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WD 2005/ 055291 PCT/ US2004/ 039798 -1 APPARATUS AND

METHOD FOR REDUCI NG ELECTRI CAL NO SE IN A THERMALLY
wOeeNFes32bED CHUCK Rel at ed Application This appbPcT/ak2004039798

is based on U. S. Provisional Patent Application

serial nunmber 5 60/526,030, filed on Novenber 26,

2003, the contents of whi ch are incorporated herein in

their entirety by ref erencel - Background of the
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chip dl e i s ComERMIANL Y eOMNERRATH CAUCKMarison to |1C
package costs. Consequently, it 10 is becom ng nore

i mportant to performmany |1 C process steps while the
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pe ﬂﬁmmrapﬁlmhatloxﬂ“ i¢ ;bhsea loh . Si ProVi€iopal PaessAppdicati@rsedad mdmbéror

oo P B B, B S ot e

theiflerfitr&) bPRAL¥CPOSi tion at a process station where the
process is performed. For exanple, circuit probe
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Back Wkvd@pge to tenperature screen the |1 Cs before
package. The wafer is typically held
st dt thenemigondektat inwerdial droviatdusysthp p«mt of individaglantegrated
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appl y predeterm ned electrical, excitations to various
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conmuni cation with % p surface of th

Thewrierus BPICHY Rfédc%%}m% ¢ ﬂévevx%? ggeuprg SpRflogf spg acier#alp&c’ésr on
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structure for the chuck is then used to |ocate the

elecricabprobpscdrich; iecopivasion veith artetieri anply Rredefsamingd plestrieal
excﬁétl%gg {o V%ﬁ!)ustp?&ite{eﬁgingcpp(grﬂgnsvé@](th%rcirgﬁi{s%wtﬁeswafer 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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The chuck can al so include a tenperature control

system whi ch raises and |lowers the tenperature of the
wa@bewskssor f ace and the wafer as required to pepdDUR20DNE9I798

desired tenperature screening of the wafer. It is

inportant to the accuracy of such testing that the

tenperature of WD 2005/ 055291 PCT/ US2004/ 039798 -2

t he waf er and, therefore, "t 'e terrperature of the chuck

sur face controll ed a gun at ci sel S
the BT ereipar GBS A HBCUYRS ueRer B semirBlcEips 6ty and
predi@RBHasiHIE have been enpl oyed For exanple, the

chuck can include a circul ation systemthrough which _a

t erfaeipusappwachsptorentrglling thie avafes tesneratire havg beqrhamployed. For
exa.t% l%gé d H% ganolpcl%l%: (tl}chag&ﬂ %ntglqlr{fn{?gé ?glrcgg?e{}}%%e E(ﬁﬁrol

fluid Brperlatd r Bheaémpdrgtureat dre,fluat is caromiled buckdhat S ddmperature of the
control |l ed . chucks can. al.sp j ncl ude
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conir&l&d cBIKS Kan a$.§6 1ﬁ@@dey}ieﬁlgrs REMES eledtrichlgediRive Gtdtare whiBialthen g
el enent, heat is introduced into the chuck. In sone

chugl g @abmsrp@wes@éhp rgsistiyg deating clggreat hea lsaéﬁrwcede@t%be gck.
a % Jyp REBBRY, suc *aswik%e BERR A0R D fre@d Bl d difcRit pRBES e
in t gt em Can egra e the perf rmance accurgcy O
preseice of elsttrlnag noisd: hﬂh@iy@tegl, cai tlegradeithepperfoamance aconiany of the testing.

hlelir S Bl PRad o B BEIHET Pl oo P RS By Gore
soufick bf éledirial ndise'iS thedér@iSerdtiire Qorgfol fltiid tieddd viedulateskh@ugivtht Ouck.

and, ot her behavi or of the f|UId in.the chuck or jn_the
Thejmatiog apcpthsr; i the flugd indhe chyek ¢rrip Hact lines capiing thesfhuid to
and ?{oﬁf'ﬂl@cﬁcﬁ €dd dr&Rd e1RRiGEndlie Byt thp&‘fécﬁrféte'ffe&s hER6Y Qectrical
whereby el ectrical 15 charge is produced by friction
chatge ispseducediey folofierchetveen Syornliegs.of the Invention It is a
feature of the invention to provide a tenperature
control systemfor controlling tenperature in a
Sunwiirk pf the veritionaf er chuck in which the electrical noise
ef f ect |ntr ﬁuced by the fluid are reduced. In .
ond 158 frabre o The v eRER A RV lmPeRlECAOL Y smier canpling
tem?&ﬁﬁl{e% a%bﬁ@p?é& 8fWafer dRtINRGvhidHhe E10QEED hbisé\&fects introduced by
enperature in a workpi ece chuck. The system i ncl udes
the fuid@rpyedusedir e control  device for controlllng
te
| e lcE o infer BEREALA 6 o36RhdRlrc ol fith 4 Hbflod
for Edntrolling enpgratiae ini ae\dorkplc@rcdiuékr Aline tsystene mglklesvd tampérature control
nl et

