the substrate to temperatures on the order of about
150°C and above.

[0030] In order to achieve such high temperatures without damage to the
chuck, the invention provides an expansion assembly for the electrostatic chuck.

25 The chuck design, and particularly the expansion assembly provides the chuck

with high temperature functionality in a small package.



lon inplantation, resist stripping, etc. 15 [0029] According to a preferred
enbodi nent of the invention, the chuck 1includes a clanping electrode and
an opti ormaD oheeddssig el ement which can be used to naintai RCThESIyUlssl r at e
supported on the chuck at el evated tenperatures above 80'C (the upper
limt of certain conventional chucks is 60'C), preferably over 200C, for
exanpl e 250 to 500C. For exanple, the chuck can be used to 20 support a
waf er during chem cal vapor deposition or plasna etching of materials
wherein it is necessary to heat the substrate to tenperatures on the order
of about 150C and above. [0030] In ordekl-to achi eve such high tenperatures
w t hout damage to the chuck, the invention provides an expansion assenbly
for the electrostatic chuck. 25 The chuck design, and particularly the
expansi on as$g0Bl|y provicdesliig® cprefdtrad dnibddigbnt! tepspaisisreasemiltyi onal ity
in a small package. WO 03/ 003448 PCT/US02/ 17663 -11 [0031] According to a
preferred enmbuasmasnuter Mbulatommiichrreaiesehpleyumbsivaen spacsdrapartsuagesof on
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ﬁl ast omer seAFEVeen the GPapsian & e%‘g&‘?'@rﬁ‘ﬁfsﬁlﬁlf&ogﬁﬁ’cyla mF{?ZF%’EWC qscﬁ/\%hg t he
eated porti t hgr: r at: t I |

el ast orer seg{ﬁg%\%\%u {‘ﬁngrﬂgigérrggg%ﬁ% %gfnqtoneg§g§§stghg§ %?hggég?ﬁgﬁ%%aggg a heat
choke menber tigf hdated pxpemst e chesks dryby tlteving dlod heagedppaatien ofithe whuck
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cooling plate can be maintained at a low enough temperature to permit use of low
cost elastomer seals in contact with surfaces of the expansion assembly and the
cooling plate. Moreover, the expansion assembly design provides a small overall
height of the chuck which makes the chuck compatible with tight system packaging

15 requirements (footprint). A further advantage of the expansion assembly is that
thermal stresses can be accommodated between the heated and cooled portions of
the chuck. A further advantage is that the chuck according to the invention can be
scaled to accommodate work pieces larger than 200 mm, e.g., 300 mm wafer. In
addition, a heat transfer gas such as helium can be supplied to targeted locations

20 on the underside of the substrate without the need for a complicated arrangement
of gas passages inside the chuck.
[0032] According to a preferred method of using the chuck according to
the invention, a low volatility etch product can be removed from a substrate by a
plasma etch process wherein the substrate is heated by the chuck. Such low

25 volatility etch products can be formed during plasma etching of noble metals such
as Pt, Pd, Ru, Ir and compounds thereof as well as ZrO, and HfO,, materials
under consideration as the electrodes of capacitors or transistors using high-k

dielectric materials. Such low volatility etch products remain on the substrate



hei ght of the chuck which nmakes the chuck conpatible with tight system
packagi ng 15 requirenents (footprint). A further advantage of the expansion
assenbl y we oBloed448 t her mal stresses can be accommobdat ed betragdrsor/hmweheat ed
and cool ed portions of the chuck. A further advantage is that the chuck
according to the invention can be scaled to acconmpdate work pieces |arger
than 200 mm e.g., 300 mmwafer. In addition, a heat transfer gas such as
hel i um can be supplied to targeted | ocations 20 on the underside of the
substrate without the need for a conplicated arrangenent of gas passages

i nside the chuck. [0032] According to a-p2eferred nmethod of using the chuck
according to the invention, a low volatility etch product can be renoved
froma substrate by a plasma etch process wherein the substrate is heated

by the chuck.guSHEuliew tRS sutetrateiis héateceﬁﬁﬁc@nmd uBbSexcmiplOeplhume dhidtide ng
pl asma etching of noble netals such as Pt, Pd, Ru, |r and conpounds
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desi gn. the expansion assembly design.

[0033] According to a preferred embodiment, the chuck body is made from

a metallic or ceramic material having desired electrical and/or thermal properties.

For example, the chuck body can be made of aluminum or an aluminum alloy.

15 Alternatively, the chuck body can be made from one or more ceramic materials
including nitrides such as aluminum nitride, boron nitride and silicon nitride,
carbides such as silicon carbide and boron carbide, oxides such as alumina, etc.
with or without fillers such as particles in the form of whiskers, fibers or the like
or infiltrated metals such as silicon. A ceramic chuck body can be formed by

20 various techniques. For instance, the ceramic material can be formed into a
monolithic body by a powder metallurgical technique wherein ceramic power is
formed into a chuck body shape such as by compacting or slip casting the powder
with the clamping electrode, heater and power supply connections embedded
therein, the chuck body being densified by sintering the powder. Alternatively,

25 the chuck body can be formed from sheets of ceramic material which are overlaid
with electrically conductive patterns for the clamping electrode, the heater and
power feedthroughs incorporated therein, the layers being cofired to form the final

chuck body.



[ 0033] According to a preferred enbodi nent, the chuck body is made from a
netallic or ceramc material having desired el ectrical and/or thernal
properti e80 03pox44exanpl e, the chuck body can be nmade of alPamiusaM W3 an

al um num all oy. 15 Alternatively, the chuck body can be nade from one or
nore ceramc materials including nitrides such as alum numnitride, boron
nitride and silicon nitride, carbides such as silicon carbide and boron
car bi de, oxides such as alumna, etc. wth or without fillers such as
particles in the formof whiskers, fibers or the like or infiltrated
metal s such as silicon. A ceramc chuck-body can be formed by 20 various
techni ques. For instance, the ceramc material can be fornmed into a

nmonol ithi ¢ body by a powder netallurgical technique wherein ceram c power
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cool i ng one-
operational temperature is limited to approxunately 60°C. In order to increase the

maximum operational temperature, the HTESC of the present invention has been
designed as a two-piece assembly, including an ESC portion such as a ceramic
chuck body having an electrostatic clamping electrode embedded therein and a

