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APPARATUS AND METHOD FOR REDUCI NG ELECTRI CAL NO SE I N

A THERVALLY CONTROLLED CHUCK Rel ated Application This
wappbkiosabi on is based on U S. Provisional PatReI/US2004/039798

Application serial nunmber 60/526,030, filed on

Novenber 26, 2003, the contents of which are

i ncorporated herein in théirr entirety by reference.
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machine which electrically tests the circuits on the wafer. The prober includes a group of

electrical probes which, in conjunction with a tester, apply predetermined electrical
excitations to various predetermined portions of the circuits on the wafer and sense the
circuits’ responses to the excitations.

In a typical prober system, the wafer is mounted on the top surface of a wafer chuck,
which is held at its bottom surface to a support structure of the prober. A vacuum system is
typically connected to the chuck. A series of channels or void regions in communication with
the top surface of the chuck conduct the vacuum to the wafer to hold it in place on the top
surface of the chuck. The prober support structure for the chuck is then used to locate the
wafer under the probes as required to perform the electrical testing on the wafer circuits.

The chuck can also include a temperature control system which raises and lowers the
temperature of the chuck surface and the wafer as required to perform the desired temperature

screening of the wafer. It is important to the accuracy of such testing that the temperature of
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waf er under the probes as required to performthe
electrical testing on the wafer circuits. The chuck
weanwsabeol i ncl ude a tenperature control systenPairU81004/039798
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ween t obj ects. Summary of the Invention It is a
feature of the invention to provide a tenperature

S control_ systemfor controlling tenperature in a
Umin c Dwaf er chuck in which the electrical noise
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aspect, the invention 1s directed to a tenperature
temper@Qfd inal weikpicesroawaferncimek frowhichrthe dactrigpliniofsg effects introduced by

tenperature in a workpi ece chuck. The system i ncl udes
the fluid areyedu¢est ure control device for controlling

itlﬁ l%g? B%tﬁgtr, glegfnllje?lgBﬁ RREFRIHRS 2 $QRbrRhurd dontid] §R8@nPardl dinethod
for controlling temperature in a workpiece chuck. The system includes a temperature control
device for controlling temperature of a temperature control fluid and a fluid inlet and a fluid
outlet, the temperature control fluid being carried to and from the chuck via the fluid inlet and
the fluid outlet. A controller controls the temperature control device, such as by controlling a
flow rate of the temperature control fluid through the chuck, such that the flow rate of the
temperature control fluid through the chuck when the temperature of the chuck is in transition
is higher than the flow rate of the temperature control fluid through the chuck when the
temperature of the chuck is being maintained at a set point temperature and/or by controlling

the temperature control device such that, when a temperature of the chuck is above a

predetermined temperature, e.g., the boiling temperature of the temperature control fluid, the
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outlet, the tenperature control fluid being carried to
and fromthe chuck via the fluid inlet and the fluid
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second valve is connected in the second fluid carrying path. The first and second valves are
closed when the temperature of the chuck is above a predetermined temperature, e.g., the
boiling temperature of the temperature control fluid, such that the temperature control fluid is
prevented from flowing into the chuck.

The various techniques of the invention result in controlling flow and other behavior
of the temperature control fluid used to control temperature in a chuck. The result is that
electrical noise introduced by the fluid is reduced, and, accordingly, wafer processing such as

prober testing over temperature, can be carried out more accurately.

Brief Description of the Drawings
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in transition and closed when the tenperature in the

chuck is to be maintained at a desired set point. In
wop@sesodi ment, a capillary tube can be conneRCEUS2004/039798

between the first and second fluid carrying paths to

bal ance pressures in the first and second fluid

carrying paths. In one erflodi ment, a first valve is

connected in the first fluid carrying path, and a
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IS a sc tic diagramof the
fAuid. TEMEIANYEn 606 hekyRypiriacusediatidsotdby Telptronic Corporation of
Sharon, Massachusetts, the assignee of the present application. Specifically, the chiller can

be a Model Number TP03500A Atlas Chiller, or similar system, which is modified to include

features of the invention used to reduce electrical noise as described herein.

The temperature control fluid is routed to and from a test system, such as, for
example, a wafer prober 13, along a hose or pipe 15. The hose or pipe 15 can be of the type
described in U.S. Patent number 6,070,413, assigned to Temptronic Corporation of Sharon,
Massachusetts, and incorporated herein in its entirety by reference. The hose or pipe 15
actually includes at least two fluid carrying hoses or pipes, one of which carries the
temperature control fluid from the chiller 11 to the prober 13 and the other of which carries
the temperature control fluid from the prober 13 back to the chiller 11. The workpiece or
wafer 21 being tested by the prober 13 is mounted on a chuck 19. The chuck 19 and/or the

approach by which temperature of the chuck 19 and wafer 21 is controlled can include any
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tenperature in a workpiece chuck, in accordance with
anot her enbodi nent of the invention. Detailed
woe®ss2pi on of Preferred Enbodi ments of the |PUBTS10041039798
FIG 1 contains a top-level schematic bl ock di agram of
a tenperature control system and wor kpi ece chuck
connected to control t enpér-at ure of a workpi ece such
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. Fporation o aron, Massachusetts, and
temperdﬁt('i)lg gfgiréftgihggaﬂilg ?élfrﬁgﬁmdt A ptrmp @ébyolﬂ?ttefr e dluahdheoughiibe
0. : ncl uge . t Al
system.fl%he @lil(h? capicd rasp the; I}fgég%(cia%ebgg, ff’i?rﬁa de’iﬁ?ti otg\é\get %}léllllérdl lona
erat u ral. [ R
ot R Tl e LN, Sk o st
chiller Ilﬁﬁaw@dsé 6r $ipa1 5 0Thé Fluidds bumped denpa stvend fi8idyaeiyingpath 29

the chill 11. Th kpi '
from a fiStnlet oftoe P Dok 18R bR R SoTs- 2T b R 19 incfdes o
hyck, .19 and/o . | ' ,
o1 U B PGPSR My
deliverﬁﬂgiglg @%n%e@@cm‘éio‘éﬁir@lsfhﬂd,i incladingofor kkaBplpaheopeningrndrodosing of

872; 6,073,681; 6,540, 014: 6 415, 858; 6, 505, 478;
valves,ap@ 0, t3e@g 06thepenins ang closive P%ﬁl,e vglvess 006 6 375 176

, 700, 099: 52 .6 1 B, )
feerdinee wih B uiton A v P Le B sbfechifio (R fisolluid
carryinSpath @7, adPSSR6HLIGAVE 56 Brdnfddieddh thdsectndafiwid carrying path 29. A

rncorporated herein in their _entirety by ref
fixed-oEifiG: flawireduger hisreanneetadl ig élpeafﬁqsb‘%luifi ﬁér){'ylgéﬁgt?xgt Lg It% third valve
. control t used t - @t i
s oG b BB B G0 L ARSI ot
reducel {18 ARY¥SNkyGbe Refkebinddgedtbotidefitheirst el deeonpeflait gamying
control” systemor chiller 11 is connected to t IP(
paths. prsshewn 18FIG. 2, the capillary tube 18 s located between the chuc 99 and the
valves 10, 12, 14, 16.

