WO 2004/ 093167 PCTI US2004/ 009626 SUBSTRATE SUPPORT HAVI NG TEMPERATURE CONTROLLED
SUBSTRATE SUPPORT SURFACE 5 Field of Invention 0001 The invention relates to plasma
processi ng appar : , hore particularly, to a tenperature controll|ed substrate
support. Backgr ounzg g'?ﬂgﬁgé\}enti on 10 0002 Pl asma processing apparat/ H3¥ 826, sed for
processes including plasma etching of sem conducting, dielectric and netallic materials,
physi cal vapor deposition, chem cal vapor depedition (CVD), ion inplantation and resist
renmoval . Such substrates include, for exanple, sem conductor wafers and flat screen

di spl ays. The substr at gprradR RFYESHPPORYS HANING TEMPERA FORBCONTROLIANY Si zes. 15 0003
One type of plasma processing apparﬁ'ﬂ§TR§ﬁ%SﬁP§%ﬁf?ﬁ.ﬁ¥f gq material processing
g an upper eleciro e‘%

i ncl udes a reaction chanber contain anode) and a |ower electrode
(cathode). A substrate to be processed is supported in the reaction chanber on a
substrate support, A process gas is introduced into the reaction chanber by a gas

di stribution system An electric field established 20 between the anode and the cat hode
generates a pl aspa HigmofIavaitiaess gas. 0004 During plasnma processing, it is desirable
that material renmoval Tromithe substrate by etching and material deposition on the
substrate be unifor 808b t h&he inyeutierreldtenio platmaiproeessingAPPRTabses gdl 1BOISst r at es have

satisfactory electrical operties. However S 1 conductor wafer size has increased
while the size of ZS’W@H{EE{Y(& 0 2 SFHRGTR ?‘H&%?é‘r@s&‘i‘n‘t\%mé’geﬁeased, it has becone
increasingly difficult to achieve this goal. 0005 Substrates are secured on the
substrate support in the reaction chanber during plasnma processing by substrate hol ders
i ncl udi ng mechani caBaekgedimdostfdnvehtiai r ost ati c chucks (ESCs), Systems designed to affect

heat transfer in substrate 30 supports used in plasm tprocessi ng apparatuses are
disclosed in U % Péfehts Raesma pso@songapparguss2argused for pogeses inchidima plagwe 5, 675, 471;
5, 835, 334; 6,077,357; WO 2004/,093167 PCTI.US20041009626 -2.6,108..189; 6,179, 921;
6,231, 776; 6, 310, 755tchggtsegiqondycung; A%l%c,%ﬂ%f%%ﬁ‘,e‘%g' mafefialy, pRysical Vapli

deposition, chemical vapor deposition (CVD), ion implantation and resist removal.

Such substrates include, for example, semiconductor wafers and flat screen
displays. "The substrates can have various regular and irregular shapes and sizes.
15 0003 One type of plasma processing apparatus used in semiconductor material
processing includes a reaction chamber containing an upper electrode (anode) and
a lower electrode (cathode). A substrate to be processed is supported in the
- reaction chamber on a substrate support. A process gas is introduced into the
reaction chamber by a gas distribution system. An electric field established
20 between the anode and the cathode generates a plasma from the process gas.
0004 During plasma processing, it is desirable that material removal from the
substrate by etching and material deposition on the substrate be uniform so that
devices fabricated from the processed substrates have satisfactory electrical
properties. However, as semiconductor wafer size has increased while the size of
25  features formed on the wafers has decreased, it has become increasingly difficuit
to achieve this goal.
0005 Substrates are secured on the substrate support in the reaction chamber
during plasma processing by substrate holders including mechanical chucks and
electrostatic chucks (ESCs). Systems designed to affect heat transfer in substrate
30  supports used in plasma processing apparatuses are disclosed in U.S. Patents Nos.
5,316,453, 5,382,311, 5,609,720, 5,671,116; 5,675,471, 5,835,334; 6,077,357;



and 6, 378, 600. Summary of Invention 5 0006 A substrate support useful in a plasm
processi ng apparatus is provi ded. The substrate support can provide tenperature control

at a surface of support that supports a substrate durin | asma
processi ng. 0007%20@%@9}@ rred enbodi ment, the substrate suppofP¢T é’é?’Pﬁ%P‘g"é%ﬁ a body

having a support surface for supporting a substrate in a reaction chanber of a 10 plasma
processi ng apparatus; a first liquid flow passag@ -extending through a first portion of
the body so as to provide tenperature control of a first portion of the support surface;

a second |iquid flowgsp 9818906 65159058, B A RUG 1, FRC QN B L 10877 94 té‘?QtP?@’{ S0 as to

provi de tenperature cont ol ‘a’seé¢ond portion 6f thE Suppdrt §ur ‘ace’ irst inlet
and a first outlet igandb37d 600munication with the first I|qU| d 15 fl ow passage; and a
second inlet and a second outlet in fluid comunication with the second i quid flow
passage. 0008 Anot her preferred enbodi nent of the substrate support conprises a body

havi ng a support surgace for oLting a substrate in a reaction chanber of a plasma

processi ng appar at us%ﬁ&%—l iquid flow passages provided in the 20 body, each
l'iquid flow passage ng g ﬁb’sﬁfé‘té’ UopBR REE & £ Slakhl prddy pply system
i ncludi ng at | east onmq [ qU| sour csé.ﬁp ﬁ |q%% dﬁsupp y sssém@nﬁ?ﬁaduw@ d%Hto supply a
liquid fromthe at | Thstulsatd suppod camprmdetmmamme control aizeduefice of theomtb@trzttb OwW passages

to produce a controlled tenperature distribution across the support surface. 25 Brief
Descri ption of the [ﬁ‘ﬁlﬂpﬁgthat WVpporty # subsraiecising eI PI@eessinggs: 0010 FIG 1 illustrates

| | ha d_enbodi he sub
Support can’ be used. 085 oodh e e, eBSEb G SRR G s0R PGk of o pr e er r ec
enbodi ment of  a SUbﬁé\ﬁﬁés Péﬂrfac%PQ@?éﬂﬁlﬁ]a%lbgﬂ 119%%?&41’09%%%&1: 5fh 0012 FIG 3 1s
a ur re | .

a bottom plan view o pr et nent
10 plasma processmg apparatus; a first liquid flow passage extending through a first

portion of the body so as to provide temperature control of a first portion of the
support surface; a second liquid flow passage extending through a second portion
of the body so as to provide temperature control of a second portion of the support
surface; a first inlet and a first outlet in fluid communication with the first liquid

15  flow passage; and a second inlet and a second outlet in fluid communication with
the second liquid flow passage.
0008  Another preferred embodiment of the substrate support comprisés a body
having a support surface for supporting a substrate in a reaction chamber of a
plasma processing apparatus, a plurality of liquid flow passages provided in the

20 body, each liquid flow passage having a supply line and a return line, and a liquid
supply system including at least one liquid source. The liquild supply system is
operable to supply a liquid from the at least one liquid source to one or more
selected liquid flow passages to produce a controlled temperature distribution
across the support surface.

25

Brief Description of the Drawings

0009  In the accompanying drawings:
0010 - FIG. 1 illustrates an exemplary plasma reaction chamber in which
preferred embodiments of the substrate support can be used,

30 0011 FIG. 2 is a side sectional view of a portion of a preferred embodiment of

a substrate support.



the substrate support including radially distributed liquid flow passages and thernal
breaks. 0013 FIG 4 is a bottom plan view of a surface of another preferred 5 enbodi nent
of the substrat eygyRR@hdsigNavi ng anot her distribution of liquid .sages and
thermal breaks. 0014 FIG 5 schematically illustrates a prefer rgéjr@%ogg/ﬁ%ﬁ of the
substrate support including a liquid supply systemand a heat transfer gas supply
system - 0015 FIG 6 schematically illustrates a3preferred enbodiment of the liquid 10
supply system 0016 FIG 7 schematically illustrates another preferred enbodi nent of the
liquid supply systemqoet ai FRY, Pess bbiddrh PhancfieRoehapfack &f@?f@féﬁ‘éﬁ bodiBidhof N Order to
enhance the uniformty of plasma processing of a substrate Tn a plasm processing
apparatus, it is desitheapibsirate soppont dicluding radiglyrdisivibeted diguid flowtpassuges amh exposed surface
of the substrate wherg mai rial deposition and/or etching occurs. In plasm etching
processes, variationdi§"M3 B¥2kYihstrate tenperature and/or in rates of chenical reaction
at the substrate's e ed f | [a riationg in the etching
rate of the substrat )eE,B?gs VVEFF ﬁg"eﬁﬁ&‘@@hﬁ?ﬁzgﬁggﬁ yéea%oa%é)‘nll?%&#%ﬁ'ﬁa In materi al

deposi tion processes enfbudimes of\ie subkese seffort, hieing ROMEE HRAIHMA Alduld'BogonpPosi tion and
properties of material deposited on the substrate can be significantly affected by the

tenperature of the Passegessand thenmabhretdposi ti on. 25 0018 Backsi de gas cooling systens
ovi de heat, transfer between the substrate

h b d i t ts ft. ]

sﬁ\p/)gor fegngsgubls?r th gi‘gﬁpe -gﬁg‘{?ﬁ%ﬁﬂgﬂll@ﬁlw%%P@%w&mb%%ﬁ the subfirateneen

det ined that th : h hel i
dependent on ¢ he. sur f aermeRkEa B ShFly Shetihd RACH BB BB i ons oy

change during proces$0ng. mquﬂﬁﬂédlw,ﬂtht@mﬂ)ﬂefdhéﬂfelﬁﬁtﬁiiﬁﬁﬁttoftthé‘ﬁgﬁﬁr gas to renove
heat may be dim nished during processing. WO 2004/ 093167 PCTI US2004/ 009626 -4 0019

Substrate suppori@ haugply fstered cool ant fl ow passages to rempve heat
0016 FIG. 7 schematically illustrates another preferred embodiment of the

liquid supply system.

Detailed Description of Preferred Embodiments

15 0017  In order to enhance the uniformity of plasma processing of a substrate in
a plasma processing apparatus, it is desirable to control the temperature
distribution at an exposed surface of the substrate where material deposition and/or
etching occurs. In plasma etching processes, variations in the substrate
temperature and/or in rates of chemical reaction at the substrate's exposed surface

20 can cause undesirable variations in the etching rate of the substrate, as well as in
?tch selectivity and anisotropy. In material deposition processes, such as CVD
processes, the deposition rate and the composition and properties of material
deposited on the substrate can be significantly affected by the temperature of the
substrate during deposition.

25 0018  Backside gas cooling systems have been used in substrate supports to
provide heat transfer between the substrate support and substrates supported on the
substrate support. However, it has been determined that the heat transfer effects
of heat transfer gases, such as helium, are dependent on the surface conditions of
the substrate support, and such conditions may change during processing,

30 Consequently, the ability of the heat transfer gas to remove heat may be

diminished during processing.



fromthe substrate support during processing. In such cooling systens, coolant at a
controll ed tenperature and a set volunetric flowrate is introduced into the cool ant

fl ow passages. SyRsid pports have included one supply line_and one 5 return line in
the cooling system id}l—%&%\l@# it has been deternined that as heabt“T'ZS2PERI®d from t he
substrate support, a significant tenperature gradient can devel op along the |length of

t he passages, fromthe inlet to the outlet. As adresult, the tenperature uniformty at
the surface of the substrate support in contact with the heat transfer gas and the
substrate is not congpppd | edsubgggﬁtﬁg{,&t@gg‘g%ﬁu@gds&opjngYlb@ﬁ%agg)ag%st@@'@gm dYeaft the back
side of the substrate. Resulting he transfer fromthe substrate to the substrate

hol der has contri but ébni thersabstrae Support quriig precgssing: dn suckacooding sybtemspbsdlamtae i N known
pl asma processing apparatuses. 0020 In |ight of these shortcom ngs, a tenperature
control | ed substrat ea$apiEetad tepperagye and azehylymatrjer s safe Agyinigngieed ko the provi ded. In a