dev1fc|e %r%orlltrolhng tgrggerature 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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the fluid outlet. A controller controls the

tenperature control device, such as by controlling a
wWQ@2005l088291 at e of the tenperature control fl ui drehUs20g9#039798

the chuck, such that the flowrate of the tenperature

control fluid through the chuck when the tenperature

of the chuck is in transitign is higher than the flow

rate of the terrperature control fluid through the

chuck mhe ture of uck is being

tem A AORGY Tt 5 PSR RETRPEEUEE and or by
COMh bRY drhBd@dimdnbl@ floNGRIralliHE EevicR EddtrolkdNd (6 R@h4iige thelfldal rate
when a tenperature of the chuck is above a 30

of thyr temperatpre ceeicldbithber at ure, e.g., the boiling

200y ey irRan gy BTAERLA R ARt i cont i one of

the frlleiant ths optiet wehd sedorfdrfbnd emtyengipath doheectel e the other afitlee inlet and

the FRERGIN splBhAPATe R by CPReFo SR aftF BLir o Tuia

arr?ing ipgths. The 6@ cBAe g @R ce cdrificlGdsd Bxdiotidice ﬂe& raiuémg &éwce
luid carrying path connected to one of 5 the in
in og¢of thyfirshiyid se¢ongd Alidragying paghy g acfoefa?llay}eﬂglvsat Pﬁrallel with the
ﬁxeﬁ Q)?i'ﬁ@& h&d I‘édgCIB% Bevideh q‘he O8ntloll&r daf k&ittroRd cofktRBaBE VAL to be
| ow controlling device can be connected I n one of
opet Ivnhelf temtrammmshﬁ;@mk linrahsition rnd/¢loggd pdiei the tephperafturgin the
chugkop | | élngm%g\a{tiac&sma Se{ ngl ude a fixed-orifice flow
edut c ng JaUre e 2 (T SHE B he first and second fluid
c armgehfagvmttmﬁm controllidp devitd @hlireludala\figsticontfpdiabit hale
.the d- orlflcgpflow r.educj ng .devi c

Th
coneqs r"bP‘I‘ee? stapdseeond fiwd casying pathsand a Swp&owﬁ% yave

conﬁ’&?eﬁ i\eRdnt 6MRE fi?ﬁ MdBeddhd iR @RYigk phtﬁs inrbafalll@lr\ﬁl'tﬂ th&frst
cl osed when the tenperature in the chuck is to be

contrdiqbtemafv@dr lmcoatr@ll@s Faneagniseltthasfarstrand spgond pondolighle yalvqs lgech
that oan %%t%? Fﬁs&?\ld QeQ d%@(&o‘iﬁbl‘é% % dﬂg Eb&%f?en}én?;ﬁe}at?re in the (gk is

connec in one o |rs
in tmﬁmmmjmﬂ clobetl \&h?emrtye egpgatutesin #iredthacksie tmlminmmtamecbhtlaahkieed set
val ve connected in the one of the first and second
POIfly i d carrying paths in parallel with the first 15

CONf b dndldBnénela\eBpilld) Que @EM BeXdonBécteddRtvieen theQirst lh®second
first and second controll abl e val ves such that one of

fluid praryingrpaths imbrlagse givesuess it the firsh prdesegendyid qasrymgethinen
L equﬁﬁﬁf&l‘[ﬂ ﬁlrﬁé’ﬁt LifestGANE K c'oﬁnec el i rL{h.@ By hh@%&ﬁgg%?eltg $Hda
t Is to be I

enperature in the c al ned
secautd valve ésionsatted et thepedond ﬂulldmalmyleg pattothenfigsttand accond valves are

clos%@ glélﬁla'%g ¥en§p%1%?urg af! thg Ehuk E]sna%g\t/eeadpre etté,rvre;uenréd tterﬁlepeﬁaltl.{rg te. g‘?,r%ﬁle
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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20 fluid carrying paths to bal ance pressures in the

first and second fluid carrying paths. In one
wepdsdsszent, a first valve is connected in thepdT/1/S1004/039798

fluid carrying path, and a second valve is connected

in the second fluid carrying path. The first and

second val ves are closed when the tenperature of the

chuck is above a predeternmhed tenperature, e.g., the

boiling tenperature of the tenperature control fluid
sudclie foragoingrnd odhepehisntu fetusssntnd rvaniageeof tae inyention will be
i hQHSof th
s 504 60 DT LGUSRBL B oD K AT,
inveticn,ais Hbsstrisethiavheoaccomyfanying dtagmyes imwhbick liboefaraice thamcters refer