One or more approaches in accordance with the invention are utilized in the work
chuck thermal control system of the invention to reduce the triboelectric electrical noise in the
chuck. The use of these approaches is controlled by the chiller control system and is
synchronized to the appropriate thermal control range where their use is most beneficial.
These approaches all reduce electrical noise independently in different modes of system
operation.

The first approach significantly reduces the flow of coolant through the chuck 19 from
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via the hose or pipe 15, which carries the tenperature
control fluid back and forth to the chuck 19 in the
wee@bess298. The chiller 11 includes a heat exchemnysI00£2@9798

used in controlling the tenperature of the tenperature
control fluid. A punp 25 circulates the fluid through
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exchanger 23 to a fluid outlet of the chiller 11 on a
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el ec r!cal noi se 1n the chuck. The use
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. flow of coolant through the chuck 19 fronthe f
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. includes the,valve 10 and the flow reducer 12. This
des1re4s§83@p}@ﬂipfﬁtlgg-o| ant flow results in reduced novenent

(el adndpbrdath also involves the use of valves 14 and 16. This approach

prevents coolant fluid from entering the chuck after the chuck temperature is above the

boiling point of the cooling fluid. If the coolant fluid is allowed to enter a work chuck that is
at a temperature above the boiling point of the coolant fluid, the coolant vaporizes violently
and the resulting pressure pulsation induces vibrations in the chuck causing electrical noise.
The coolant fluid can enter the work chuck by periodically flowing from a coolant fluid
storage reservoir through the work chuck supply and/or return line. The flow is typically
induced by the pressure created by the coolant fluid boiling itself or by fluid buoyancy
differences throughout the system. The capillary tube 18 placed between the chuck inlet and

outlet also balances the pressure between these lines preventing the coolant fluid in one line
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t he chuck and ot her chuck conponents, which in turn

results in reduced el ectrical noise | evel on the
W@m_smszbn one enbodi nent, the reduction in flPUI/iS2004/039798
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control device connected in one or more of the lines carrying the temperature control fluid to

and from the chuck. This flow control device can be a pair of valves or a valve and a fixed-
orifice flow restrictor connected in parallel. At least one on the valves can be controlled such
that it is open during temperature transitions to achieve high-rate transition and closed during
steady-state temperature maintenance such that electrical noise is reduced. In another
embodiment of the invention, the dual-flow-rate approach is achieved by using a variable-
speed pump as the pump 25. The pump can be set to a relatively high speed during
temperature transitions such that the fluid flow rate is relatively high. At steady-state

temperature set point maintenance, the pump can operate at a reduced speed such that the
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or by fluid buoyancy differences throughout the
system The capillary tube 18 pl aced between the chuck
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these lines preventing the coolant fluid in one
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1t shoudl be mqtec} @éhﬂﬂé?ugislﬂléi the %ﬁegto&}gpdqu G718 s fomg“ng claims,

flas UTh&@nipRidn@s coftkdEfluld tan be in
the applﬁ’a@%rhlg tﬁrggb%t glf}lg‘?rper at gg’g cont r ol system

a gaseotsSefle 10 n@na mte tmﬁamﬂm Bereim, thelidjsiasanaghigd o p Hquid

accordance wi th anof her enbqdi.nent of th ven
state, hawevehitas kveaiit e e akos 16 S pa P AR ts'!egﬁ juch as

i dé@ddé%ﬁatc”r5Uﬁ1@§k 47
where ﬂ&eo]ﬁq]f‘é&tgé O%ﬁhep%rﬁgllb?ﬁfﬂll ﬁrl%\é thﬁmﬁ tc?%‘gté "FI%d carr yin g pat h
otherw1§e7speé1ﬁe& Réreire winesl tteremperdiurd mtmbﬂpdnateﬂmed to, such as where

transitions, both valves 45 and 47, ar.e ope oW
the fluid isrprensniedifram snterieg the|cBygkdn ceriun FERY g%g o’ﬁ'tv? } s

| t eWEORiaL i, Hiquid
ﬂw1KWH#§MSPf¥%3ﬂW%PSi&R%&@rgeﬁ%@ﬁgéﬁﬁgﬁ&Pgﬁéwggéd and theq
state onﬁJ‘ﬁhd W@Lpiﬂ(:ﬁent@d Grom dtAritEy tHY chucknihissdeptaed taa the gaseous state
resul t he tenperature control fluid is allowed to
ofmeﬂmdmwyh¢pm§ﬂﬂ@mﬂy A& open val ve 47 at a reduced flow
resu R RIf&Ences to
iEapfs5 ol Hod Poel B B o RE e e
prefenéd%o@irg&tygfe@?)ftm}u b@r%ﬁdafstmﬁmdhmmugﬂ irfe artathatt yegious
lve i s optiona e val can
changeb mcfans and détaids map bemada thegcih 0%’@831?18% ﬁi&@ln%hf ﬁBm”‘ and scope
ose dance with the invention,
of the iff Oﬁafg 35?@%@4%%&?‘0?@25 wor kpi ece or wafer chuck
'S tranS|t|oned in tenperature, high transition rate
is achieved by using a high flowrate of tenperature
control fluid through the chuck. Wen the chuck
tenperature reaches a desired set point tenperature,
the chuck tenperature is nmaintained at the set point.
Under this steady-state condition, the flow rate of
the tenperature control fluid is reduced, such that
el ectrical noise that may be introduced by the noving
fluid is reduced. In enbodi ments of the invention

descri bed herein, this dual-flowrate approach is
achi eved by using a flow
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control device connected in one or nore of the lines
carrying the tenperature control fluid to and fromthe

w@bwwskss2Thi s fl ow control device can be a pai rP@f/US2004/039798

val ves or a valve and a fixedorifice flow restrictor
connected in parallel. At |east one on the val ves can
be controlled such that +?-is open during tenperature
transitions to achieve high-rate transition and cl osed
during steady-state ter@igklMSire mai ntenance such that
el ectrical noise is reduced. In another enbodi nent of
the invention, the dual-flowrate approach is achieved
usi [ $heS dkheorptigingS. The punp
%Zﬁﬁn eéﬁlgrgt% 0¥t261§9§ruélﬁat | vg’f’g@ﬁéﬁﬁé peed dur |gnfq
t enpeytaipé@tics esisiol deviee fouconttobling tempeiuie 61 # FHWFUYE
is relatively high. At steady-state tenperature set
qooirak flEdi nt enance, the punp can operate at a reduced
speed sugh that tfﬁﬁ% Uftiléi, thh QhteRdtBrel cOnfr6ldUG@ Being carried to
resul% ng in reduced electrical noise in the chuck
Hdr v ieaBbiélngia the flsitl dnlkichndaehafuiddutle@end hr oughout t he

foregoi ng description and the foll ow cl ai

appl ?@@qm%rgﬂerrf@f @flgrol“@& e tet’%ﬂ?ﬁaé?r&tcﬂ}fll\#(g&%gx{c? ’oﬁﬁg F ?%tlﬁgl_er

ol e IR i | as h that
SRR e HREI it nfarm it gy esnas o o
frle Yot dafe TG RBDetacurb eontrol dluid driugh sheaehuck Mo i temperature