Cirtace of the supst PRtRAGHE ppisast bR B Ribler b IBKE HENudIRE bl Yk R oty 5y 2t em

including a plurgli femef litd @uhel cbimy s@@feﬁeggaweaashnﬁ@lbbmaéﬁﬁmegm% hede jof the
surface of the substrate support can be achi eved by controlling the distribution of

liquid to the |iquiterhdved fpas sixpabstrate sapphirt,i osignifieard terhperstupé gtdudent camtevelapich as the
20 tenperature and/or, fl ogw att% q%f the liquid through Ijquid fl ow passages, can
preferably be cont r oflong theplgnath of the passages, Tamdhe duet e he outiet. (Aspaesaltuis at a gi ven

| ocation of th b SUppACL - i ve fth
| qui d 1 ow  passage ey SRR R hE AL bub Mnk e ipol i O TREL AR ror e 11 qui ¢

flow 25 passages at Pag t@RsEPE RA the eMsstidfe & Mot sothsiikal %u%b’t?a[’c@'hblde}@f]s@gf&vﬁ;f&n(s) can be
caused to becone hotter than other portions of the substrate support |ocated near 1liquid

fl ow passages thHl hakeatsink ajtike backi sddeéf the quibstratd. oesubtingulsgat trapsfer BORPthen a pref erred

enbodi nent, the |iqui dqqéurgpl system %ggfh subst_élgtde support includes one or nore

val ves. Operation of S4%g? é??&@swﬁ €L §at Fntiiged pneryupifanmingof Empemig t o one or

nore liquid flow pas Vi el 67 PCT/ US2004/ 009626 - 5-
a0, 3 11 o pesfedssse S B Wilh b IR BT,

t hrough one or nore qui oW passages, "gui d between one or
0020  In light of these shortcomings, a temperature controlled substrate support

for use in a plasma processing apparatus is provided. In a preferred embodiment,
15  the substrate support provides temperature control across a surface of the substrate
support. The substrate support comprises a liquid supply system inciuding a
plurality of liquid flow passages. Desired temperature control of the surface of the
substrate support can be achieved by controlling the distribution of liquid to the
liquid flow passages. In addition, parameters of the liquid, such as the
20  temperature and/or flow rate of the liquid through liquid flow passages, can
preferably be controlled.
0021  In a preferred embodiment, the temperature at a given location of the
substrate support is related to the respective temperatures of the liquid flow
passages. By reducing and/or eliminating liquid flow in one or more liquid flow
25 passages at one or more portions of the substrate support, the portion(s) can be
caused to become hotter than other portions of the substrate support located near
liquid flow passages that have a higher rate of liquid flow through them.
0022 Ina preferred embodiment, the liquid supply system of the substrate
support includes one or more valves, Operation of the valve(s) can be controlled

30 to distribute liquid to one or more liquid flow passages, to prevent liquid flow



nore liquid flow passages. 0023 In a preferred enbodi nent, the substrate support includes
a heat transfer gas supply system which is operable to supply heat transfer gas between
a surface 5 of Lie, te support and the substrate, such i conduct or waf er,

0 . : Lo
supported on the sur?g@éwﬁy i ncorporation of the liquid suppl ?@@E?@ﬂ%fﬁﬁﬁfﬁqe substrate
support, tenperature conditions at the surface of the substrate support can be
controlled, and heat transfer gas can be supplief-to control heat transfer between the
substrate and substrate support during processing. Thus, enhanced 10 control of the wafer
tenperature can be aghieMeend!si Mgrd i iéw%@gﬁg@mwm dif92Rqiia tRNeER GHeYorP! asma
reactor in which preferred enbodi nents of the “substrate support can be used is
illustrated in FIG mnordhgquidl ffsmpassegast or is an inductively coupled plasma reactor. It

wi |l be appreciated t hose havi.n or di nar kill in the art that the substrate support
can be used in ot her Whes ]&faﬂ@feﬁg@ﬁ%qug‘%‘{to% SUESW? S¥Pnosineludes a Begldrner of a
substrate during pla ' LS | ' Lye pl ed pl asma
reactor constructi ogé%%%n%%%%ﬁ 1 sdgf]e(%ibggboa@rﬂ)@ |E’ve §/ngg§f%ﬁ g%d%f‘i{ggélrnag %’(%rg%t%or s. The

pl asma reactor shpWnof thelshbsirdte SRk HRIShe siitdGle, Sictclianfedticduciti wigdkng a substrate
hol der 12 with an electrostatic chuck 34, which provides a clanping 20 force to a

substrate 13, as wel buppertaé oRFhdsuraceo Byhimcanposatioato theTheguid shpply aystethdin then be, for
exanpl e, a sem conductor wafer. A focus ri ng 14 enhances plasya _above the substrate 13.

An energy source is SHSPBESYPRerts GRIDERARIS cORditions hihe syriansf the)subsirageweperti ng a pl asm

in the reaction cha r tal I e 18 powered by
an RP source to _geng?a_ %e %@SO%?’ %%iﬁ%gﬁ?gsggfg%ncgﬁﬁgs@@lﬁ?@ﬂﬁgﬁ}ragﬁ;@w@gﬁﬁ% punpi ng
apparatus for maint ab@:kvﬂ@l;tm:esub!;tfdt@ﬁh@%uﬁ%&atéb@p?&)@ﬂbﬁﬁ%ﬂioo@ssﬁ'ﬁgi' Tafs, ogasiege. 0025 A

di el ectric wi ndow 20 is disposed between the antenna 18 and the interior of the

processi ng charmbl}l 1conirad of shenwaigr teaperatiret ¢aa heawmbielv ethusihg figesubiPate sppps di stri buti on
plate 22 is beneath béﬁ Wi }n/eow 20 1and 1i ncl udes %ge%%si f30 t.hr %g]%h whi ch process gas is
del i vered from a gas &ibpl y’3BSXqRplpYePIama FEAGHer L efpgred\ggmoodimanss of die

PCT/ US2004/ 009626 - Gypstrate support can be used is illustrated in FIG, 1. The plasma reactor is an

inductively coupled plasma reactor. It will be appreciated by those having
ordinary skill in the art that the substrate support can be used in other types of

15 plasma reactors in which temperature control of a substrate during plasma
processing is desired, such as other inductively coupled plasma reactor
constructions, ECR, magnetron, and capacitively coupled plasma reactors. The
plasma reactor shown in FIG. 1 comprises a reaction chamber 10 including a
substrate holder 12 with an electrostatic chuck 34, which provides a clamping

20  force to a substrate 13, as well as an RF bias to the substrate. The substrate 13
can be, for example, a semiconductor wafer. A focus ring 14 enhances plasma
above the substrate 13. An energy source is disposed at the top of reaction |
chamber 10 for generating a plasma in the reaction chamber. The energy source
can be, for example, an antenna 18 powered by an RF source to generate plasma.

25  The reaction chamber 10 includes vacuum pumping apparatus for maintaining the
interior of the chamber at a desired pressure.
0025 A dielectric window 20 is disposed between the antenna 18 and the
interior of the processing chamber 10 and forms a wall of the reaction chamber 10.
A gas distribution plate 22 is beneath the window 20 and includes openings

30 through which process gas is delivered from a gas supply 23 to the reaction
chamber 10,



0026 In operation, the substrate 13 is placed on an exposed surface of the substrate
hol der 12 and held in place by the electrostatic chuck 34. r As described below heat

transfer gas is prelRLadhYy, enpl oyed to inprove heat transfer be the substrate 13
and the el ectrost at|§c chuck 34. Process gas is supplied to the é&@%‘lﬂi‘/ﬂwﬁ%an‘oer 10

t hrough a gap between the wi ndow 20 and the gas distribution plate 22. A plasma is
generated in the space between the substrate 13 -@&nd the wi ndow 20 by supplying RF power
to the antenna 18. 0027 FIG 2 illustrates a portion of a preferred enbodi nent of a

substrate support 4@phi cthbﬁe‘rhﬁ@g&h@sub%h%tmq%ﬁ%&oﬁ:aF%KgosEg%uﬁﬁQéaf g€ support 40 10
on

conprises a body 50, a dielectric |ayer 55, an electrically uctirve electrode 60
enbedded in the di el subatiate helder 155nd beld dnplacs by tleeelédrmstatictahinclaBi y Asodvsedbed to t he

conductive materi al go arhd a cover 7Q. The 'glower source 65 applies DC bias to the
el ectrode 60. The di OFO¥.dcat {ragsler 298 1 proferally exmwleved d8 dupeaveriesttramterbetwptch t he

substrate 13 is s e i rably 15 circular. The cover 70
igcl udes a su:rfacgp%ﬁ%%%Ftr{g{agm?éﬁa?g%gleéga%@&t?@Z]ngye{gﬁée%s g%?é SFHBﬁ‘Lé{JWg Fate suppo:r/t 40
can al ternativel y5i ne¢d¢eien @hghbéreremrodghnee R betwbiitihe witddw 26 AdTRE z?sn&i&ﬁbuﬁwc K.

Mechani cal chucks include a mechanical = clanping arrangenment, such ds a clanping ring,
for securing a subst pli®2dn A plasma liugenetated ingthp space detwrgn (RO sRRAteTIBeagiibst r at € support

40 preferably includes rality of liquid flow passages, such as liquid fl ow passages
80, 82 and- 84. As deé"'&?‘?%‘ggtjibﬁ S&P@%ﬁﬁgg?ﬁ@? fo ‘g‘élaﬁ%!m? ﬂg-ui d can be circul ated through

the liquid fl ow pass [ t he t erature distribution
at the exposed surfaggﬁwm% %g%&%ﬁéegg’aﬁgdtﬁr ataelsrgge%% re{"%f(sl%’ﬂ?%tfogrggs&%gtrélsso i ncl udes one

or nore thermal breakmoP040,Ashidke sielides dn iclecibQadi iRt AHe d%kt?z%sﬁ]?tﬁyrfmr”a' breaks 90
reduce heat transfer at one or rmre(gorti ons of the body 50. The Iiquid supply system

and the thermal 1br ee®mpises\a bilyc¥hardi¢leestic hayar 561 emeltetricelip atmductivesletthodend subst r at e
support 40, thereby ovi di.ng _enhanced co ol of the tepperature of the substrate 13.
30 0031 The body 50 S’P‘B?‘ﬁ&géﬁg&&sﬁ&“?ﬂ%ﬁi APOVEH SABRH PP sleckrically capnestedeioal or et al
alloy, such as al um mdrgondhdtiVe itk 60/ Snd Qeobddrd. | 1 pRRARNE S5 45 1S D bRz 004/ 009626

to the electrode 60. The dielectric layer 55 includes an exposed surface 57 on

which the substrate 13 is supported. The exposed surface 57 is preferably

15 circular. The cover 70 includes a surface 72 facing a surface 52 of the body 50.
0028 The substrate support 40 can alternatively include a different type of
chuck, such as a mechanical chuck. Mechanical chucks include a mechanical
clamping arrangément, such as a clamping ring, for securing a substrate on the
chuck during processing,

20 0029 The substrate support 40 preferably includes a plurality of liquid 1:10w
passages, such as liquid flow passages 80, 82 and 84. As described in greater
detail below, liquid can be circulated through the liquid flow passages in a
controlled manner to control the temperature distribution at the exposed surface
57.

25 0030 The substrate support 40 preferably also includes one or more thermal
breaks 90. As described in greater detail below, the thermal breaks 90 reduce heat
transfer at one or more portions of the body 50. The liquid supply system and the
thermal breaks provide controlled heat transfer capabilities in the substrate support
40, thereby providing enhanced control of the temperature of the substrate 13.

30 0031 The body 50 of the substrate support 40 can comprise a suitable metal or

metal alloy, such as aluminum, aluminum alloys, or the like.



-7 0032 The dielectric |layer 55 can conprise a suitable ceramc material, such as
alumna, or the like. The conductive material 60 can be tungsten, or the like. 0033 The
cover 70 can conp/d itable netal or netal alloy, such as ' Qrf al um num

all oys. 5 0034 rl:rf\rg ﬁ)g.ug«)t%% a preferred configuration of a subs?@#@@%@a’gg(’t 40 used for
waf er processing, which includes an arrangenent of annular |liquid flow passages 80, 82
and 84. The liquid flow passages 80, 82 and 84 pfleferably conprise channels forned in
the surface 52 of the body 50. The liquid fl ow passages 80, 82 and 84 are preferably
parallel to the expo sur . ; H0$H : uts the
surface 52 of the boggﬂ%o a?%é:&te%étrré%eypart?a;ﬁrtﬁ)@gfg%?%géﬁtﬁ ggfa?lggu oW;]%ggdgages 80, 82
and 84. The cover 70akmarina,bwe the hikwaflhy candwrtive thatevial 66 chody thipskyn, baiediler s or the |ike,
or alternatively perpanently attached to the body by wel ding, brazing or the |ike. 0036
The liquid flow passgéﬁs i nT%l%@‘@EHQ%F@“EUﬁp%W%hG meial pnpeta) alppuBich 85 cr oss- sect i onal

shapes, i ncl uding, fglrm xan k%lu@@mm;ag@@u' ar, circular, rectangular, square, other

T B ! .
pol ygonal shapes and'the I sectional area (i.e., transverse

cross- sect | onal as eabonf t MEId | Allihsd pIRRAIANFEAGH BFa SUBSAR. AibooR V4R sor desi red

vol une of the liquid fl ow passages based on vari ous consideratio I ncluding, for
exanpl e, the desiredwafer pretessingf whichrintledesfantanengémeéntadiadnalar tiqeid fidve phdsagdsd f 1 ow
passages and the hea& transfer capabilities of the iquid. For exanple, to increase heat

|
transfer by the IiquP®, 8% ad &b Jhedigud ﬂ?%\ﬂassﬁﬁseﬁ%ﬁzlﬁﬁé 84i pyafegably comgrise he i quid fl ow
he . e rar e ; Ty
e tesa. 0037 The |1 igels BimaL in B hreact e BOGPAT S tali8bid A48 alhrel B e t he o5

sane cross-sectional aff 8Rareqirefersblp hafiMebtol thélkpbséd S¥fRA@SYages can have different
cross-sectional areas. For exanple, in one or nore portions of the body 50 where

relatively greatdl ne235 tr arlefswrface 78 of treswyer Fkathity tedsuf faoevSp af stegodyr Sbandsect i onal
area can be greater {hga% i n_othe ﬁ%grti ns, ywhere |l ess heat transfer is desired. 0038 The
liquid fl ow passages" 8¢ ?@‘%P%‘F ayRAsageT 8§ aud 84, The cayaraifipsst in t he
surface 52 of the b i pent  shown in FIG 3. Such
concentric arr angeneo%reg%vta Efép%agﬁ?ddﬁftpg\ﬁvo agég gagg%l gﬁ?&%g‘ﬁk& of Attty

permanently attached to the body by welding, brazing or the like.

