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

A THERVALLY CONTROLLED CHUCK Rel ated Application This
wa@ppsiosabi on i s based on U S. Provisional PatReL/US2004/039798

Application serial nunber 60/526,030, filed on

Novenber 26, 2003, the contgnts of which are

i ncorporated herein in their entirety by reference.
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in conparison to | C package costs. Consequently, it is

becom ng nore inportant to performmany | C process

Rﬁkﬁsigﬁﬁ‘ﬁgiﬁe the die are still in the wafer, rather
the rel atively expensive packagi ng steps
hanes 4ppEBatRars baseedn UTBpPeaisiohal PatehtQ\pylicattasienigl number
sem conductor wafers are subjected to a series ofdhest

60/526990 cfiladl ea Noyambereds 2045 thegggabeniy ivhieihare dpgogrorpted hgiet in

. in. tationary position at a process station where
thelr?ﬁ’i‘éaﬁh&%ﬁg?nf% perfornmed. For exanple, circuit probe

testing is increasingly perfornmed over a w de
tenperature range to tenperature screen the ICs before

B@c_ka:sm_h]@_mtlim package. The wafer is typically held
st at,i onar, t t
T AR R E e

circui® Bhib iR MRORfinuirdd¥® RERRRIIn bR 18 1QHatkAgOEosts. Consequently, it
el ectrical probes which, in conjunction wth a tester,

is becamjllag/mpreeimm:tomanﬁ tngdrfetnemiany K3 prassssisteps ivdwils thepdig aye silign the
redet erm_ned portions of the circuits on the £
waloty i SO TeR e gr PR expepayp BraasEstsp Be phfe R Gined
a ﬁg)ﬁﬂ:'aﬁ?,l in € %Q‘fc%ss%ﬂ% t@McohdiRtoMfFErs afe SUBjeBle@ to HBerlcBf test and
top surtace of a water chuck, which is held at its
evalubtixirt stepss UFof eand stap, thesvalprds beldtin astatiprarp positien graghyeeess ation
St is typicall . . K.
s BRSBTS it g ertormea
over Ydride tEﬁ&gl%ﬁ:ﬁ)e FEE BFRmBErahhE sGiiGhe KOS abRtblamtabackage.
to the er tohold it f

in place on the top surface o
The wafer is bypidally Tiakl gativbeny relafiyoiota wicnwotsuprrt oirfachel cprobke
machlinsé vE/}plg}? ellégt?igaﬁyotelstg ﬁ1aetc?rc1t1itc]seon 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
el ectrical testing on the wafer circuits. The chuck
w@2mw5a5801 i ncl ude a tenperature control systenP@iiUs1v04/039798
rai ses and | owers the tenperature of the chuck surface
and the wafer as required tg-performthe desired
tenperature screening of the wafer. It is inportant to
the vv%#é?ﬁﬁtﬁ%@];réi%}'e e e %Qraﬁﬁébf iile cltul&tsuﬁﬁ& be U&ﬁfcﬁfeﬁ%@ accurately and
oft he and, erefore, the tenperature of
precigdliuaspossibleace, be controlled as accurately and
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rical resistive heaters wt uck

chuclByBaailying gowembrthé fesistiee heating tlewent) Gadtiin gmekleasmlnhtp the chuck.
heat is introduced into the chuck, h sone

apBisPeaepRiications, surhps Whets aWatepisiheing tested p g cirguit Bigbes the
presegﬁegét; e}‘f;ési]:#rtica[)flg 9(? thIe gffté%{l g&e&%ﬁafdgf nﬂ#e%?otrﬁl'aﬁcaé acgﬁl]at;? ﬁ@g testing.

em can ce accurac

Therdfe2! it impbR@nteh @mmmlzé theseldctival hcisg introdudedi lﬁﬁOZtEe syhem One
el ectri cal noi se introduced into the system
sourcs of eleetrigt! noliseds fhec,tampmwonnm ﬂ@dttha%ﬁgp&lﬁw éhre@&h thg chuck.

he A S5 B ST TSP By

and fidn e cBAcK danNPedideledttibalholse ba lﬁﬁbcfe[d@fﬁd éf&ctsmilﬁ‘dfeﬁyadlecmcal
create electrical noise by triboelectric effects

chargghieprobyced by dtictiemmbetwhey §@ qbiechy oduced by friction
bet ween two objects. Summary of the Invention It is a
feature of the invention to provide a tenperature

Sum@a o ele my&iom for controlling tenperature in a
wor kpi ece or wafer chuck in which the electrical noise
eflf isatfeatime: of sbiwimerentipn to peovida g gmpertiyre gorieal systemderecontrolling
aspect i nventiQn ijs t >
tempB3REF pio Lgplst e F R EH s By Beh RS e furoduced by
the flRIREFALEEE I N a workpi ece chuck. The systemincl udes
a tenperature control device for controllin

t elmmac asnecie tlwfmwuﬂenpsadmﬁctndéo e tampaghtusd Qﬁnﬁogmteal drdd method

| nI and a
for controll 1ng tempera ure 1n 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
Wo@i0se55291A controller controls the tenperatur eP€DOS2004/039798
devi ce, such as by controlling a flow rate of the
tenperature control fluid tdgough the chuck, such that
the flowrate of the tenperature control fluid through

tempbfuré Btfiko] WARTTs & chRABRnBéHEmhe BRRKChUCK is in
transition is higher than the ow rate of the

t elimpar ambodimsohtarfidw eoniradlingdeyiaghs edmgrotinbie ko olpmge thedlow rate
tenperature of the chuck is being maintained at a set
Ofthﬁt?gﬁﬁer%ﬁﬁg?tﬁ(flﬁiué&and/ or by controlling the
t SIARAE RIHBEBintedn ihOdysRBYVIneRIdSUE Tirst Radd caﬁ‘pﬁ? g@th_ connected to one of
tenperature of ‘the chuck is above a predeterm ned
the inletrand ithat eurtlet arel gysecondBuidaiatrymg phthnoenedted te thd othbreof the inlet and
tenperature control, fluid, thetenperature control )
the ol 41 SOBrDEALEE VISHPEHREFTHE N WRGHE TN Begecond fluid
cm@g}%ﬁisﬂ’?ﬂé flod chhtPMif QAL LanNBc10RVA fifed-SrifXHIWHIABLE device
tochange the flow rate of the tenperature contr ol
in onk lofithd. firktrand secoadifmild carnting pdiles st entrbitatleidedse m faralkel with the
fluid carryin at.h connected to one of the iplet and
fixedrgpics flavetedugipe de\des oy gontipkerean FoRtER) ﬂ&‘%"l‘?“@ﬁ%hi%&ﬁ@?ﬂ" be

open'vwheh I?&}j]?ér&ﬁfe C}ﬁfthé dftck ¥ 1@%3?15190}1 QIFde @Ugédev@henmfte gi[%{mre in the

controlTing device can be connec in one o
chuck isr'te be auintai@ed aich ddsitedisetdoingi ng pat hs. The fl ow
controlling device can_include a fixed-orifice flow

r edlignagebehediow ronsrdling devirs cep includsrdisieoptrallahlevelve
comfIHL ¥R PP 5 C FodATNT VAR AR 48 Bl FptBlatle vave

conné@¢d inahé etie efahe Amntuidsecbh®flgidrbfiging pbihe irvpdriiie] twdthidBe first
en when tenperature in the chuck is in transition

