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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
75  features formed on the wafers has decreased, it has become increasingly difficult
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.
5,310,453; 5,382,311; 5,609,720; 5,671,116; 5,675,471; 5,835,334; 6,077,357,



-2 6,108, 189; 6,179,921; 6,231,776; 6,310, 755;

6, 373,681; 6,377,437; 6,394,797 and 6, 378, 600.
weommedtedf | nvention 5 0006 A substrate suppoPCT/USEDU09626

in a plasnma processing apparatus is provided. The

substrate support can provi de_tze_n'perature control at a

surface of the substrate suppOrt that supports a

substrate durin

pl asnma ocessing. 0007 In
or 6 6 L9; GabSTHG 023 b Sudh 10 6 UpBH 10, SR Ts 294,797
a bo [\1g a support surface for supporting a
su &%a%@?e}/qgna reacti on chanber of a 10 pl asma
processi ng apparatus; a first liquid fl ow passage
extending through a first portion of the body so as
t o Sunumarkeof Biveptiam ur e control of a first portion of
t he upport surface; a second liquid flaw passage. .
Sex ORI oA HPBR SSPHOECREN b PIASTTA Topeos e ROy A0 isgrovided.
to ' : ot FeonfBPhch RiFFcE OF ¥ substrate
thﬁg:(l}\étﬁ%ﬁté E‘%@ﬁ%&;p@%ﬁ?i reglfﬂeirnlret and a first outlet

i n stipporelthao soppotts atsubstran tiringhplagma processing.d 15 f | ow
passage; and a second inlet and a second outlet ,in

£ 1 087 contruprefemeshembedimenty 1cswsRIC FRRRATHCqRRses 2 body

passage. 0008 Anat he fer i t

uer e sh e dclep P et B s BRI i salor Bmber of 2
10SUIAGR (rBEesSHMBRPpArafS; A fisd MEhicefl@w ipassagé eaehding through a first

chanber ‘of a plasma processing apparatus, aJpI urality

of portier of the bady as ssitpepropidevéndpetatune eorsral ®f BdHryt pastiem of the

liquid fl ow passage  havi a supply line and retur .

|1 PP TR & arapnd i Sod pRiaek Prierdite AEOuh £ Eiebpd portion

one,eld i OLLr : WoAny hdrtion of th t

op A SO (6 o bt WK oY 508U prtion of the suppor

| i guifdces auiiseinla aade fost emieein feild eotmaidicagiondvitt e first liquid

passages to produce a controlled tenPer_atﬂuuré(g . .
15di Staw passags: and @seeandiiplet andhd 8rcond Queletda cepmypication with
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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 liquid 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.
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radially distributed liquid fl ow passages and thernal
breaks. 0013 FIG 4 is a bottom plan view of a surface
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etch 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.
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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  In a 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



support includes one or nore valves. Operation of the

val ve(s) can be controlled 30 to distribute liquid to
we@p@409316mre |iquid fl ow passages, to prevent PCTJUBZH04/009626

fl ow WD 2004/ 093167 PCT/ US2004/ 009626 -5 through one
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di sposed between the antenna 18 and the ) '
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.



interior of the processing chanber 10 and fornms a wall
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t hrough which process gas is delivered froma gas

supply 23 to the reaction chargper 10. WO 2004/ 093167
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substtate support 40°pr SO I nc ne o
norgasédpes,nakh 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.
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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 desired.
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
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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.e., 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.
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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.
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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.
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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
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Pr QiifedBoly A fhesifgh the evvlRRtflosy passaiies [80782 dnd B4 OFdh ekdifiple, the
liquid fl ow passages 80, 82 and 84. The val ves
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 is distributed from the liquid source 140 first to the liquid flow passage 80
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
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
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25 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.
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
30 liquid to 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
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passages having increased liquid flow is increased.
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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
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e TREHD" LB B, PG SRV Gt Bies fEs Bl yalves 150,

suca$54 W6, i 981hnd 16 8ad Se Sne-why Falvey. R[tefﬂéfi@el?r, &% or more
exanpl e, in the substrate support 40 shown in FIG 6,

t hehreariegr vabies|cag be ased toaedpeshe gembernof Wadvesdul theliqitid supply
e A T SR i N b S 0o i,
20|S hoynd 538 fig &eﬁ%ﬁéﬁ&?&blé @dj&(ﬁg}o‘l U rfﬁi)va fé?«?ﬁfergﬁgh the

iquid Tl ow passage o provide control o
t enjapiegt ure at the peripheral portion of the body 50.
0062 The val ves 150, 152, 154, 156, 158 and 160 are

pr &063 abl LG b iliusiratey anather. prefswked sxmbogiment of fhisliquid supply

Vals\jlzs 2t 5?)‘6%9@%3111& W Tiqtk sotfite £70 ald S BniRs% 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 pasjsage 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.