(D=

0036  The liquid flow passages in the substrate support 40 can have various

15  cross-sectional shapes, including, for example, semi-circular, circular,
rectangular, square, other polygonal shapes and the like. The cross-sectional area
(i.e., transverse cross-sectional area) of the liquid flow passages can be chosen to
provide a desired volume of the liquid flow passages based on various
considerations including, for example, the desired volumetric flow rate of the

20  liquid through the liquid flow passages and the heat transfer capabilities of the
liquid. For example, to increase heat transfer by the liquid, the volumetric flow
rate of the liquid through the liquid flow passages can be increased, or a liquid
having increased heat transfer capabilities can be used.
0037 The liquid flow passages in the substrate support 40 can all have the

25  same cross-sectional area, or two or more liquid flow passages can have different
cross-sectional areas. For example, in one or more portions of the body 50 where
relatively greater heat transfer is desired, the liquid flow passage cross-sectional
area can be greater than in other portions where less heat transfer is degired.
0038  The liquid flow passages 80, 82 and 84 are preferably concentrically

30 arranged in the surface 52 of the body 50, such as in the preferred embodiment

shown in FIG. 3. Such concentric arrangement of the liquid flow passages can



WD 20041093167 PCTI US2004/ 009626 -8 provide control of the radial tenperature
di stribution across the exposed surface 57. 0039 The liquid flow passages can

alternatively ha he, rangenents in the substrate support ovi de ot her
controll ed spati ﬁﬁ’?@ﬂ@eﬂlg{ ure distributions at 5 the exposed géffpégog%"?.ﬁzq:or exanpl e,

FIG 4 illustrates a non-concentric arrangenment of radially offset and circunferentially
spaced apart liquid flow passages 81, 83, 85, 8B-and centrally |ocated passage 89. A
thermal break 90 surrounds the central liquid fl ow passage 89. Radially extending

thermal breaks 90 ane,RAOVIHRS PSRRI tditperaitid dstibaMoRaeROaR Shoséddurdee and 87, to
physically 10 and thérnmally isolate |liquid flow passages fromother [iquid flow passages

and/or portions of tHAe substrate support 40. The liquid flow passages 81, 83, 85, 87 and

89 are preferably anlaul ar. However, the liquid f]ow pa?sages can have ot her
configurations, suchU839recThsHavid flowpagsagss camalterpptavelyrhave other arrangomepisindbes 81, 83,

85, 87 and 89 are pr ol I 13 1. (... the 15 liquid
fl ow passages can ha\?{éﬁgr{%%eérﬁpgﬁft?rqtgtﬂréﬁgé Bﬁlﬁﬁé@ﬁﬁ@%p%H%ﬁlagﬁqlg%a%}_gﬁgri@iqohs ?ﬁwe substrate
support 40 can besf otigskpyed sitiacs $17t IYrexMaPREFRG. FAlus@iRERl fon-ddiedtiigui d f1 ow passages
can be fornmed in the surface 52 of the body 50 by machining, or alternatively by a
process used to makearrahgentond pf radially offseh andsir¢umferantialbs spac2d apawt lighkikefléwqui d can be any
liquid having suitable heat_tr ' use in the substrate support 40. For

nsfer_ propertjies for
exanpl e, the |iquid PAIfaES %tsgr 8§e§b?’?doc@é‘iahlﬁi%@d\/ﬁ§§@€7,89et“?ﬁﬁlf'é'ﬁl@1 Break &0, silicon oil,

&0
wat er / et hyl ene gl yco 1 XE . ' (oF=To] W rformance,.of the liquid can
be controll ed by usi %%m%‘d#ftg‘?%% |11 Eg&g&&%ﬁ%ﬁ %geh%.xﬁgéléfggggﬁaﬁﬁggﬁgmal gf ds, varying
the Iiquid flow rateppdfe proided beavstn e tigeidifliv pakadesBC BRI 95%@%7}!%@;311;%& ¢ (i.e, the
tenperature of the 1liquid introduced into one or nore liquid flow passages)”. The
tenperature of the hndjtheomaliynisptatd Haeiliflovbpassagies Stoetlothgr tiyeid flawipdssagespnd/@yst em  as
descri bed bel ow. WO 2004/ Oggltg%]gCTI US20041 09,%6, -9 0042 The t hermal breaks 90 control
heat transfer in thePQi9as PLt sgge supgert 40. The liquid flow passages 81, 83, 85, 87 and

89 are preferably annular. However, the liquid flow passages can have other

configurations, such as rectangular, oval or the like. The liquid flow passages 81,
83, 85, 87 and 89 are preferably parallel to the exposed surface 57. However, the

15  liquid flow passages can have other orientations.

0040  The liquid flow passages m the substrate support 40 can be formed by
any suitable process. For example, the liquid flow passages can be formed in the
surface 52 of the body 50 by machining, or alternatively by a process used to make
the body, such as a casting process.

20 0041  The liquid can be any liquid having suitable heat transfer properties for
use in the substrate support 40. For example, the liquid can be water (e. g.,
deionized water), ethylene glycol, silicon oil, water/ethylene glycol mixtures, and
the like. The cooling performance of the liquid can be controlled by using
different liquids and/or mixtures of different liquids, varying the liquid flow rate,

25  and/or varying the initial temperature of the liquid (i.c., the temperature of the
liquid introduced into one or more liquid flow passages). The temperature of the

liquid can preferably be adjusted by the liquid supply system, as described below.



For exanple, in the preferred enbodi mrent shown in FIG 2, thernmal breaks 90 are |ocated
bet ween adj acent liquid fl ow passages 80, 82 and 82, 84, and a thermal break 90 is
surrounded by Ii 'gﬂj!bﬁ%passage 84. The thermal breaks 90 reduce 5 beat transfer

t hrough the body 50" 11 the portions between the liquid flow pasRaljEe20088096H> and 82, 84,
and in the portion inside of liquid flow passage 84, by physically and thermally
isolating the liquid fl ow passages from each oth@.. In the preferred enbodi nent shown in
FIG 4, the thermal breaks 90 control heat transfer between the liquid fl ow passages 81,
83, 85, 87 and 89. B duci rﬂﬂrg LI aui I ages, heat
transfer effects (i .gp‘?fheg?%ggglgsl%gﬂ&coo .“ﬁ‘r&; ﬂ%{t\ﬁlﬁ%ﬁf Qfﬁeggvggg%éggpgﬁ%éeach ot her
are reduced, therebyFenbranplagin the@refatred emboditnenf stoke: ini FIGE. &, frhérmial Brge 98 agnd

surroundi ng portions_ of the body. 0043 Thermal breaks can also, or alternatively, be

provi ded above and/ otocalsd|bsieanadiacguy liquid amassagee80.68% aigP82ng#,gad adthetmiddui d f1 ow
assages 81, 83, 85, .15 .89 angd/.qr at .ot.her | ocatio of the _bo 0 Qf the substrate
guppo?t 40. For exaRfﬁag,%Bolﬁéalgf’u[?‘f%pgjytwcﬁ‘ﬁpw%%ﬁg%éaﬁﬁbﬁéjlﬁﬁg‘%dg?%rgz’cﬁegquey out war d
fromthe Iliquid4lo : . j kS j e thermal
breaks reduce heit %ﬁ%ﬁgﬁ%ﬁ@ gnt]ﬁtg %%bhgﬁ{nggoblg??%%h?%s%gﬁf Fﬂ]o%%(@?&v@éw ﬁg%al%gg flow

passages and/or in 080c82 mat §2,884; andl it He ubiod imide dignit flow Qassige @348y The t her mal  breaks
90 can conprise various suitable materials having reduced thermal conductivity, For

exanpl e, the thernal PBysieakly and thermally ignlating the linwidriaw passages fivomicagh biher t Fretheal
breaks 90 can

d ivity, includj h i, | iguid Th h
N B ey
700, Ll sy enies a1 tesdS of @bsne) SRS BAMMEER. |, 0 o0

i nsul ators, such as suitable ceram ¢ nater ol yners. rmal
can have differetl ctafsfenbeaveantheliquidos phsshgat aeatstuppfer effélls (P6., demimyt Ad/dn FI Gs. 1
and 2, the thermal breaks 90 preferably conprise annular channels | ocated between

adj acent liquid fl ovFqiBgheelquid dloyy passages on|epgfupther aeweducedatisscbyenbancingbove and/ or
bel ow l'iquid flow pa&gﬁgﬁls%&%@aé@%gg@%diﬁ%‘ﬁ?’%L%L%rzo §%}gr%39 1161g pb%t?on-ls-ho?’ élg}gcr“{;{al breaks can

be voi ds between |i qui
0043 Thermal breaks can also, or alternatively, be provided above and/or

below the liquid flow passages 80, 82 and 84 (or liquid flow passages 81, 83, 85,

15 87 89), and/or at other locations of the body 50 of the substrate support 40. For
example, one or more thermal breaks can be disposed radially outward from the
liquid flow passage 80 to control heat transfer in this portion. The thermal breaks
reduce heat conduction through the body 50 in portions between liquid flow
passages and/or in other portions of the substrate support 40,

20 0044  The thermal breaks 90 can comprise various suitable materials having
reduced thermal conductivity. For example, the thermal breaks 90 can comprise
suitable fluids having low thermal conductivity, including gases, such as air, and
liquids. The thermal breaks 90 can alternatively comprise suitable solid materials
having low thermal conductivity, including metals and other materials, such as

25  stainless steels, and thermal insulators, such as suitable ceramic materials and
polymers.

0045 The thermal breaks 90 can have different configurations in the substrate
support 40. As depicted in FIGs. 1 and 2, the thermal breaks 90 preferably
comprise annular channels located between adjacent liquid flow passages,

30  proximate liquid flow passages, and/or above and/or below liquid flow passages.



exposed to atnospheric air. 0046 FIG 5 illustrates a preferred enbodi nent of the
substrate support 40 including a liquid supply system 100, a heat transfer gas supply

system 200 and a | er 300. The liquid supply system 100 includes one or nore
liquid sources fglr&%"&%gﬁ}&ng liquid to the liquid flow passagesl.’C Hézq"f”&‘lﬂ%ﬁ supply system
preferably includes a plurality of liquid sources, such as the liquid sources 110, 120
and 130. The liquid sources 110, 120 and 130 canl@enprise chillers, heat exchangers, and
the like, which are operable to supply liquid, preferably at a 10 sel ected tenperature

and/or flowrate, to [ &l Ui : 3), or 81,
83, 85, 87, 89 (FIG TZ*‘??*‘%?%“’P?‘%"J%’E%B%E 195gé@%@n@%@%ﬁ%ﬁ%’gg%?ﬁaébéﬁgﬁsguitable f1uid

punp arrangenent. 004Xpdsed tdetneospbetiowint shown in FIGs. 2 and 3, the liquid fl ow passages

80, 82 and 84 include supp%f lines 112, 122 and 132, res?ectively, and return lines 15
114, 124 and 134, re&Pdeti vEIG. S illstraigs g peefesrad pmbedigen ot thersybstrate aippoziodl} ces 110, 120

The i1 qui d 1 ow pass isieifehSighf SRR 8fal 10T 8 hCe R RDEGypemi 20088 415 122 and
132, the liquid i§ cCichriblirat0! hrieusuid buq;ﬂ;i Gpstein OO McRRRS 396 Sr nitfte éitﬁlﬁi&lg?)grc%é' and the

liquid is returned to the liquid sources "110,” 120 and 130, 20 respe via the

return |ines 114, 124orasgplydag liqud pe thei it flod(pa8saghe Hhatiquidasupphr sygees suppl y syst em 200
i ncludes one or nore heat _transfer gas, souyrces, such as heat transfer gas sources 210
and 220. The heat t PEASRRlY igelvdesy phugality p ligpidsourpsh spchas the ligrid sevrcgmtiQo the beat

transfer gas passag 12@l n r i . Heat t sfer gas is flowed
t hrough 25 the heat ??gﬁé@;gggg@@gﬁ%@g&ﬁp, g@ﬁ%ﬁ%‘%ﬁ"?ﬂ“ﬁ’&mﬁ S’i?ﬁ%sed surface
57, where the heat bﬁ@aﬁg&g, Ssthe $ikel which avd %r%lét@ﬁﬁgﬂﬁ‘g %ﬁ?g Gtraphianel s (not shown)

formed in the exposed surface 57 to the interface portion own énlarged in FIG b5)
bet ween the expodled seledted eentprranme andéorifhok sateleto the rdspedtivedigoid flatepadshpges\8G,82 abl e heat