conﬁgﬁ@IQ vd¥ed haiserirelics cprpgidiotherdist andspeond wartioliabla alyss such
that %%lo[f'ttl?é fﬂ?tda %tse(?onqu%h{rgﬁaﬁg{/alpe%liFB Aﬁeﬁft@ﬁi}ér\éﬁ}ry in thg' Ehuck is
oW con réllllng evice Can I nc u%ﬁe aftirs

in tra@6ifibh ahd ébied Widn\tBe RapRetiredn the cek 8fto bdimafnitdindd ARdlesired set
. second fluid carrying paths and a second controll able
pomty gl ve connected in the one of the first and second

fl Iﬁio%e Fl%rB%ﬁlm%gt %%ég%@%%aﬂﬂeec:om%c&e% tgetgxge | Itfl? h{ﬁ% %nd second

contro e valve: ol1T’er "can contro

fluid lchriifihg patts BEsRMde pRREITEN inakd frsy ldREomLItld Chaying pahef
the first and second controllable valves is open when

t dippae gobpdinent, fastcialieds rennepted inthsifirstdhviderryingpasiy and a
seco Vé{]veaivetoig g?rﬁr%a eg ‘rg%a h%%lg%c{nﬁ ﬂurl] ca%]yli'r?gkpaittﬁ. e Brest it | snetcgrild1 gaqves 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 one enbodi nent, a capillary tube can be connected
between the first and second fluid carrying paths to
whadoanseIpressures in the first and second fl upPcr/us2004/039798
carrying paths. In one enbodinent, a first valve is
connected in the first flui.dg carrying path, and a
second valve is connected in the second fluid carrying
Pat ik fold¥Bidg a‘hatot}i%P ij%@@ qastuea) aﬁasﬂd%ﬁagels o5 aR iMRoh R8I be
tenperature of the chuck is above a predeterm ned
appateanﬁemethm fadlowenggmoretpagicubar Idcwglptlemrpéplafemeé egibodineents of the
ture control fluid, uch t hat tg? %perat%
inventig, Foustas e %F%%?ﬂygtg TRWRE [ Wi kR efCeRge characters refer

o 0 Bl TGS SRS G EhO LB i

empHaellmmteﬁleemgq:dx{tEd aporf illustehtingehe pmmatpies 0ﬁ1he freepéorat ur e
in_a chuck, The result is ”1 ectrical noise
| o FeREINS R toprievel sehematic b %ﬂi@é@mnaqf@ CIIPRIBIET FRYRP] system
and \%@r n@ecé’%ﬁ%ﬁ%éﬁﬂ%&e lt’(?&)rﬁ%l g&}%?z{hnre%i’g'\%gk Y& suchasa
enperature, can be carri ut nore ac urater. %rlef

semi@Rlactopivafen notnikd en Meawdgiedheickr egoi ng and ot her

obj ects, features, and advantages of the invention

1% IG. Bds apihematie dirgem ofifhe teatmertis gonsrlsysamused fogontrol
e {

tempgrgallcf% } l{v g%pgege %&}h@ aggcggm% %ﬂ% egrrﬂgc{,cmh&l!é‘rﬁ oEf"tH’eWﬁ%rgﬂn

| | KG. Baf £EctRARLIE HRARAGT &Tthe feﬂﬁﬁfatﬁx@ cbﬂ@ol%?é’tﬁn@@éd ® control

t hroughout the different views. The draw ngs are not
temperafies du Wpikpiese siuskeln aspgsraneesvithanothen ewbpdimept efcthelinvention.

upon illustrating the principles of the invention.

FIG 1 contains a top-level schematic bl ock di agram of

Detaifed DEREPASN6FPrERAEE BnbSYiMRl ¢ibe IMVEktiece chuck
connected to control tenperature of a workpiece such

asF1&- d spnten dden-bvelsshematiedileglediagramdfe tvmp%pﬁua@ntrol system

and wfdtREe il ofleBie 0 EE Do el bR A uR AT et e g ur e

semiddhdactdPivkRr Boantel YA lshe W&kﬁﬁ@@ﬂﬁféﬁ CEheMybtemeNingHdests fPerature
of the invention. FIG I's a schematic di agram of the

contmlewp@rrmuqh @s e oilenl 1 g\sbmhemtrglé dhe tgsmperature pf 2 @m@reaw rcentrol

o RS G Sl B BERRIRE RO gortion o

Shard?l, MRLdcBbseRRRshsiBRbSofahe pRSedt rayﬁmaheﬂ Spdaifichi1$,aRs ehilsr can
a top-level schematic bl ock diagram of a tenperature
be a ModelNumissr SHPERH00A Atlas Chiller, or similar system, which is modified to include

o

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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and wor kpi ece chuck connected to control tenperature
of a workpi ece such as a sem conductor wafer nounted
wo@pooshss2oor kpi ece chuck. The system 9 i ncl udesP@r/us2004/039798
tenperature control system such as a chiller , which
controls the tenperature of-sa tenperature contr ol
fluid. The chiller can be of the type manufactured and
feamfeg'dﬁécfaﬁedTﬁ o?ﬂj $. pQ%P&ErﬁEérQE 7931 8512‘36'@73 681; 6,540,014; 6,415,858;
Massachuset t t he "assi gnee of e preésent
6,50 458 6BAL368:; 6 @J]e@ﬂ()‘ Juz1 1ﬁ4 &3% Q% b|3¢6,10676,000,80MOPHSL,561;
Nunber TP035 t.l as Chi, or simlar syste
67440 00% RT3 Sk ot ATEHEE 1 8B bSe SRR O ST B
GfforAIed Béreid RlrEkfe.,
e
t e’G. 8ys4 suhematic Biagmm éiGhe xgrpites cantvalfsgsteprusérbto chitrol

al ong, a hose_ or e 15. The hqse or pipe can be of
temperRE pwWerkpiees 5@&% iy ageasdansg e mﬁsﬂkﬁ%fment@f@eﬂ‘senﬁon

Refet?/@g é ﬁs Al eﬁgﬁg&éﬂﬁé Eon%[ %{eﬂ{ bxﬁ&ﬂér 1%*1958?1’Sected 10 the Iprober 13

I ncor orated erelrn

via t}bmoeeéxepup@ ¢§,. whitiecdifiesthe tenmemmmbnabll Huid badkuaiﬁsfoah to the
two fluid carrﬁcP hoses Qr pi pes, one of whi
T

chucle é? fn the praber i%n%ihﬁ o dnsludesia epygxghanesh?d Heeddn Pmté?rlllng the
temp%rgtlﬁ@gf tﬁé ?é?l?ﬂcra e ocltbﬁﬁ? Lg(? WSCH és tgg‘ ﬂ&ﬁethro%lﬁh the

emperat ure con

syste@Thé fiiid.is ddrEiediblthe Beat @kch&ﬁé@QﬂiS Ialﬂiud GtStleQ of th chiller 11 on a
; ttglpober is mounted on a chuck 19. The chuck and/or the
1S

prearaing bythwili dive flaideircatatasshiongh the chnele kO andreivansde the

o1 SR B 48 SIS Lo OGE L iBen 2

from@ fRADinGEt 41 1R, chiller 8P Backotobheh! Sxchen@d 23 36G8¢ chillePl] BeRides a
019, 164; 6,328, 096; 6,375,176;: 6, /00, 099: 6, 552, 561;

contrallewwmm cogirglashespaeticgsiof g oflez A1 49 tmplewpuirasgeraigon and

cctivegy O B Ginprratiar St Ao psTiafien R PR WHERd B pgoe of
valveRYankdSh&fi RN peof thd Epentag dhdR1cEER&ITEN Faltisagr am of the

tenperature control systemused to control tenperature
i dnacwdame add thiinyrntianga éiaﬁt velredd és eannpctedhinethe duit feist

t t
carry g meltcy”. BUEH B vilRr 6 & ubedindhe Srobd BukiEa BT E uii2o. A
fixedVdrick %maﬁc& N2 B RRnded WhE Brs€ BH1d @fryin Efbafhel‘%’ ShPA iR valve
control fluid back and forth to the chuc