I's known that the fluid can al so be in._a gaseo

pfithe luokyis indipgnskigaAs b}@hw’fg%t%? ﬁlé?“ﬁ riaﬁ:l,ﬂl}ahes gt Sraﬁre t‘%{%@h’q
| uid bolLs in [ fFlhd dfuck 2SRMBmEInediged at a set
&Hﬁé‘g?ugl? h,grc\%lwu%%@g%rg@?? %‘me%p‘? %tg{éei n, V\,hgn t he
pempPRIpetbgecontrol fluid is referred to, such as
Wwhere the fluid is prevented fromentering the chuck
in certain enbodi nents of the invention, it is the
hquid state of it | piefhith Rakyriner B8hRskined AbwRAntiélling
DL%F %%Ffﬁ?r&co%%lrsga?%le&fc %ll.lrll-lg’ I’ulr{ 6 . Ilig%lﬂigg state of |
ubscs batheort®EbIE V& thamge frediovertest thetenperaimgsiontrolflyid.
under st ood that the gaseous state of the fluid may be
present in the chuck. Wile this invention has been

i cul arl d |
Perureo BT RED Y RERECy Ao bopn B PUEPS: oo

by t hg$g«SHdid bagyingpdth eodtettet habneafitho irdetend thyeentiet; and

orm and details may be nmade tHerﬁhiqn W t ut.gldg%?({thi Net:
f r om tatvecandifhiid carmangpah eomecief & g\t PHHCRIC gqen
in the foll ow cl ai e, - - LIReT sboidefluid
c"gbﬂ“?‘lﬁ thegiayy 8?&%&1?‘1%&6\}\'”?)0? %?%nélg&%ﬂi@éog (glﬁebfrii si ng: .
carrying paths.

The temperature control system of claim 3, wherein the flow controlling device
comprises:

a fixed-orifice flow reducing device in one of the first and second fluid
carrying paths; and

a controllable valve in parallel with the fixed-orifice flow reducing device.

The temperature control system of claim 4, wherein the controller controls the

controllable valve to be open when temperature in the chuck is in transition and



10

15

20

10.

11.

12.

a tenperature control device for controlling
tenperature of a tenperature control fluid; a fluid

wo ndospsaead a fluid outlet, the tenperature cont@DIS2004/039798

fluid being carried to and fromthe chuck via the
fluid inlet and the fluid outlet; and a controller for
controlling the tenperatufle control device, the
controller controlling a flowrate of the tenperature
ckead whkn fHeuérdpdrhmmeiglihe thack fntolbe aivtained 4t 2 g??éfefl Seghipornt.
rate of the tenperature control fluid through the
chuck when the tenperature of the chuck is in

ansid ' | Hel el Ry 6dntidiiéng device
thgnrﬁgr’%ar%‘%%eé@gﬁ% ol ﬁ%‘?%ﬁ%%ugh t he chuck vvhegn t he
doftippieesat ure of the chuck is being maintained at a set
poi nt tenperature. 2. The t eratyre.con :
o cleafiet comep U A1V GORAEPER Lo 41 B oA G P o Barrying
%ﬁ\éi,gd bei ng controllable to change the flow rate of
RPhE> fehperat ure control fluid. 3. The tenperature )
cont rpdecsiBiontrolifible vaiverc@nettad imthe ope ppthedirsignd geqanddluid

fluid carrying path connected one of the inlet and
qahingathstin P%Hela}"‘géﬁ’é%’gswpﬁﬁr%ﬁag’gﬂ %g path connect ed
to the other of the inlet and the outlet; wherein the

flow controlling device is connected in one of the
The €hpefirs eaard systam of clamn §) wigerpiatthe comrollgheontrols the first
tenperature contro] systemof claim3, erei
cowcashevsialihs valer bebaatne ob B Tt amdaiiegittphliable
flLow.reduc L Gifird it DerrddsttRh aaadlosed ahen the
yalyesds SBWVﬁ%gtg% E%gl;ré glntgggh%r%t rollabl e valve in
RafRIEk inHelthhidleis o Behaitaihéda afdesied sstineibhg devi ce.
5. 'The tenperature control systemof claim4, wherein
the controller controls the controll able valve to be

en when te | eKcdrSprigind:r ansi ti on
R S s A T

mai nt gispadluad caryitespatiecormettep ai ovte. ofehe ifikas and thserdletir e
control systemof claim3, V\,heéei % tgle fJI.t%w. let:
contr @|s¢¢qmg flyid ¢asgying path connected to the other ol the inlet and the outlet;

and

a capillary tube connected between the first and second fluid carrying paths.

The temperature control system of claim 8, wherein the capillary tube is adapted to

balance pressures in the first and second fluid carrying paths.

The temperature control system of claim 8, further comprising a first valve in the first

fluid carrying path and a second valve in the second fluid carrying path.
The temperature control system of claim 10, wherein the first and second valves are
closed when the temperature of the chuck is above a predetermined temperature such

that the temperature control fluid is prevented from flowing into the chuck.

The temperature control system of claim 11, wherein the predetermined temperature is



10

15

20

25

13.

14.

15.

16.

17.

18.

* plesevhoiENgRARG ¢ ghefsmperapie £ofd

conprises: a first controllable val ve connected in one
of the first and second fluid carrying paths; and a

w@emsnss2epnt rol | abl e val ve connected i n the oneCDiIS10046039798

first and second fluid carrying paths in parallel with
the first controllable valve. 7. The tenperature

control system of clai mell wherein the controller
controls the first and second control |l abl e val ves such
abbred a boiting poinhef the tempegaigreserisnidlédnt r ol | abl e val ves

i s open when tenperature in the chuck is in transition
and cl osed when the tenperature in the chuck is to be
AR t?&g%ﬁ&ge @t SRkl SCk1S6T 1, Feithdr colpriding: t enperat ure
contr systemof” claim1, further conprising: a first
f1 ui ch st flyidrgrpag patbeanessteddo poe ofitie dilet and thepeetang
the outlet; _ a .secand fluid carryin t t .
the G terbRodRaTTAE artahinhd ry wpd oL e Aol
tube conpeater HEIRANiddey s, and second 1 ui d
carrying paths. 9. The tenperature control system of

cl ai na Scomdreslet in thérseconpfliidayryingipath. s adapted to

bal ance pressures in the first and second fluid

carrying paths. 10. The tenperature control system of

f*eaéegpgratjrg LRSS sERIROF St 13 Wihdrsih thedfiéaridsethial Yalvestare
urdrcarrying pa and a second valve in the second

Elbstidcvisarthy tengpepairh of fht.chitieisabayret predeternaiped fegiperature such
system of claim 10, erein first .and.s
{hat the derapasatyresontol fhud iy 1?{8"%“&%13%?‘85@%“%%“‘? frgtele

above a predeterm ned tenperature such that the

. tenperature control fluid is prevented fromflown

g .
TR @nigeeatare woktrol kPsterfild clagnpdr whereie thopredefprmiped tomReFature 1s
claim1l, wherein the predeterq% ed, t enperature

! g‘fﬂﬁjerature control
fluid. 13. The tenperature control systemof claim1,
further conprising: a first fluid carrying path
qRERGEIEsuiewoattel Whteinh claithdl whnctin fhe conrelber cortraletnd

{t;ngjéq?atg%o%%glg@ﬁ%@a;egpgho{ﬁgt?%v gg atté)méerllaGtm%t or%etﬁe aIU.CI{ ri]seabove a

predetermined temperature, the temperature control fluid is prevented from entering

the chuck.