sed to control te rature ip a chuck. The result. is
to (e bR Rt HEAREEH HeFodThSiRaE e Mg oY o' sSate
emplaslyiBedad B plaed apdh in@tvtingdé prinddsleCet Sitd ifgensibieh as
prober testing over tenperature, can be carried out
mordCabeantaiseytop-lesel sghemgic plosk fipgram s a (rmRSFEUTDF aioh gitem
and\(}@rlg;%yé /cﬂlii%gﬂnea@&' 40%984&9&?%91% ofa QVOEJB%CE Qlcggohng and
ot her objects, features, and advantages of the
semiigppduyetdr ovafarimdunted on thepyeorkptce hush t he fol | owi ng nore
parti.cyl ar descri.ption.qf preferre I men of e
PR S soRERAf i B PSR S BTRAR A by Glurhls
températbd it B Woirlpece ek S aecoedadteagitiedrsentt@tiztient fhé heempae
parts throughout the different views. The draw ngs e
notF et 8asermaye figeramf e ignpargiirg puirql Ruteangrep i giro
temPéra@RAn 4 R idck Biick h aft@rdah& WikH fHottel &b mdédRef the invention.
Invention. FIG 1 contains a top-level schematic bl ock
di agram of a tenperature control system and workpiece
Det5IGsGRR0E 6F Bilrcha EQBDdiRbni SFRETREM 8‘; f‘h‘g’” kpi ece
WorHQi eamtaiisuaakp-letiGehethatis biacls dihgmmtof @ tah@eptaacaftrol kyatem
tenperature control systemused to control 0
andiio< ek cpReietisy BRI EmBSHRTRE of pHOIKBISGE SEACE2 wi ¢ h
senAddn kIR G al® Rlouied bA theiwd¥igidck @Ruck. THleGystén 9Sndudes B eiietature
di agram of the tenperature control systemused to

congrplHysieyn sgcé\ﬁé.é,cbi@lgrr 4, which cg@pﬂ@ﬁh@@@p@quf g tﬁnperat?lre control
il PR 2184 S DI m BTl TEER o b, P AR pgion of

Shakamy MatsachuséilsGhe hssigoert ¢ithrspresentopplic@tied. Syehidinallyi thelohidlekean

o R B RO 0 S T o

featii2k kPthe GReRidd is@iSo @educe 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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sem conduct or wafer nounted on the workpi ece chuck.

The system 9 includes a tenperature control system
wapab/osRIn chiller 11, which controls the tenpeCBUSI084/039798

of a tenperature control fluid. The chiller 1 | can

be of the type manufactured and sold by Tenptronic

Corporation of Sharon, Massachusetts, the assi gnee of

the present application. S ci fically, the chiller can

foatiipsinclssed ot o UnpPREm OmpaR AR T 6 1raeh s Dloagypiosss:

6 5osf47k!@somns 0PN06056,d19, R64; 69PEE962 6898 1163 @|700099‘:% 59,561;
descri bed herein. The terrper ature control fluid is

6,74410 e 74505 Tarall dfrvdneheare essigned toTemptrenie ﬁowgratl%?f Sharon,
f 5.
Ma SRR s PP RE g lein e SRy B
U $1G Pais QBtheﬂﬂtt@é&ﬁgtﬁm@Yﬂ}e%ﬂperﬁi&s icgusndl syts@mlese tor nirel

orati on of Shara 25 Mass. chus
B AP HE Bk I A< Ra it Tt by ieal B b fouentippe
RefOIRL10AMGP2, ke tdpera@ietdhird sidiéh Hﬂ@ﬁlle@tl 1 hﬁﬁﬁecfeﬂl@o fhb prdber 13
carrying. hoses or pi pes, one of which carries th

via the hrpieroa pipe d 5 cwieh esirrics|the tamperafieroRpirel Hhuid kaek and ’fbah thige

chua{ f&iﬁ rthe:ljﬁot?’ep g5 Pl ‘]%]PF u\%y £ P&Eﬂ Sy 23tut§&‘b1n Cﬁntrollmg the
tenperatiure contro romt e pro

tempdratucchif theecmﬂclaturfhenm lﬂkth écpungy 25 mﬁbtes gt flugl thgpugh the

o B R BT By B o

ﬁrstCﬂulcl Seryigyath 279 ma ﬁumiremlateslthmgn fmtchmikl 19Giné ﬁdﬁurhmlthkﬂ e
WO 2005/ 055291 PCT/ US2004/ 039798 -5 featu

chillf g VigdhechosqorapiRe loy The §uidds pamped slnng asecond g camyine path 29