15 heat transfer body such as a cooling plate. In addition, an expansion assembly
preferably comprising a thin deflectable annular section which functions as a heat
choke has been integrated into the chuck for thermally isolating the ESC portion
from the cooling plate. The heat choke section significantly reduces conduction of
heat from the edge of the ESC portion to the cooling plate, thereby allowing the

20 ESC portion to reach temperatures as high as approximately 350°C or higher
without requiring the supply of a relatively large amount of power to a heater
element embedded in the chuck body.
[0036] The expension assembly provides an extended operational life of the
HTESC. In particular, by use of the expansion assembly, the ESC portion can

25 undergo substantial thermal expansion without damaging other parts of the
HTESC. A replaceable seal between the ESC and the expansion assembly further
extends the service life of the HTESC. The expansion assembly can be designed

as a single-piece or multi-piece welded or brazed assembly comprising a thin-



10 el ectrostatic chuck. In such conventional chuck arrangenents, the

maxi mum operational tenperature is |imted to approximately 60' C. |In order
t 0 i ncr eaweo oBlas448raxi num oper ati onal tenperature, the HTEBCTAfSOY/hmw6Ppr esent
i nvention has been designed as a two-piece assenbly, including an ESC
portion such as a ceram c chuck body having an el ectrostatic clanping

el ectrode enbedded therein and a 15 heat transfer body such as a cooling
plate. In addition, an expansion assenbly preferably conprising a thin
defl ectabl e annul ar section which functions as a heat choke has been
integrated into the chuck for thermally-l4sol ating the ESC portion fromthe
cooling plate. The heat choke section significantly reduces conduction of
heat fromthe edge of the ESC portion to the cooling plate, thereby

al | owi ng t hewZledESQuparsection dbwisgdiermaelnppaedien sl cmtiacgin abthadisiCoxi nmat el y
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particul ar, By Us€ 0 he expansi on assenb portion can 25

under go subsfirfhhladxphisiTBétwexd RIS puttioheul thtacmging lat hbereparts of the
HTESC. A repl aceabl e seal between the ESC and the expansion assenbilq%
ly can

further 5 ext mieimizing sgesses wishin the HEEShessembig@ndthes edpeingitinchasee

be designed as a sinhgle-npiec mul ti-piece. wel ded.or._brazed assenbly
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all ow ng thegfpde §4RAREINY dthef FRichAEHURE s@éss b BraE&EjoiRe With tehi | e

m ni m zi ng heat conduction fromthe ESC portion to the cooling plate. The
t hi n-wal | ed HARSCaasstably. choke section accommpdates differential thernal

expansi on between the ESC portion and the cooling plate, . thereby 5
m ni m zi ng s{0082kes wi Ciomwarsddogpreniional chpek; assab I‘FﬁJ‘élﬁngcﬁgl@i t he chance
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section " can esi man ces stress at brazed joints
wi thin the cool the substrate, the HTESC according to the present invention can include a

simple arrangement which selectively targets portions of the substrate where more
cooling is desired. For instance, the HTESC assembly includes a plenum between
the ESC portion and the cooling plate and the ESC portion can be cooled by a heat

15 transfer gas supplied to the plenum and the substrate can be temperature controlled
by supplying the heat transfer gas to select portions of the substrate through
passages extending from the plenum to the outer surface of the ESC portion. In a
HTESC used for plasma etching, gas distribution holes can be provided near the
outer periphery of the ESC portion to enhance the cooling of the outer portion of

20 the substrate. Thus, a complicated gas distribution arrangement is not necessary
since the gas distribution holes can be formed at desired locations in the support
surface of the ESC portion.
[0038] Compared to other high temperature chuck assemblies, the use of
the expansion assembly in the HTESC of the present invention can reduce

25 manufacturing costs and/or simplify manufacture of the HTESC. In particular,
because the heat choke member thermally isolates the hot ESC portion from the
cooling plate, standard low cost elastomer seals can be used at locations in contact

with the cooling plate. Furthermore, the removably attached expansion assembly



HTESC assenbly. [0037] Conpared to conventional chuck assenblies which rely
on a 10 conplicated gas distribution arrangenent inside the ESC portion to
adequat el WO 03oad448 he substrate, the HTESC accordi ng to theCprssznes3
invention can include a sinple arrangenent which selectively targets
portions of the substrate where nore cooling is desired. For instance, the
HTESC assenbly i ncludes a pl enum between the ESC portion and the cooling
pl ate and the ESC portion can be cooled by a heat 15 transfer gas supplied
to the plenum and the substrate can be tenperature controlled by supplying
the heat transfer gas to select portionsléf the substrate through passages
extending fromthe plenumto the outer surface of the ESC portion. In a
HTESC used for plasma etching, gas distribution holes can be provided near
the outer pefiopRatylacdmdmef EeGigo idniperattue vaoan cealingemembés bewedn thhe out er
portion of 20 the substrate. Thus, a conplicated gas distribution
arrangenent ieXpagiomiiiandthe E8Chodyt he gas distribution hol es can be
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al l ows repl acenen I gh tenperature vacuum seal i ng nenber between
the expansi owith eéfoteneath theehifberdedign shoWa 9 FigueesHFBSIE veitldberappragiates t he
invention is designed to provide a small overall height sQ that it can be

used in vacuuhi besmedied e ertihatibe ISEIQF&SQ asserplly Qf s Present dpvequen £ Pever ed
support gym (9 ;¢ éﬁ‘ygl\c%UHF f)r%%s%ﬁlg]chgmbéﬂ WhLERLfis desired to electrostatically

clamp a substrate. For example, the HTESC assembly of the present invention

could be used as part of a substrate support in processing chambers where various
semiconductor plasma or non-plasma processing steps such as etching, deposition,
resist stripping, etc. can be performed.

15 [0040] As shown in Figure 1, the vacuum chamber 10 includes a
cantilevered substrate support 12 extending inwardly from a sidewall of the
chamber and a HTESC 14 is supported by the support 12. A service passage 18
containing service conduits (not shown) opens into an interior of the support 12.
The service conduits can be used to service the HTESC, e.g., supply DC power to

20 a clamping electrode, supply RF power to the clamping electrode or a separate
electrode which provides an RF bias to the substrate during processing thereof,
supply AC power to a heater element, house cables for actuating lift pins, supply
coolant for cooling the HTESC and/or the substrate, transmit electrical signals
from sensors or monitoring equipment, etc.