10 is pouwiveted 1iBtheTiret fhhd karering path 0d esparalind avithethe lﬁaﬂc@»enﬁczesﬂow

used in c tro t he r er.at ur.e
reducgp £ SRapanbs s G Rt A BEOPhahd Tesp el KA storine
pathst D& shown in FIG. 2, the capillary tube 18 is located between the chuck 19 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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system The fluid is carried fromthe heat exchanger
23 to a fluid outlet of the chiller on a first fluid

w@ 2005953291 path 27. The fluid circul ates througPCT/0i82004/039798
chuck and returns to the chiller via the hose or pipe
15. The fluid is punped alofng a second fluid carrying
path 29 froma fluid inlet of the chiller back to the

hea [l
e ) g AR T LB T AR BB e
flow redREETENThi9 RIIRERGH @Itodlad: fied resaltyinakdided merprenalvitretion) of
control fluid, including, for example, the opening and
the chublomdngherfchu@k SAPBRONGAIY, Whlé 1 frhesswits inpedussd eﬁf@wglmlse level

o B 5y B IETARIS SR i o st

flow fior 'a%%haﬂcfvy hﬁ@to%ﬁehm&?a floWdestrigRmONtontadnvdirBent, the restriction is
connec In the second fluid carrying path 29. A

an orlﬁce@d’&lws|sfg1nd'samly)lnweedlaweirealtha¢ ﬂle ewdigei n t he
t flui n at.h 27 a third al
i ot g o e e i Bt gt i osting ave
hlghly@efsﬁ%tp@' oW way tdscthdveashia "tétﬁﬁe@eﬁuﬂe'tﬁb\ﬂsﬁl@ﬂ e@prdide Righ rate of
capillary tube i1s connected between the first and
flow (Sfebcmempéﬂamrd catral yiuity I}i@wﬂ@r, high ﬁm\mte nndum@lglz elegtigal noise

due tq/\g I | lgl’?&ilé t}thEIJ_%UC_Lt &nél ﬁ@%ﬂ%ﬁ%ecgq ﬂi g:%cggv{fl]ﬂhﬁle 1nvent10n
the ﬂ&\ﬁ ?é?l{i(lgé}rl@%n)ﬁ”vﬁﬂzeé e 1'4%@ Nblafysel & aﬁméveZae}ﬁgh fluid FowyRtKduring

hermal control system of the inventron to
tempdrfiotecentitions arideoelativtlyilew dlogurate wizile maingning thetfemperature of

the ch%glgg{qugﬁgggtus ;?';q)getgggg{ %ﬁé%%{%@grgg D | Sgﬁont LN %{a&sﬁlﬂgs valves
10, 14981 1%@%{:] 8]?&16&, foﬁﬁ%ﬁﬁiﬁt’tf) Abw AR %a%ﬁ‘ﬁlﬁ r&t@ ShrbustSBie ivalves 10,

nost beneficral. se approaches all reduce
14 ané N 6 cisrwetlads tixoflew redudepkEh dWhen theitempkratuer efithe ol d 9a€aches the

system operation.. The fi roach sj f t
desiratboghASBES. DRGARE QW i P1o8S0 Rl e SRV B, B L PR O A urestl,
I 1
e o AR 3R, HETBGIRM A EREL oMbl syl [y onc
embolREHAE ttheflow Rate aptamstanf femperaaseistaboutrhal Befitheflowwate dering

(V|brat|on) of the chuck and of her, chuck t
s s Ko S speaue b S0 SPTRIR Epk R tover

electrfcra]lleo Wuﬁhécﬁﬁg)cgaﬁgﬂ cﬂngeﬁ%Saﬁ@q [‘Eﬁcfé} testifiPof B8 Wakdr APthe

I'eve swic e coolant flow from
desiredl ot finftb@peraiup®@ to one with a rom;restrlctlon In

one enbodi nent, the restriction is
The second approach 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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an orifice that has significantly |lower flow area than
the high flowline. In the thermal chuck of the
WO pwensizon, rapid tenperature transitions duriPQI/US2004/039798
testing are highly desirable. One way to achi eve rapid
tenperature transition is t.gprovide high rate of flow
of the tenperature control fluid. However, high flow
from !’b@itng cldiEU6 85 EHulk 11RIneRe fliidaln (RObGEr BME THs NdBER thORsibility
in The chuck and the triboelectric effect. In
that fhdd wildl zaenter thiethight-teeperaremichack andHiash boihia erdate soiserngiucing
.valves 10, 4 and are used to achieve a high fluid flow
moti9lat e during tenperature transitions and a relatively
| g6l by §&E§aﬂ@&ﬂa§raﬁﬁbﬂh@t&iﬁ%&tﬁx@ RohiPdIRGSiah ¥a&d Rfcohhl
chuck and wafer at a desired set point téenperature.
temp&dturé)in 4 woilpicat cinek; maaesortlammesyithvalotes ethboditheanaf the mvention.
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C a a i S of .t I
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resulf, eiERempératuee ¢chtlobilgidde alévwadd torfRsuihicughonibt op@ivedlve 47 at a
el ectrical noise, which provides increased accuracy in
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14 isbptiohLf TROVER B édidbe digittellekait Halved ARartiuiClan be used to meet
tenperature i s above the boiling point of the cooling
the pupgsedof viefvetlde coolant fluid is allowed to enter a work
chuck that is a er r bove th ({in I n
ot e dise Wi e fivin et b eafier G R B MOfRgREY B water

chuclefidranBigioh&id térhpiatire i temBitios dte & hchiRMeCBBusing a high flow rate
vi brations in the chuck caus:log]% el ectrical noise. The

of teroprypiairet cofral Huid srough te chiek. WYhen Biegbrckipmpenatigelregelidsp

desine, S e 3B e PSRRI bR her i
steady¥Ri<C@nditionNghd FRY e diBe &ﬁg@%@ cEitRA R BYedud8d, such that
coolant fluid boiling itself or ?f{ fluid buoyan

c
clectui¢al heisethebmay he ourgdocad hyrbe sypyingriiuidisecduesd mg/qdimgnts of
the ir@egtggnddeggrtﬂye%%gretng his Hgll-(ﬂévg-lraetg agpnrgach is achieved by using a flow

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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15

outl et al so bal ances the pressure between these |ines
preventing the coolant fluid in one |inefrom being
w@b@sess2op t he chuck than the fluid in the ot he€T/UE2964/039798
This reduces the possibility that fluid will reenter
t he hi gh-tenperature chuck .gnd flash boil to create
noi se-i nducing notion. FIG 3 is a schematic di agram
fluid ?fovJ & 1ts COREL AL Rin %%‘ Ifé’d%ecﬁéié‘étﬁéﬁl woRE il Be %Bﬁgld'dﬂrln testing.
nperature i i a workpi ece chuck, in accordance mn?h
anbslnaﬂd berbatdd thanthrafghbiiahe fnrm'mmg)dﬁscﬂlptldnl'ané the following claims,

enbodi nent, the valve and flo ,re cer of FIG
the appRHPR IS (ihs topeatie Copirolidiids T frmppracin conflglafcoan be in