fron@ a ‘PM%’ nﬁlgt]vof i &ﬂgr @ll ﬂackq’o ﬂﬂ: %eé% %§ohan r 2951/ @iiller 11 includes a
68; 6, 09 328 096; 6, 375, 176;

conﬁqlma \@19911 BBl zheﬁenctlonsoflhmcmlm 116 lmnEMgenaltatlomand

{5 a:sac odlsré){ %A_ a@&({l? Iforfeggvmyﬁ tﬁé $p%rqmg and closing of

valveRaad nrertmlﬁgjombaf &eRinigAnd &ledifig @nhd vadtey. by r ef erence. 5

FI G is a schematic, dia of the tenperatye .
cort ﬁﬁsprd@'g@t“éﬁa e i a1V 16 dffoapsfogin herir] fuid
arr?ﬂ Rh 2688 RYEdond VAlvAFERLERIREEd W thdlsedBhdeR@EHrAB3pafif29. A
° glﬁl nventi on. nRef\e/rrlné to FIG ZS the te eratpSre
fixedwrifieoflow y@v@mlé is connected in the firss fluigeawripg path &7.tapd a third valve
Y [ I e
10 PERREed i el ARELBORE il 2 Porkt WM T BBLEE1ONC,
reduk®r 12n A bepilfaryotobe 18l13 confeeted hattvéarthclﬂxst adlsechad ﬂaxdh:aaymg

exch er, d in,contr II|n 10 te
patlin e B Ry O SHOMEY Tt 1osueitpvesn Vi ek T dod o
valveBeo fibuig 1. hrough the system The fluid is carried

from the heat exchanger 23 to a fluid outlet of the
c hiQneef mpre apgrogehes in accordance with the invention are utilized in the work

dehgfhrg op th(‘rgl

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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first fluid carrying path 27. The fluid circul ates
t hrough the chuck 19 and returns to the chiller 11
wo c@shbeohose or pipe 15. The fluid is punped PEDO§2084/039798
second fluid carrying path 29 froma fluid inlet of
the chiller 11 back to the heat exchanger 23. The
chiller 11 includes a 15 controller 7, which controls
the functions of the chllléi 11 to inpl enent
Heneratlon and delivery the tenperature contro
the flow rate used i te@p%rgtuwrt&nﬂéwa% chuckilfe Itgpdylen freyalye dP 6%4 th
ﬂovP{educi\’é]Plﬂ is RAGLHLR édolﬁl{‘@o@fesﬁltﬁn %ﬁwd%\@ﬁgnt‘{{/i@ﬁitleg) of
of the valves. In accordance wt he 1 nvention,
the €liucls anduwaher ehick componiseehiclin tnrntrbﬁelltf, imreduced elearical nmsc level

arryi at h cond val ve S
on tFnThcl}uﬁlé nlg é)gs ﬁlabchnafarg g%FeF‘ﬁ%‘r?ﬁ ub fé?\iy] 1si§h1e)§id bé(dwg)tclﬂgg h% coolant
flow fréf d-hhi ﬂdV\Clﬁheftb ok¢ withly flew résttictidn.dn bneeriadirhdnt, ttherestriction is
first fluid carrying path 27, and a third valve 10 is

an i et hea SR G fovpes o aradhasciie Ysh JOdR 27 i n
pa rI@{hle @Aen%ltcﬁuéknﬁ tHel iXRAeO, 'retﬂld:@mﬁ)bx‘ﬂfﬁré HuRiBhs dvfing festing are

capi I l'ary tube is connected between the first and
highdydasirebl¢.| Qnedwwp rayhlﬂg rapyd temperafise gmsioniistopragidechigh fate of

ﬂov¥ ﬁfgthe! a(ra{u%J ng' %]éiu%c![ ﬁg\?%rgrd Egﬁg@e@te 11t11(ﬁxcgsr}1lil elélc?rl pgmse

TPVES nor € appr oac
due itmwafadﬁxrsdﬁ ﬂmehmktdnd theariboeleetriciefiacta freadddidhicz edthithe ﬂnhmtion

wor k u rmal. con | s emaf t tion
the Hotnerdncer E and YR N Rl | s bed Garfvsiaduet fiif At e olring
tem?éib’tﬁ% tra.;mﬁodésaﬁd el SovR RBWRAE RBfe ndintihg Bk kdtheRure of
he chiller control systemand is_synchronized to the

the elpigk apshwafercat g desined bet @Ot eBIPCTANIRY D WHEARMReRETE trgasitiqns, valves
10, 'F%)g‘r{d l%%?ee{ﬂeﬁéde‘ ldllOWl % %id tFARY ?ﬁmﬁ&éﬁ% rht€ q{f&% é}éesva(l)\%es 10,