Substrat e suppor b, i SHEPE QISR PrELHAS §7 oL UTBS it sippinesies 80D, 720, whi ch i s
i ncorporated herein py hef g&ﬁﬁﬁéﬁe 4 Ehi{abfe ﬁﬂhiphﬁlbym&ﬁ@e&%‘.”093167 PCTI US2004/ 009626 -11

0047  In the embodiment shown in FIGs. 2 and 3, the liquid flow passages 80,
82 and 84 include supply lines 112, 122 and 132, respectively, and return lines

15 114, 124 and 134, respectively, in fluid communication with the liquid sources
110, 120 and 130, respectively. Liquid is supplied from the liquid sources 110,
120 and 130 to the liquid flow passages 80, 82 and 84, respectively, via the supply
lines 112, 122 and 132, the liquid is circulated through the liquid flow plassages
80, 82 and 84, and the liquid is returned to the liquid sources 110, 120 and 130,

20 respectively, via the return lines 114, 124 and 134, respectively.
0048 The heat transfer gas supply system 200 includes one or more heat
transfer gas sources, such as heat transfer gas sources 210 and 220. The heat
transfer gas sources 210, 220 supply heat transfer gas to the heat transfer gas
passages 212, 214 and 222, 224, respectively. Heat transfer gas is flowed through

25  the heat transfer gas passages 212, 214 and 222, 224 to the exposed surface 57,
where the heat transfer gas is distributed via openings and/or channels {(not shown)
formed in the exposed surface 57 to the interface portion 230 (shown enlarged in
FIG. 5) between the exposed surface 57 and the backside 14 of the substrate 13.
A suitable heat transfer gas supply system, which provides zone cooling of the

30  exposed surface of a substrate support, is disclosed in commonly-assigned U.S.

Patent No. 5,609,720, which is incorporated herein by reference in its entirety,



0049 The heat transfer gas can be any gas having heat transfer capabilities to
sufficiently transfer heat away fromthe substrate 13 during plasma processing. For
exanpl e, the hea ns, gas can be helium or the like. 0050 The liquid sources 110,
120 and 130 and kﬁgaﬂ*ﬁ%ﬁgiansfer gas sources 5 210 and 220 ar BCHUSHRFAE03S control | ed by
the controller 300. The controller 300 can control operation of the Iiquid sources 110,
120 and 130 to selectively vary paraneters of the-liquid supplied to the liquid flow
passages 80, 82 and 84, and also control operation of the heat transfer gas sources 210

and 220 to sel ectivel var [ %Eg{ f [ to the heat
transfer gas passageghi% 21’l2‘1,1g§iai an egggca&}%ﬁ@gé&@ﬁ%&t?%ﬁaeiébgﬁiéélﬁggt%iI bel ow, the
control l er 300 pref @ﬁﬁi%ﬁéﬁtl?&fhn@féﬁh&ﬁ'am%cﬂhlﬂ@s&&trith%'dlﬂ g%l&@hﬂﬁx%‘ée,i&%. 120, 130 to
control the distribution, tenperature and/or flowrate of liquid supplied to the liquid

fl ow passages by th&orexamplestherieastirammfar gas efebabelumaor hedikeol operati on of the heat
transfer gas sourcespéé@ an f heat_transfer gas 15
e

220 t t t fl t
supplied to the inte poh¢ 16Wd%§§r?32§ i)fdacll%lag\ﬂg lgw@gé@itﬁ%geﬁt&i‘ﬁﬁeég@ﬁ@“a?%yi but i on
across the exposed syjhafes5q meoﬁ??er%ﬁlg c88@<§1§e§]l§%e%§9?m&fﬁf0?bh¥%&ﬁﬁx‘?o'll\éf%@' gnal s from
one or nore tenperafuré S&nsorst (not shown) di SpoSed to nmeasure tenperature at one or

nore sel ected | ocat ;@ngorfol loperativh oF kil lepsd BRgtés KO, and/and 190 té belegivebt vaye 13 (e.g., at
20 the backside 14). For exanple, tenperature sensors can be di sposed to neasure

tenperature within tparamstyrs 56 thetliquid sippbind tpthexdiquid Sowmassages80.c82 amliB4L 4ndow passages,
in the peripheral porfion of the sub ate su rt 40, an r gt .locations. proximte the
exposed surface 57. SCPE%]e‘?pEWWé‘%éﬁ%h?aé ggaasoq(&urw%ﬁ@gamggp seletebenper at ur e
measurenents to enab ' f | J.Qul urces 110,
120 and 130 and asso%%g{@agﬁggﬁgse@g%g%titﬁé%ﬁ Eg?sg%ﬁxbgéd %ﬁh]g heéé“%%ﬁ?r%‘?%%ag%e oper ati on
of the heat trangder 202s2S0atidCE2?, 220, andicddibediigreaterdetal belows @ comtroller snual |y

operabl e or programmed to automatically control “operation of the liquid sources 110, 120
and 130, the heat trareferablyras copupkepsration offhelligeid soareds 436,06302t180 tg sbnteal, thers descri bed

below 30,0052 G S bbtat fes AOUIGT S!Sl s RIO O LRG A O oyl
20041093167 PCT/ US20Q44 Q03885 he liquid sources, and preferably can control operation of the heat

transfer gas sources 210 and 220 to control the flow rate of heat transfer gas

15  supplied to the interface portion 230, to achieve a desired temperature distribution
across the exposed surface 57.
0051 The controller 300 preferably receives signals from one or more
temperature sensors (not shown) disposed to measure temperature at one or more
selected locations of the substrate support 40 and/or on the substrate 13 (e.g., at

20  the backside 14). For example, temperature sensors can be disposed to measure
temperature within the body 50 at locations proximate one or more liquid flow
passages, in the peripheral portion of the substrate support 40, and/or at locations
proximate the exposed surface 57. The temperature sensors preferably provide
real time temperature measurements to enable feedback control of the operation of

25  the liquid sources 110, 120 and 130 and associated valves described below, as well
as control of the operation of the heat transfer gas sources 210 and 220. The
controller 300 can be manually operable or programmed to automatically control
operation of the liquid sources 110, 120 and 130, the heat transfer gas sources 210
and 220, and associated valves, as described below.

30 0052  FIG. 6 illustrates another preferred embodiment of the liquid supply
system 400 of the substrate support. The liquid supply system 400 includes a



-12 liquid source 140, such as a chiller, heat exchanger, or the |like, and a supply line
142 and return |ine 144, which provide fluid comunication to and fromthe liquid flow

passages 80, 82 liquid flow passages 81, 83, 85, 87, r& qui d source
140 can al ternat %lg?@éc%ﬁ%?rl se a plurality of sources, such as 5§§)0§% é’ﬁ%gt'sgé chiller, heat

exchanger, or the like operatively associated with each respective liquid fl ow passage
80, 82 and 84 (or liquid flow passages 81, 83, 8%2-~ 87, 89). The liquid supply system 400
can al so conprise a suitable fluid punp arrangenent. 0053 One or nore valves preferably

are operatively asso r liquid
fl ow passages 81, 83qiqg£de&#é gﬁbcg %Cﬁ bsq?g%u e%ggﬂn%yg gl st?‘ﬁaﬁ?&ﬁh Qt he liquid
to and fromthe Ii QUIlefahd\temﬁﬁﬁﬁ@g% wlmCh peovidenfinid mmmhmcmttermn&%m E;Uh(?m@rrpl e,

val ves 150 and 152 preferably are operatively associated with the Ilgw d fl ow passage
80, valves 154 and 1B6v passages$9) §23n@86p6@rrhqu1¢&oyma§sag@s§ﬂe83m$i 8% 188).1 Thei d flow

82, d 15 158 16 t ted with th
lpiaaaiagefl ow agassag\e/ @ﬁ%s a&aqgﬂ?g%a%qglﬂaoﬁégéﬁ@?‘%@g a‘i’ ¥@%2$\1§§:s€;‘ agpe\lrl\llabl e tg
provide various %l O%agﬂs&%nferoﬁeé:e%ﬁaq érhbf’lelﬁrlﬂeht‘i’ndf%dt é)das% Ye 80, 82 and 84.

The val ves 152, 156 d 160 and the |d sour ce pre erab y controlled by the
20 controller 300, Ime@em\efleqm@dlommehgﬁm 82 land) 84 dot Hquddlosnpasshdes &i, 88y 8Huted in the
direction A through the cool ant flow passages 80, 82 and 84. For exanple, the valves
152, 156 and 160 canS3Be8PpeFhe Hauid supply sxsemAOOyean jalsp qormypaise atswitablg Hluidpumpi qui d f | ow
passages 80, 82 and 84 in this order. To achi eve such sequential flow, liquidis

di stri buted fromtheafraﬂ%?n&engource 140 first to the liquid fl ow passage 80 25 via supply
l'ine 142 and supply 1 T jstribute
liquid to the liqui dbplgr'gw g)(glslggf gﬂbéézbﬂvt‘ %ﬁ%%?%@g%e%%lﬁnh%ﬁeghed& P?(;ﬁqu% cl osed.

0055 If it is nof0desliomephssaget BONBL aniliB4 (i liquid Aowquastages BE 08&)18S, i87UBY) dol ow passages 80
and 82, valve 152 can be closed to termnate flow through the |iquid 30 flow passage 80.

If it is desired to EERWdGcAntral %ﬂ@fdlﬁtﬂémlﬁﬂf’ﬁ%&@ﬁﬂwﬁqﬁmdh‘? lgwd flssage 80, but at a
reduced flow rate, aﬁagshgéﬁ'lﬂ tﬁéh@hﬁ%uf)ﬂﬂ?\é?&eﬁ]qoau%rlelxgmp% lcw)les 150 and 152

preferably are operatively associated with the liquid flow passage 80, valves 154

and 156 preferably are operatively associated with the liquid flow passage 82, and
15  valves 158 and 160 preferably are operativély associated with the liquid flow
passage 84.
0054 The valves 152, 156 and 160 are preferably operable to provide various
flow patterns of liquid throngh the liquid flow passages 80, 82 and 84. The valves
152, 156 and 160 and the liquid source 140 are preferably controlled by the
20 controller 300. In a preferred embodiment, liquid is sequentially distributed in the
direction A through the coolant flow passages 80, 82 and 84. For example, the
valves 152, 156 and 160 can be operated to sequentially flow liquid through the
liquid flow passages 80, 82 and 84 in this order. To achieve such sequential flow,
liquid s distributed from the liquid source 140 first to the liquid flow passage 80
25  via supply line 142 and supply line 112, with the valves 156 and 160 closed. To
next distribute liquid to the liquid flow passage 82, valve 156 is opened with the
valve 160 closed.
0055 If it is not desired to flow liquid simultaneously through liquid flow
passages 80 and 82, valve 152 can be closed to terminate flow through the liquid
30  flow passage 80. If it is desired to continue flow of liquid through the liquid flow

passage 80, but at a reduced flow rate, as liquid is also flowed through liquid flow



13 passage 82, valve 152 can be partially closed to reduce flow through the liquid flow
passage 80. To then distribute liquid to the Iiquid flow passage 84, valve 160 is opened.
If it is not desired to sinultaneously flow |liqgid through the Iiquid flow passage 80
and/or liquid flow passage 82 and the liquid fl ow passage 84, valve 152 and/or val ve 156
can be closed to termnate flow through the liquid flow passage 80 and/or liquid flow
passage 82. If it is desired to continue flow of liquid through the liquid flow passage
80 and/or the liquid flow passage 82, but at a reduced flow rate, sinmultaneously with
liquid rowthrouhI| u fI lve 152 and ve 1 can be partially
closed to reduceP %ﬁ %ﬂgg’ﬁ%aﬁ‘f @?X"?IB%% %%ﬁ 8@”% Eahq il &glof”"l ow passage 82.
0056 | n anot her pP%“F%g‘er sebpte lgnd orthedd W prssags dakalve I1 Whisppsaedyes 80, 82
and 84 (or |iquidlff 'é\ﬁobﬁ%%fﬁ &518&11%830“8@%118@51 tiranghhediavidBew pessaze §i d to i ncrease
vol unetric flow otnd/erdiquidtipe nassagad?2 and therlsjunbiiow pppages 84 valhguliSd andowvplvsdages. Such
enbodi nent s enabl eant lenglesedito te@maditaSoweiough thediqaat Baw posshzo G and/ot hipuid flbst r at e support
40 to achi eve andposagesnifat is dxseabioredtih@nfier at ligeddhrstgh tidtliqenl AswWeasaphgo exposed
surface 57. Liqui ghd/sr tHé SkGdRHePaski@2 ber dtiaGbdudes BdRGatel Gl @n@i8lOkith Weuiaf the Iiquid
fl ow passages 80, 8% (Rod ﬂqMHQIO%MBER Yool 4406146252 Eﬁﬂo rHJis%cah'b% @ru gdistributed
to liquid flow pagsa 9&1 Al etﬂelﬂﬁuﬂdtﬁyt\% Egeg% Ota‘?xd uf?:\nﬁo qw fI Ow passages
ve B to't ['17q