I
R e e

state iehviw®er, 45s Risivd thatthe flojftberadildotbedh la@asdons stamxin thensystame such as
of flow of the tenperature control fluid. Wen the

wherg chlva%aéwi the fud bpids intthe ehisk taenfeiils gageousstage, dnless
other‘éfi‘%e széclﬁgd EerEm ﬁfﬁﬁﬁ?ﬂé ?emﬂée%atﬁl'eoc%ﬁﬂol ﬁlﬁij Q?en%‘ﬂ%? tsucl% %s where

the ﬂh&m@ PEdichicd ﬁmﬂéﬂt@{ngfth@ tiickSn aéﬂ@m&ﬂbbdinfeh@wftﬁmﬁwimon it is
y the open valve 47 at a reduced flow rate,

onl
the hﬂe@wlt'ctw ﬁ@thr: iﬁlusd th@tda b?lpﬁ refermedsioe dioF pramplpayhese thedlyid) isy liquid

state ﬁ% tilegllil(&i §preve e e rrbo 1%& lt}geh hguI lgvi"b{ %%ﬁerg;(]) @E?Hle%a?e%us State

of th@Btiidan®} be Prb&ny R theclaar. be onitted, because val ves 45
and 47 can be used to neet the purpose of valve 14. h

acWild this mVﬁmqn hasdesmpeastieularly shamarang described with references to

at.ur e ntr Ll e iece,or. wafe
prefe A RETTieglr (et il 2 RGP ERY Prot e il g various
chan@&hh @Mﬁﬂa&b’dc‘tﬁ‘ils%yaoehhzﬁié tﬁér@M without aépaha@mrﬁ&w $irit and scope
control fluid through the chuck. Wen the chuck
of the mvpeticnt asrdsfinedivibg fadlovdngd ¢leithsset poi nt t enper at ur e,
the chuck tenperature is maintained 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 control device connected in
one or nore of the lines carrying the tenperature
control fluid to and fromthe chuck. This flow contro
devi ce can be a pair of valves or a valve and a
fixedorifice flowrestrictor connected in parallel. At
| east one on the valves can be controlled such
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that it is open during tenperature transitions to
achi eve high-rate transition and cl osed duri ng

W@ t@adys29t at e t enperat ure mai nt enance such t halPCT/US2004/039798

el ectrical noise is reduced. In another enbodi nent of
the invention, the dual -fl ow-rate approach is achi eved
by using a vari abl espeed punp as the punp 25. The punp
can be set to a relatively hingd speed during
tenperature transitions such that the fluid flow rate
is relatively high. ﬁu steady state tenperature set
poi nt mai nt enance, gg can operate at .a reduced

p@éeangea@ﬁretqqatroksa@femma BRISCs CRUGks CompRiting|
It
ur i ng 4 SapPabREHARR EHEE fof Eqln e SmplrehlE of fifberature

f(Il‘oﬁg@]ﬂlgddeSCI‘I ption and the follow ng clains, the
application refers to.t erature control. fluid.

The t erapf@ngamereané@.ﬂm@ Pt e g b Ao g beig Crried to
Sta%hgro% tH3 clhh i§ Jnlésanp ?lgeeﬂlgﬂ%uh?r Qﬁ{]e' n, t he
'S assume ei1nallqul stat e owever,

I's knOm&&aﬂeﬁfbﬁcdﬂtmllﬂlgﬁﬁmteﬁipﬁmuhe coiitrél dgaise,abs c@ﬁ@ﬂler
in the system such as where the liquid state of t

f | agntrolbin pdlavhraeef thmtsaiperagire ferairolifiid Baauesi ke @tv&kes?wh that
gch% glsw(%gtre] eorfW'le {gm%?rgﬁllr gngropﬁﬁﬁ'tﬁ‘oué@ ﬁ{éocﬁlna{ WHen the temperature

ature con I's referr

V\hﬁftﬁe &Rk fd MitehnbiSoR (s it Ethnfthoflow R4te OF T terhperame:&ntrol
in certain enbodi ments of the invention, it is the

| i gl athrgu@t tbe shuckhehen) the iempreture of theichuck isemgarniptgined at a set
For . e[>%arr where the fluid, i.e., liquid state of

t RO ‘ﬁrq%§ prevented fromentering the chuck, it is
understood that the gaseous state of the fluid may be
present in the chuck. Wile this invention has been
pa’th temperetuye enitohsysten oedain bdurthgrichmpeisiag edlosscangrolling

f d enb ts th be under st
DR CEmg g R o hieer £ Bty 4 s SR pHARGL AT fuid
form and details may be nade therein w thout departi ng

fromthe spirit and scope of the invention as defined
i riThertemperatugnpongrot bstems oGlain\E furtihericempesiagur e cont r ol

system f rkpi ece, chuck

¢ unper d Bt et e BnE G0N B¢ pEIF G e tprpulletipd

of a tenpesat ﬂl!h@ ca@yihg phthicbiedicdao ftﬁe"dtﬂer' oTk1Rd inRR EncBthe outlet;
fluid outlet, the tenperature control fluid being

c awhdreid thoflawdosiraling devicstis cénngetad ithend ¢fithelfitsh hed seqomil fluid

the fluid_outlet; and
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
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10.

1.

12.

a controller for controlling the tenperature contro
device, the controller controlling a flow rate of the

wao esopesadure control fluid through the chuck, BCIOS100£039798

the flowrate of the tenperature control fluid through
the chuck when the tenperatyye of the chuck is in
transition is higher than the flow rate of the

U RIRES dhid ﬁle(iﬁﬁ{){%rgﬂu{:%%lgbéjflgﬁfé ARbetrhfintalied lat 1Rl RE point.

tenperature o e ei ng mai ntai ned at a set
poi nt tenperature. 2. The tenperature control system
of claim, further conprjsing a. flow.controlli .
e SEPRIHE COBHD| TFICHLMEIAE b ARSI P ERptioling davice

t erature control fluid. 3. The tenperature
cgﬁfn&%?&éyst emof claim2, further conprising: a first

fluid eatstydongoldildvaloncmtteaed froonerd tiof fitshand seberd fuid carrying
the outlet; and a second fluid carrying path connected
t pathseandt her of the inlet and the outlet; wherein the

1 o ISR 58, By BOBFRIT 0 3 o Scon i

t eERihaphithe irC parhlled withyiaé €fst odntedlabledlvewher ei n t he
flow controlling device conprises: a fixed-orifice
fl ow reducing device in one of the first and second

flyi ' hs; . I '
e o B RSV ARttt Sl e

5.andR&coh8 reatrallable vaoes such tiay Sheedli thé fifst ahdietondb@t@ilable
the controller controls the controll able valve to be

opelvesiscapen svhen temparatufein theechyplyisidn itgnsition pachelpsadgyhen the
dcl osed : the.t t in the | b
PR AIE iR of IR b S s ST . 0 T

control systemof claim3, wherein the flow

controlling device conprises: a first controllable
v alhederoparaiss eartrohsystes of claipel  fiimtlear camarisisgond f1 ui d

carryin hs; and a second ntrollable val )
connec ta%brgﬁiul& e Bhe p%ti P Wéecﬁi&% P n%\?]%tﬂg é“g%tna&d;{ﬁeu?%let’
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 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
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carrying paths in parallel with the first controll able
valve. 7. The tenperature control system of claim6,

wob@se5129t he controller controls the first andPCBUS2004/039798

13.