val ves and/or other suitable valves, may alternatively

be used in the liquid supply 15 system 400 (and in
wo@tdvenoanrbodi nents of the |iquid supply systenPCT/US2004/009626

descri bed herein). For exanple, if reverse flow

capabilities are not desired, yalves 150, 152, 154,

156, 158 and 160 can be one-way val ves. Alternatively,

one or nore three-way valves can _be used to reduce

t hd0hdmbeThefiqyis) e passagascBO) B4 and 84 iape pn asspsiatsd supply line

and, .i,n he | ent th i: QU

doser BEARL1EF TREMAT. Glg h0Bsoged FerfldPRg' M 307 Tha 134,
OPgERRLAVALP. SRMNsAll6! 126 AldliZh prefurabltate ity 1ed in khysply lines
val ves. 0063 FIG 7 i1llustrates another preferred

enddd; ighand32,mespectivily, andoyalyes 1d¢s12hashitB4 prefarablyigre

a liquid, source 140 d coolant fl ow passages 80, .82
Sandrgided Fieniiniien it emiat e D RER: o stirigddnd 125

chi ch j j

cor#;glr)\?igg ﬂg‘ﬁﬁ %@guﬁlt%y ogbﬁt?g?ﬁ ﬂﬁwgi ullfﬁgegsl.aéi:ggz g%(da%%%!elfgg’

t haespegtively sand typasst4 012 and t29provide fuill icominthnimavion ®etween

operatively associated with each_ respective liquid

f | satusadiseybled24and 434, B3¢, ragpeetivedy.i vel y, each liquid

o7 YR, AT BGRRS B i ALSASKRR SR o e
10bel W pdifené 8PIhe Nquid iABbuEhSHS ligHd TR ?mﬁgsadol, B2ah8@®4. For

includes a controller (not 30 shown) for controlling
i t exompleadiqoid cafifbe distrjbirtgd s pplyyonsy enly twe0or waall tires liquid

S psseb e S BT ey g,
amggs g i SR Atploye g0 AvEgis, e 0Bk 130 cn

line res n

as $ecilededdwithtvdtves 116 end 148 bdidd operced1 34, ,
re(s&]ect ively. Valves 116, 126 and 136 preferably are
15pr #P6fed Mo duipbrtp liquitsts liquidflow passage 82 paly, the valves can be

tivel. d I 114 4 f
o Soghsit i AGmiYe f o ok nRb R, g s except
r esperki126lavd 183 RAS6E8108kD AlernhdRely Pravdsda 6f Ly d126, 128, 127
comuni cation between supply lines 112, 122 and 122,

132;nd 136spe bt iopethed, vathavabyasdd§e$211, 113 1amd 138 wlgsedy g such
fluid comunicatio et n..return lines 114, 124 an
| rtepganeito diedata iy Oppaud rtEd avl o et B be
50 I .L S . i i £.f .

20F P PASER ALY LB ISBAE BN e 60 il tes 122
pasmddss. Salvé2] 1auhd8A7 drofalveeXaTpl 36, cani alerhtively Heeclosed to

distributed to only one, only two, or_to all three, .
| i queyent 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
25  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
30 additionally valves 117 and 121, being closed. In such arrangement, liquid is not

distributed through bypasses 115 and 119.



fl ow passages 80, 82, 84, by selective operation of

the val ves. For exanple, to distribute liquid only to
wo papaiogB161 ow passage 80, valves 117, 121, 126 BemudBR64/009626

can be closed, with valves 116 and 118 bei ng opened.

15 0066 To distribute liquid te,liquid flow passage 82

only, the valves can be configured in various

alternative config ratlons ggr exanple, all valves

ex@@éﬁ v Toiisripy@ ligaid 98¢k ghthsdiquic, Bey passages 80, 82 and 84, the

can e OI%%% gonfgﬁ %da fa\l;es %I}é“ag‘g@“"ﬁf@f“%g‘; ?@P Sxelrifle, all

cl amBs chinbs éheﬂrshalﬂgﬁﬂﬁqﬁld i§ btritakel wih by @ssesoin 121, 127 and
l'iquid throug iquid fl ow passage 82 can

enhiddc eﬁltmatméy |angoir anafe of valyes &47.t131} 141 amd ﬂ3 bean be closed to

Spa}‘?% B DR one Ry et 712 L0 Y22 ped B0,

L0 reQfeBlffddy. di stribution of the liquid fromthe supply
l['ine 112 or 132 to the supply line 122 associ ated

wi 0060 he Liquid darf bodisfrimsdge tB21liqid 610wl pasdages 180b 82 end 84 in
liquid to I|qU| d fl ow passages 80 %nd 2 w t hout

di seFioputemmRpralttow pajifires-+ 5oy mee,f EARsRetrquentially

v R0 BB G i v
101 1 ass}hgés SN BRI Spin i or@d&? ttﬁliqwdtfh)wpés‘s@g‘es 8B/ 84 4nd 82 in this

138 being closed. In such arrangenent, liquid
can)rég or & hfuidt pasaagﬁy B4s8@end 83 imthds qrder.

L AN B 8 s
adcﬁl@' @/r@hlal'tei‘iﬁhva§ b?:Jvaéi‘gHa fheh duQ@ﬁ&QA%Qﬁféétloﬂ B, 88'&at one or

arrangement, liquid is not distributed through
by pams&stuiﬂ !inethl 194 audD124 At/ B AXLPPlyHGE, USR@rhe 0D MEH6 supply

0068 To dlstrlbutell uid.to each of the liquid
15fI dwebéé%’ab@sa@ol 25t gyt ke val ves can be
A A KR

di gpetabid ®ctonirel BikRamuasoflime thad the qudd MOW&(Bﬁ}IOth the liquid
Al ternatively, one or nore of valves 117, 121, 127 and