ectrical” norse pendently in er ent
14 a1 46, ;M0 a9 perflabi matucer‘l'rie Whenghe @mperatchoishagrhiuth lﬁhmmh}ts the

dest) Sr58r0e i T rolSon ot ¥4t [ Ter opal Rl

the %8 HuidFloERRRIEAUS hat SIRNGH b B fixB&ofifitkciowl Rdudet 12. In one
i ncludes the valve 10 and the flow reducer 12. This

embogimrat ihsrlavhratesd Penstant teperaiatsds 2out halk fdbrllay s/ et
tran\%\% blk&r ﬁné B fw ra‘imhlfetlbﬁﬁberﬁﬂlq 1%@@ Eorﬁﬁ%su@t@ THPRENbwer

in turn results 1n reduced electrical nolse
eledtmmbrhmseowhlthl provhlecincreasad eqveragyringuidtree testing dfgher wafercat ihen
S achleved by switching the coolant 5 fl ow

des‘f‘?%osﬁb’émﬁ GIPFAEW 1ine to one with a flow restriction.
| N ThB eecondaPréreNhlso inelveswaihd lide®ff valles 18 andM6.0Thik hgeodchat

pre‘{régysqé;gcl)lgnqlﬂfulldcf%]rg ler){terln?g\,\t/ﬁer clrulcl?\e{\i/’[ea} rtheeachgct]katgm})ehrgtupel 1? Qbofvle ct)l\llc\al
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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In the thermal chuck of the invention, rapid

tenperature transitions during testing are highly
wale@sns2be. One way to achi eve rapi d tenperat UPET/US2004/039798

transition is to provide high rate of flow of the

tenperature control fluid. However, high flow rate

i nduces high electrical noise 10 due to vibrations in

the chuck and the triboelectric effect. In accordance

1 t.h the invention, . the.flow reducer 12 and val ves. ..
from heing g0t Ureel e e 1 i ather e Thi edienie pRpite
thattRIEWHUENRS thel EFRRMPEMIuLe dhuaNSidifla0iBoiPidGraatemdlsalindveiny

|l ow flow rate ile maintaining the tenperature of

motidle chuck and wafer at a desired set point
te r I e I r jr
107, A e LG SRR G fank O gRABuspl B ol
tempdraturcan i Morkpicat ehuckyioacfordahee wittl anethed @mbaliinend ofithel invEntion.
as Il a he flow reducer 12. he t rature
in o erhaiiohe v QAR oWt Taa TS LS repBrREVE i of
valWeahts/ ghdld¥ dofineeted S8 plaralfel th thifrsv Ahidl @&rydrk [t 71 Gn H@H@hBbdiment,
open. As a result, the total fluid flowijs reduced to

durip, empgTafusssensiipns frethviakigtid bande47 e qrepd tp atier & mpximyrp rate
of fRWF u%rmﬂﬁééi;fgﬁg?mt&dg ?“H' WhdnBthEctRbk ARt 8 pbRMRRHARMEE one

I's about ow rate during transitions.
of thithalvenwex., valveds s aitckosedhiahdtht ethpevalteue.g., valvardl, eronsopemtAs a

esults in much . electrical nais whi ¢
sl B8 et e L B0 0B R e Oyl v g7
reduvad ﬂ6wd iﬁte,trch;ﬁltinﬁ QST feeﬁicti‘é)ﬁlirll ﬂ&itﬂiﬁaﬁﬁ(ﬁﬁmﬁﬁﬂ by @uidBoe
second appr.oach al so involves the use of val 4 an
compeyativahy high SpWaaEnlt shpuld/eroled bl imthe SEpBR o} ﬁf@ EXT
14 i€ PHRAINGht REVE MG Richified BRatBYaKed SMRBUALIH K Us&d to meet
above the boiling point of the cooling fluid. If the

the popdsanf vélyauld is allowed to enter a work chuck that is
25 Iy accord, c@Rﬁ{h%ﬁ{n@erﬁgﬁ,\/\gl%e'ﬁqqergj?érit{n@g:o&?cilfga “Bf'kpﬁégg r wafer
cool an uid, e coolant vaporizes violently and

chuékhie trassititdned ingeppesiater Bigh thisitionoate isradhiees byiubingh hghSlomrate

t he chuck causing electrical_ noise. he coqgl ant fluid
of RN GO BIGTRE L G B Bichuak AT AR B
desifedseQ) ol tenfipektitéle, thd SRR RNpBRAIY R infaidthihéd g hetsB&oMer Knder this
chuck supply and/or return line. The flowis typically

steailyrsfatesandiyjon; the flomergisof thederaperatere gontroh uiddniedpaed fsugh Hhat
S . & 5 f

S B T et RUBIANEY L PR o

the betnioe dedchibed ek, thin Hedl-flawerate apprbacth indchevobhbyasoes ftdve

ressure between these |ipes. preventing the coolant . .
conBPGRHCT FPrBFAT TIBe (0 J605 BBOU T Bet DR R s it
and fffoRT O EAUAR. Thid FIBW cbftrdl [ABviedeat e b Painof Vidvel bid ¢hlvetnti Bixed-

_other line. This reduces the possibi|it
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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that fluid will reenter the high-tenperature chuck and

flash boil to create noise-inducing notion. FIG 3 is
w@2@shssrat i ¢ di agram of the tenperature controPCEHYS1084039798

used to control 5 tenperature in a workpiece chuck, in

accordance with another enbodi nent of the invention.