The temperature control system of claim 16, wherein the predetermined temperature is

above a boiling temperature of the temperature control fluid.

A temperature control system for a workpiece chuck, comprising:

a temperature control device for controlling temperature of a temperature
control fluid;

a fluid inlet and a fluid outlet, the temperature control fluid being carried to
and from the chuck via the fluid inlet and the fluid outlet; and

a controller for controlling the temperature control device such that, when a
temperature of the chuck is above a predetermined temperature, the temperature

control fluid is prevented from entering the chuck.
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19.

20.

21.

22.

23.

24.

25.

26.

a first valve in the first fluid carrying path; and a
second valve in the second fluid carrying path. 14.

wab@sosazper at ure control system of claim 13, WhET/E52004/039798

the first and second val ves are cl osed when the
tenperature of the chuck is above a predeterm ned
tenperature such that thelZenperature control fluid is
prevented fromflowi ng into the chuck. 15. The .
Trenaepatturecamot setensyiiam % whemimihepredgiamiged teperature 15
redeterm ned tenperature is abov boj | i ng point of
%ﬁ?ﬁ 7 Boipag fanppegat fr%EFI tenpETARTe i‘gl%ﬁlfwlgldf enper at ur e
control systemof claim1, wherein the controller

controls the tenperature control device such that,
ThaBmperarnpesmiol systanf of dainc h, dwrthes campyising:

predeterm . ned tenperature, the te rature .

f1 ui opfizst Bridrapyiog PRk PRGe i eéﬂ]ﬁci’%?dct%g?’ﬁ%é
tenperﬁggﬁc?ﬂlgi(a'} Ino DHBIBARLcdab Wb thss ofthe it And He: outlet;
predetermned te erdture is above a boi | i ng

t enpes Aistyslvein thbéirdt dnjibraatyingepadvandol fluid. 18. A
temperature control systemfor a workpi ece chuck,

conpra sscppd valve Bnihe seren g‘“@d:ﬁfry’é‘l dEVi ce for
controlling tenperature of a tenperature control

fluid;, a fluid inlet and a fluid outlet, the
TRIRAIpREAIE compdlIspiterhlofi cldin 20 nwhereinrthefirst anchgegond vatyes are

the chuck via the fluid inlet and the .fluid tl et
elnsedaviamthe tsmperatargof thspbpel 1|siaﬁav§ %Bfeflsfﬁﬁlélpg? t Pé}»etrature such

ontrol device ; %}Eﬁi theRALS 6 thehutine
ﬁﬁﬂ@ﬁ??rgpea%tgf/eecozﬁgpg%lg?g F'm ne i?(()errper at%r e, theu
tenperature control fluid is prevented fromentering

the chuck. 19. The tenperature control system of .cl ai .
The tamnsrasing congolFy agwd cip 24, Wﬁ?fﬁlélrth? Biedetegningd tratteRdture is
bpi | i ng.tenper.at SRgrRidre control fluid.
?&Veﬁqg)ﬂt‘%ngoé%tgqﬁéegmcgﬁ{apg?Esyst 2]%1 of claim 18,
further conprising: a first fluid carrying path

connected to one of the inlet g}g&et he outlet; a second
fllha tednpssatiig g trpbiyReBH Fidndd: heOBRRE of t he

I nlet a 1rg f{qu caq‘gihg f)éth connected to one of the inlet and the outlet;
a second fluid carrying path connected to the other of the inlet and the outlet;

and

a capillary tube connected between the first and second fluid carrying paths.

The temperature control system of claim 23, wherein the capillary tube is adapted to

balance pressures in the first and second fluid carrying paths.

The temperature control system of claim 23, further comprising a first valve in the

first fluid carrying path and a second valve in the second fluid carrying path.

The temperature control system of claim 25, wherein the first and second valves are
closed when the temperature of the chuck is above a predetermined temperature such

that the temperature control fluid is prevented from flowing into the chuck.
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27.

28.

20.

30.

31.

32.

a first valve in the first fluid carrying path; and a
second valve in the second fluid carrying path. 21.

wab@sosazper at ure control system of claim20, WhEr/E52004/039798

the first and second val ves are cl osed when the
tenperature of the chuck iﬁ above a predeterm ned
tenperature such that the'téﬁperature control fluid is
prevented fromflowi ng into the chuck. 22. The
tenperature control systemof claim 21, wherein the

D e e i o 38 o Pl Menfrature s
cabmitve @l bodirgt peintaff tied tamperkBire Eanttohfnidconpri si ng: a

first fluid carrying path connected to one of the

inlet and the outlet; a second fluid carrying path

c ' .and the outlet;
aﬁg@gﬁfgggﬁuf:?§§1§k??1§g§el&ggg%1§£ Z’{Ng‘lgt@ %I/\l/éen the first and
secondthklconttoliea coytralga flatviiste o he tEpertarnpedsaiol f1@id through the

cant y ol stem of claim 23, wherein the capillary tube
i %hugiﬂawéﬁla@ Hletf&vaf?é@%%wé%mﬁ sortee fhyid groyghdhe chuck when

SeE il SR R, R R ATBEORE e,

veeinperature chugtrdliffudd thidughdheetucy whgn et bmpadtige 5£400BRuck is
val.ve in the second fluid carrying path. 26. The
t mainigiged s sebpointiemperatire; 8ndi m 25, wherein t he

first .
Lot B e LA N SRR DS cprotaie o
t einpge thedTosy stcdf thbimpgehgurt eomesldluid.e control fluid is |

prevented fromflow ng into the chuck.27. The
tenperature control system of claim 26, wherein the

p ' ' hoi.ling point of
P RECEIEIE Lo RIRGH AR YF Bl 28 MR R BB, o ure

cont r o4 fissy SluRivaedying patiechnesttLioging of tHiane0Mdd @Bk beflet; and
controls a flowrate of the tenperature control fluid

t hr oughsachad Erideerryingaath soanedesetoftheoiherafdhemletivad the outlet;
: gfﬂngrgfrngby ﬁgwccgﬂ{'ré@llng Elh\zikéjistcgﬁ&e%%ﬁ i}l f(])rel 8P e lﬁré’%ﬂaﬁg ﬁéecrlg])gd fluid

ure o 'sIrn transrtron is
t bayirdheatid ow rate of the tenperature control fluid
t hrough the chuck when the tenperature of the chuck is
The temperature control system of claim 29, wherein the flow controlling device
comprises:
a fixed-orifice flow reducing device in one of the first and second fluid
carrying paths; and

a controllable valve in parallel with the fixed-orifice flow reducing device.