1 3 ﬂampasmas 1805 82 and 84. fn eddition,) tihq liquids supplyt syssayP0bise

BB tDe PRrida Go Pt i ARt BBV GRGE of Bk ianiq rppgh the
20I ' Cﬂs’%ﬂ t’l{lJ/é)M% AIRIOSRsaes 862828 % Fﬁrthé’xﬁfdr@ Uhe temperature of

w patterns. For exanple, |iquid can be
s edmpml diatribpteddtioghe liguitl €ldbwt paskaggsi8d, 82 and B ssprgfesaldy,

2 and 84 in_this order, tollqll)udflo .
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



10 passages 84, 82 and 80 in this order, to liquid
fl ow passages 80, 84 and 82 in this order, or to

wo papaiogB161 ow passages 84, 80 and 82 in this orBer/USHOV®I626
The direction of liquid flowin the liquid supply
system 500 shown in FIG 7 ca? alternatively be
reversed fromdirection Ato 'd'§ecti on B, so that one
or nore return lines 114, 124 and 134 act as a supply
| i rheat tmisfer gas debveenmtiecexpopgsl urfags of thesybgtngte suppprigng the
132 act..,as . a. return line, 0071 The |iqui d supply
syﬁlaélFﬁl@Q)@f DSHRCS FPP?H&S\SHOP ergxgosed ﬁugyaﬁ?'ef erably
op le | R0 of lifiid didtibhritth dol Aptufhlity of
isqyfoﬁgv\edkt%ﬁ@gum t eﬁ?ivgui d P?O\?V pgigsaghgs 80, 82aq%lnd v
84.liduid flowigassages, tthe sdbistate duppoyp#§ caty proyvideSifproeed temperature

preferably operable to (gr ovi de_di fferent ”gﬁw rates of
5t heonirglpisubpirey FRPRECD on Hissbsraty SUPROLy; §he pylyirate support

ass ) . u
o538 o B0 B R g 2 FBORE B Uy s
82 s@pforBéan pravidf substedty tenspepittied) protiles acéurdingxa mipfferent process
liquid preferably can be supplied at about the sane

t emeedsat Horexanyie.tthe sitistratecsuppart 6an puyides erifornpior mpe-uniform,

l'iquid flow passages 80, 82 and 84. Alternativel .
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corgo7al - ohe substrateoduppbue chi hensed imcuplesmd pbcassing dpparatus in

valves 116, 117, 118, 121, 126, 127 28, 131, h36 apd,
13gwhich yatiowk Plaima PrGESSITE| QPRFAIRS g dibeDlasa etehingo Roysical

passaqges. 80,. 82 A ob Li . .
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t herefiéRalt 4r8 ipBridknsd) PPRE {)laérﬁa prdeessindperhticis can & eeebined for

also is operable to control the distribution of WO .
15200vat 088 $@wtREThysdald indetisg semicondichag diclegisisfand raefallic

bet ween the expopsed surface of the.substrate s ort
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ex ki O RVAdditih, the substrat
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provi de inproved tenperature control.  of substrates

5
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according to different process needs. For exanple,
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non-uni form




radi al tenperature distribution across a substrate, or
it can alternatively provide 10 other desired uniform
w@eroopoysiemi f orm tenperature distributions. O00FAT/USZ00£009626
substrate support can be used in a plasm processing
apparatus in which various plasnma processing
operations including plasnma etching, physical vapor
deposition, chem cal vapor deposition (CVD), ion
i mVhat istdaimedds: r esi st renoval are perforned. The
pl asma processi ng operations can be perforned for 15
various substrate materials including sem conducti ng,
di el ectri ¢ and simtratd Jupporfbérnl @l Spladii® pedeessing@dpparatus,
support can provide inproved tenperature control "of
t heompuisalgr at es during such pl asma processing
operations.. I.n addition, substrate support can be

Sbed | n ARy dR e EEDBH SBHSRT BiERese A gHrate i3 reatiion

ap ' i.nvention has been

deggélﬁ%éeisd inplg%@}’w\%\%sﬁg@?fé‘%me to 20 specific

enbodi menfisst lifeit €lofy paskagsl dxtendingahmasghnt fifsopodioa®f the body so
skilled in the art that various changes and

nodis ¢ pravidsmemparature caaidel, ofandrst pefitip O HressupRpTt SyEface;

ol ai mm. VEPobge SRt te SRR nain 3REIipon pf e
10¢! 2ol o a§ to BroviiettiApérafir® cOMPRVFa se8&t{dUportibn 8f HeapPort

processi ng apparatus, conprising: 5 a body having a
supprfate;surface for supporting a substrate in a
reacti on _chanber of,6 a pl asma, progcessip ratus; a
first |iaq%ﬁsallﬂ¢tdwﬂb‘&%%%@“@£%téﬁuf% thq#%agﬁt?@ Q¥ B¢ssage;
portion ao%c6ﬁ1fm?&%ﬂﬁﬁ ccﬁlﬁnﬁxﬁcﬁ{?‘ﬁ%ﬁl‘?tﬁees@@ﬂ i{i& flow passage;
control "of 'a first portion of the support surface; a
second la firdt Gutidt dvfipRiscoRgRuEXitRdl ity tHeistiliquid floecpassage; and
portion of the 10 body so as to provide tenperature