25 [0041] In the embodiment shown, a mounting flange 20 and support arm
22 form an integral piece which can be removably mounted in an opening in the
chamber, e.g., by mechanical fasteners with an O-ring and RF shielding

interposed between opposed surfaces of the flange 20 and the chamber. In the



exanpl es of vacuum processing chanbers 10, 24 into which an HTESC assenbly
of the present invention could be nounted. Wiile the invention wll be

expl ai nedwowBwws4nef erence to the chanber design shown in PCgursey17b68, it

wi |l be appreciated by those skilled in the art that the HTESC assenbly of
the present invention can be 10 used in any vacuum processi ng chanber
wherein it is desired to electrostatically clanp a substrate. For exanple,
t he HTESC assenbly of the present invention could be used as part of a
substrate support in processing chanbers where various sem conductor

pl asma or non-pl asma processing steps suéfr as etching, deposition, resist
stripping, etc. can be perforned. 15 [0040] As shown in Figure 1, the
vacuum chanber 10 includes a cantilevered substrate support 12 extending

i nwar dl'y fromrangédewahbwafin Fiptire ¢ hgasbeithianke eharfiieSCan Be mathdrgypothrewghby t he
support 12. A service passage 18 containing service conduits (naqt %hown)
opens into arfiqpeBing ! tyfa vaausyppep 231 Plasmptands spneratedJadhs ?h.»an&ﬁﬁ Be used

[ he. HTESC, . ' de,
Supply RE ponarit drsabidd oty akpRitie Godd o SAREnR SEHECLE,

provi des an Rfp bf 8% chembbeisdebighéPlotsuppérit MBriRisagpssséMdadnites@etatingsuppl y AC
power to a heater elenment, house cables for actuating lift pins, supply
cool ant for eoutcengnchins capESYeacvipled, indectveeouplede mignowiakes magietrony i cal

signals from sensors or npnitoring equipnent,. etc. 25 [0041] In t

cribodi ment SISO 2 AERCTIEPLE PR eSoPTabi SR £ D5CR0 & St Pt egr al
pi ece which Viahy, Bk 1 e ' MR of- J.
by nmechani caﬁﬁ?%%?etﬁggés) W t r?ﬁ%%hr%?sn g%gf%g ghl?lglagfhﬁgaﬁ?gterposeadg bet ween
opposed sur f atistsibuiort pietef (sleovgrh@d) ame drimoretpastimgs ahdyot gas Nec@Bs,003448

PCT/ US02/ 17663 -16 arrangenent shown in Figure 1, gas within the chanber
can be wi t hdroiligs seiatie grrangamesibeni ng 21 by a vacuum punp 23. Plasma can be

?ggeg?t flﬂei Qﬁgﬁ@éfhaﬁgﬁgﬁ%z fﬂ#gt%{éscg vQJuuﬁpﬁfogé(ssfdéoéhaﬁmQY‘@A afPynted at the

cantilevered substrate support 26 on which a chuck assembly 28 has been
mounted. As shown, a substrate 30 is supported on a HTESC assembly 28
mounted on the substrate support 26. The substrate support 26 is at one end of a
support arm 32 (shown in Figure 3) mounted in a cantilever fashion such that the

15 entire substrate support/support arm assembly 26/32 can be removed from the
chamber by passing the assembly through an opening (not shown) in the sidewall
of the chamber 24. Process gas can be supplied to the chamber by any suitable
arrangement such as a gas supply pipe 34 or a gas distribution plate and the gas
can be energized into a plasma state by an antenna 38 such as a planar coil which

20 inductively couples RF energy through a dielectric member 40. The antenna can
be supplied RF energy by any suitable arrangement such as a conventional RF
power generator 42 and a match network 44. During processing of a wafer, a
heat transfer gas such as helium can be supplied to the backside of the wafer
through holes 46, as shown in Figure 3.

25 [0043] In the chambers shown in Figures 1-3, it is desirable to minimize
the height of the HTESC to allow easy removal of the substrate support 26
including the HTESC from the chambers 10, 24. Details of an exemplary HTESC

according to the present invention which provides extended service life,



top of the chanber is designed to support various types of plasna
generating 5 sources such as capacitive coupl ed, inductive coupl ed,

m cr owavewornagosts on, helicon, or other suitable plasma gemdarsar/irgs

equi pnment. Al so, process gas can be supplied to the chanber by various
types of gas supply arrangenents such as a gas distribution plate

(shower head), one or nore gas rings and/or gas injectors, or other

sui tabl e arrangenent. 10 [0042] Figure 2 illustrates a vacuum processing
chanber 24 and a cantilevered substrate support 26 on which a chuck
assenbly 28 has been nmounted. As shown 1% substrate 30 is supported on a
HTESC assenbly 28 nounted on the substrate support 26. The substrate
support 26 is at one end of a support arm 32 (shown in Figure 3) nounted in
a cantil ever et@phiiodl matifachiref mhiikenad&e @it dpeeatoubsith atcompagpiesighswiiport arm
assenbly 26/32 can be renoved fromthe chanber by passing the assenbly

t hrough™ an opewiheexplredswishigieicace wethe eabpdmentsyihopmendrigise -4, Process

gas can be s ied tod.he ch r i piinns such as a
gas supply p:[l‘gde%‘l& or gt 1%“5%%'dS?lg?'?iabﬁggg%ﬁﬁ%ﬁbtﬁgggc‘fﬁae{n gga can be

ener gi zed i neMbadihens BRURRERNPMVERIGWEIBR tBE FBLEST ase@mbp! s0aky®ei | whi ch
20 inductively couples RF energy through a dielectric nmenber 40. The

ant enna 5:anI npentedppl 4 eahtiRiveratetulsirdie seppprsial & wshemrpeassaeshambycls as a
conventional RF r generator 42 and a tch ne rk 44. j .
processi ng ths&uqﬁgc?\é\gqveam g Frep?eatf?s?‘g}lreﬁalg?s E@?rﬁg\gﬁQW?ﬁTﬁ%fﬁggﬁ%sﬂppl i ed
to the backsi g - dohr hoN#y-bi i 3. 25
[0043] In thgqghgﬁ%}tépgrs Oi\%lé] Vlletr‘lth?gglrﬂerﬂ;Eglcegss%Plﬁio %esi ra cheé:?%}gnlfni mze

t he hei ght ofindiidingfd EBGK body 36oamdeaBsat tansfeabodyf 58 h&hes ulstkrtaidy Support 26

including the HTESC from the chanbers 10, 24. Details of an exenplary HTESC
accor di ng t oiRdhedes pedanping sles e a0 vy tiopaldisates slemant RAcdk2esAMRE 1ife, WO