14.

15.

16.

17.

18.

control | abl e val ves such that one of the first and
second control | abl e val ves.iig-open when tenperature in
the chuck is in transition and cl osed when the
t efRSE abbiifg pBink Bffth%taéiﬁ rhtfrd Gni6] fAALNt ai ned at a
desired set "point. 8. e tenperature control system
of cI aim, further conprl sing: a first fluid carrying
connect ed to,one of .the and the outlet; a
se tﬁn‘PF‘iﬁP’ﬂe EAHH Y %Bfﬂa%k’r%’ﬁ“’écfowr‘tslﬁg ot her of
the i nl efr2fidalddfyal bhlconAdbdio GALbE HfiMiet dHGhe outlet;
connect e%rs et vvé:eﬁylt Eg 1?Llorost andosecond f‘?ﬂﬁl d ca???/lleng
pat hs. ®secdinkfltidepeyiag path coomdcteal to shyesdthen adifthecingeit emdBthe outlet;
wherein {he capJILary tﬂube i s, adapted, to bal ance
pr essur®&drst yalys@ the fitst fyidcagingiats pid o carryi ng

pat hs tem of claims8,
furt her%%gﬁp%gl\?ﬁ%ﬂﬁé%%%fﬂ@@{l@h e first fluid
carrying path and a second valve in the second fluid
carrying path. . The tenperature control _system of

cl Ehwmpm@%?wttoh gyster of claiy 1 aehsirdn the frslangdrsecqndgisbigs are
wh

o3 S AL B o M ol AR B e s
Cothht thé teipatature Sopteel Rind sq)réxreﬁtédfﬂmﬂa@mgrim théehuck.

chuck. 12. The tenperature control systemof claim,

wherei n the predeterm ned terrper ature isabove a

b | .
i (e)Tnlj‘[lJeetr%a gr%gﬂ%: % ftroi Fﬁtetlr? ﬁ‘# ¥ cﬁ)&éhce%iﬁ ﬁ% pr %ckeltjér%med tgllﬂﬁerature is
€ 04K/t & bBilling Poink bsﬂletém@@ata@rdo)ﬁtralgﬂﬂat h connected to
one of the |nI et and the outlet; a second fluid
carryl ng path connect ed to the other of the inlet and

outl et: | v h flui carr
pa i el ol Ko | okt Rle copbbeaBphtlsnte
pat%ﬂlper:hﬂ}re ddiftrol 8SRES stch Kt GAEn Cbmpystes1d Othe @h@krns dBove a
wherein the first and second val ves are closed when

t hieredaterpunegt temperaturg, ifee tempetature ceiti) duil ip peayerted fiomeentering
t e{[{Q%ﬁ&ﬁ{W e such

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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that the tenperature control fluid is prevented from
flowng into the chuck. 15. The tenperature control

waymsesef claim, wherein the predeterm ned PCT/US2004/039798

19.

20.

21.

22.

23.

24.

25.

26.

tenperature is above a boiling point of the

tenmperature control fluid._jpThe tenperature control
systemof claim, wherein the controller controls the

t ' -

| TS A EnE PR b A BaPER, Rl MG emperaure
t edfp@e abuilidg téhperhtargueitid wipeeunt contrd fwidl i s

prevented fromentering the chuck. . The tenperature

control systemof claim, wherein the predetern ned

| TSR nL B PR RSS!,

syst em 4 fifst BuidQakPing GathCoHACtedO WAL bS tHeGhlefand the outlet;
tenperature control device for controlling te erature

of a tengeepnd ﬂmé cemying pithfcognagteddo the pther ailtles indgh dndthe outlet;
fluid ou

rature. con rol .fluid being
carri eoa’%lg?‘éﬂ Bﬁﬁﬁﬁ @h‘iﬁf\% li’ﬁ’édfl uid inlet and
the fl La&c@ﬁ&bmmn&ﬁ@se@oﬂ@ﬂﬁﬁqi Mgfpath. control ling the
tenperature control device such that, when a

tenperature of t he chuck is above a predeterm ned

|k Sotrafire o] SV B s 20 Sebein ettt anf sesond gabves are

CQdNddel |wh%iri9tﬁeet@'h1%raﬁir@bf‘ﬁhe clﬂ‘ﬂﬂ:‘krﬁ h%%%r@&&&ﬁfn%d‘fbﬂ@grature such
tenperature i s above a boiling tenperature of

t ethpighatemrperatamatcpuatrol filuid i pré@ntedfom ﬂnwa‘rgantwrthe clnm:kr ol
systemof claim, further conprising: a first fluid
carrying path connected to one of the inlet and the

0 Ufﬂeectempé’raﬁﬁé: 0ol bytieth GRLIAW @g vk g&gﬂ@&k&&lﬁeﬂ tEfABerature is

other of the inlet "and the outlet; t valve in
t hebo¥¢ a boilig pooht oﬁﬂlbyenqgerzp;taterqonanhﬂmdsecond valve in
the second fluid carrying path. 2 . The tenperature
control systemof claim 20, wherein the first and

SeRRNEYakiRSodHif] HSPHE MRNLE Ml EEBRPALHES of the

chuck ove a predeterm ned 't enper at
a first fluid carrying path 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.



10

15

20

25

that the tenperature control fluid is prevented from
flowng into the chuck. 22. The tenperature control

waymsesef claim, wherein the predeterm ned PCT/US2004/039798

27.

28.

29.

30.

31.

32.

tenperature is above a boiling point of the
tenperature control fluid._28. The tenperature control
systemof claim 18, further conprising: a first fluid
carrying path connected to one of the inlet and the
outlet; a second fluid carrying path connected to the

ot el te@bedahife EoMtRI spidin bhelaigu2d, 8itlieréln thetprédidrhi@dtemperature is
t ube connected between the first and second fluid

c aaboyé afoitiag peint 24 the Teraparatisetoatral fuidont r ol syst em of
claim 23, wherein the capillary tube is adapted to
bal ance pressures in the first and second fluid

CaTiMbRAgeakb ontd] sysldde of ERRLT alnr&ncont rol system of
claim?2, further conprising a first valve in the

first fthecahtodler gontglymflow said obiths éoroprtatued aoatrohflyid ¢hrough the
second fl.ujid caryyin th. 26. The tenperature

o oirpisue b e ot ith fibtempriapey ot T tfough e ohuck when
S&qo féﬁ’nﬁé?eltﬁl%%f kP e RS Hod RRiRIRRL MM G Ote ﬁf‘fﬁe

chuck 1I's above a predeterm ned tenperature such that
t hempenapes edrirod floahthrowigh theuihdck when thederhpatatiireosfithe chuck is

fl.owming into the chuck.27. The tepperature control
syReingngintatped; Wé@tpq;mé?remﬁawwfgdet er mi ned

t enper ' LLi AT EBa) RPN .
tonper oS CoREHEY iR - 18% GRLOHLR sehRE bene sonrlgpte o
sydihegn thé flolvaiate of thdempemturé bentobfibidol | er controls a
flowrate of the tenperature control fluid through the
chuck, such that the flow rate of the tenperature

g?fﬁer tQﬂng%lJ&tth Icc'isrﬁfo‘rii E‘?slrfhxﬁ BEIGRYSK Aifagn E,Bﬁriﬁgggper at ure

the ansition iI's hlgﬁert the flow
rat e ofa fiRefluidrcpayap path coamdctal to ohel bfithe fmletgld thdeutlet; and
chuck when the tenperature of the chuck is

bei n

mai nt aidwegong lydcaryipg path corpgsisdde theeother o thqﬂ@leg%% hgoutlet;
¢ i ' - . . .
405 T R g S AT A cson i
t egmp®ingtpatis. control fluid. 29. The tenperature control
system of claim 28, further conprising:

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.