15cont r ol acfecendseuslshin Puidiqognnwrication witlpihe seconsl liquid owpassage.
first inlet in fluid communication with the first
liquid flow passage; a second inlet in fluid
conmuni eat i onrpd &iBstt4e seeinst diafiw i dafriRycoaphisEg; a
first outlet 1n fluid communication with the first
li qui d fa finst pppdatieg inafiuid chmmmngcation ovidwthe irstiinlef;| ui d
communi cation with the second liquid flqg assage. , 2.
The subsk§eserd Spppoline @ff?laﬂ? &PW,%JCPHP‘E Wé& tgs ﬁ%ﬂﬂg Mgt

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

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

3. The substrate support of Claim 2, further comprising:
. a source of temperature controlled liquid in fluid communication with the
25  first supply line and the second supply line;
a first valve operable to control flow of the liquid through the first supply
line; and
a second valve operable to control flow of the liquid through the second
supply line.
30



a first supply line in fluid comunication with the

first inlet; a second supply line in fluid
w@ormedleat i on with the second inlet; 20 a fiPGI/US2004/009626

return line in fluid communication with the first

outlet; and a second return [hne in fluid

communi cation with the second Outlet. 3. The

substrate support of Claim2, further conprising: a

sout.ce &hQ@gﬂéatatSWwfb@ﬁ’ﬂaﬁn Be trrfheg GPRAPTISING| ui d

communs oA i e PSpktL P IR K e e

fl qyﬁeggnd he liquid through the first supply Iline; and

a second val ve operable to control flow of the liquid

t hr ough a fosrtheabrecdpesabiployconirnkflog®f Vi iqoid w8 gl the second
PCT/ USZ?_O4/ 009626 -20 4. The substrate support of
S dEWBINE.yr t her conprising: a third val ve operable to
control flow of the liquid through the first return

line; and a fourth valve operable to control flow of

the I'iquy.d thrigugbsiite segooenel Chim df furthericompriSingThe
substrate support of Claiml, further conmprising: a . .
first scufitstsamrce efisamsrame copimolles liqud i fuidcomgmynicatipn with

co icatign.mth the first supply line; 10 a first
vam%&%é}l@ayém{eo control flow of the Iiquid through
10t he firstfsupRkY opbrabR:to 20HEEIGTHY BPHeARM tHr UM fiétSupply

controlled liquidin fluid conmunication wth the
sedaomg supply line; and a second val ve operable to

Combl . 19 hGonEhohEol et CotgOhat R B B mmricaton
fur C | S| c roller operable to
sel&'ec fh&eﬁggm%fp%hﬁgn%eéﬁgée the first valve and the

second Vide¢6nd PAlve opdrablesolbsittaltfiows optheriquad thibwghth® second
further conprising a controller
15 supply line.

6. The substrate support of Claim 3, further comprising a controller

operable to selectively open and close the first valve and the second valve.

20 7. The substrate support of Claim 5, further comprising a controller

operable to selectively open and close the first valve and the second valve.

8. 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
25  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.

9. The substrate support of Claim 1, wherein the support surface is
30 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



operable to selectively open and close the first valve

and the second valve. 8. The substrate support of
wW@k@i93lie7 wherei n t he support surface is cir cCRCHUS20041@09626

first liquid flow passage is parallel to the support

surface and extends 25 in a ? cunferentia

direction, and the second liqu fIOM/passage is

parallel to the support surface and extends in

ci reuppéns swifadeAnddixiends ina cu@tﬁ@fes@&@h@lmthub thef se@wd liquid flow

oA ge tembe R it Sl phtFiohld BwieafeS v e

t he support surface is 30 C|rcular, the first liquid
fl ow passage is parallel to the support surface and
ext ends 10.n aThesubstfate suppoetiof dilaiect i wherehntdie tsingport surface
second |iquid flow pass(y%e i aral | el %o the WO
520 0PIPS 13¢5 9N EXPOSEISSEHEE D 9B SEC °§?Lt1"s€}5’f§ rt surface and
extends in a circunferential direction, the second
liquid flow passage being non- concentric with the
first |ipuid Thowbeasateagppord6f Clhie 15 wisteintie sipppatiody
of Claim1, wherein the support surface 5 conprises
an leﬁlpé@eajth@umldzrealbbetmeleth@étrstd&uad flewaraseage and secppd liquid
b trate support of Claim1l, wherein the support body
WHBES4ES her mal  br eak betvveen the first liquid flow
10passage and second liquid flow passage. 10 12. The
substrate support of Claim 11, wherein the thernal
break ci@pr i Beessubstratp snpmiraofi€laim X emwiierein ihettbernied break
body. 13. The substrate suyppart of Claim1, further
corfompgispgyan epenchapnel ext mgdnﬁoltg%bp%ésage ext endi ng
through a third portion of the body so as to provide
tenperature control of a third portion of the support
surf ace;13and Ehd dubstiate Bligjort 6f Claith d, ot Rofplising: Wi t h
the third Ii qw d fl ow passage. 14. The substrate
I5support athird) liguid flow peRwge ektendiag sﬂuppgh @ tiysdiportipg of the body so
I ncl des a, first th erma
|1 st Breviis st ghtro LRGSRt of 85, shhbeh gustaces and
and a sec@id ihReMAhidROARHuRG IR Mt (RS 1RieE Agsid! ﬂdWEstage.
flow passage and the third liquid flow passage
The substrate support of aim1l, further conprising

at | east_one as passag eni on the support
surf ace, 4and Hleg%\lgstgarsﬁmpqrmfe@la% ngghem@ﬁ support body

20  includes a first thermal break between the first liquid flow passage and second

=

liquid flow passage, and a second thermal break between the second liquid flow

passage and the third liquid flow passage.