03/ 003448 PCT/WUPQ2LII883 66 1An BEORITnGRent B U5 AHHES malREREGRANRG: and
W t coO aC C§-e %ﬂz'{gn

operati sign
choke and which forms an outer tubulation, includes a lower annular mounting

flange 68 which is removably attached to the heat transfer body 58 by bolts (not
shown) and aligned by pins 70. An upper annular mounting flange 124 is
removably attached to a ring 125 by bolts 126 which serves to clamp the chuck

15 body 56 to the upper mounting flange 124. The chuck body 56 is preferably made
of a ceramic material exhibiting dielectric properties such as aluminum nitride.
The expansion assembly 64 and the heat transfer body 58 can be made of heat
conduycting metals such as aluminum, copper, titanium and alloys thereof.
However, a preferred material is a heat conducting metal such as stainless steel,

20 cobalt, nickel, molybdenum, zirconium or alloys thereof. Alternatively, the
expansion assembly 64 and the heat transfer body can be made of any materials
compatible in a vacuum chamber in which semiconductor substrates are processed.
[0045] The heat transfer body 58 includes coolant passages 72 and coolant
such as water or other coolant can be supplied to the passages 72 by suitable

25 conduits. Electrical power can be supplied to the clamping electrode 60 and the
heater element 62 by power supply lines in tubular extension 66. For instance, RF

and DC power can be supplied to the clamping electrode by a rod 67; the bottom



now be explained with reference to the enbodi nrents shown in Figures 4-6.
[0044] Figure 4 shows a HTESC assenbly 50 according to a first enbodi nent
of the prweanioi4m/enti on wherein the HTESC assenbly 50 mapChasbz/mmsent ed on
a cantilevered substrate support in a vacuum processi ng chanber as

di scussed above with reference to Figures 1-3. Figure 6 shows the HTESC 50
in a cut-away perspective view. The HTESC assenbly 50 is a two-piece
design including a chuck body 56 and a heat transfer body 58. The chuck
body 56 includes a clanping electrode 60, an optional heater el enent 62,
and a central 10 tubul ar extension 66. AASexpansion assenbly 64, which may
serve as a heat choke and which forns an outer tabul ation, includes a

| ower annul ar mounting flange 68 which is renovably attached to the heat
t ransfer bodyfS@hibly istanbectédiata stedpodth) Temperatuirg) nthelwhugk bedy7én ben upper
annul ar nmounting flange 124 is renovably attached to a ,ring 125 by bolts
126 whi ch serfewtared Withpterperagig deedpackpsagmiy 7t1dnt%m|§’k}]p"é%x‘i%?}ﬂ]?%ﬁg f1 ange

124. The Chuf[ﬁgiérﬂdy geséﬁ&gggé ﬁsﬁ;}%viﬁggﬁ?t?)&{%gré?p&%gﬂ%ﬁsm&g kaln@3hi biting

dielectric p tie num ni Xxpansi on assenbly 64

and the heat JmROshRk HAYS6HRIGROhER traBsier BodySRIt A lwandusdfemgsretiabs such
as alum num copper, titaniumand alloys thereof. However, a preferred

mat eri al 5i s chehiva candredupplicdytorthe alensmct) isa gaeeaidul g 6st e temperaggpaft |

ni ckel, mol ybdenum zirconi um o | | oys thereof..Al ternativel e
expansi on assenBiRPUBE Ghite ﬁ%%@%f‘lf ‘iaflﬁ’ﬁsm%?{oﬁ%({jynﬁlﬁnﬁff o%qege%?nt;ﬁy
materials c i dﬁtﬁg%cum&@ﬁ@aﬁ%p%mﬂ Bk ZQTNIY R 68 QBedSHoR! I at es
are processed. 0045] The heat transfer body 58 includes cool ant passages
72 and cool ards a pneomaticallyadotuatesi 1ifo pireasselolly aaccooding bea prgipirededmbodimient

passages 72 by suitable 25 conduits. Electrical_  power can be lied to
t he cl anpi ng Pé@?sﬁré@eca@d’eéﬁﬁe‘gﬁ%‘i f%@é? by ajp sablg aﬁ%ﬁ%ﬁﬁﬁ’y | i nes

B L e ML i R S
-18 pin. Elastomer seal 88 fitted in a groove in the heat transfer body 58 provides a
vacuum seal between the expansion assembly 64 and the heat transfer body 58.
An elastomer seal 92 provides a vacuum seal between an underside of the heat
transfer body 58 and a dielectric mounting plate 94 and an elastomer seal 96
15 provides a vacuum seal between an underside of the mounting plate 94 and
housing 54 of the substrate support. A dielectric edge ring 98 (e.g., alumina,
silicon nitride, quartz, etc.) overlies the mounting plate 94 and a dielectric focus
ring 100 (e.g., alumina, silicon nitride, silicon carbide, etc.) overlies the edge ring
98 and surrounds the chuck body 56.
20 [0047] Figure 5 shows details of the chuck body 56 with the expansion
assembly 64 attached thereto. As shown in Figure 5, the expansion assembly 64
includes the lower mounting flange 68, an inner annular section 102 functioning as
an expansion joint and heat choke, an upper mounting flange 124, and a welded or
brazed joint 104. The inner annular break section 102 is connected to the lower
25 flange 68 by a curved section 101 and to the upper mounting flange 124 by the

joint 104. The inner annular section 102 is separated from the flange 68 by an



of which is connected to a strap 69. Tenperature of the chuck body can be
nonitored with a tenperature feedback assenbly 71 in the tubul ar extension
66. [ 004%D odopd4esium 80 i s provi ded between spaced apart Pamfisors’e82 and 84
of the chuck body 56 and the heat transfer body 58. A heat transfer gas
such as 5 heliumcan be supplied to the plenum 80 by a gas conduit 76. The
tenperature of the substrate on the chuck body can be nonitored with a
fiberoptic element 77 supported in a fitting 78. Al though any type of |ift
pin assenbly can be used such as a pneunatlcally actuated lift pin
assenbly, according to a preferred enbodilflent the substrate can be raised
and | owered by a plurality of cable actuated lift pins, 10 each of which
can conprise a fitting nounted in a bore 79 and a cable actuated |ift pin.
El ast omer  seadnn@Bir fspddectd8i 1Tl Pnge68 and thd@mteainularascitor 1020dy Yedopned/i des
a vacuum seal between the expansi on_assenbly 64 and the heat transfer body
58. An el astGrbr n@é@pe@'&aﬁ' é‘?ﬁlg%set%t) OHEQﬁﬁﬁlg@ﬁIPl%étﬂﬁé@ﬁa sHcptler si de of
the heat tra sf Ls Bogy 58 and a dielectric nmounting plate 94 and an