82, 84, or alternatl can returne urce A return line 144, by
openi ng and/ or cl val yes 1 nd 160. For I|qU| d fl ow_through

't qui d f ow passa@@fgl% %ﬂgt EBfe) e d QRRhochpen e o Phare I‘ioalj”PHﬂPWd’kﬂF gesilydlgn. val ve 156
can be closed, wi K ¥(oydasddlaerrgasssdidd, 81.87i89) ran bebynastdity INBISESE | i qU| d flow

passages 82, 84 anwelpaeuicrflaw gfithg liqpishtoldng @ aior¢ wep- ﬁ}asmgbhamddlqvemssggcs duche |iquid

source 140 vi a renbedimentsendbld tenvairaters atifi6traed al Gleatahpdytoms diahe bdsadte suppdnt val ves 154

and 158 being opéMedachfevgandobmaimyia aalesigritemptiange ddmibutidh Agrosuideleypbdede 142 in fluid

comuni cation Wi t burfade 5etLLigtid ik BRuidded G RORABA shirfe14Hd dre Fit@YLEHR lighid n fluid

comuni cation wit o fagsragés 805 PR 8h inesubpi iR 1&9%}%@%@ Yiqhid %8%15%&& rd supply

line 132, a firstyy ﬁ@s&‘dﬂﬁ } %&ﬁ@ an@lh%ﬁ%grdgstx? &r{adn; elc%‘lthé‘ﬂ @fi w% ggturn Line 134.
na v

Figure 6 further n[ ¢ LS YR, fce
t erper at tr STl ST, bRl d R i 'y line 122
lperatur e con g 16 P g Pl 0 e e flboly i

second return |i nﬁqlﬂgﬁloéﬂﬁﬁsf%P fﬂé i} desiers Qut pat o lfm’l%é liquid flow passage 82 valve 156
can be closed, with valve 160 being opened If it is desired to bypass both liquid flow

passages 82,84 and return liquid from liquid flow passage 80 directly to the liquid source
140 via return line 144, valves 156 and 160 can both be closed, with valves 154 and 158
being opened.

Figure 6 shows a common line comprising supply line 142 in fluid communication with
a return line 144. The common line 142 in Figure 6 is in fluid communication with a first
supply line 112, a second supply line 122, a third supply line 132, a first return line 114,
a second return line 124 and a third return line 134, Figure 6 further shows that the
common line (1) supplies liguid from a source of temperature controlled liquid 140 to the
first supply line 112, second supply line 122 and third supply line 132 and (ii) receives
liquid from the first return line 114, second return line 124 and third return line 134. The
first valve 152 controls flow of the liquid through the first return line 114 and the second
valve 156 controls flow of the liquid through the second return line 124. The third valve
150 controls flow of the liquid through a portion of the common line between the first
supply line 112 and the first return line 114 and the fourth valve 154 controls flow of the
liquid through a portion of the common line between the second supply line 122 and the
second return line 124. The fifth valve 160 controls flow of the liquid through the third
return line 134 and the sixth valve 158 controls flow of the liquid through a portion of
the common line between the third supply line 132 and the third return line 134,

0057 In another preferred embodiment, the liquid coolant supply system 400 can be
operated to distribute liquid in the reverse direction B from the return line 144 to the
supply line 142. For example, if it desired to sequentially distribute liquid 1o the liquid
flow passages 84,82 and 80 in this order, or to bypass any of the liquid flow passages 80,
82 and 84, the liquid can be flowed in direction B and



first valve 152 controls flow of the liquid through the first return Iine 114 and the
second valve 156 controls flow of the liquid through the second return line 124. The

third valve 150 | ow of the liquid through a portion i ne between
the first supply %gﬁﬁgf and the first return [ine 114 and thgéﬂggr%{ogﬂwee 154

controls flow of the Iliquid through a portion of the common |ine between the second
supply line 122 and the second return line 124-14mre fifth valve 160 controls flow of the
liquid through the third return line 134 and the sixth valve 158 controls flow of the

l'iquid through a por tth®¥al9és 1927456 ABTUG0 chin Be Bpérarea o biietdibedcsitePliyuii ne 132 and the
third return Iine 134. 0057 In another preferred enbodi ment, the |iquid cool ant supply

system 400 can be oplstebwibnio distribute liquid in the reverse direction B fromthe
return line 144 to t sup Jine 142. For le. if it desited to_sequentially
distribute |iquid ¢ o ODig nﬁh%faqwﬂwaw a‘-‘é’é‘&@’e@@?@’fﬂéﬁ&%%‘Tﬁ’oﬂﬁil%ﬂtﬁf’ﬁ@fejl%l_to bypass
and V0 200 410 931 ACBARRIRORTIRdnsd derBRF s Plereieh Opie 13 I g o il TECH 1 B
operated to achi ege the lidafi ksetbwedatiohghdhs it WoxopassaR580TBL ahd §4i(6r Hyuig!flowsy st em 400
(as well as other enbodinents of the Iiquid supply system described herein) is

pl
preferably operabl e Passagesy8h, B8, 8An&ht8Df koregamplet Hawid|cay bedlaveeds thoowgh ligwiough t he
liquid fl ow passages .80, 82 a 4 (or Liquid f|low sages 81_.83,,85 87, 89). For
exanpl e, liquid can WP@W%“P@B&%"H‘]@&% 0 LEW"EQ@%‘% ESS&EGFGPH%HE’QP@%‘H t hr ough
liquid fl ow passage b (ﬁqﬁ% }s {ﬁx&g oling in the
po?ti on of tﬁe bogy %gssgﬁjé%tﬁ%ghgwab%ag%c 0 q%%f@&éggg?ﬂ%bﬁﬁ n a%dllsfi on, the
l'iquid supply systemi4tid flae passhte 84, ot her enbodi nents of the |iquid supply system
1y P b

descri bed herein) is prefera Id)iélipperabl'e to provide different flowrates of the |iquid
through the respé@ti 9859 quinrdditiag, paesHajé supdy spstem 400 (8uwebas othgnietbbilimentassages 81,

83, 85, 87, 89). F I i h fl . [ i i h he I|i id
fl ow passage 8.)4, yglr \9@63%2@"2 a‘;‘@h} g;gﬁrt?%%%%ctélb%ghgrg?p\%é%ﬁ?r%]m ‘%R%%ﬂe %QJ{’WOOS[;' I:)s:d Itgu:reduce
or terminate |iquid aif?é%ﬁtgwaaed bk i u{dh@yq@ﬁ%ﬁ@aﬁg&%veﬁ%g ﬂbev%F%gégbgdvsaassage 82.

The flow rate of the |1 qui supplied b I'qui d source can‘a e’increased with

val ve 152 and/ or and &4 (or liquid flow passages 81, 83, 85, 87, 89). For example, to increase the

flow rate of liquid through the liquid flow passage 84, valve 152 and/or valve 156

15 can be partially or fully closed to reduce or terminate liquid flow through liquid
flow passage 80 and/or liquid flow passage 82. The flow rate of the liquid
supplied by the liquid source 140 can also be increased with valve 152 and/or
valve 156 in the partially or fully closed position. Reducing and/or eliminating
liquid flow through one or more liquid flow passages causes heating of the

20  portions of the body 50 that are affected by those liquid flow passages, while heat
removal from those portions of the body 50 that are affected by liquid flow
passages having increased liquid flow is increased.
0060  In addition, the temperature of liquid distributed to the liquid flow
passages 80, 82 and 84 (or liquid flow passages 81, 83, 85, 87, 89) can preferably

25  be controlled. For example, liquid preferably can be supplied at about the same
temperature from the liquid source 140 to each of the liquid flow passages 80, 82
and 84, Alternatively, liquid preferably can be supplied at a different temperature
to at least one of the liquid flow passages 80, 82 and 84. For example, liquid
having a first temperature can be supplied to the liquid flow passage 84 while

30 liquid having a higher or lower second temperature can be supplied to the liquid



valve 156 in the partially or fully closed position. Reducing and/or elimnating |iquid
flow through one or nore liquid fl ow passages causes heating of the 20 portions of the

body 50 that are y those liquid fl ow passages, while E Vi fromthose
portions of the B‘g(g%‘%%&?ﬂ};t are affected by liquid flow passa ‘g@%ﬁ%@%@ﬁ creased
liquid flowis increased. 0060 In addition, the tenperature of liquid distributed to the

liquid flow passages 80, 82 and 84 (or liquid §l®dw passages 81, 83, 85, 87, 89) can
preferably 25 be controlled, For exanple, liquid preferably can be supplied at about the

sanme tenperature fromow%h+%gisg @gmceAﬂ&gaﬁ‘%gggu gﬁmggﬁ%tt&ggg#%rgﬁtqg\fnﬁaﬁﬁﬁ&es 80, 82

and 84. Alternatively, preferably can erent"tenperature to

at | east one of the lhgbe distdiomedasitiegespetive khidAdwhssdges 86x8mphd84) i quid having a
first tenperature can be sulgﬁl ied to the liquid flow passage 84 while 30 |liquid having a
hi gher or | ower secoff6l enpéhepumberceiiliqvéd Sopmapiages i thp substegts snpporoernd®3167

PCT/ US2004/ 009626 15- .fl ow passages 80.and 82 ternativel L .qui d hayi t hree

di fferent terrperaturé’gne‘&:&wccggmifaﬁﬂ U FRREPIG q‘@'ﬁ’ﬁ&@?i Bg?fitah%aﬂ#fg\!@/ Fages 80, 82
and 84. 0061 The gu - Iy 4kls Bl : EsbbdirdeiestNaSin n be
varied to control B]C(H)Jgalﬁlﬁlrﬁlgﬁo‘tgré%g?ﬁ%ﬁdg ﬁ'fl]'iiliztﬁ%ubstrate Ssuppoitrntﬂ% %gﬁ%ﬁl]lg Su e&tahree 5
l'iquid fl ow passages npusibess gfoblant flewerbagesysath sdwwa) four, Five. (e E., BEGWS) dr rasreot her nunbers

of cool ant flow passages, such as two, four, five (e.g., FIG 5) or nore. For exanple,
in the substrate supp6F€xaoplgnisiesnbstiats support4d shawsdn F86. 6; thei npmber ofligeissages can be
reduced to two by elijmnating internmediate |iqguid.flow ssage  82. ernatively, a
fourth 11 qui d 1 ow pAouagfits AL RERFREL olooelipisaitoe BREREREE Sawl A& 0 1 r om 1 he
liquid flow passage Zdsshee 87 OWIREnARBE! @lfodkh 1ifing Bt §lowd)eaR%p! Pheral portion
of the body 50. 0062§The§eval o el 2 fofith LigtiR oA PRGN 8 oyl oreferably two-way
val ves. However, 10t herovigguemdaily \catwad, framcie haquid flewpassagel 84et, prohide eonmvleof val ves andl or
ot her suitable valves, may al ternative,l¥l be used in the |iquid supply 15 system 400 (and

in other enbodi nent s thsrtemperaprg af theesiphgrak pantiop of dke-badye¥d- herein). For exanple, if

reverse flow capabil (Li€s i e, lves 2, 15 5 158 and 160 can be
one-way val ves, Alt ep% i v:-l["}% pag%eesd%?‘]l’ r%l%?’elélf’ 138°138°1d 160°4re preférably two-way

valves. However, other types of valves, such as one-way valves, three-wave
valves and/or other suitable valves, may alternatively be used in the liquid supply
15  system 400 (and in other embodiments of the liquid supply system described
herein). For example, if reverse flow capabilities are not desired, valves 150,
152, 154, 156, 158 and 160 can be one-way valves. Alternatively, one or more
three-way valves can be used to reduce the number of valves in the liquid supply
system 400 and in other embodiments of the liquid supply system described herein.
20 The valves are preferably operable to control the fluid flow rate through the
valves,
0063  FIG. 7 illustrates another preferred embodiment of the liquid supply
system 500 including a liquid source 140 and coolant flow passages 80, 82 and 84.
The liquid source 140 can comprise a single chiller, heat exchanger, or the like,
25  or it can be comprise a plurality of liquid sources. For example, the liquid source
140 can comprise a liquid source operatively associated with each respective liquid
flow pasﬁage 80, 82 and 84. Alternatively, each liquid source can be operatively
associated with two or more of liquid flow passages 80, 82, and 84, as described
below. The coolant supply system 500 preferably also includes a controller (not
30 shown) for controlling its operation. The liquid supply system 500 can also

comprise a suitable fluid pump arrangement.