In this enbodi nent, the valve 10 and fl ow reducer 12

of FIG 2 are replaced with8a pair of valves 45 and

47 connect ed parallel in the first f|UId c rry

fluid fpy ratg 1s redpogdh s UGB BLF NSRS electgiepl noige indhd ¥ testing,
1 80Giolili B0 Roted %ﬂhﬁﬁhﬂcﬁﬁ thd Ffor@%lﬁnﬁesé}{p?ioﬂ Hl?d"ﬁg fS1Rwitld @ns,
for maxi numrate fl ow of erature contro
the fpplication\fens te the tmmkurc eengiobBuid. The temﬁmturet eonpelfhtidigan be in
a gats%o%s sttga)ﬁg]; a@/lgllud sfe‘ V?\ refgrr% to hg%lflvﬁxe Zh%id 1% §ssﬁljngc§ &)du'gsﬁgﬂquld
staté, @pukier, it B &ndhemthef taé fluid caoaltd el 1nﬁ1lga|8edus ﬁatainl the\gdtemosuch as

fl m;throu h onl n valve 47 .at a reduc fl ow
where ¢ hq\“éé@ <t ths ﬁih‘sg “rsé‘g F’i“t?bﬁ 10 FRig S gpserusitaln ﬁgé

oth&@%% @&cméd fhbidindwidén tBe terDERAEAEInHE] ﬂ’u@isggfefréd)%/ $udh &8s whdre
shoul'd be noted that in the enbodi nent of FIG 3, t he

the flnidiepreventeddropperitesing|the chiek ip gpjain ambedimernieoighs myerdion, it is

I
e BEFRUSE o YR 49 20 0L SR B A S, i
statehBthe Auit cispeveaited feorn enttrigy thechwokirikip uedeestard thaftlergaseous state

h is transiti d in tenperature, high transition
m*ﬁgﬁggpgyggwﬁgwgwtﬁqug kng a high flowrate of

t enPRilethis B eGRSH Kad bedn! pdtitulatly SHoGM anl amﬁm@&%m&és&o
chuck tenperature reaches a desired set point

prefegrpdhembadiments thereofe i yilk be widswstogd by @OF%SWbﬁdrw #ierge dhagparious
chahgl il B Moits G riall, Bl SRR erBille o i ¥R scope
of theiduagidn asdefined indbe folbeimg claged. noi se t hat may be
i ntroduced by the noving fluid is reduced. In
enbodi nents of the invention described herein, this
dual -fl owrate approach is achieved by using a fl ow
control device connected in one or nore of the |lines
carrying the tenperature control fluid to and from
the chuck. This flow control device can be a pair of
valves or a valve and a fixed 25 orifice flow
restrictor connected in parallel. At |east one on the
val ves can be controlled such that it is open during
tenperature transitions to achieve high-rate
transition and closed during steady-state tenperature
mai nt enance such that electrical noise is reduced. In
anot her enbodi nent of the invention, the
dual -fl owrate approach is achieved by using a
vari abl e- speed punp as the punp 25. The punp can be
set to a relatively high speed during
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. carle &nRegture peptio} systemiaf c

30 tenperature transitions such that the fluid fl ow
rate is relatively high. At steady-state tenperature

W@ edospss20t  mai nt enance, the punp can operate apCHUS2004/039798

reduced speed such that the WD 2005/ 055291

PCT/ US2004/ 039798 -8 fluid flow rate is reduced,
resulting in reduced electrjical noise in the chuck
during testing. It should e not ed t hat t hr oughout the
foregoi ng description and_the follow ng clainms, the
application refers to th erature control fluid
The tenperature control fluid can be in a gaseous
state or a liquid state. As referred to herein, the

- f1 b mipsramsesaonisol sysierh doriarmaakiripagisherkGcosmpsisisg: however ,

it is kn?e e}alplﬁé &ntﬁ%l éevﬁﬁq%'gcgﬂt V\(ﬂin’?él ?ﬁ rbt]ﬂreaofgggtﬁsfegfhére

state int I qui
ofcbhﬁﬂﬂhugd b0|Is in the chuck to enter its gaseous
state. Unl ess oth se specified herei

t enper af fipig! AP 1T Qg e srapegvg gontgy: ﬂg\%ﬁm&gamed to
WNQhE frofhiBe dHubll ha kiR fRACYRDLRICLE NATLRItSMANG the chuck
in certain enbodi nents of the |nvent|on it is the
|iquid seenteellesfor spatrplling thetoraperature gentio devigee the sontrabler
For

SRR Lo & dhiembictthftcobird huid hf3bA it Bndth e o
u n dhfr dvort dftilat tempeatgesenud flatdahwuglothe thekwhen dlertaypdnaiure

pre in.the chuck.