el ast omer seal 96 15°pt ovi des a vacuum seal between an underside of the

mounting pl at ?0%] and  TpasiE body 36 i Blemped & hetpetippeitng Augealedlyr i c

edge ring 98 g., alumna, silicon nitride, quartz, etc.) overlies the
mount i ng 3! at @clempargarsangesentoeh 6 ﬂ(ﬁmg5125rWhigh soemovally seairedinie silicon
nitride, silicon carbi.de verli e rin 8 an nds
the chuck bodwp@ém%ﬁ?%ﬁmeﬁﬁ)@%% P?WS‘%?% P W EE%%@)&%

with the expamélupgerga luélgé@%fgﬁ?t}%%e@g&me 1@%?@1@%&1%6&9%%5 the

expansi on assenb ower nounting flange 68, an inner
annul ar schﬁrrm]gO]Zlepmuionembatg/eaﬁ surdaceehp arfehouppeo miunsing ﬂaag& amhoke, an
upper nounti ng flange 12 and a wel ded _or . brazed joint 104 The i nner

annul ar br eak @@@iﬁ@fﬁcfdﬂzl(gﬂé"o‘%mlé@ﬂ)@@ly5611%%&%\%}3“2@1‘??6&}1% 68 by a

curved 5ﬁ)ct| 2}9 é?rﬁéignd to the upper nmounting flange 124 by the joint 104.
The innet’ annifar Section 102 is separated fromthe flange 68 by an WO

03/ 003448 PCTjog$0R/ 1766@hen e chuck body 56 heats up and expands, the outside diameter

of the chuck body 56 presses against the clamping ring 125 and elastically deflects
the expansion joint 102. The curved section 101 and inner annular section 102
undergo elastic deformation to accommodate thermal expansion and contraction of

15 the chuck body 56. Thus, mechanical stress on chuck body 56 is minimized. The
clamping ring 125 can be made of material to match the thermal expansion of the
chuck body 56.
10050] The substrate can be raised and lowered with any suitable lift pin
arrangement such as a pneumatically actuated lift pin assembly or a cable actuated

20 assembly described above. For example, the lift pin assembly can include a
plurality of lift pins 132, each of which can be raised and lowered by a cable (not
shown) attached to a slidable lift pin support in a housing. The housing is fitted in
the bore 79 so as to maintain a hermetic seal. A further description of such cable
actuated lift pins can be found in commonly owned U.S. Patent No. 5,796,066.

25 The lift pin hole 136 is sized to allow movement of the lift pin 132 and heat
transfer gas in the plenum 80 can flow around the lift pin 132 to the underside of a

substrate located in overhanging relationship with the chuck body 56.



annul ar space 108. The flange 68 and the inner annular section 102 can be
formed (e.g., machined, cast, forged, etc.) out of a single piece of netal
such as swaionloexrgs st eel . [0048] The chuck body 56 is cl amped/use2/11s63 upper
nounting flange 124 by 5 a clanping arrangenent such as a ring 125 which
is renovably secured to the upper nmounting flange by bolts 126. A snal

gap is between a top surface 120 of the upper nounting flange 124 and the
| ower surface 122 of the chuck body 56. A C-ring 112 positioned between
surface 121 of the upper nounting flange and bottom surface 122 of the
chuck body 56 maintains a hernetic seal 8¢-the 10 pl enum 80. [0049] Wen
the chuck body 56 heats up and expands, the outside dianmeter of the chuck
body 56 presses against the clanping ring 125 and el astically deflects the
expansi on j oi[0051J02. THEhechsay adnsfercdas@an b suppiddito tier plamnui8@rtheghiaon 102
undergo el astic deformation to accommodate thernal .expansi on, and
contraction cﬁaSPBSS@&%F/@H%F@etﬁ?éyng@qufﬁmcal?r@?:ﬁlamt%ﬁ? Y PYSYIPIC chuck body

56 is mnimze i I it tch
Che ther ol GphE S gh 4 0%kl c PepanyiEtn B (FROFT B BB Bqrafioln' B
raised and | qyeped 192 (chn B8Yisél otk Gnd lcmernh@subafra@ngemmwmmhgmsa

pneumatically actuated lift pin assenblc%dor a cabl e actuated 20 assenbl y

dfeslcr:c bed abmnd.5 ﬁdntlmhh@be% cirebé pfavi ﬁoaggéﬁﬁlsyrlwﬁtherﬂﬂswﬁ@ﬂﬂ theural ity
o] ift pins 2 chofwhchcab d d db I t
shown) attactﬁlé]a 108 S Y uftih?rt%ﬂﬁﬁOIéﬁé?%nggqﬁtofoﬁ\’%[}gWrﬁjwah@a oﬁsi(zg is
fitted in oAy ﬁ%@b?ge@sﬁlrfa@e PRIRALEk BodielomRd ﬁ&dﬁ&ﬁiutln@tﬁélgz{shﬁiﬁer

description of suc a actuated I1ft pins can be found in comonly
owned U. S. Pahestbsidate. Sn4ferd6Grodie powet iofthe plamphmg elediB@lel andshe beptero al | ow

f the lif d
{1 ow ar ound KGOt RoFTpRbes B Rprore 6 e TWpar oLile SRS RRRod | n
over hanglpng r .%ds%%ﬂé Br ﬁ’fetplawtep gu;ﬁﬁ‘igg KarPOMNYseato céﬁ@y %@c&%ﬂﬁi@nals to a

PCT/ US02/°176
chuck body temperature sensor 71 and a substrate temperature sensor (not shown)

mounted in opening 77.
[0052] The thin cross-section of the inner annular section 102 of the
expansion assembly allows for the thermal isolation of the chuck body from the
15 remainder of the HTESC assembly. By thermalily isolating the chuck body and
thereby minimizing heat loss due to heat conduction away from the chuck body,
the chuck body is capable of reaching temperatures as high as about 350°C or
higher without requiring the expenditure of a relatively large amount of electrical
power. In addition, the shape of the inner annular expansion joint and heat choke
20 102 and curved section 101 allows the joint to expand and contract as a result of
thermal cycling during processing of a substrate. Accordingly, because thermal
stresses on welded and brazed joints of the HTESC assembly are minimized, the
HTESC can be expected to have a long working life.
[0053] By thermally isolating the chuck body from the rest of the HTESC
25 assembly, standard low cost elastomer materials can be used to form vacuum seals
with the heat transfer body. Such vacuum seals can be made from a low cost
material such as VITON. The chuck body can be made from cofired layers of

ceramic material and metallization layers. For example, commonly owned U.S.