t hree-way val ves can be used to reduce the nunber of valves in the liquid supply system
400 and in other enbodinents of the liquid supply system descri bed herein. 20 The val ves
are preferably operable to control the fluid flijew rate through the valves. 0063 FIG 7
illustrates another preferred enbodi ment of the liquid supply system 500 including a
liquid source 140 and cool ant fl ow passages 80, 82 and 84. The |iquid source 140 can
conprise a single chiller, beat exchanger, or the like, 25 or it can be conprise a
plurality of liquid sources. For exanple, the liquid source 140 can conprise a liquid
sour ce operatlvel OCI at. W|th eac S ve i UI d Iow SS 0, .82 and 84.
Aternatively. ﬁg g bTRRTE | Uy e zﬁ% aLtP@avp ﬁﬁg B more of
liquid flow passa% rgpectgely. 4n %&5508‘§t661é§ (o HetesRRsafly- ¥aBBiy syst em 500
preferably al so i mbpidfeandl ¥apetesthlepremapnidabinstom) 1%#1%&&%11% specdivglyer ati on. The
liquid supply systehv@0s Iddn 24lasd 13¢ orierably ae poivided ierdtymilnepdhp 124 pechEent . 16 0064
The liquid flow paspagiesly8Bypdsandodkchay Bnah | 55 swt] 2t pdvslappiid commenita@ori 22 and 132,
respectively, andbawecassqplaliag rnefl2enntilpe, 133 4esh2dtiahgd ahdbypasespEl® dindell2g. Val ves

116,126 and 136 ppeivaleailid camfmubl@ibsl Bétwietn fplidned | nes24Ldndl (1022] JANekspadiveyespect i vel y,
and val ves 114, 124 and 134 preferably are provided in return lines 114,124 and 134,

respecti vel B Y £l ni cation
bet \a/een sup%l y Iyr)ne % §'%j %Eé ; p%}?aﬁg% %@atﬁé%@%%i Mge& andd 129 provide
fluid conmuni cati 8?{ f r?ug qff]e ‘[i)‘ﬁ gg H¢ 0065 The
liquid supply sysffgm Higfldo aBly -‘bé‘?’%tﬂfé‘)i‘ t ?f‘o i %WP%%S 4’pat terns of
the liquid throughy ﬁﬂ@ctwr:qmr:@tlpna a@ bisgdeor gnample gigglisivibute diqu @%r%hquld daPd  can be
distributed to onpyssasrel0, salvgs 1 Wbl 2lor 26 andil 36 eamrheecloseil quith velvewl! Haarslabidsbe8w, 82, 84, by
sel ective operatioperefl. t he val ves. For exanple, to distribute liquid only to liquid flow
passage 80, valves 117,121, 126 and 136 can be closed, with valves 116 and 118 bei ng
opened. 0066 To d0@66T@utsmtimequqﬁd&@hd;malﬂod;ﬁdsgagersas}mgﬁ]ea%lmlcﬁn bk benfyd@lrdE®m can be
configured in vagiis aﬂkﬁgflm@édnﬁu%ﬁﬁ P kA RpLS; alﬁ@ilv&@ t%alv@& '126/%&/152% @xycept val ves
e e a2 g BechiE i e el mal%eﬁzsl,lwy Gl ende g 130 can be
gfersghi \é\n th val VilVes % and clos lcn sucﬁanang%msclfll? thcarrali Sl hiqui e rate of flow
through liquid flow passage 82 can be enhanced by the liquid distributed to liquid flow

passage 82 from supply lines 112 and 132. Valves 116 and 117 or valves 127,136 can

alternatively be ¢losed to prevent distribution of the liquid from the supply line 112 or

132 to the supply line 122 associated with the liquid flow passage 82.

0067 To distribute liquid to liquid flow passages 80 and 82 without distributing liquid to
liquid flow passage 84, the valves can be configured in various alternative
configurations. For example, valves 116,117, 126,118, 121 and 128 can be opened with
valves 127,131, 136 and 138 being closed. In such arrangement, liquid can be distributed
via bypasses 115 and 119. Alternatively, the valves 116, 126,118 and 128 can be opened,
with valves 127,131, 136 and 138, and additionally valves 117 and 121, being closed. In
such arrangement, liquid is not distributed through bypasses 115 and 119.



through liquid fl ow passage 82 can be enhanced by the liquid distributed to liquid flow
passage 82 from supply lines 112 and 132. Valves 116 and 117 or valves 127,136 can

alternatively be prevent distribution of the liquid f y line 112 or
ﬂ?@if*’%ﬁ% EB??@E[&@% To distribute

132 to the suppl associated with the liquid fl ow passage

liquid to liquid fl ow passages 80 and 82 without distributing liquid to Iliquid flow
passage 84, the valves can be configured in vari®ds alternative configurations. For
exanpl e, valves 116,117, 126,118, 121 and 128 can be opened with valves 127,131, 136 and

138 being closed. Ingpggh arbangapBRliquid @Wath 68helRuEH Sbivi fidipds sU] 2 bvdesshe 115 and
119. Alternatively, the valves 116, 126,118 and 128 can be opened, wth valves 127,131,

136 and 138, and addivalvesshi e venfigwed ir7vasioys akiarnatied eapfiguoatwas. |Her examhleandangenent ,
liquid is not distribujed through hypasses..115 .and, 119. WD 200410 6.7, . PCTYUS2004Y009626
19 G065 To. di st bIAleh CH AR B Bt faacis QbR e S Baseed B2 e 0L AR 84, ¢ he

val ves ‘can be conf i gyned AffotatlefySrdldr Saielor VAIVEO L] 991249050 150 LarBBRRGL (? | VAl ves

can be opened such th Fquid i stributed via bypassés 1 nd "~ 131.

Alternatively, ong opréeneligiidvfidw ésodgh/oncléddimortdf tpasséS118a0a26laagadot o 5 prevent
liquid flow through one or nore of bypasses 115, 119, 125 and 129, respectively. 0069
Li quid can be distri espeetitedy.t he |iquid fl ow passages 80, 82 and 84 in various tenporal

passages 50, 52 and SBOYn t HesTbriRE BeBRaar: G fiovphaiers o2 89 24F0 50 1 this
order, to liquid flo AHovBBatitsl. SRor S 1 iqui d fl ow passages
84, 80 and 82 in thi o hog bR | OThgadi]rgsectﬁ?ﬂo%a}o@lf’ilgﬂ?cg%q%é/)vgﬁqﬁﬁle]tn?déﬂrlui qui d suppl y
system 500 shown in dist@utéd eatiquiti tfiewnpdssages B0D82 amd 84 siethif omder diorleptid GowA to direction
B, so that one or_ nore return lines 114, 124 and 134 act as a supply line, while one or

more supply 15 EPnepassages & B2and 803 thistordes, b iguid flow paseages G01 841aad BRdutlds supply
that the i quid i 1 PBREaot Gt tonubashists B4 ) dog BEERLBREE, 52 ana 4. in addition,
: E: : : gﬂ: g fgfghéhstyﬁgmﬂ 50Pnd Giredtion! FFREIYAGP A AR Fufi@ sy sfGed S0DSRERE i | oW rates of
FIG. 7 can alternatively be reversed from direction A to direction B, so that one or
more return lines 114, 124 and 134 act as a supply line, while one or more supply
15 lines 112, 122 and 132 act as a return line.
0071 The liquid supply system 500 shown in shown in FIG. 7 is preferably
operable to control the amount of time that the liquid is flowed through the liquid
flow passages 80, 82 and 84. In addition, the liquid supply system 500 is
preferably operable to provide different flow rates of the liquid through the
20 respective liquid flow passages 80, 82 and 84. Furthermore, the temperature of
liquid distributed to the liquid flow passages 80, 82 and 84 is preferably
controllable. For example, liquid preferably can be supplied at about the same
temperature from the liquid source 140 to each of the liquid flow passages 80, 82
and 84. Alternatively, the liquid can be supplied at a different temperature to at
25  least one of the liquid flow passages 80, 82 and 84.
0072 Preferably, the controller is operable to control operation of the liquid
source 140 and the valves 116, 117, 118, 121, 126, 127, 128, 131, 136 and 138,
to control liquid flow through the liquid flow passages 80, 82 and 84, thereby
controlling the temperature distribution at the exposed surface 57 of the substrate

30 support 40. The controller preferably also is operable to control the distribution of



20 respective liquid fl ow passages 80, 82 and 84. Furthernore, the tenperature of liquid
distributed to the liquid fl ow passages 80, 82 and 84 is preferably controllable. For
exanple, liquid gsbRLAM Y, can be supplied at about the sanme t omthe liquid
source 140 to ea(% of 'ta%‘e '{iqui d fl ow passages 80, 82 and 84. %F?E{sgﬁgy{o@g%’ the liquid
can be supplied at a different tenperature to at 25 | east one of the liquid flow passages
80, 82 and 84. 0072 Preferably, the controller +3$8eperable to control operation of the
liquid source 140 and the valves 116, 117, 118, 121, 126, 127, 128, 131, 136 and 138,
to control liquid fl %‘é’aﬁ@éd%l’f%?kaﬁ% deflthdlefpoSed RS 9L theBRibsBae 3lPpctfand e eby
controlling the tenperature distribution at the exposed surface 57 of the substrate 30
support 40. The cont ratkside of @ibstratbé yupposted s thepexpakddesurfaceont rol the distribution of WO
20041093167 PCTI US2004/ 009626 -18 heat transfer gis Seti\ﬁeen the exposed surface of the
substrate support an®fBe Aserisingdy.dry RiONkngcquirok b HavidchstsRution tea pRERHY Ofir f ace. 0073
Accordingly, by providin ntrol of.|iqui ' ' ] . ' liquid flow
1R85 e et bttt dBhdrt BLhD Brd oVl tebtbele

passages, the substr pProvi nproved tenperatureé control of
substrates supported Bhrbher bbShteabipoite®er the sUbSr&s REpicH. € The RRMStiatdsupbeitabl y al so
provides controlled distribution of béat transfer gas. e substrate support can provide
substrate tenperat ur grefecably also pravidesi cogtrodedidistrimtion of beat axansfengasis Thesubsinatenpl e, t he
substrate support can provide a u‘g’s&grm or non-unifg[?m radi al 4,§.glperature di stribution
across a substrate, SHPPRIt ERMPEAVIGE QYR FSIRSGYICRIOPES SEHUF NG HEH COhPIOSFSh  or
O osomPe! A, S Slathd, U6 A LGP WP BRI SHGI, Ralititad] |0 2

pl asma processing apparatus in ni’ch” vari ous asna processi ng ogerations 1ntl uding

pl asma etching, physirgdhl teMpeRituidaRasibiticNacrétGudstraty APOI cae ARErnkiiadly pfdlile 10N
i mpl antation and resist renoval are performed. The plasma processi ng operations can be

performed for 15 10ar iothes desibet waifamarehamiformeotemperaiurealisteibndonst i ng, diel ectric and
metallic materials. supstrate support ca rovi de i nproved tenperature control of
the substrates duri!Qéggué.hq‘g?é@bﬁaﬁﬁﬁB%ic%B%B@dPiwgg%Hr%ﬂiﬁ”ﬁ ,arattFFelnsubstrate

support can be used '&hi‘\'@ﬁe@d{? r#lXF%‘t?ase a?ﬁ%f:ﬁﬁng“%%.ﬁg?a%ﬁgﬁmtdg@g ﬁﬁ?xﬂﬁ%ﬁdﬁﬁfg%ph?ﬁzg Wil e the

i nvention has been descri erence
vapor deposition, chemical vapor deposition (CVD), ion implantation and resist

removal are performed. The plasma processing operations can be performed for
15  various substrate materials including semiconducting, dielectric and metallic
materials. The substrate support can provide improved temperature control of the
substrates during such plasma processing operations. In addition, the substrate
support can be used in various types of plasma processing apparatuées.
0075  While the invention has been described in detail with reference to
20  specific embodiments thereof, it will be apparent to those skilled in the art that
various changes and modifications can be made, and equivalents employed,

without departing from the scope of the appended claims.