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

w@onses2edt o t he ot her of the inlet and the ouPCB1US2004/039798

wherein the flow controlling device is connected in
one of the first and secondi4luid carrying paths. 30.
The tenperature control systemof claim?29, wherein

the fl awfieodtniel1hblegalde \Sblﬁfect%g 'ﬁp{)l‘leg(ﬁsthe firsh b%dfgec%d ghﬁiecarrymg
fl ow reducing device in one of the first and secon

f Ipaths; @k ryi ng paths; and a controllable valvedln
Ilel with the fixed-orifice flow red evi ce.
parTﬁe s o el Fels cw’gftsm ¢ o phibaditstgnd seqond fluid

. f\%%tpﬁﬂ&ls lispars@E Wit e cGﬁ’c 128l aRlee val ve to be
open

eén tenperature 1nt uck is in transition
and cl osed when the terrperature in the chuck is to be

desi d t. point. 32. The tenperatur
PP R o Sistetng Sainy e WSTP A 106 COTGVMAr Contiols fhe first

C %H s@lohit %nff@f‘fébqgvé‘igggjsr ?ﬁ ﬁﬁt 31%4 of tﬁé P Ihd Qelclmg&) eotytrollable

val ve connected Iin one o and secon

c anatvgs rsg)ppmhﬂnsn temnsbratuseda tiecbhacloisrin idaaditien M@l M6sed when the
connect ed .i e one of the first and second fluid

c dFPRATAYredat ? ck & 19 heanaipipingd eadssired set@ofty ol | abl e
val ve. 33. The tenperature control system of claim 32,
wherein the controller controls the first and second

C doternpletanhrt eontad] vestera forthn Whikbices ek, édmepridifst and
second control | abl e val ves is open when tenperature in

t he ch@dwmpesatire qongakievicsfonennirollngdemperetvre péa temperature
t eppedidisy.e in the chuck is to be maintained at a
deS|re sét point. 34. A tenperature control system

for a whlikpinktandhiivkd oeRapd t%in@@ratlﬂe E&ﬁﬁﬁ“ﬂ%ﬁ%&ng carried to
control device for controllin erature of

téﬁ%ﬁrpattbff@m@lsmqr@pfwcwn@tand%eal putlest and a fI ui d
outl et et FIRRAAL B SHIER o Ll tidh BN InG Bl duids, " ©

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 @)
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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and fromthe chuck via the fluid inlet and the fluid
outlet; a first fluid carrying path connected to one

wo@ooshss2onl et and the outlet; a second fluid ceCT/YsI994/039798

36.

37.

38.

39.

40.

41.

42.

path connected to the other of the inlet and the

outlet; a controller for congrolling the tenperature
control device, the controller (i) controlling a flow

r af ke Rhapbifurt EORRAN & of AR 95, Yherdifl ¢ i
chuck, guch t hat tﬁ% fI8m1rate’8& tﬁe]%gﬁgggggﬁﬂghgdewce
coetntises:l ui d t hrough t he chuck when the tenperature

of the chuck i.s inh transition is higher than the flow
rate of2 Eﬁ%{(?réﬁiﬁ?éf% {?38018% Aeyies infqngiod therfirsiapd sermd fluid
CW%&?E&Q& t tenperature of the chuck is being

mai neal e?wégﬁg set point tenperature, and (ii)

cont r ol d congrotlbisle ainp &f pdralicd witirhe Gkedlenficefl M edliutingdevice.
when a tenperature of the chuck is above a

predeterm ned tenperature, the tenperature contro

f 1 0 j t he chuck: and a flow
o efp e Eh sl LN e ft S Soffdns B

C agointrollatds viloe pitRngen When idmieritatetin ®e dhik IsGARAAALSK 8nd
control fluid. 35. The tegﬁerature control system of

c| Apsed 3vhen fipedemperatuseinf the ghuckris todbd maigtainediat @ desired set point.
connected in one of the first and second fluid
carrying paths.36. The tenperature control system of

cl iefeiBperaiesditio] §Reeni bONMIBOTS, hleldiMtheFRM &dhitrolling device
conprises: a fixed-orifice flow reducing device in one

ofCofEises:r st and second fluid carrying paths; and a
controllabl e va i arallel.wth e.fixed-orific .
Frow r afist srptlitie E8hMer A ol st éifiepind hiG canying
systigmuef claim36, wherein the controller controls

the controll able valve to be open when tenperature in

t he chuciecons! dontrolablsalvoerranacted inotbe dnewthe fimst and second fluid
tenperature.in t C k.is to i ptained at a
desi'yég Pé ”b%?ﬂmsV@@&ﬁ%ﬁgﬁfgﬂﬁg§BESP ®control system

of claim 35, wherein the flow controlling device
conprises: a first controllable val ve connected in one
ofThetiempératyre conttobsystemdoffdlaiing & swheseimide 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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pat hs; and a second control |l abl e val ve connected in
the one of the first and second fluid carrying paths

wo poopasabli el with the first controll abl e val vePCBE8S20041€39798

43.

44.

45.

46.

47.

48.

tenperature control system of claim 38, wherein the
controller controls the firs$6-and second controll abl e

val ves such that one of the first and second

C O tebadate YeHtNE Systetn OPERINIE RvHeRIR el fdl BedldSalves are
chuck is in transition and cl osed when the tenperature

i rrlesed vdisndhe temperatuse ot ahwdkde abaste agpredesérminbdstetperature such

pQi.nt, 40. The te rature control system.,of claim 34,
F Pt e RSl TR PretEy et diver Bwinedblodbn Shigken
the first and second fluid carrying paths. . The

tenperature control system of claim40, wherein the

?ﬂq tpmpgatucﬂ;@n‘[tml m@gt efttlaim %Wsé]enmgn ﬂreqsﬁiﬂ:teﬁﬁliﬂeﬂ téperature is
i rst apd..secon uid carryin . 42. The

t el EPoBE BERE oo LpiambreoRel g, “Fir  her

conprising: a first valve in the first fluid carrying

pat h; and a second valve in the second fluid carrying

pat meh®d of kentt@limeteatparature dmd wolkpiacs tchiiokg torapading:42,

wherein tﬁgyfirst and second val ves are cl osed en

the terBRYR{RS Poyeraiyrs of A fpperaiursenokilyid adth atempartire

t epResIdfeyice, such that the tenperature control fluid is
prevented fromflowi ng into the chuck. 44. The

t enper gewyieg ddmtbmpdaramyesctcﬂmobﬂuigll taiafid ﬁgm_ t‘lhﬂ ehedkiVid Qﬁu}d inlet
predetermined tenperature i s above a boiling point o
tﬁﬁg?%‘ﬁﬁﬁﬁégcont rol fluid. 45. A nmethod of

cont r oly} 4.4 | : Lece chuck .

conpr | Dihating & ERAKMH K ob BrAuHE HERLARHGR Eial divie te

c oontradler tontiodling 4 flow rite oPeeadp@atony donabl SeMitE@ugh the chuck,
carryhnq tﬂe temperature control fluid to and fromthe
idhafithe Hovirgie @t e tepparayrecontial Huiddhiosgh thereiuck when the

i l.ec . . . 1,01 L t t t
DLOHIAS BRI E b Sior IR bBI A6 SSTPERR
oortttod finihtheough dicechuoln ivheh tHeltethferbfifOstihe ERRKGHHGKs maintained

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:

conneqting 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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such that the flow rate of the tenperature control
fluid through the chuck when the tenperature of the

we@bwsksi2gl in transition is higher than the fl oRCT/EHS®04039798

49.