P8 PP Ao e Bl 5 B of b B et S
p I gfugd thRflgle the @RudRBAHef tHehehS@dture iof theichlickhebdittiRsintaied at a set
by those skilled in the art that various changes in
f oPRINhIFENPEBIYG-| s may be made therein without departing
fromthe spirit and scope 15 of the invention as
defined in the follow ng clains. WO 2005/ 055291

. PWQ&Q@@MI@S@@%I sys@mQ@if Alavis 1, fl.lrthed\cmemitémaa {lowe condrollimg|

yst e ece chuc .
B bt Dol R S Sle e o SRERE b Bl henire sl i
of a tenperature control fluid; 5 a f|UId |nIet and a

fluid outlet, the tenpera%yre control fluid being
HE &y eéCP‘FTE“Sf“Png d inlet and

the fl uhg@ ﬁhﬂdectmylﬁggmﬁc&ﬁa@&é@tbloﬁé of 88 inf@ahd @k bling; dnhe
tenperature control device, the controller
a second fluid carrying path connected 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 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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controlling a flowrate of the tenperature control
fluid through the chuck, such that the flow rate of

wo b@sosszper at ure control fluid through the chuekr/akmn4/039798

10.

11.

12.

the tenperature 10 of the chuck is in transition is

hi gher than the flow rate of the tenperature control
fluid through the chuck when the tenperature of the
chuck is being maintained -4P-a set poi nt tenperature.
2. The tenmperature control systemof claim11, further
cormfsprkvhig the IEmBRRARE A ahprkys tRs/paiaped pig desired set point.
controllable to change the flow rate of the

tenperature control fluid. 15 3. The tenperature

c oflthe tdmpsiagirepantil systgmaf 2laing 3 wheeein therflomi eontiglling dgviiges t

fl %img;j1 ¢arrying path connected to one of the inlet and

t he VOBt et; and a second fluid carrying path connected
to the afiletombllitievilvd @hneerd ih bee afulid fixtt and wévené flnidtcheying
flow controlling device is connected in one of the

fi PahS:ZAY second fluid carrying paths. 20 4. The

t enper af eBnd Qb RdblSVbteRThiRbted iRihBoRe o WhefiRt dhdisB&nd fluid
flow control ling device conprises: a fixed-orifice

f | eoryiegipethsig parelgl ewthithe Brsiecogtroliable vajvest and second
fluid carrying paths; and a controllable valve in
parallel with the fixed-orifice flow reduci ng device.

25 The téhiperateapantat systemodiotaino b, wlkstie theabntedl i condrpls the first

a0 P Eort BRIkl clihar Gos P frf R B oo
t r 3aRkd ik Operawickn \Weh pPAdre b QHucRsTin War sl 4hd o3&l whehlhe

cl osed when the tenperature in the chuck is to be
natERREraNwE ingthe ghugk ds to bg maptaiprdiahe desirgd setReint epper at ur e
control systemof claim3, wherein the flow
controlling device conprises: a first controllable

v alThe tapgperadot eshtiohsystem adfclairhé, fuithgtcompasiscond 1 ui d
carryin ths:. and, a second controllable.val ve
connect ggrs? RB@ ﬁ%r%lﬂ%p%}? Ccfnﬁ‘%&?c#qtf) $t° 3{1%’ € %ntlaeg %%thfe Ioﬂt:(eg’

car ryi ng sqahdBuitl Barpangpadtietonmédidd tb ke diliet 8f the étrand thaloutet;
val ve.
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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7. The tenperature control systemof claim®6, wherein
the controller controls the first and second

wa@omsnsi2babl e val ves such that one of the firspCEIN004/039798

13.

14,5

15.

16.

17.