20 specific enbodinents thereof, it will be apparent to those skilled in the art that
vari ous changes and nodifications can be nade, and equi val ents enpl oyed, w thout
departing fromthe scope of the appended clains. 189 Wuat is clained is: 1. A substrate
support useful in a plasma processing apparatus, conprising a body having a support
surface for supportlng a substrate in a reaction chanber of a plasma processing

appar atus; a firstWh#durlaimeddy passage extending through a first portion of the body so
as to provide tenperature contr ol of a first portion of the support surface; a second
liquid flow passage e rtion of the body so as to provide

t enperature control ar&s@efilg:I p[rU%g ma @gﬁﬁgm%&smératppgra}ufs gdnpiy S){'t“?rst inlet in fluid

conmuni cation with Hdase hbvihgta sbpptm mrfdcs%mgmﬁg a@umaﬂﬁ al tBh@fonicRathbet ¢F aGRAERINI cat i on
with the second liquid flow passage; a first outlet in fluid comunication with the

first liquid flomﬂﬁ%§§%@%am%uﬁé%ond outlet in fluid comunication with the second liquid
flow passage; a fj U] ] th the fi |nlet a second
f!ﬁ'tth ﬁl)\Xz an]akﬁ e eﬂteﬁclhwﬁ gnrgtg@;%ﬁfs:f ﬁ{n]tlgﬂ o\f“thehn .50 as é

supply line in flui I'Ovhne in fluid
conmuni cation wit hembaamrera;tntmuwzef‘rstpomeﬁ@lﬁdaersappufmsdrme i n fI u| d comTunl cation with the

second outlet; at |east one source of tenperature controlled liquid; a first valve; a
second val ve; a @rFFpdigUBIoy pesage ﬁxt@%d'(}%thrﬁl?&!ll secophprtipn g therbody s @s kaawREcat i on

wth the first SuQ&h%ﬁﬂh&%mnﬁ%fgygﬁﬁHH Fyﬂmhg?“wghﬁﬁ ]{Ekgrn i ne and second return

line; wherein the co supp iqul at | east one source of
tenperature cont rdirktadlet irgilnid comniunéeation stithshe fitsy lifuideloangassgeond supply line and (ii)
receives liquid from the fijr return |line and second return line; wherein the first
val ve control s fIéﬁ?%ﬁmﬂﬁ@tFﬁ@ﬂﬁ&omﬁﬁ@ﬁaﬂoﬁH@mﬂh?§¥°F@Pﬂ¥ﬂik¥ﬁ2@“a&%ere|n t he second

valve controls flquafofiBein dilkbGmhRER4A (iR REER0H L8 W pdsbNe:

a second outlet in fluid communication with the second liquid flow passage;

a first supply line in fluid communication with the first inlet;

a second supply line in fluid communication with the second inlet;

a first return line in fluid communication with the first outlet;

a second return line in fluid communication with the second outlet;

at least one source of temperature controlied liquid:

a first valve;

a second valve;

a third valve;

a fourth valve; and

a common linc in fluid communication with the first supply line, second supply line, first
return line and second return line;

wherein the common line (i) supplies liquid from the at least one source of temperature
controlled liquid to the first supply line and second supply line and (ii) receives liquid from
the first return line and second return line;

wherein the first valve controls flow of the liquid through the first return line:

wherein the second valve controls flow of the liquid through the second return line;
wherein the third valve controls flow of the liquid through a portion of the common line
between the first supply line and first return line; and

wherein the fourth valve controls flow of the liquid through a portion of the common line

between the second supply line and second return line.



wherein the third valve controls flow of the liquid through a portion of the comon I|ine
between the first supply line and first return line; and wherein the fourth valve
controls flow of the liquid through a portion of 26he common |ine between the second
supply line and second return line. 20 2. The substrate support of Caim1l, wherein the
at | east one source_of tenperature controlled  liquid conprises: a first source of

t enperat ure cont r 8t Le&sYbsHE quprert piLFlaing dnyvbereidhe atledit oae setace phtempeiappe yonalled: and a
second source of tligme[{?ﬁ{rpq{sgs_cont rolled liquid in fluid comruni cation with the second
supply line. 3. The substrate support of Claim1l, further conprising a controller

oper abl e to sel echifirglspurce pé rengredatateaatrbiel fiquidin faikd\cemniditeasiea arith thalfive supgie t hird

val ve and the fourth V%| ve. 4. The substrate support of Claim2, further conprising a
control | er operabl8%¥9sel ectively open and close the first valve, the second val ve, the
third valve and the fourth valve. 5. The substrate support of Claim1, wherein the
support surface is circular, the first liquid now passage is parallel to the support
surface and ext endscéamdaouice ofi rgreeaitiicadonaolil@icliquidhin und comneirsetiondvith thelbetohdl ow passage
is parallel to the s ort surface and extends in a circunferential direction, the
second liquid fl oﬁ)”ﬁ’iggﬁﬁe bei ng concentric with the first liquid flow passage. 6. The
substrate support of Claim1l, wherein the support surface is circular, the first liquid

fl ow passage i s par u - exte k0 cliheunf er ent.i al

di rection, and t%éﬂsléegg’lcl)jﬁ{dr&f:’itsgﬁ?od @f@%ﬁ%zs@gtgg‘e‘i@bggf’%ﬁQ‘iqﬁrtoge‘{ ‘%ﬁé“%bd%g"osr" ecglﬁ?ly ace and
extends in a circoupteiendlosl thetifeehlivonthe tdvend egloadht ititd whid o\ thassage el ng
non-concentric with the first |iquid flow passage. 7. The substrate support of Caiml,
wherein the support surface conprises an exposed surface of an electrostatic chuck. 8.

The substrate supfofie gbsThtaisuprbrt ei{dpmi 8, fubersagppoisingoehntiolet opbeablata sebctiadly br eak

between the first |iquid;fl assage and second | jqgyi.d flow sage, 9. The substrate
support of Caim gf}enm%né]?cé?sﬁqp%grs?ﬁglr%ﬁ‘éﬁe BYeY angﬁ‘ptb? &éréiv Veoad’giﬁﬁ% efalveext endi ng i nto
the body. 10. The substrate support of Caiml, further conprising: a third liquid flow
passage 5. The substrate support of Claim 1, wherein the support surface is circular, the first liquid

flow passage is parallel to the support surface and extends in a circumferential direction, and
the second liquid flow passage is parallel to the support surface and extends in a
circumferential direction, the second liquid flow passage being concentric with the first liquid

flow passage.

6. The substrate support of Claim 1, wherein the support surface is circular, the first liquid
flow passage is parallel to the support surface and extends in a circumferential direction, and
the second liquid flow passage is parallel to the support surface and extends in a
circumferential direction, the second liquid flow passage being non-concentric with the first

liquid flow passage.

7. The substrate support of Claim 1, wherein the support surface comprises an exposed

surface of an clectrostatic chuck.

8. The substrate support of Claim 1, wherein the support body includes a thermal break

between the first liquid flow passage and second liquid flow passage.

9. The substrate support of Claim 8, wherein the thermal break comprises an open channel

extending into the body.

10. The substrate support of Claim 1, further comprising: a third liquid flow passage

extending through a third portion of the body so as to provide temperature contro! of a third



extendi ng through a third portion of the body so as to provide tenperature control of a
third 21 portion of the support surface; and a third inlet in fluid conmunication with
the third Iiquid flow passage. 11. The substrategupport of C aim 10, wherein the

support body includes a first thermal break between the first liquid flow passage and

second liquid flow ass and a second thermal Dbreak between the second liquid flow
passage and the thi 6“9‘1 %ﬁf‘ﬁ“fﬂ%%sﬁéfé%f’aéﬁ d a fyrd s isflwdicommeunieasion wittothe Giied lquid f ur t her

conpri sing at Ieastﬂoq,pﬁasg@g% passage opening on the support surface, and a gas supply
inlet through which heat ttansfer gas can be supplied to the gas passage. 13.: A
substrate support useful in a plasma processi ng apparatus. conprising: a body having a

support surface forlls"lﬂbepﬂt‘dsirﬂg spsbstt Claine 1 0, /wikeréigakd iljbgoﬁfﬂﬁﬂ?ﬂ{cl&fesa R51aR al I%Qk:ess' ng
apparatus; a first qui d fl ow passage ext endi ng thro a first portion of the body so
as to provide t enﬁé?‘%ﬁeﬂr‘]@e Gwhtingr om paspagesnd senopd @ﬂutﬂfﬂqm@agagﬂwnd asenoid¢kermal second

liquid fl ow passag t f the so as to provide
t enper at ure cont ro%r&? bgﬂgéee@g}ﬁ%%g}rf?ng Stﬁﬁfﬁa%s‘%%ppo%% flélgb ‘xfpﬁ?sgge inlet in fluid
communi cation with the first liquid fl ow passage; a second inlet in fluid comuni cation

wi th the second I|iqai thd $ud¥rRaseRee; of Aafm 1 SturBetdoBipristhg Jt%a@t&@%%ﬁ%@%% cgféhthe
e Sse

first liquid flow passage; a second outlet in fluid comiunication wt nd |iquid
fl ow passage; a f|tlpes&up§wi§9ur>faqe;:mdaglasfqugpld glohibrmigbattiicnhesit transflieg#sicas be suppdicd ta second

supply line in fthl?cI%nggatlon with the second inlet; a first returnline in fluid
comuni cation with Irstoutlet; a second return line in fluid communication with the

second outlet; a source of tenperature controlled liquid; a first valve; a second val ve;
a third valve a fougth valve; a fifth valve; a sixth valve; a first connecting |ine and

a second connecting line in fluid communication with the first suppl y line, first return
line, second suppl y* subsgatasepposicusatil ires plasmhb priegssing apparatus, comprising:

a body having a support surface for supporting a substrate in a reaction chamber of a plasma
processing apparatus;

a first liquid flow passage extending through a first portion of the body so as to provide
temperature control of a {irst portion of the support surface;

a second liquid flow passage extending through a second portion of the body so as to provide
temperature control of a second portion of the support surface;

a first inlet in fluid communication with the first liquid flow passage;

a second inlet in fluid communication with the second liquid flow passage;

a first outlet in fluid communication with the first liquid flow passage;

a second outlet in fluid communication with the second liquid flow passage;

a first supply line in fluid communication with the first inlet;

a second supply line in fluid communication with the sccond inlet;

a first return line in fluid communication with the first outlet;

a second return line in fluid communication with the second outlet;

a source of temperature controlled liquid;

a first valve; a second valve; a third valve a fourth valve;

a fifth valve:

a sixth valve;

a first connecting line and a second connecting line in fluid communication with the first
supply line, first return line, second supply line and second return hine;

wherein the first supply line and the second supply line supply liquid from the source of

temperature controlled liquid to the first liquid flow passage and the second liquid flow



wherein the first supply line and the second supply line supply liquid fromthe source of
tenperature controlled liquid to the first liquid flow passage and the second liquid fl ow
22 passage, respectively; wherein the first conn@éting |line extends between the first
supply line and the second supply Iline; wherein the second connecting |ine extends
between the first return line.and the second return |ine; wherein the first valve
controls flow of t HESPEGUFPERYSgh the first supply line: wherein the second val ve

controls flow of t hﬁnelréiﬁMﬁ@ﬁﬁhé&%@&id#geﬁ&%ﬂgb&%@ﬁ Yhe! ﬂr@ﬁug)gfqui zﬂld_tﬁ@&cBﬂ; %L%Pl’yal ve

controls flow of the liquid through t i rst connecting erein the tth val ve

controls flow of tH@e} | quid through the first return line; wherein the fifth valve
controls flow of t L1.quid through the second . return Line; and .wherein the sixth valve
controls flow of t@eﬁlgme Tt %I]rcgcug S l%ceéﬂe&d%gﬂwgﬁh‘?glr?ti TR ke a’KF {he 485084 BFHEEs si ng
appar atus conpri si iget he substrate support according to Claim1l. 15. A nethod of

thermally controlling a substrate support in a plasma processing apparatus; conprising:
pl aci ng a subst r at elsrein Hie fishydre cantiofsalde of the figusitbstughttee Sisppply Bocording to Claim 1

in a reaction cha . rQcesss n ratus: introduci a, process gas into
the reaction chanbg%j% Fedlgahg%g?élﬁlzvn%"%o grﬁgs’sfﬁor‘%ﬁfﬁ’ﬁilqﬂdo@@gné}éesselcﬂm{]’fg’r@pb&;rﬁ i“g‘ﬁreé‘hanber;
processing the subsid ire vabdoseble Clolwet the HisilithBUEH P8 flrkiQhAedih@mnatl | east one liquid

source to at least the first liquid flow passage via the first i'nlet and/or the second

liquid flow passagd'hgran iigedouial srluc ponteals ows thediquid hrewegh thidirstectper litegr e at the first
portion and/or the ' hes su rt. surface 16. A, nmethqd of processing a
sem conduct or substwﬁlg&gﬁﬁlr?qgmp*aggenggnf)}r%sc%%g?’ﬁg’eéﬁﬁértg{%}] the Fppd EﬁtWQSI@U'ﬂSﬁrti ng a

seni conduct or  substwtetein tie sixts wplpeicbntssls flas fohe Rosd RO MOdYcdnd cBni@acE tigd  chanmber of
a plasma processing apparatus; circulating liquid in a first liquid flow passage

extendi ng through a first portion of the support body so as to provide tenperature
control of the firskd parlesnonpioressing appppbscosiprisiag ehe subbtrate bgiporgickdditigtoiMaitn 5econd
liquid fl ow passage extendi ng through a second portion of the

15. A method of thermally controlling a substrate support 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

selectively distribuling liquid from at least one liquid source to at [cast the first liquid flow
passage via the first inlet and/or the second liquid flow passage via the second inlet so as to

control the temperature at the first portion and/or the second portion of the support surface,