15.  The substrate support of Claim 1, further comprising at least one
25  gas passage opening on the support surface, and a gas supply inlet through which

heat transfer gas can be supplied to the gas passage.

16.  The substrate support of Claim 2, further comprising:
a source of temperature controlled liquid;
30 a first valve;

a second valve;



heat transfer gas can be supplied to the gas passage.

16. The substrate support of Caim2, further
wW@o9pioYHTQ: a source of tenperature control | BGI/US2004/009626

liquid; 30 a first valve; a second valve; WO

2004/ 093167 PCT/ US2004/ 009626 55 22- a third valve; a

fourth valve; and a comon |in€ in fluid communication

with the first supply line, second supply line, first

return lajthiedyA¥esecond return line; 5 wherein the

conmon | sSu ies liquid fromthe source of
terrperataLfB‘értﬁé%W{:’r%ﬁ ed liquid to the first supply
| i ne and $arAGH1ISRPIYIA | cof@middtion with 1BE Eirstes Fpllyi 16fi¢i, econd

fromthe first return line and second return |1 ne;
wheugply linbefifst resorn/knemdoecondotesirfiliogs of the | quid

th h the f
A o b o
ret B{xt?ol édgiﬁ{ yid ot 81 kst i fyhiﬂe@afnﬁaskyd?ld%uj fyolhﬁa dda) Sdceives

the 11 qui apo |ono the onton |ine

betiyarnfrofahé flfsitretampnhe/aﬁd seeomhretirinrlite; r et ur n I | ne;
and wherein the fourth valve controls flow o

| i qui d twheseig thexfirss velve sowfrols flew afghe Bﬁwérthmuab TR first return
Hmeen the second supply line and second return |ine.
¥he substrate support of Claim 1, further
1000rrpr | Sivirein3he RiEbAE valle LOIRAS AbWIOT tﬁ@ﬁlpﬁlﬂhhﬁﬁ h the second
liquid; a first valve; 20 a second val ve; ird
valrmarxahﬁﬂaurt h valve; a fifth valve; a si xt h val ve;

i n: ,f Inrv%iegégnlg%m L ne % sdﬂoaw of the rth.lC? {hrgﬁéh g 8ortion 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

15 common line between the second supply line and second return line.

17.  The substrate support of Claim 1, further comprising:
a source of temperature controlled liquid;
a first valve;
20 a second valve;
a third valve \
a fourth valve;
a fifth valve;
a sixth valve;

25 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
line;

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

30 second liquid flow passage, respectively;



with the first supply line, first return Iine, second
supply line and second return Iline; wherein the first

WG appl9g31b7i ne and the second supply |ine suppl yPCT/ysod4/009626

5

10

15

20

25

30

from the source of tenperature controlled liquid to

the first liquid flow passage_g%wc_i the 30 second

liquid fl ow passage, respectively; W 2004/ 093167

PCT/ US2004/ 009626 -23 wherein the first connectin .

| i ne extviginghe fiew compeiing Fae cXEnds BetWeeHsthg Alst sugply line and

se h:ne., wherein the second connecting line
RS R b LR :

extends first return line and the second

return |lymgeinTheebad Botrdeetifd 1isd extehdéchetwddn’ thk Firét rédlirn line and
of the liquid through the first supply line; wherein

t hehe sssond retatnnasont rol s fl ow of the liquid through

the second s Y. line; rejn t hird. val )

cont r ol s‘{’]tfqr@%%ﬁ?h%/% & af\]/ie &8%@81? ﬁogu%é;tﬁ? ﬁ?@u’fdl tpgqug\(litbe first supply
conpcting line; wherein the fourth valve controls

flow of the liquid through the first return 1ine;

wher ei n wieeeihithd kecoad valve comtrals flot afitheliquidehtaughithe second

t hrough the second return I|ine; and 15 wherein the
si ¥upPydinge controls flow of the Iiquid through the

second | GRARGGhL Ahd Vi cohffoid Al PR IRAAF B3hAPthe firs
appar at us conpri sing e substrate suppofr according

t 0 ohadoing 1ind0 19. A nethod of thermally controlling a
substrate support in a plasna rocessi ng apparat us,

conpr i siwigreip|the fovgthavadvebeomiratseflam of the liqwip Brroughuthe et return
of the substrate support according to Caimlin a

red®i on chanber of a pl asma processi ng apparat us; 25

i ntrodug)igeid tRE AERSA1VE2OnirHis AoWWh6F the Aghidor SATRE Sécond return
line; and
wherein the sixth valve controls flow of the liquid through the second

connecting line.

18. A plasma processing apparatus comprising the substrate support

according to Claim 1.