The temperature control system of claim 30, wherein the controller controls the
controllable valve to be open when temperature in the chuck is in transition and

closed when the temperature in the chuck is to be maintained at a desired set point.

The temperature control system of claim 29, wherein the flow controlling device

comprises:
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33.

34.

35.

bei ng nmai ntained at a set point tenperature; and the
system further conprises a flow controlling device

wheisgseentrol | abl e to change the flow rate ofP€TES2004/039798

tenperature control fluid. 29. The tenperature control
systemof claim28, further,conprising: a first fluid
carrying path connected to one of the inlet and the

A R T T R

fbamg gamtrol ling device is connected in one of the
first and second fluid carrying paths . 30. The
t enper ai8agped eantolleble spbe eomnsicted|imihe (1@ of wiwefinst andt seeond fluid

P RS h gofls il i RERERSERLe ftkdt “2nd second

fluid carrying paths; and a controllable valve in
parallel with the fi xed-orifice flow reduci ng devi ce.
3The Phperabg e@rath spstero of claim 83.swisreiofthe¢atnwll@0controls the first

R AREAP S sfhibatonS phibe i besqid contcliabe
LyAR&ii§ bsn Vs EhpeatirdMiGhe Eﬁ\ﬁ:kﬁ?im%rﬁft%%nﬂ @ws&?w s the

chuck is to be maintained at a desired set point
Tiemperatyye mathe ckudkos ta bd meipttimad abh desiaddrseRBointvher ei n
the flow controlling device conprises:a first
control | abl e val ve connected in one of the first and

SRG&SREEh ntrollable
val v elgecr oth{;leecg)tn ggr f}bré]te%‘ig téo? gﬁgﬁ%p 1%%%3 ﬁ%l? (r:ég ?ﬁgﬁﬁgs econd

fl ui d zempgiabge panthd devicp forabhtedlling tdmpeneudei of attemperature
Corllxir g‘[]%abl e valve. 33. The tenperature control system
ofongpP 32, wherein the controller controls the first

and secnd ifIeNidde] ﬂlﬁﬁloﬁtlé’taﬁﬁé %énvﬁéf&ﬂret Jmmpﬁﬁdqiemgb%med to

first and second control[able 'ves 1's open
t wifematherdhutinviatibe fhiddilei adithe fln@nzitiet;on and cl osed
\2? € 2 gagﬁzqs]t: ﬁgﬁgféﬁtyﬁrg E)ﬁ{hncomeecté: tlc'l) %lﬁe Io% t]f}e%nf%te anrhatlhg toﬂ’él&;e d
a second fluid carrying path connected to the other of the inlet and the outlet;
a controller for controlling the temperature control device, the controller (i)
controlling a flow rate of the temperature control fluid through the chuck, such that
the flow rate of the temperature control fluid through the chuck when the temperature
of the chuck is in transition is higher than the flow rate of the temperature control
fluid through the chuck when the temperature of the chuck is being maintained at a set
point temperature, and (ii) controlling the temperature control device such that, when
a temperature of the chuck is above a predetermined temperature, the temperature
control fluid is prevented from entering the chuck; and

a flow controlling device being controllable by the controller to change the

flow rate of the temperature control fluid.

The temperature control system of claim 34, wherein the flow controlling device is

connected in one of the first and second fluid carrying paths.
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36.

37.

38.

39.

40.

41.

42.

34. A tenperature control system for a workpiece
chuck, conprising: a tenperature control device for

w@emwsosd2bi ng tenperature of a tenperature contP@I/US2004/039798

fluid; a fluid inlet and a fluid outlet, the
tenperature control fluid qglng carried to and from
t he chuck V|athefIU|d|nI t and the fluid outlet; a

f fluid car at.h. connect ed. t ne of the .

| ThE ferigeteie oo SRR LGB Aa. Yhis BafpyRpuplis device
cennpedegd to the other of the inlet and the outlet; a
controller for controlling the tenperature control

devi cea fixhé-odfin¢ flowlreduc{rig)dezivain ohd ¢fithe first hudwacandfloid
the te ature control fluid through.the chuck, such

t FETYR§HEA g?éﬁﬂrate of the tenperature control fluid

t hr oug I I

in 1ot R R P RTRE TR GRRE Dopfefiaidadee
tenperature control fluid through the chuck when the

erature of the chuc taine
p%ﬁﬁ{em Lopirel sysigrp a}mggnva %tﬂq gcqrﬁré) er controfs t]ime

! eomBBbIAVaIves 'bE Qberﬂ@}{tnctﬁmﬁ Rurd {i8the clé\{(ﬁ}%{]s th transi JIOI’I and

tenperature of t I's above a pr ermn

t elvpal wheir the tdngeratergie tlsgt dhouek saobe alaifthined at ssdesired set point.
prevented fromentering the chuck; and a fl ow
controlling device being controllable by the

CoRt E&fﬂeﬁ%&gﬁ%@@%&hﬁ oldiBWs! Rh&reff thl hSYzfc%HHSI'hﬁ? ld%ﬁce

contro e tenperature control syste
ceanprised; wherein the flow controlling device is

connected in on f the first and secon

carryi ?@ &epigol @@? e Ve QoBRsrsdinpng 0 Hmf%aq angygq%fhﬁd carrying
Céﬁhﬁ%ﬁﬁ’ wherein the flow controlling device

conprises: a fixed-orifice flow reducing device in one

of theakédoat c&ﬂﬂol%twmﬂvefdouh&tddahl‘[b{é ong ¢fahdSist amdiseaond fluid
control | abl e val ve in paral with the fixed-orifice

f FYWIREBRIBS Mgpagrllel with tgqﬁrswtrpg alevalver e control
system of claim36, wherein the controller controls

the controll abl e valve to be open when tenperature in

t Mae emjedatiug dontrdlr gadint ofeini@ 38, wherein the controller controls the first

and second controllable valves such that one of the first and second controllable
valves is open when temperature in the chuck is in transition and closed when the

temperature in the chuck is to be maintained at a desired set point.

The temperature control system of claim 34, further comprising a capillary tube
connected between the first and second fluid carrying paths.

The temperature control system of claim 40, wherein the capillary tube is adapted to

balance pressures in the first and second fluid carrying paths.

The temperature control system of claim 34, further comprising:
a first valve in the first fluid carrying path; and

a second valve in the second fluid carrying path.
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43.

44,

45.

46.

47.