50.

51.

52.

53.

54.

55.

the tenmperature control fluid through the chuck when

the tenperature of the chuckyis being maintained at a
set point tenperature. 46. The nmethod of claim 45,

f ( ing providing a flow controlling device
bg%ﬁgﬁ@&%ﬁgg (gble to change the flow rate of the

t enper af conerotiabit valve fih parallel 4vth théExedbtifick Ddw eéduicingdBvice.
further conprising: connecting a first fluid carrying
path to one of the inlet and the outlet; and

C ONRSALR0 o PoBE A8 bldrith the &g&xn&%&@&gtﬂ% fp il vai®l to be

the 1n connec

C adpieh OfHeh Rgnpsteufeinitie ek & intthasitibh shd élﬁﬁbdsxﬁféﬁrtﬂe temperature

fluid carrying paths, 48. The nethod of claim47,

whartkg ghuek e tp%@m@@tﬁmeé bt 3 fesitadsstdeindonpri ses: a

fixed-orifice flow reducing device in one of the first

and second fluidcarrying paths; and a controllable

valheanéthodaf @hineld7 Witidieih i ﬁdvx@&nwuh%@ewelc@m kigguici ng

device. 49. The nethod of claim 48 erein t

contr o I 3 fast eomtrotlabls velve comnseiedlin o of the fivee anbsdgencbﬁmd carrying

\M’b erature in the chuck is in transition and
osed en the tenperature in the chuck is to be

mai Nt aiaeort coatrdBgh1E 98lve Bénneetedin thé Qne H"ﬁw T24thad s@fond fluid

claim47, wherein the flow controlling device

conpyingeths an pareBel vidnthe Sirst sbiteollablossleonnect ed i n one

of the first and second fluid carrying paths; and a

second control |l able val ve connected in the one of the

fiITHRImaReH seaaadsd, |Wﬂe%1ﬁﬂfercﬁin%lle?%5ﬁ‘t§olb ﬂle%ﬁ@énld%lsco‘ﬂﬂt h

the first control 'able valve. . The nethod of claim

5@oninpitabls yalvésesuclothiat ond aithefrst amd scorvbednirolgblanalves is open

S e e ggﬁﬁ%g%g% E‘l? fgllgr[‘}%légl @3{3?1,‘1[" Q{IE}Q élggerllewlgefn the temple;z{c’tltne 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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when tenperature in the chuck is in transition and
cl osed when the tenperature in the chuck is to be

woraosnsizaed at a desired set point. 52. The nepdiDUSWH4/039798

56.

57.

58.

59.

60.

61.

62.

clai m45, further conprising: connecting a first fluid
carrying pathto one of the_ijglet and the outlet;
connecting a second fluid carrying path to the other

of ' | €1 o dcbFhi '
cospFrabt B bEPE o e d RO KBEELARE: fioh gt he
c atemperathrpadru] f1bid is preverred froth fidwiap aitontiehuskier ei n

the capillary tube is adapted to bal ance pressures in
the first and second fluid carrying paths. 54. The

. . ng. > By
B e R S S
S gimchi Vi temperatirdhicot@t daid. f | uid carrying path. 55.

The nethod of claimb54, wherein the first and second
val ves are cl osed when thetenperature of the chuck is

?gﬁ%gngP&iggﬁgg{g%?ﬁ?#%?ggségture such that the

erature contr Bg'event ed fromfl ow ng

i nto t hensdvdal a B fluldeariBidesh & orel oFitiB Bt aMiBleQIulet;
the predetermned tenperature is above a boiling point
of t he qoangséingegewnd dhvid edrrying pagh toshe othreofithe frdet anfl the outlet;

carryi RO wAR e RER N e RaE e Pl e o,
connectyrégding 386 valveiif tlﬁ%édﬁd@ﬂ@é\ir?yiﬁ?pétﬁ? ot her
of the inlet and the outlet; providing a first valve

inthe first fluid carrying path; and providing a
segond val ve. i.n e,secopd fluid carryin ath. 58

TR B G 1 RSP RR et sfilng VpEEs BR alised dhen e
VatMiBéra@fLofthORk WMaibvt B9rd RIRBIRE WirEpRituld \Qick Mt thel S
above a predeterni ned tenperature such that the

t derpperatuce eontrohflwidlis prevérded Sompriloveng b fheawhudk. owi ng

into the chuck. 59. The nethod of claim 58, wherein

the predeterm ned tenperature is above a boiling point

OFTHe e th RIS WheRd Bk phddetetnined temperature is above a 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.

60. The nethod of claim45, wherein the controller
controls the tenperature control device such that,

wob@s/oss2oenper ature of the chuck is above a  PCT/US2004/039798

predeterm ned tenperature, the tenperature contro

fluid is prevented fromenteging the chuck. . The

nmet hod of claim 60, wherein the predeterm ned

t enper ‘0| b .

t orpor Jr o din 3, BRaYRer Fortnb e (RTRAREMEE oluck MEyips suh that,
t avipdraemperatune of the chyrkeas ebaieugkedetammddsemperature, the
controlling tenmperature of tenperature control fluid
mt@mp@awwra?ﬁv@ 1gprsyeed g@"\‘i‘i Ting 4k Shusk: t he
tenperature control fluid to and fromthe chuck via a
fluid inlet and a fluid outlet; andproviding a

C OFermdth@d off MinC6D) whetdin thg prdieidrmifediathperatutostb®le a boiling
devi ce such that, when a tenperature of the chuck is
aliemperatups eftbe tompcrbere cenpliidir e, the tenperature
control fluid is prevented fromentering the chuck.

63. The nethod of claim62, wherein the predeterm ned

t eTHReh&hH 6f dlSimPém) YatlRr béhbiisigg:t enperature of the
tenperature control fluid. 64. The net hod of claim 62,

f ur t hercopaseping 8ifiny fluidenseing pagh to anerofithet inlat andthe optlely

path to one .of the iinlet and th | et connegtin .
Second PRk R doftoBing rii Rl Ser SORR BTG B outter
and t heg;@Hling i firfvalkiedh Btk fvsf Mg arrAihy fathnaddhe first

fluid carrying path; and providing a second valve in

t he sequenddihg aisdcapdrvelyieny theeseeonddBiid Tareyingpitbd of

claim 64, wherein the first and second val ves are

cl osed when the tenperature of the chuck is above a

Prefeh&hdd SedaitEm hatcid e Fistant ??&on_ﬂ RelvEesme %[o%wwﬁen the

control fluid is prevented fromflowi ng into the
c Herokerai@e: of Thechnsk ivaboyt apiradeter®ied igreparatnre sueh that the

predet er m ne perature | s ahpve a.hoili oi nt of
P Beil et LA Meredrd fof Hpriningd achielor "ci & m
62, further conprising:

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

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

70.

71.

72.

73.

74.