19. 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 distributing liquid from at least one liquid source to at least 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.



generating a plasma fromthe process gas in the
reacti on chanber; processing the substrate; and
w@e00e093ilgel y distributing Iiquid fromat | eastPONES2004/009626
liquid source to at least the first liquid flow
passage via the first inlet apgﬁgr t he second liquid
fl ow passage via 30 the second inlet so as to control
the tenperature at the first portion and/ or the
second pikti o sebstigtesuppppdseiul firraRlasmaprosets mEORPPRERIUS,
PCT/ US2004/ 009626 -24 20. A substrate support useful
forcoglpﬁ}s%a processi ng apparatus, conprising: a body
havi ng & B&t3PRvingsy Eﬁpf"p%@t supfacS ERRAPHIriflg @ sabdifdié ai £rdabtion
a reaction “chanber of a plasma processing apparat us;
5 achambendf 2 plasha Ipreopgssing dppargiasssages provi ded in the
body, each liguid fl, assage having. a,s ly line.
and” s r ot piepatly Al liouddon” PEHES pEgRiREindyS PRy each Biuia ow
in [ I QU cedgn fluid
co%@g%ggglta?%ﬁ a\?\sﬁ?hlyflﬂ% A&H%’ie@rﬁgﬁé’ gnndd the return |ine
of the |4 Qauid stppsiwspaendgeaading bheasti opeilduiligpirge syfhtiém
bei ng operable to supply a liquid fromthe at |east

onecongnynieaiion gk fessupplydhe and thpreiugdneqfdhe ligwidiflpw passages,

flog assages, to c L. e re.

rorthe SERECRERY S EREHEA photfue LERBEITh Mool s Micast one
105 Ubigduid bSurss!RPéte ordthore s%'lemeaQiqluidJﬂbxb asgagEfol ®inft9l the

controller operable to control operation of the

| i oeingesitpp lay omyert moresselented portia® |fithe sepposisuriace.y

distribute the liquid fromthe at | east one liquid

source to two or nore of the selected liquid flow

passagesyy (1 | nlulsirhBUbppdrlSr Claftd'20, hirBilr cBfpRing @AVntroller

one liquid source to at ast one of the l'iquid flow

pasgpgsse whidntrobppearagomgrf the ligaissupplyesysfent fwead toqui d

fl ow passages; ZOi?Si ii) control the tenperature of |
15t he |iquid di spapensialls distabute shesliquid from thejad lgagt nediguid source

i soar o abtntiot EREN e 0 BN B BT passages.

and/ or ((;{12 c okt Pute A lidhideeérh AR &fledsk oxe HhuidReutdequiatlleast

Cn

through the selected |iquid o
one of the liquid flow passages while bypassing at least one of the liquid flow
passages;
20 (iii)  control the temperature of the liquid distributed to the selected

liquid flow passages;
(iv)  control the flow rate of the liquid distributed to the selected liquid

flow passages; and/or

(v)  control the direction of flow of the liqliid through the selected liquid
25  flow passages.

22.  The substrate support of Claim 20, wherein the liquid flow passages

are concentrically arranged in the body.



25 fl ow passages. 22. The substrate support of Caim
20, wherein the liquid fl ow passages are

w@orvgetisT cal |y arranged in the body. WO 2004/ POBUS2004/009626
PCT/ US2004/ 009626 - 25 23. The substrate support of
G aim 20, wherein the at | east,pne liquid source
conprises at |east one chiller“and/ or heat exchanger

operable to control the tenperature of the liquid. 5
24. The 23ubstFhe substugp 6vrposk of ¢ laim2d owhesgin therat least one liquid

N e e
ot ri@&l?ﬁl%éﬂ'e Ehﬁleq}h%ir ate support of Caim20, further

conprising a heat 10 transfer gas supply system
operable to supply heat transfer gas between the

support surface and the substrate, 26. The sulbstrat
Seuppor t 2 - O LheRDBITatG VIO S BTG 205 HirtheE GPRBURRE P least one

chuygk. . ' : At i Si
Sk B SR B PR 16 REDERY 9SPSR B et
metdiest. of thermally controlling a substrate support in

a plasma 20 processing apparatus, conprising: placing
a substrate on the support surface of the substrate

spPort 26Ok ShBlh 8lin 20! RGBSR hea
10P" Qf-fmsfe i lBén bEAEhIe D sEEpTREAt trASRL oA b&iYedn the support

glsasma F;@St‘ﬂgyg};ﬁocesg gas irs1 the reacti on@chan‘oer; PP
surfacessnd thg subgraseibstrat e; and sel ectively ‘

di sltri buting liquid fromat |east one liquid source to

at least the first liquid flow passage via the first

inlet angy or [ QU a i ;

second rin%{ et @geeg';\@gl?%@ ggéﬁo?g{)fj?ﬁgﬁ?g hp@?‘%ﬁﬂ %llcllal a%St éﬂgﬁgctrostatlc

or Jdmaele portions of the support surface. 30

15

27. A plasma processing apparatus comprising the substrate support

according to Claim 20.

28. A method of thermally controlling a substrate support in a plasma
20  processing apparatus, comprising:
placing a substrate on the support surface of the substrate support accofding
to Claim 20 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;
25 processing the substrate; and
selectively distributing liquid from at least one liquid source to at least 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 one or more portions of the
support surface.