48.

cl osed when the tenperature in the chuck is to be
mai ntai ned at a desired set point. 38. The tenperature

weonwsnsd29syst em of cl ai m 35, wherein the fl ow PCT/US2004/039798

controlling device conprises: a first controllable
val ve connected in one of ige first and second fluid
carrying paths; and a seco controllable val ve

connect ed in the _one of .the first an cond, fl ui
c Lhe tsmperage pantyq) sysiena of dpi 4. R %ft&‘.ﬁequ valhyss are

B%ﬂ Wl?é?& the' gﬁlﬁ%?d@‘? oftHd rcﬁu&&? télf)@xle H&%ﬂfle&feﬁip@}a%ﬁe such

ereln he co er cont the Tirst and second
cibat the tenalekaurealonrsl fuid is dréamtedrieonn flowives inia i chwdk.
second control |l able val ves is open when tenperature in
the chuck is in transition and cl osed mhen t he

deS| ; e%& e c@ntf‘ch %ysj%H %&ﬁrﬁl'aﬁn 49 PSRy prel& he@tem erature is

tenperature contr syst
Oﬂmﬁbamaﬂ&@pohumfﬁeﬁmmpﬂﬁmmsmm@whﬂmdp|IIary t ube
connected between the first and second fluid carrying
paths. 4 1. The tenperature control system of cIaim

49 RS & an{rpﬁm%ﬁ‘é}hé% lé%rn%l %Td gﬁdco yl i 5ance

pressures 1 n Seco

pat hs. co%oll‘ﬂgetempafaﬁmbwﬁn@eﬂawe bmﬁyﬂ tflaid with altahperddire
further conprising: a first valve in the first fluid
c@nmrp fyiesat h; and a second valve in the second fluid

carryi %ﬁe ffe?[ﬁnp ;rf o C%HH %Eoearﬁﬂ%&ﬁ ek foQ £fuid inlet

claim er el secon ves ar

chlgﬁgeﬂumﬂeﬁ,a@dtenperature of the chuck is above a
predeterm ned tenperature such that the tenperature
cont r oprovidingia centiplley fon eemrallingthe famppergjurefogirphdevice, the

\?\};}%}, 12)}1614 %A'q%ltr-gﬂﬁlg 1?&9 LAL YF t?l E%Beﬁ‘eﬁ esc%ﬁ{rglr@hgﬁ t}?ljoﬁélmhé %huck

mned ure’rs

baichith tiROf& r&k of he téepReana dohgolhuit mouglh thed:huél&whéh the
met hod of controlling tenperature in a wor
Cmm@rat@rg @b thesthpek isdp trensiion isdighenihap euﬂ@w @te gf the temperature

% l ?1 il tﬁrougﬂ tt}geoéhucf( Wndh mettgn&rgt%@@fy AL YRhRKSS Bélﬁ}g hhaintained

at a set point temperature.

The method of claim 45, further comprising providing a flow controlling device being

controllable to change the flow rate of the temperature control fluid.

The method of claim 46, further comprising:
connecting a first fluid carrying path to one of the inlet and the outlet; and
connecting a second fluid carrying path to the other of the inlet and the outlet;
and

connecting the flow controlling device in one of the first and second fluid

carrying paths.

The method of claim 47, wherein the flow controlling device comprises:

a fixed-orifice flow reducing device in one of the first and second fluid
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49.

50.

51.

52.

53.

54.

55.

carrying the tenperature control fluid to and fromthe
chuck via a fluid inlet and a fluid outlet; and

w@e@siosi2zag a controller for controlling the terQEUS1004/€39798

control device, the controller controlling a flow rate

of the tenperature controll%luid t hrough t he chuck,

such that the flow rate of "'the tenperature control

fluid through the chuck when the tenperature of the
cHEkRerethshaid ansition is higher than the flow rate of
the teparahkbe VQlQ/Qtnﬁggral d Wlﬂll tB@ﬁQé@ani&eﬂG\k’%‘dﬁcH@%@vwe
the tenperature of bei ng nai ntai ned at a
set p0| nt tenperature. 46. The nmet hod of cl ai m 45,
further conprising pravidin flow controlli devi c
SLhargCibah of Hrina b v E Hisgbuple PGS engpllihie vaive f be

ffgﬁp%&h%h Lﬂérﬁ G @ thd (I:HHCQ is lﬁzrang— n 3R Bl%?e(p\tlhéﬁl 1t BrffRrature

her "co r|S|ng connecting a |rst I d carrying
piatthe ¢lck ietode rhiiatainet at a desitet et poutt! et ; and
connecting a second fluid carrying path to the other
of the inlet and the outlet; and connecting the fl ow

C
B
wher ei gfifitsheordfttodlableoaive ebhicepddevhe of the Ifmtlasé secoad fluid carrying

fixed-orifice flow reducing device in one of the first
ssa@ebnd fl ui dcarrying paths; and a controllable

val ve 4 0B Bldddiia wﬂglv%psmgecéaqﬁg{e dre tfd Y &RAUGIAGuid

devi ce erein

Cetyir patlis ia@atallel with e fasnionabll#tit ealval ve to be open
when tenperature in the chuck is in transition and
cl osed when the tenperature in the chuck is to be

2?1&6%}1?%8 %\Aﬁfmrﬁ‘ 58 eﬂq&rg gltﬁeeéon% 18 %nﬁgls tg RrsiEi Qo

erern ow COI’] evi ce

CEuol151618 valded suchlthat@A¢ bHihke a'ii)it%n& aécoad compgzbld/alwes tnepen
of the first and second fluid carrying paths; and
when temperature in the chuck is in transition and closed when the temperature in the

chuck is to be maintained at a desired set point.

The method of claim 45, further comprising:
connecting a first fluid carrying path to one of the inlet and the outlet;
connecting a second fluid carrying path to the other of the inlet and the outlet;

and

connecting a capillary tube between the first and second fluid carrying paths.

The method of claim 52, wherein the capillary tube is adapted to balance pressures in

the first and second fluid carrying paths.

The method of claim 52, further comprising providing a first valve in the first fluid

carrying path and a second valve in the second fluid carrying path.

The method of claim 54, wherein the first and second valves are closed when the
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56.

57.

58.

59.

60.

6l.

62.

a second controll abl e val ve connected in the one of
the first and second fluid carrying paths in paralle

wonrdaok/osdzel fi rst controll abl e val ve. 51. The nepdibusSmH4/039798

claim50, wherein the controller controls the first
and second controll abl e vab*es such that one of the
first and second control lI"afl’e val ves i s open when

tenperature in the chuck is in transition and ﬁ{oab%d
vipraperetee efdhpeliiek dy @ovh aprreletoRned tampesatiee syah Hehfged
i 1 cJo) f i m45,
?%JIP ?ﬁgt}%?ec%&n%ro | gliiiqu ggb %&%"rﬁ%ﬁ?‘.’%gﬁ’ ﬁ é ir}g?(‘t;jﬂ%l c&?ﬁ%}@c arrying
path to one of the inlet and the outlet; connecting a
second fluid carrying path to the qgther of the inlet

&rhg mmatodbeii dlaim Snvdereinthe Prodsisrained jempespiyre igghove a boiling
bet we t.he first ond fluid carrying paths. 53.
ﬂ?@tﬁgﬁﬁc}amg?mc Af mﬂgk,&\g\iher ein the capillary tube is
adapted to bal ance pressures in the first and second

fluid carrying paths. 54. The method of claim 52,
fThetrhethod ohglainsd h duihes 0PPAYNS first val ve in the

first fluid cardyi ; ' .
second Op??f?i&g 8;’# %nyﬁﬁ% g%é}t??ﬁbg%?o %}%gocfﬁg? %géé \ég? ld{:él %ﬁﬂ%’

54, wWhehgidlinkAfeddnd FluidaahysRCsHid to/hk veRr af the dhlosad the outlet;
when t het enperature of the chuck is above a

pr edetmgovidingd firshiysbvesin threcfitstdwidiopmying paths aber at ur e
control fluidis preyented fr QW ' t he
chuck Pravidhets sofuh Bl e0h oy SOQMLANE Yok B,

predeterm ned tenperature is above a boiling point of
the tenperature control fluid. 57. The nethod of claim

4Bhe thethod ef claionp.ivéierain thedirseandisagpnd vialves ererqlesed when the
' h f the jnle :
N e e e B R

ottemﬁ)ﬁl‘ﬁu#r@ L&ttrAndid B 9reRuit@ FronPllOVingiiig the ftiuckt val ve
N e

irst fluid carrying path; and providing a
second valve in the second fluid carrying path. 58.