-20 [0051] The heat transfer gas can be supplied to the plenum 80 through a
gas passage 76 and the gas in the plenum can be nmaintained at any suitable
pressure woan/oes4® to 20 Torr. Dependi ng on the size of treTdisoziT6t e, 3 or
nore |ift pins 132 can be used to raise and | ower the substrate. As shown
in Figures 4 5 and 5 additional holes 46 can be provided to evenly
distribute the gas around the edge of the substrate. Further, the holes
can open into a shallow groove (not shown) in the upper surface of the
chuck body to aid in distributing the gas under the substrate. In order to
provi de power to the clanping el ectrode-dhd the heater elenent, power
supplies can be provided in the interior of the tubular extension 10 66.

Al so, one of the power supplies can be used to carry electrical signals to
a chuck bodyateanNer 81880e929aiesaibes b saiiabla tsebhigue dbrembleinp arcatamtie chegksor (not
shown) nounted in opening 77. [0052] The thin cross-sectiqgn of the inner
annul ar sect bedy.18or example, thelpsrstaannglgde pspydustivelayer Srmipgat her mal

i sol ation of the chuck,bo romt . Is ssenbl y.
By thermall ynf°§1_8P§taf ﬂbb{pﬁg&y‘fﬁ?ﬁ@d‘%@%c%%lag?%}1§§§£Smﬂr$iﬁrr@§% %&E@gﬁ‘ | oss due
to heat condygidvAthedRYwdiOBraiR 167846 K AbRAer eldnient eldiCks dRMt théreGpiabl e of
reachi ng tenperatures as high as about 350" C or higher w thout requiring

t he expefdi t uesistafce deatimgelementy chmbetocaied betwesh adilgionali eczamicgdayess.. | n

addi tion, the shape of the_.inner annular expansion joint and heat .choke 20
102 and cur ved QB £9 Cﬂmfesaﬂ%% rﬁ]%t S]“BP&E gt}e)ovgg&}gjﬁlep &ﬁlﬂi‘p%rﬁq‘?cz ®as a

result of t i j . i rate. Accordingly,
because ther%gﬁli ﬁ&{st?l(r:ée/lgﬂgg@&gﬂlﬁé\%l elgE%ﬁ%dg%e@é jdg%cﬁ;{%agf t he HTESC assenbly
are mnimzedoodpe HTEPhiledr ibecneivpdas bebntdestribed ia detaiigwitio rdfereged iof e.
[0053] By thermally isolating the chuck body fromthe rest of the HTESC 25
assenbly, st @mfered prhodiswntsaheispb dewilhbe epnassy t@ gpe palled Bythe ¢t 8atm vacuum

ow cost" maanri enbh R G R tad SRS BHARE, P B RER T

| ayers of the scope of the invention.



ceramic material and nmetallization |ayers. For exanple, commonly owned U.S.
WO 03/ 003448 PCT/ US02/ 17663 -21 Patent No. 5,880,922 describes a suitable
t echni quewbas/oomaé ng a ceram ¢ chuck body. For exanpl e, trlaa/usayeres3 can

i nclude a conductive layer formng a nonopolar or bipolar electrode (which
al so functions as a RF bias electrode) sandw ched between ceram c | ayers.
A heater elenment such as one or nore spiral 5 resistance heating el enents
can be | ocated between additional cerami c |ayers. Various conductive

f eedt hroughs for supplying power to the clanping el ectrode and heater

el ement can al so be incorporated in the @Ruck body. [0054] Wile the

i nvention has been described in detail with reference to preferred

enbodi ments thereof, it will be apparent to one skilled in the art that 10
vari ous chang@HARISHEL ABRMED ¥rd equi val ents enpl oyed, wi thout departing
from the scope of the invention, WO 03/003448 PCT/ US02/ 17663 -22- WHAT IS
CLAIMED I'S: 1. An kl ectAbglegirpiatiehukk ysedilan 4 high teMpRraEss 8 ®Bur e vacuum

processi ng chanber. ¢ ising. a.chuck body conprising an electrostatic
cl anpi ng el e&rpge&éngﬁggéhéﬂg@&rﬁbn al heater elenent, the el ectrode being
adapted to el ectrosémick @iy YombAsBg an cfeldithid SaMpinareleutiodt as@ahace of the
chuck body; a heat transfer body separated fromthe chuck body by a plenum

| ocat ed Sbet vapsionsljwated elepzent, theicleaizeds sfing adaptaduo leldgtrastatigadly tolamma at
transfer body, the heat transfergbﬁgdg l}l?f%i ng adapted to renove heat from
the chuck bodPBA SR AR AL SHHAE: ibe CRUFKRYK a heat transfer gas in the

TS e BAE ) BB ARy O STASiDcgaqcut e
assenbl y accdramwekat spaged apart surfaces of the chuck body and the heat transfer body, the
heat transfer body being adapted to remove heat from the chuck body by heat
10 conductance through a heat transfer gas in the plenum; and,
a removably attached expansion assembly connecting an outer periphery of
the chuck body to the heat transfer body, the expansion assembly accommodating

differential thermal expansion of the chuck body and the heat transfer body.

2. The electrostatic chuck of claim 1, wherein the expansion assembly
15 comprises a deformable annular section.
3. The electrostatic chuck of claim 2, wherein the deformable annular

section limits direct conduction of heat between the chuck body and the heat

transfer body thereby functioning as a heat choke.