16. A method of processing a semiconductor substrate in a plasma processing apparatus,
comprising:

supporting a semiconductor substrate on a support surface of a support body in a reaction
chamber of a plasma processing apparatus;

circulating liquid in a first liquid flow passage extending through a first portion of the support
body so as to provide temperature control of the first portion of the support surface;
circulating liquid in a second liquid flow passage extending through a second portion of the
support body so as to provide temperature control of the second pertion of the support surface;
wherein the liquid is circulated in the first liquid flow passage and second liquid flow passage

by supplying liquid to a first inlet in fluid communication with the first liquid flow passage,



support body so as to provide tenperature control of the second portion of the support
surface; wherein the liquidis circulated in the first liquid fl ow passage and second
l'iquid flow passage by supplying liquid to a firstz inlet in fluid comunication with the
first liquid flow passage, 23 flowng liquid out of a first outlet in fluid

communi cation with the first liquid flow passage, supplying liquid to a second inlet in
fluid comuni cati orf WP W ke bh st PHlgtdn finslyogamenigation vaiffuthe towi liyid flqwipdssegt, of a
second outlet in fly | ' | 5t Re. Jaui dof L ow sage, flow ng |iquid
through a first sugpPeyﬁj%mﬁﬁFHnﬁﬁ éﬁ%&%ﬁ%ﬁ@gﬁ ?jgﬁﬁ\jﬂ\}l%ﬂﬁ%ﬁ t%t}’fﬁ!ll é%“’?‘ﬁﬁ‘élfl?*eﬂ?‘r’ BWSﬁ%e?I i qui d
through a second supplflpwingbquid ofit of dsecomhoiniec at flad cwnturtiduion @GN s&Jodl Tiquid MW NY
liquid through a first return line in fluid communication with the first outlet; flow ng
liquid through a sé@dWH8%return line in fluid conmunication with the second outl et;
supplying liquid frgmias ih&asiren $RYEE 1 PTint re control.bed | guid: opening or

cl osi ng val ves i ncl udilﬁ% lg Ti rrgt E.l\‘ij‘gll ve,S gp gégoﬁgﬁggl%b@,nﬁlﬁ%h%?gwl{/ha%grsgr’lr&le% fourth

val ve; and fl ow ng flovgug bquitimegsh a seontwupply fise imfldil ¢benamiamioh eath e ssdohd idlde first
supply line, seco supply line. first return |jne and second return line, wherein the
common |ine suppl i Eﬂowl?gﬁﬂ%dﬁ?@%q parsiretpdue 1g fwidenmmuniatiqnevsh th fisseoutlesnt r ol | ed

liquid to the firstacsHRPliyuilil ¢ Ly | ' eceives liquid
fromthe first return ﬁﬁ%ﬂlgﬁ%}%ggggﬁit%ﬁg?ﬂ?ﬁqﬁﬁdgﬂu{c{chvn%tﬁp@f&g%gh l([:Hgant%F% dsm\lllegw of the

l'i qui d through t he sfpplping digtig fnorh jan keasttdne ss@ceo nfitcumeseure aohiralles 1fduedy of the 1iquid
iquid t hrough a
3

through the second return li.ne, the third valve controls flow of I

portion of the com®BHNE PHEOHRE KRS ’t”ﬁE’ngras ISEYAI - SEFane vithee, pithisd vales andw fourth, and t he
fourth valve contrehsefdfaw of the |liquid through a portion of the common |ine between
the second supply line and second return line. 17. The nmethod of Caim 16, further

conpri sing: flow néowirplighid thopugh 4 torstos dine crefloill coemperiation evidomt redtlsagply ligei d to the

first supply line; and, flow.n iqujd f.roma second source of tenperature controlled
liquid to the secoﬁ%?ogﬁﬁlﬁfgwlfl?g’rﬁg?ﬂf@mIl’ﬂf'ea CRORY Gl 8Em 17, further conprising using a

controller to sel eqherdl e RBRIMA the S ?%% J{dg,]?d %Bﬁlsthe Yahyy On% %rrgeg(gﬁggpgﬁlu\(g, the third

val ve and the fourth valve. 19. The ne aim16, tur resing using a

control l er to sel eg®ntiedled ligpisito ahmifirst supply line and second supply line, the common line receives

liquid from the first return line and second return line, the first valve controls flow of the
liquid through the first return line, the second valve controls flow of the liquid through the
sccond return line, the third valve controls flow of liquid through a portion of the common
line between the first supply line and first return line, and the fourth valve controls flow of the

liquid through a portion of the common line between the second supply line and second return

line.

17. The method of Claim 16, further comprising;
flowing liquid from a first source of temperature controlled liquid to the first supply line; and

flowing liquid from a second source of temperature controlled liquid to the second supply

line.

18. The method of Claim 17, further comprising using a controller to selectively open and

close the first valve, the second valve, the third valve and the fourth valve.

19. The method of Claim 16, further comprising using a controller to selectively open and

close the first valve, the second valve, the third valve and the fourth valve,

20. The method of Claim 16, wherein: the support surface is circular in shape; the first liquid

flow passage is parallel to the support surface and extends in a circumferential direction; and



close the first valve, the second valve, the third valve and the fourth valve. 20. The
nmet hod of Claim 16, wherein: the support surface is circular in shape; the first liquid
fl ow passage is parallel to the support surface and extends in a circunferential
direction; and 24 the second liquid flow passage is parallel to the support surface and
nd |iquid_flow passage being concentric

extends in a ci rcmﬁ eren iorectl on,. the Ci}
with the first |iquiaseePR NoRAssagsds BHAlle H% ¢ S&HPQ‘F purface apdexteads W t he sane or

opposi te directi ongidfimtdiéntfal I G assage.
21, The nethod of d aim 16”mEZ%°é%°'R R PR n e SREREN Pl B RN,

liquid flow passad®w BaSpaﬁﬁaWIheﬂelrt 'Zhetlllqmdswlppwlaledurﬂlacsmnandoppdsﬁadﬁrecttmna m:tlfecﬂmf er ent| al
direction; and the second liquid f a arallel to the support surface and
extends in a ci rcﬁ @@%‘?Pgﬁsg%q ?%“Ilh 8 aa‘gg@é@h A5F#&fui d 1 ow passage being
non-concentric with the first Iliquid f1 ow passage; wherein the liquid is circulated in

the same or opposi e #he feiban? it e vkhdatnd LA g Ra85ARLLANGA is pechRd! i aui d

fl ow passage. 22. The net hod alm 16 erei Surf rise
exposed surface of flem pashaaetis paabtlite tlehupkort suréact had sxnbﬁcﬂsnataecmcﬁnﬁéreﬁﬂizﬂ@Iﬁ’éatdxﬁahd y

cl anped by the el ec trostagic uck 23.. The thod of Claim 16, wherein the support body
i ncl udes a thermal %gg@%@qﬂégﬁw%sagﬁlsﬁral qrfe iha sPPRAK! patsaged axandsie asecond l'i quid

flow passage, the tch@tﬁrﬂﬁ‘rerﬁfaﬁ@ﬂfec‘ﬁ%ﬂpﬂhb §éd&gd%ﬂmdqﬁcgﬂpggf%r@l%ﬁﬁ%?g?rﬁ:??t&%%I[h tHpgr mal

conduction through the support body. 24. The er conpr|S|ng
circul ating |iquidligniddlavhpasdage; eneckir tlxa\Mquphlss&gldatedmeﬂﬂlqaglctdﬂbpp@”'teahﬂe&hdr@ iPefet i on of

the body so as to r erature control he third portion of the support
surface; and suppl y'lr 1qf"1dq[ﬁﬁ‘?rﬂr8f‘st§a%e Qqﬁﬁtﬁaquﬁpgglqwﬂ 4‘1%P?fsa&?ommni cation with the third

liquid fl ow passage. 25. The nethod of Caim 16, further conprising suppI yi ng heat
transfer gas to at S ni n ort surfa 6.: . A nmethod
g9 2beﬂ§et &R&d gf‘@gauﬂai% %@regpt%e SQI%DO(P‘[ su‘ﬂgeg rﬁﬁrésegsﬂ gF%qui sm%g;s ﬁ]}gfl?s'

of processing a sem con ctor substrate I'n process i ng:
supporting a sem cekductaic chublstandtie: ﬁl’m$1aatsWaﬁﬁosﬁwil@Cﬁarﬁfyccﬁb}suﬁré@échogﬁﬁo’cﬂlﬁka reaction
chanber of a plasma processing apparatus; circulating liquid in a first liquid flow
passage extendi ng through a first portion of the support body so as to provide

t enperat ure cont r ob3-ofhetahed pElais i whersin thpsupnopedy isdvdeaeehermal break between the

first liquid flow passage and the second liquid flow passage, the thermal break comprising an

open channel sized to control thermal conduction through the support body.

24. The method of Claim 16, further comprising: circulating liquid in a third liquid flow
passage extending through a third portion of the body so as to provide temperature control of
the third portion of the support surface; and supplying liquid to a third inlet in fluid

communication with the third liquid flow passage.

25. The method of Claim 16, further comprising supplying heat transfer gas to at least one gas

passage opening on the support surface.

26.:

A method of processing a semiconductor substrate in a plasma processing apparatus,
comprising:

supporting a semiconductor substrate on a support surface of a support body in a reaction
chamber of a plasma processing apparatus;

circulating liquid in a first liquid flow passage extending through a first portion of the support
body so as to provide temperature control of the first portion of the support surface;
circulating liquid in a second liquid flow passage extending through a second portion of the

support body so as to provide temperature control of the second portion of the support surface;



circulating liquid in a second Iiquid fl ow passage extendi ng through a second portion of
the support body so as to provide tenperature control of the second portion of the
support surface; 25 wherein the liquid is circulated in the first |iquid passage and
second liquid flow passage by supplying liquid to a first inlet in fluid conmunication
with the first liquid flow passage, flowng liquid out of a first outlet in fluid
communi cati on w t h Wigeinithaskiquid i giepuiatesdinghe Gesy Bquid passeis amdysecpodiliguit dloav mssmdyi nl et i n

fluid conmunicatio ' tihe: sec hquid flow passage, . ..and flqgw ng.liquid out of a
second outlet in fﬁﬁ%‘%@%ﬁ‘f%ﬁoﬁ%ﬁln\}&q? %ﬁfl #ecoéne %nﬁ%aa[l |“dmlb{l]‘felf%%q‘ é‘gg%‘@ 2SSPEBW ng 1 qui d
through a first sugfpiwing tineidicut & aifiest conein ozt doammitNicneite ibeSirsd Ifued flowfdagbarg |i qui d
through a second supply line in fluid comunication with the second inlet; flow ng
liquid through a fiStBRIYIE ! 1o 4cprd migliinleidaremmwneation with the seeongliliqotd dow Ipessage.f | owi ng

liquid th h : (N ' ' [ lon. W th . th . out let;
supplying |1 qui d 1 rars iy Hafld ShOFd ephd bt TR B Al gt e SRREIR A 1

val ves i ncl udi ng a paksagt; val ve, a second valve, a third valve, a fourth valve, a fifth
val ve, and a si xth yal.ve; iquid through a first connecting |ine and a second

. and fl ow I ) . .
connecting line in Q‘Upgjl‘q%‘gﬁhﬁ?ﬁgl&égﬁ%%ﬁuwlfIllmff Heflpid commyygatipn withethe Seg omlat; suppl y 1 ne,
first return line, mRd LRe, | A - ' SUR Line and second
supply line supply i qﬂ?g&@?g%otﬁg}yé%ﬁ)&]ggﬁpﬁy\ﬂ?éﬁ{p@lgggﬁéﬁ%@% tl?)gl llg%thF F%CS'P "ﬂ%t’t he first
liquid flow passagéloandg Beddnidroliglgaifidst frétom |rasia dlyé] corhmenichtict with fiReftdst f\dlek:i ne ext ends

bet ween the first ly.line and second supply .|ine, the second connecting |ine extends
bet ween the first ?&Qﬁlﬂ%“ﬂ‘iﬂﬁéﬁ% & 8oRd retwinding iniflvid cameunicataqn with theeseeendt ol f 1 ow of

the liquid thr oughShﬂg%ilfn%qﬁhidsﬁl&maysob.C!a%'ft rﬁﬁ&%ﬂ}rxﬁés&llﬁqum rols flow of the liquid

t hrough the second s ine, the third valve contro ow of the liquid through the

first connecting | iopeing heclbsiug vhlvesinedamnt fist salfd, aweedndigvd, b ahitdlvilbs, aUBtr bavéi r st
return line, the fifft‘ell’)]\[#al ve controls fl gw of the liquid through the second return Iine,
and the sixth val ¢dif Yoo rad p S ¥IVE:R8d1 i qui d t hrough the second connecting |ine.

flowing liquid through a first connecting line and a second connecting line in fluid
communication with the first supply line, second supply line, first return line, and second
return line;

wherein the first supply line and second supply line supply liquid from the source of
temperature controlled liquid to the first tiquid flow passage and second liquid flow passage,
the first connecting linc extends between the first supply linc and second supply line, the
second connecting line extends between the first return line and second return line, the first
valve controls flow of the liquid through the first supply line, the second valve controls flow
of the liquid through the second supply line, the third valve controls flow of the liquid through
the first connecting line, the fourth valve controls flow of the liquid through the first return
line, the fifth valve controls flow of the liquid through the second return line, and the sixth

valve controls flow of the liquid through the second connecting line.