T, Bl ar dhins S8 et MNSLEnlifl hnb8nAlH H860R Boiling

point of the temperature control fluid.

The method of claim 45, wherein the controller controls the temperature control
device such that, when a temperature of the chuck is above a predetermined

temperature, the temperature control fluid is prevented from entering the chuck.

The method of claim 60, wherein the predetermined temperature is above a boiling

temperature of the temperature control fluid.

A method of controlling temperature in a workpiece chuck, comprising:
controlling temperature of a temperature control fluid with a temperature

control device;

carrying the temperature control fluid to and from the chuck via a fluid inlet

and a fluid outlet; and
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63.

64.

65.

66.

67.

68.

69.

tenperature of the chuck is above a predeterm ned
tenperature such that the tenperature control fluid is

wee@sested fromflow ng into the chuck. 59. TheCTES$1904039798

of claim 58, wherein the predeterm ned tenperature is
above a boiling point of the tenperature control
fluid. 60. The nethod of claim45, wherein the

contral |l er. contrpl he t rature control dewi

such randngden{ofes flSo g fie Eieciiie kont e sugh hat
RUIde! emibatfe bEIB Shalkus Bbove e réfARIiMdUERp&ai¢, The

fluid is prevented fromentering the chuck. 6 1. The

remperdtued casiteel finigds pistiented fomtratesingdbe erugkned
tenperature is above a boiling tenperature of the
tenperature control fluid. 62. A nethod of controlling

IRIRRERSYELclhifh 62, Wt ﬁﬁ?réd%t&iﬁine@Q%ﬁéréﬁuP@is above a boiling
controlling tenperature of a tenperature control fluid
viemperatureofibe sanpesatatsieoniodl fhedii ce; carrying the
tenperature control fluid to and fromthe chuck via a
fluid inlet and a fluid outlet; andproviding a

CARhGhb®bE difin EDMhiliRh bigridihe temperature control.
devi ce such that, when a tenperature of the chuck is

above canpectitigtadirsti fhedicaronmgpah ty ene afithe indetpoad teuudet;
control fluid is prevented.fro nt eri.n e.chuck. .
6o TionhatnGa e T e D 51 e oHs® pF B ATEN o shgoutiet
tenperabiiiifiel SHRPAYR 1A tROfilst NSIdIEIPREPaH: endf the
ten‘perpgturegcoﬁtrol fll ul d.1 S64. The rrgt%%od of claim 62,

f ur t heprovidimgra scomgl vatwerin dlwt sengndaflfid catryifi padh. car ryi ng
path to one of the inlet and the outlet; connecting a
second fluid carrying path to the other of the inlet

aﬁrlg: rh@tﬁo&’ bE b16im 62 vekdh R Bstl dnldSbootl vafvek Bre dMssell viteh the
flul d I

carrying path; and providing a second valve in
ttampemtne df the whackda pbopieragpredetdrminsl, teffiperatvet sistl thyft the

claim64, wherein the fir and second val.ves are
P B R SPITh S VR Y BoBy Mo RBEHa e B ove

predeterm ned tenperature such that the

The method of claim 65, wherein the predetermined temperature is above a boiling

point of the temperature control fluid.

The method of claim 62, further comprising:
connecting a first fluid carrying path to one of the inlet and the outlet;
connecting a second fluid carrying path to the other of the inlet and the outlet;
and

connecting a capillary tube between the first and second fluid carrying paths.

The method of claim 67, wherein the capillary tube is adapted to balance pressures in

the first and second fluid carrying paths.

The method of claim 67, further comprising providing a first valve in the first fluid
carrying path and a second valve in the second fluid carrying path.
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70.

71.

72.

73.

74.

75.

tenperature control fluid is prevented fromflow ng
into the chuck. 66. The nethod of claim®65, wherein

wa b@spsedet ermi ned tenperature is above a boi | POyUR®NH039798

of the tenperature control fluid. 67. The nmethod of
claim 62, further conprising: connecting a first fluid
carrying path to one of theinlet and the outlet;
connecting a second fluid carrying path to the other
of the inlet and the outlet; and connecting a

|II r e '

n ély"éia?%ﬁ‘% 6%&@@ gle’rh?rgi {% g.é& e%c?)ﬂﬁ vél@ cfokéeﬂr g?%n the

é’iﬁpér‘étﬁie' dfany/cludk & dbeved pridetdrineth aémmmrsaslsﬂneﬁlei n
the first and second fluid carrying. paths 9. The
irsnprsesursfconirel fuid 75 prevantadeiiom dlaving intyths cbvildi ng a
first valve in the first fluid carrying path and a
second valve in the second fluid carrying path.70. The
ek Rah&f ofdla@inm06 Hhetehiethe ipPedettemined 3¢mpopstusecic abule a boiling
val ves are closed when the tenperature of the chuck is
@oow of theeraprseturenontal flédper at ure such that the
tenperature control fluid is prevented fromfl ow ng
into the chuck. 71. The nmethod of claim70, wherein

e nBsEs a6 wherRer at ure i s above a boi | i ng poi nt
of the tenperature control fluid. 72. The method. of

cl ai mtBoconmedergontrolstadlayrate of the ﬂer@mﬂﬁ@tﬂm congokiiyid thrgugh the

T e
fthéjieﬁlﬂefh”t@(@ @h tHeltB LY G trmﬁb?ﬂibﬂ i@@ngh%fmﬁﬁ diefl@v efte t)hthe

chuck is in transition is &erthantheflowrate of
ttérepéretupreccantiof Buiddhrongh thelcinek whenthgernpraaturpudithagaiek is
t he ten:ﬁerature §f th chu k IS, being maintained at a

JeinedprRtaed #ha 5 tpﬁi’né n%eaa "¢ %W control ling device

i s conm@ eaktdtiikyddvie is entitialabRIbyithe edtarodler foladdeatte flow
rate of the tenperature control fluid. 73. The nethod

ahtecif thentemPerafune cérdrol 8uidor i si ng:

The method of claim 72, further comprising:
connecting a first fluid carrying path to one of the inlet and the outlet; and
connecting a second fluid carrying path to the other of the inlet and the outlet;

wherein the flow controlling device is connected in one of the first and second fluid

carrying paths.

The method of claim 73, wherein the flow controlling device comprises:
a fixed-orifice flow reducing device in one of the first and second fluid
carrying paths; and

a controllable valve in parallel with the fixed-orifice flow reducing device.