4. The electrostatic chuck of claim 2, wherein the expansion assembly
20 further comprises first and second mounting flanges; and wherein the deformable

annular section is connected to one of the mounting flanges by a curved section.



differential thermal expansion of the chuck body and the heat transfer

body. 2. The electrostatic chuck of claim1l, wherein the expansion assenbly
15 conpriwe3mozdes or nabl e annul ar section. 3. The el ectro®catiso2/etaxk of
claim2, wherein the deformable annular section limts direct conduction
of heat between the chuck body and the heat transfer body thereby
functioning as a heat choke. 4. The electrostatic chuck of claim2, wherein
t he expansi on assenbly 20 further conprises first and second nounti ng

fl anges; and wherein the deformable annular section is connected to one of
the mounting flanges by a curved secti on23\WD 03/ 003448 PCT/ US02/ 17663 - 23
5. The electrostatic chuck of claim2, wherein the expansi on assenbly
further conprises first and second nmounting flanges; and wherein the

def ormabl e annul &, secThesledtfoseatiotaatkest dlainpDewhéreinhihe erRpaisionasidnabiges by
a brazed or welded joint. 5 6. The electrostatic chuck of, claim1, further

Cﬁrrpri sing a ’f@ﬂhmr?g'lepﬁsﬁﬁ ﬁ&ﬁ@éﬁﬁ]@ﬂonﬁmg ylangasa A ghareia thedeformelly t o
t i v, .7. T i i i h
o hg - ar v Ao porafief TG BEME vl Hinl Y Sl g 00T = 0 LS

cl anping ar &R y and conpresses
a netal seal wdfed een the chuck body and the expansion assenbly. 8 . The
el ectrostatic chuck of claim7, wherein the netal seal is a G ring seal.

9. The electrostatic chuck of claim®6, wherein the clanping arrangenent
Wherein the heat. t-ansf B B0y RS ABRTICUETATE bl HE" SRS RGO HEIRE | east
the ohuck body SEegeIEBl by Al et eyl B S RS cpace
whi ch extends over at |east 50% of the underside of
7. The electrostatic chuck of claim 6, wherein the clamping
arrangement abuts an outer edge of the chuck body and compresses a metal seal

10 between the chuck body and the expansion assembly.

8. The electrostatic chuck of claim 7, wherein the metal seal is a C-
ring seal.
9. The electrostatic chuck of claim 6, wherein the clamping

arrangement comprises a clamping ring.

15 10. The electrostatic chuck of claim 1, wherein the heat transfer body
comprises a cooling plate having at least one coolant passage therein in which
coolant can be circulated to maintain the chuck body at a desired temperature, the
plenum is an annular space which extends over at least 50% of the underside of
the chuck body, and the heat transfer body includes a gas supply passage through

20 which heat transfer gas flows into the plenum.

11.  The electrostatic chuck of claim 1, wherein the expansion assembly
defines an outer wall of the plenum and maintains a hermetic seal to the chuck

body and the heat transfer body during thermal cycling of the chuck body.



t he chuck body, and the heat transfer body includes a gas supply passage

t hrough 20 which heat transfer gas flows into the plenum It. The

el ectr ostwpios/oedwgek of claim 1, wherein the expansi on ass@ciluso2/uawbs nes an
outer wall of the plenumand nmaintains a hernetic seal to the chuck body
and the heat transfer body during thermal cycling of the chuck body. WO
03/ 003448 PCT/ US02/ 17663 -24 12. The electrostatic chuck of claiml,
wherein the chuck body includes gas passages extendi ng between the pl enum
and the outer surface of the chuck body, the gas passages optionally being
| ocat ed adj acent the expansion assenbly -24nd suppl yi ng heat transfer gas
fromthe plenumto the underside of an outer 5 periphery of the substrate
during processing thereof. 13. The electrostatic chuck of claim1, wherein
the chuck body carpri SHe éedi®isakit ichuckadfootaial 1,owhereimethachecknaddyrineludes14.
The el ectrostatic chuck of claim13, wherein the chuck body . conprises a
cerami c mat erdaapassagescxendinediftvens e HlasuEs the OHET serfage 0f thei IS nitri de,

silicon nitrid gron nitride,. Si. j ’ i i na and
i xt ur os. t hertegy, BRER pRishltsd o B e fREh e e ARG Fieltol”
conprising a 4@'sapp1§in@ healBhdidr das it HRIpl&REH ke MRS ahrduera centr al
portion of the underside of the chuck body, an outer surface of the

t ubul ar Sect ipeniphiexyi ofithe substalel duping tpmecesding thereof5 the interior of the

tubul ar section optionally conprising an arrangenent supplying power to
the cl anping el ectrode, an arrangenment supplying power to the heater

el ement, “and/ or anAr r anGATEAosHRYIchRN ACLIARIPORBEPHRknblCHGHUCK body:

and the interior of the tubular section being optionally open’to
at nospheri ¢ poaggiseea ndAINSHAGIHKABr PCIabIBORIETAB3 -25 16. A nethod for
processing a substrate in a vacuum processi ng
14.  The electrostatic chuck of claim 13, wherein the chuck body
comprises a ceramic material selected from the group consisting of aluminum

10 nitride, silicon nitride, boron nitride, silicon carbide, boron carbide, alumina and

mixtures thereof.

15.  The electrostatic chuck of claim 1, further comprising a ceramic or
metallic tubular section extending from a central portion of the underside of the
chuck body, an outer surface of the tubular section defining a wall of the plenum;

15 the interior of the tubular section optionally comprising an arrangement supplying
power to the clamping electrode, an arrangement supplying power to the heater
element, and/or an arrangement monitoring temperature of the chuck body; and

the interior of the tubular section being optionally open to atmospheric pressure.