30



WO 2004/ 093167 PCT/ US2004/ 009626 -26 29. A nethod of

processing a senm conductor substrate in a plasm
WEe@eMsHHINg apparat us, conprising: supporting BCT/US2004/009626

sem conduct or substrate on a support surface of a

support body in a reaction chagber of a plasma

processing apparatus; 5 circulating liquid in a first

liquid fl ow passage extendi hg through a first portion
of the sifhpord QiPTReeSEHE Br SUHCANIPEIRp shbsfigiedn a plasma

control . Ir .ion of the support surface;

an r8$ersgﬁgaab$a§6 1?:)1&[}?%&?1#'a second liquid fl ow passage
.ext endi NgippbitAE Asemhicohdeabesubsirhie@n Dfuppbet satfaEost a support
body so as to provide tenperature control of the 10
sedwdy iparcaationshamher afigplasma pracessing aPRALANS; n t he
liquid is circulated in.t first Liquid flow passage ..
Sand seco"ﬁ@uiqtliné dﬁ%lcfmﬁlrﬁgﬁggﬂgf%p%ggﬁﬁ A lrfglp @‘ﬂ‘? gfirst
2, kb bEHRlsubir bt TR ok kbbb corfi bF etis

[ &Jgﬁg&% FQ%%SEE gge, }?SI ow ng |1 quiégﬁpout ofca first e
outgogtion of thesupparosonficeratd on with the first liquid

fl ow passage,. supplying liqujd to a second 15 in|et

in flui Ficolinsilead v seeonl Heud dovoprssagefrfendinggiirough a

P et Endin ob fsBoort O & oy Re RENRRRRY Rorfol o me
10Paseafl potflon bhtherappart s@fface] ai m 29, further

conprising: 20 fl ow ng | ilgui d through a first supply
| i ne i n wherein tho Hauidiis gir¢watedin thetfirst liquid Slow passage and second

Ao RSSO B8 A oo v
Chr e . . L £ . :
vt (e il Bbw pRlMEL ﬂg{v;ﬂﬁ%p‘@u{dl ‘%*&ﬁ’ﬁé% | quit%@%ﬂht?%ﬁg gh
a seaamhicaionrwith ihedirstnliduidi fldwoeassage] supplying Wigoid to laesecond
second out]et. 31. The method of C aim30, further .
15c oriplet i1 figid commymicatieg wifethe isegang liquishlawastage. gd flowing
lt ?;fgq%icﬁ éﬁ't;ogcagﬁeg})ﬁd) l)l.lltfeg i1+ Ihﬁféi' Db urdiflioh! Wit the PR liquid flow

supp

e

passage.

30.  The method of Claim 29, further comprising:
20 flowing liquid through a first supply line in fluid communication with the
first inlet;
flowing liquid through a second supply line in fluid communication with
the second inlet;
flowing liquid through a first return line in fluid communication with the
25  first outlet; and
flowing liquid through a second return line in fluid communication with the

second outlet.

31.  The method of Claim 30, further comprising:
30 flowing the liquid from a source of temperature controlled liquid to the first

supply line and second supply line;



WO 2004/ 093167 PCT/ US2004/ 009626 -27 openi ng or
closing a first valve to control flow of the liquid

wao booggdiet he first supply line; and openi ng oPCTUSE0#HI626

5

10

15

20

25

30

a second valve to control flow of the liquid through
the second supply line. 5 32.,7he nethod of C aim 31,
further conprising: opening or closing a third val ve
to control flow of the_li

] uid throu the,  first
return |QnsBingO5¢losigA firt Jlve g, g?%oq gl%aﬂhﬁ ligigid, brqugh the
corg rol f of the liquid through the 10 second
ret F‘hsulppi’ygl\.%%gp&The nmet hod of C aim 30, further

conpri sidp@ninklopWidiethg d sHebad V4108 R cdrtios flowoof e 1iqhid through the
tenperature controlled liquid to the first supply

| i seomtiSsupplyrlineg or cl osing a first valve to control

flow of the liquid through the first supply line;

flowng liquid froma second source of tenperature

control led | iy fethBd bPElaiserOTeRaRRBprisidpe; and

opening or closing a second valve to control flow of .
t he | i qupdningroeeidsidgethi@dOvabectormntopfiby dfitheeliquid throhgh the
met hod of Claim 33, further conprising using a
corirsiorefwp ling; ande| ectivel y open and close the first

val ve and

ond. val v . ai:
further Ocpgﬁ]%%iog ;%%Ogs ﬁl&z}e%o& ?tgl ‘%gvr?ttg;&%rlgrgf ﬁg‘g Og e egcl:(?illé\i/né yugh the
opeBcsHatretlra$i@el he first val ve and second val ve. 36.

The nethod of C aim 29, wherein: the support surface

is circular in shape; 30 the first liquid flow passage
2 DALl BB EA il R S
PCT/ US2 WQQ?ﬁaﬁl from S first source of temperature controlled liquid to the
first supply line;
opening or closing a first valve to control flow of the liquid through the
first supply line;
flowing liquid from a second source of temperature controlled liquid to the
second supply line; and
opening or closing a second valve to control flow of the liquid through the

second supply line.

34.  The method of Claim 33, further comprising using a controller to

selectively open and close the first valve and second valve.

35.  The method of Claim 31, further comprising using a controller to

selectively open and close the first valve and second valve.