The method of claim 74, wherein the controller controls the controllable valve to be
open when temperature in the chuck is in transition and closed when the temperature

in the chuck is to be maintained at a desired set point.
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76.

71.

78.

79.

connecting a first fluid carrying path to one of the
inlet and the outlet; and connecting a second fluid

W@ 2005953291 path to the other of the inlet and tPEr/US2004/039798

outlet; wherein the flow controlling device is
connected in one of the fiyrst and second fluid
carrying paths. 74. The ethod of claim 73, wherein
the flow controlling device conprises: a fixed-orifice
fl ow reducing device in one of the first and second

ui d r Vi o : &N
Shy R Y PR e RO By R R BPLG: WS ce
75. Th@rdebhesiable valai cmnidebtedinane iofi theHsteod seesinddhuid carrying
controls the controll able valve to be open when
pethpendt ure in the chuck is in transition and closed
when the t [ ' | ' i
at o fegpaDEiiylstiai sphcic g Sng & REFRRLAY FORCIuid
whreyits Pathbﬁl ok QW oathtthofitst egntéivblevalvenpri ses: a first
control | abl e val ve connected in one of the first and
second fluid carrying paths; and a second controll able

| ve ,con t.ed, j
R
CORtsIRblcaRIRs ¥adhBat ohé.of THeefimpiddodcafd whadlkbléyalves is open
wherein the controller controls the first and secon

[ . .0 d .
odwn tahpenie i she/dwick ifdn tiepsition Ard epsadyehopithg fempggpture in the
secqnd controll.a val. | S..0pen when tenperature in
tcﬁlé‘ﬁ%lﬁﬁ%ﬁe F@lqt%n%rag s(lg%l%[egiﬁse{é\ X {gl osed when the
tenperature in the chuck is to be nmaintained at a

desired set point. 78. A nethod of controlli né; ]
thempthodtoficentrailing (wBIRTsEE & & HOERICE SR SPRBHISINE:

trollj t t |
i ih Gopeiides SRS 75 Jim ol FERGRRLI AT Guuekluthd
teaRsr@tiee control fluid to and fromthe chuck via a

flurd inlet and a fluid outlet; connecting ,a first_ ...

f1 ui d compingithrtepaetature cere! Snid tleeand diog thechuginya a fluid inlet
out | eﬁ i’

and a fluid outlet;

connecting a first fluid carrying path to one of the inlet and the outlet;
connecting a second fluid carrying path to the other of the inlet and the outlet;
providing a controller for controlling the temperature control device, the
controller (i) controlling a flow rate of the temperature control fluid through the
chuck, such that the flow rate of the temperature control fluid through the chuck when
the temperature of the chuck is in transition is higher than the flow rate of the
temperature control fluid through the chuck when the temperature of the chuck is
being maintained at a set point temperature, and (ii) controlling the temperature
control device such that, when a temperature of the chuck is above a predetermined
temperature, the temperature control fluid is prevented from entering the chuck; and
providing a flow controlling device being controllable by the controller to

change the flow rate of the temperature control fluid.

The method of claim 78, wherein the flow controlling device is connected in one of
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80.

81.

82.

83.

84.

85.

86.

connecting a second fluid carrying path to the other
of the inlet and the outlet; providing a controller

wo oroso8m29r 0l | i ng the tenperature control devi CECT/UR®04/039798

controller (i) controlling a flowrate of the
tenperature control fluid _through the chuck, such that
the flowrate of the term'e%za'ture control fluid through
t he chuck when the tenperature of the chuck is in
thedfirst andsacand thidprryng by -he f1ow rate of the
tenperature control fluid through the chuck when the
tenperature of the chuck is being maintained at a set
8t Metiticdrgelaah moewhesth the ifpwooatrobingidavice bemprises:
temperature control device such thg} 3ggn 3 '

t enperdixad-erigee flaw redneine deyicgipone af the dxtand syoqad fluid
te erattgg,e gt he tenperature control fluid is

|8 BRPEE>FFOm enteri ng the chuck; and providing a

f1 ow geBhtislldblenelvievipaliebivity tieoftedeadrifablflovbneduding device.
controller to change the flow rate of the tenperature
control fluid. 79. The nethod of claim 78, wherein the

flow controll.i device,. | i

e SRt pi . Wi SoSINF Efthu AegORuRlilEvave fo be
Qbert whbiMefiperathie it chiiek fslio watsiidd aid dlosgd adwen tiee temperature
conprises: a fixed-orifice flow reducing device in one

o thetrbuél isge bamaintainethet & dagirerd thppipf-ng paths; and a
control |l able valve in parallel with the fixed-orifice

fl ow reduci ng device. 81. The nethod of claim 80,
WhRhBitRod SEc1SANY, Yhefin fRMowtdtiolimgaienice @bnptibe: val ve

to be open when temperature in the chuck is_in ) )
t r ansiatfirsteoatrdlldilovave epraected in eranfdhafits and spcppbiluid carrying
chyck is to be maintained at a desired set point. 82.
HESn#%hod of claim 79, wherein the flow controlling

devi ce, GOSRI dopBSlate Tilks boriebid @l ihahbhe of ke festead Bemnd dluid
in one of the first and second fluid carrying paths;
andymggeths i paelelrvatt tb festeantyalabla vt ed i n t he one

of the first and second fluid carrying paths in

parallel with the first controll able valve. 83. The

Fﬁrfé}]ﬁgth&ﬁ of 1R BB vherdif R dontrbBercoht610 Hhecfirscamlt seodsl
e

I rst and second )
controllable valves such that one of the first and second controllable valves is open

when temperature in the chuck is in transition and closed when the temperature in the

chuck is to be maintained at a desired set point.

The method of claim 78, further comprising connecting a capillary tube between the

first and second fluid carrying paths.

The method of claim 84, wherein the capillary tube is adapted to balance pressures in

the first and second fluid carrying paths.

The method of claim 78, further comprising:
providing a first valve in the first fluid carrying path; and

providing a second valve in the second fluid carrying path.
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87.

88.

control |l abl e val ves such that one of the first and
second control |l abl e valves is open when tenperature in

WO b@sobizek is in transition and cl osed when t hrCT/US2004/039798

tenperature in the chuck is to be naintained at a
desired set point. 84. The_nethod of claim 78, further
conprising connecting a c&érllary t ube between the

first and second fluid carrying paths. 85. The nethqg
Ghe vlethiohof¢laimi8ér whereinithe Sespin %?99;141 esiage elgsedh whenige

bal ance pressures.in the fi : ) Wi
B G AT api Dohes RS B PR aRGs stifl e the
dtS1eNBntrAIIANA 6 Revetddi ik flvaingeintonthe bbudkd rst {1 ui d
carrying path; and providing a second valve in the
second fluid carrying path.87. The nmethod of claim 86,
erein the first and. secon : i
e s Bl dTon TR R oL S R 3 ot boing
ggﬁpgfﬁg%ﬁpém doaabl fifie. tenperature control fluid is
revented fromflowng into the chuck. 88. The nethod
of claim87, wherein the predeterm ned tenperature is
above a boiling point of the tenperature contro
fluid.