75.

outlet; and connecting a capillary tube between the
first and second fluid cartypng paths. 68. The net hod
of claim®67, wherein the capillary tube is adapted to
bal ance pressures in the first and second fluid
carrying paths. 69. The nmethod of claim67, further

C Ohi hethbd opelainh 69 ngheteif itiesfirstaldwecona valves bier ddsell el the
carrying path and a second valve . in the second fluid

c dempergiire af e phuckrp abewstaigedadsrmines temperatupnachithat thee
fir I oged: n.th

¢ d5Be Rl SSERT s RS ARE bR RS ERE ek e
tenperature such that the tenperature control fluid is

prevented fromflow ng into the chuck. . The nethod of
c| Bhermatbod ahelpian A0.twhergin digatredatsradierd: temperatireisabpye a boiling

abov boi | in oi nt. of e tenperature control
f 1R .0%%teﬁﬁ’81%ﬁ§? ﬁ%rgrogfﬂu%]}l?ai m 62, wherein: the
controller controls a flow rate of the tenperature

control fluid through the chuck, such that the flow
r akhe o¢thodef ¢leimp62.avherednicontrol fluid through the

chuck en the tenperatuyre of e chuck is i .

Cransi tPgror et SRR e of i Fpiieiopfigl uid through the
t MRSK, 3héK Mat®B oW rafel dfitkk tteﬂlgel_taaﬂe E&Rrdt Macdch¥ie thd@uck when
tenperature of the chuck is being nmaintained at a set
pchetemperiercal treechuglnt$ in thhwircishighst than ghetbor cage phthe

RSB SR U0 s e B

C"tféiir@Iﬁgintafiﬂérdta‘ﬂﬁrsetcpb'fﬁ%&énﬁ%éﬂ&hre‘,?%H‘eCti ng a first fluid
carrying path to one of e inlet and the outlet; and
connecta figw aosted bngiddvics isl carsrallpbledpypbe eontollette chadgerthe flow

of the inlet and th tlet; wherein the flow
c6ﬁ‘ter°$|ﬂmtﬁﬁlpa@%}}rﬁsoq%@?gla%ect ed in one of the first

and second fluid carrying paths.

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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74. The nethod of claim 73, wherein the flow
controlling device conprises: a fixed-orifice flow

WO edaosa2gl devi ce in one of the first and seconPCT/U81004/039798

76.

71.

78.

79.

carrying paths; and a controllable valve in parall el
with the fixed-orifice flow2teducing device. 75. The
nmet hod of claim 74, wherein the controller controls
the controll abl e valve to be open when tenperature in
the chuck is in transition and cl osed when the

t eRipemethod ef ¢laim A3, wlreneik thesflavo chrdrofgngdeviceadnytrises:

desired int. 76.. Th t hod of ai.m 73, wher i .
b 1 iSSP Sh Ty Al 158 B camin
conligohhpbl e val ve connected in one of the first and

second fluid carrying paths; and a second controllable
val ve cosenent evhtiotlablbalve eoroiected én fhieroat ofithe firetcamddecond fluid

fluid, carryi.n t hs. i rallel_with the first
C I BapTen palellel Wity the st ChEr ISRV, o m 76,
wherein the controller controls the first and second

control |l abl e val ves such that one of the first and
s eBlendethod bf chinaBb,evheadin @r dontralper routnals thecfifsearait secend N

the ch is in transition and cl osed when the .

t ec‘r?ﬁérpli%qni? wlyes i tah sl the Dt el Seaone ganyodiale valves is open
deRhdrmB &R0l Yhe cific i6y! RAA, Ahd EROLT Bhéd 148 temperature in the
tenperature 1n a workpiece C ucﬂ, conpri s ng:

c ahiutloislto bg niagmtpiaedhie desivéd set peinper at ure control fluid

with a tenperature control device; carrying the
tenperature control fluid to and fromthe chuck via a

| AR R P MRS R

out | et ;connolliag témgerausatanempdratuct @akoyfliid with Htdntethgre
other of the inlet and the outlet; providing a

conbel dedicef or control |ing the tenperature control
the t crsphy e ek Rle AR B bl Ropfweshiis A & fha it
t bl atfhed bl rate of the tenperature control fluid
t hrough the chuck when
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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the tenperature of the chuck is in transitionis
hi gher than the flow rate of the tenperature control

wo basds2br ough t he chuck when the tenperature BPET/UR®04/039798

80.

81.

82.

83.

34.

85.

86.

chuck is being maintained at a set point tenperature,
and (ii) controlling the tepsperature control device
such that, when a tenperature of the chuck is above a
pr ' r he tenperature control
fItg‘?g}sséﬁ%%g\%%tﬁg@%%ﬁg%ggﬁ%ii ng the chuck; and
providing a flow controlling device being controllable
by the controller to change_ the flow rate of the

t ehhsanethed of deim Fywherein the fay comteollimg dryisespmprisssm 78,
L STIpREeH 2 RSARL AN
erein eﬁ-orrgffc\é'afﬁogy}eﬁﬁ&h% H?Ylg?el | ShE o&‘?}eﬁg%ﬁﬁg&ngg!md

1X
one of tahe secon carr

Therfeihathsodndcl ai m 79, wherein the flow controlling
devi ce conprises: a fixed-orifice flow reducing device

i n one afonirAllatie valve innppraliad ovidh the fixel-edfieo flowy rosaeing device.
and a controllable valve in parallel with the
fixed-orifice flow reducing device. . The nethod of

I Bidthéflod ¥ @4t 80, WiRr&R e Phtr6llercontis19 ke dohiffollable valve to be
control I able valve to be open when tenperature in the -

c pek when temperatwesi in ithenchank isih dreasitiomand ¢lpsedivéepdheitemperature
in_the.chuck is to be I ntained at.a desired set
pdPike C}%‘g‘gléﬂ@emﬂa‘a‘e@?{ %?ﬁe‘ﬁfrﬁﬁ?%,po rerein the flow

controlling device conprises: a first controllable

val ve connect Qd in one .of the first ‘and second 'fI ui d
c arheymethodef daim Fhavherae dherftbve oonttrodlingadsivise\campeises:

t ' h f the first d. fl ui . .
Car i g pLORESTARSp S pbSsiel ¥ erEoiins BE° Bhtcebhd pidgaming
Vel atB. The nethod of claim82, wherein the

controller controls the first and second controll abl e
val ves assgcdnd doatroldaide gilve bennferted in thadne efthedirst and second fluid

control |l apl e val yes .i.s_open whe rature in the

C R e SaIs i PRSI PR he ¢ enper atur e
in the chuck is to be maintained at a desired set
point. 84. The method of claim 78, further conprising
c drhreantthodjofclaiap$l, vdieyein tHeecobizoNwrenntidle 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 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.



first and second fluid carrying paths. 85. The nethod
of claim84, wherein the capillary tube is adapted to

whaloanseopressures in the first and second fl uPdI/US2004/039798

87.

carrying paths. 86. The nmethod of claim 78, further
conprising: providing a fictgg.valve in the first fluid
carrying path; and providing a second valve in the

S bFCIGERE 58 iR RA R B4 anfiREcIMAR e GdsRH Wih th
mhe@?%ﬂﬁﬁibﬁgg?llgﬁgaéﬂgrsecon% vaéll vecs are clsos?ed when ©
t hiemiperaipee af the ehwdk it hsovehiumedeatemalrdtemperptueciaich tht tied
tenperature such that the nperature control fluid is
prisppiagde Fomral £l s ﬁbeVFWFé; FoRIHaE RO de ChREe ot hod

of claim87, wherein the predeterm ned tenperature is
above a boiling point of the tenperature control

88. | Thédmethod of claim 87, wherein the predetermined temperature is above a boiling

point of the temperature control fluid.