36.  The method of Claim 29, 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



the second liquid flow passage is parallel to the

support surface and extends in a circunferenti al
wa@lreoeo9ilen, the second liquid fl ow passage bei PQI/US2004/009626

concentric with the first liquid flow passage;

wherein the liquid is circul at gi_i n the sane or

opposite directions in the 5 first liquid flow

passage and the second liquid, flo assage. 37. The

et hod _dfic secapigsid gy pastaee isaeallel p P SudRar Sdaceand extends

ci rcul in.S v the fi b O s ' N

pariah Bfeuiler? R Bircth, the Scoohd fighl] flgsP PaRARTEUR fncentric with

ci rthefitenigqoid Adw dassagd;i on; and the second liquid flow

passage is parallel to the support surface and _extends

in a cirehgreiatbeliqed iy riredeted in thersame OF GRBOSiiefliregtionsoiy the

passa bei-Nng non-caon tric it he first liquid
S Sep el g% RSHeE G SRS Feli o st e i ¢ he
same or opposite directions in the 15 first liquid
fl ow passage and the second liquid fl ow passage. 38.
The net B9d of Thel metho@ 0f Cldier 29, rwheheinsupport surf ace
conpri ses an exposed. surface of an electrostatic

chuck, &t SHHRer ¢ ydreplar dp sdbPost ati cal Iy ¢l anped
by th | : T. ' :
53, " Whenl B TERELASy DAL ielheaifh 108 STBRRE hcblociah eftends in

10betavgentflenfialrditectioguind f | ow passage and the second
liquid flow passage, the thermal break conprising an
open chdhaegcosd Hguidslpve passags ismaealiehto the supReEt susface and extends

t hr.ough the su £t body. 25 40.. T nmet hod of .Cl ai m .
o I8 peliper S Biretae tug 2o g S orSaserPeing fipFhoncentric
| i quitiflink! R Rpss Ao mxéardi ng through a third portion

of the body sO as to provide tenperature control of

t he t hi rwhepeinttholiquifl is bieculated pothe same foa oppositedli®Otions in the

supplving.liquid to a_third iplet..in fluid
15 3o R ot Resage end b fcrend o S pSSpEsassage. v
2004/ 093167 PCT/ US2004/ 009626 - 29

38. The method of Claim 29, wherein the support surface comprises an
exposed surface of an electrostatic chuck, and the substrate is electrostatically
clamped by the electrostatic chuck.

20

39.  The method of Claim 29, wherein the support body includes a
thermal 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.

25

40. The method of Claim 29, 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

30 supplying liquid to a third inlet in fluid communication with the third liquid

flow passage.



41. The nethod of O aim 29, further conprising

supplying heat transfer gas to at |east one gas
w@agsagaedpeni ng on the support surface. 42. TPEeT/Ds1000e)9626

of G aim30, further conprising: 5 supplying liquid

froma source of tenperature cogmtrolled |iquid,

openi ng or closing valves including a first valve, a

71 ow ng A1t qut e HABOGAT LIRS eb Ao SOl bolyide feat transte
co | gkl \ fg i cond
su ?3}155 %?%%SQ %P %égtbatrsg%?rdﬁ Eﬁnﬁ eO§l gﬁg Eﬁsfpg 8 gﬁr}?rﬁaéig'u rn |ine,

10 wherein the common |ine supplies liquid froma

source of tenperature controlled liquid to the first
suppl y 142ne methodaf Slaiw) 3P, fukler cORPrisEghon | i ne

receive Laui d. £k he firs Lin econd
Sreturn PR Heridodd Fob Gk b sbbsfue PR §iES

l'iquid tdpeminglor chRingl vables ifdluding hifisy val e aSeeGitval®d, \Wehird

controls flow of tt%e liquid through the second return

| i rvelvetand atfiouurthl valveyandcontrol s flow of 15 the liquid

suppl 3 1BRE SR A SOTFPN Hfuln TG CORMIRIApR Wil th first

val r : WaTITNCE i

of AP Hk; Scipd WGEling, 1ot iclith ok ahR LAl RELARE

10second relten¢in the cotnméd lind beppiiet tiqaiddtorflagsionrcddf temperature
further conprising: 20 supplying liquid froma source

of cPRfiQladaliqwid to-thefireh Supply] ling Ang: secandesipply line, eheoeanagon line

¥ nistvel TACH B bkl PN anQeeB G fpnfinks ppegrst vaive
si xbhtrolg e ofhel lighvwhisigh B fiskt tdtnatsde, #ud $cdhd valve controls

connecting line and a second connecting line in fluid
c otflomnofcthe llignidwhtdugh ke $acosd retumpling, thenthjrdsatwernantrols flow of

supply line, first retur 25 line, .and second retuyrn

151 1 dhe B throneh p Bortjonat tas,cammpon fin bafiveed dhs HEt Supmly Jine and
li i i f . )
o B TEREA Yint, i e K0 Ve oI o of HIRALE ibBen a ordion
seof i conimon Hnd baweantrageondt supplyi lirkt andeec@et ieti@n [line e

extends between the first supply Iine and second
supply line, the second connecting |ine extends

bet ween ,the fir e 30, pe.and secaond return
line, tA&"fi &&’fsr@eéﬁ?ftgf{;‘gw?&bs R CORBEREE: | qui o
20t hr ough sihifyink iligeid SRR dutdenst tetaPerai®s @&ﬁrdlﬁh\l%id;
controls flow of the liquid through the second
2004/ 09 3p&in®eT tlosng 04ved ehaling B6irst valve, a second valve, a third
valve, a fourth valve, a fifth valve, and a sixth valve; and
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
25 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 liquid flow passage and second
liquid flow passage, the first connecting line extends between the first supply line
and second supply line, the second connecting line extends between the first return

30 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

wo add@oentrol s flow of the liquid through thePdT/DS1004/009626
return line, the fifth valve controls flow of the

l'iquid through the second retugp_line, and the sixth
val ve controls flow of the liqurd through the second
connect i

line, .5 - :
supply 11r1]1%, the tﬁud 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.