chanber conprising the steps of: electrostatically clanping a substrate on
an outer surface of the electrostatic chuck of claim1; 5 optionally

heati ng twe osobsiis ate with a heating el enent in the chuckPoadisp2/17663
controlling the tenperature of the substrate and the chuck body by heat
transfer gas supplied to the plenum which may optionally al so pass through
holes in the chuck body to a gap between the chuck body and the underside
of the substrate; and, 10 processing the substrate. 17. The nethod of
claim 16, wherein the substrate is uniformy heated to a tenperature above
150 C; the chuck body and heat transfer-28ody are thermally isolated by the
pl enum and a defornmabl e annul ar heat choke section of the expansion
assenbly; and 15 the useful life of the electrostatic chuck is increased
because tenperatur. r eAahatodriarhaotessihg atsubsmtd m avadunizededsginghe

expansi on assenbly. 18. The nmethod of claim 16, wherein the step of

processi ng th@mﬁ)@m@m@ﬂ@n&&ﬁpﬁﬂ?@é@ providing a process gas to the
processi ng chanber; ] iz e j ma st at e;

and, etching an exﬁggéggtgpﬁcr%;lgé%mg@né Egu@tﬁ%{s;etra%rg&\?\nmt ﬂ}f?"’r%‘g"g:ﬂge:m 19. The
met hod of cl adjRatARiativheanst of élkign $f ep of processing the substrate conprises
depositing a coating on the substrate. WO 03/003448 PCT/ US02/ 17663 -26 20.
The nethdd of cl ai eptibBallwheatingrihe Fubstraiepvidt a peasingsi¢ment timhe chypls bpdi;e

conpri ses chem cal vapor deposition S vapor 0si ti,0 uitering,
ion inplantation &%‘E’ﬁ%ﬁgﬁweﬁwﬁ‘z& tﬁﬁ%ﬁ%@dgﬁgﬁﬁgcmﬁy bfyg‘r%a
substrate suppQfctery3€tihpiiel 18 tf¥ HBuum which may optionally also pass through holes

in the chuck body to a gap between the chuck body and the underside of the

substrate; and,

10 processing the substrate.

17.  The method of claim 16, wherein the substrate is uniformly heated
to a temperature above 150° C;
the chuck body and heat transfer body are thermally isolated by the plenum
and a deformable annular heat choke section of the expansion assembly; and
15 the useful life of the electrostatic chuck is increased because temperature

related mechanical stress is minimized by the expansion assembly.

18.  The method of claim 16, wherein the step of processing the
substrate comprises:
providing a process gas to the processing chamber;
20 energizing the process gas into a plasma state; and,

etching an exposed surface of the substrate with the plasma.

19.  The method of claim 16, wherein the step of processing the

substrate comprises depositing a coating on the substrate.



5 tenperature vacuum processi ng chanber, the substrate support including a
chuck body optionally conprising a heater el enent and/or an el ectrode
adapt ed two ogloextis ostatically clanp a substrate on an out @cTdisnt/awes of t he
chuck body, the substrate support further including a heat transfer body
adapted to renove heat fromthe chuck body by conductance through a heat
transfer gas in a plenum 10 | ocated between spaced-apart surfaces of the
chuck body and the heat transfer body, the expansion assenbly conprising:
a first nounting flange renovably attachable to an outer periphery of the
chuck body; a second nmounting flange remd¥ably attachable to the heat
transfer body 15 and, an expansion joint conprising a deformble annul ar
section connected between the nmounting flanges, the expansion assenbly

accommmodat i ng di f f28r entTia! methbeé bfrelaine X pawherein the stepefphoissibpdie and t he
heat transfer body. 22. The expansion assenbly of claim 21, wherein the
def or mabl e 2GUbiFAlg eQMBIALES |CBW11°§1 &Pﬁﬁé@ﬁ%&l%P@ﬁ@adﬁpquﬁﬂHﬂ%’l ng flanges

by a curved sec and the nounting flanges by a
brazed or me|588‘§“j“8% rln?n m}@an% Q% sé})%ghlgl senbly of claim 21, further
conprising a clanping arrangerrent attached to the first nmounting flange in

a manner adapted to clanp the first nmounting flange to the chuck body. WO
03/ 003448 PCT/ USO2/1176643n expipsipa. assemblseﬂp @tmataggmt ysehil ig pdiigh 23,

el o A SSRGS e TRl ey o
Cebanslon Loty SR B end cmmd b imemmsomiians 2 25, i
mounting fl artg@trroemmalyl glarap aaabsiateon an autehsufadeadythe chuck body, the
substrate support further including a heat transfer body adapted to remove heat
from the chuck body by conductance through a heat transfer gas in a plenum
10 located between spaced-apart surfaces of the chuck body and the heat transfer
body, the expansion assembly comprising:
a first mounting flange removably attachable to an outer periphery of the
chuck body;
a second mounting flange removably attachable to the heat transfer body
15 and,
an expansion joint comprising a deformable annular section connected

between the mounting flanges, the expansion assembly accommodating differential

thermal expansion of the chuck body and the heat transfer body.

22.  The expansion assembly of claim 21, wherein the deformable
20 annular section is connected to one of the mounting flanges by a curved section

and to the other one of the mounting flanges by a brazed or welded joint.

23.  The expansion assembly of claim 21, further comprising a clamping
arrangement attached to the first mounting flange in a manner adapted to clamp the

first mounting flange to the chuck body.



a second annul ar nmounting flange; and, an expansion joint conprising a
def or mabl e annul ar section connecting the first and second nounti ng

fl anges. WO 036034Fhe expansi on assenbly of claim25, whereiPeTiUs@2/i7663t
annul ar mounting flange cooperates with a clanping arrangenent adapted to
clanmp a chuck body to the first nounting flange. 27. The expansion
assenbly of claim25, wherein the deformable annular section is connected
to one of the mounting flanges by a curved section. 15 28. The expansi on
assenbly of claim25, wherein the deformabl e annular section is connected
to one of the mounting flanges by a brazéd-or wel ded joint. 29. The
expansi on assenbly of claim25, wherein one of the first and second
mounting flanges and the deformable annular section are made froma 20
single piece of medkri alhe expansion assembly of claim 23, wherein the clamping

arrangement and first mounting flange of the expansion assembly are adapted to
compress a metal C-ring seal between an outer periphery of the chuck body and

said first mounting flange.

5 25.  An expansion assembly for an electrostatic chuck comprising:
a first annular mounting flange removably attachable to a chuck body;
a second annular mounting flange; and,
an expansion joint comprising a deformable annular section connecting the

first and second mounting flanges.

10 26.  The expansion assembly of claim 25, wherein the first annular
mounting flange cooperates with a clamping arrangement adapted to clamp a

chuck body to the first mounting flange.

27.  The expansion assembly of claim 25, wherein the deformable

annular section is connected to one of the mounting flanges by a curved section.

15 28.  The expansion assembly of claim 25, wherein the deformable
annular section is connected to one of the mounting flanges by a brazed or welded

joint.

29.  The expansion assembly of claim 25, wherein one of the first and
second mounting flanges and the deformable annular section are made from a

20 single piece of material.