18.

second controllable 10 valves is open when
tenperature in the chuck is in transition and cl osed
when the tenperature in tq$ chuck is to be nmaintained
at a desired set point. he tenperature contro
systemaqf .¢claim 1, further conmp a first fluid
can“i’?‘fe oﬂg‘tgt?o%%tgﬁfeg’@e’lagmo‘f?é‘ r81|f§‘“t“ﬂe inlet and the
outlet; a second fluid carrying path connected to the

other of the inlet and the outlet; 15 and a capillary
t ubide dasnsetire eorel sysler of Klain |+ fythes seMBESYRAd T 1 Ui d

car Y1 09 RS camfine I o ERET GUHE Sr RORI: Sha BUSHE Of

claim8 erein ary tube Is a apt ed
bal anceapecosdfinid sarrying fra¢h donnetedan chesuﬁwo pfithé [njgt dnd the outlet;
carryin erat ontrol system of

cIa|n18gﬁB§ Qﬂ%wl@%ﬁﬁﬂﬁﬂéﬁ g@ﬁP alve in the first

20 fl ui @ s&Bhd YdIvidin BiatsBeont duid @amﬁgam.al ve in the
second fluid carrying path. 11. The tenperature
control systemof claim10, wherein the first and

Eﬁ‘ﬁk %n’éﬁ V&S cGiB1 sysleRST NN iRt REPR% d¥eBorf vala€are

ove a predeterm ned tenperature such that
t heldsehphendbetemperoture dfithef dhuéldis lalsovs ragyesiateauingd gmperature such

nto erature.co ol
oy SV Pt O i G PR RL MOl
tenperature is WD 2005/055291 PCT/U82004/039798 -11
above a boiling point of erature contro
f | ihg tempgraturg, gontighsysiemaf claimg &%tvvr%elrs@lewﬁ?tsme? Rpgrature is
furbhera soAR otk BSthe f’t‘:rrfpblraﬁjtre ¢dnttbPmg@r ryi ng path
connected to one of thée inlet and the outlet; a second

fluid carrying path connected to the other of the

i nlgt t%go%raﬂi}s c&n%[ §&rem og cRirk h FoherdAl %%oﬁ&lkhﬁonfeors%ﬁe

fl ui setond va ve 1 n the second
fl uerdpatzameywrngal ﬂamte sudhthatTivhert .etemeeratiuter off tiearhiielois above a

of. claim 13, wherein the first..and se d .
et pintd Bl et E ik i G verind K eniering
I S (RDek.a predeterm ned tenperature such that the
tenperature control fluid is prevented fromflow ng
into 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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10 15. The tenperature control system of claim 14,
wherein the predeterm ned tenperature is above a

whoiosiosgopoi nt of the tenperature control fl uiBCT/L82004/039798

19.

20.

21.

22.

23.

24.

25.

26.

The tenperature control systemof claim1, wherein the
controller controls the tenperature control device
such that, when a tenperature of the chuck is above a
predet ermi ned tenperature,”'£he tenperature contro
fluid is prevented fromenterin 15 the chuck. 17.

The he smpsragre ratebyystem of slaur &8y vieredn te predeferniifed temperature is
th ' @k AntHetand pPHgga boiling
te%ﬂegasg)pg{gc%@%é&tggpnpgr at S%édrgg%r%?ol fdl uid. 18. A
tenperature control systemfor a workpi ece chuck,
conprising. a t erat ur.e, ¢ r-ol. device.for
coﬁ?‘? Bﬁ“rﬂeﬁ“&“%% rg}r)%'tgtﬁ?le()fg mgﬁl%’eﬁrrrﬁheerr' g?r{lﬁrleslggzo contr ol
fluid; afifstflid c'b.xﬁi}ifig $£Mdorﬁedtéub®nﬁwmeIMCthmthe outlet;
tenperature control fluid being carried .and from
the chudRCGPAIYIALATYRG Rpth ‘Pﬂné?"_‘e%ﬁa thetpute pl g inelepb e outer
and a CcoRid Qdil&Eh tlﬁéﬁﬁrtsﬁfﬁﬁéi ERhirgat: By t enperature

control device suc at, when a tenperature of the
chuck i &sesbud/ealye ipthedeeond fuitedrryiagpeathat ure, t he
tenperature 25 control fluid is prevented from
entering the chuck. WD 2005/ 055291 PCT/ US2004/ 039798

- 1 Zhé ®mptlaturé eompel gstemefchaim 2@ wieyesd thnfiodt and scondhd]ves are

wherein the predetermned.tenperature is above a

oL RS RPE AR (e AU RN A RFeRBRAF Ol mPPigle such
20 thal BR WdrRpePRG ot ARt SevenedifRm Méwigh 2itdthdBhuck.
further conprising: a first fluid carrying path

connected to one of the inlet and the outlet; 5 a

¢ na e iethfle CEoY R irk ORI BN AR rptre s
f | wbaveadmwilingpginpaf the teanperatrse@ntpldludl ve in t he second
fluid carrying path. 21. The tenperature control

system of claim 20, wherein the first and second

valThe endfefituré tLrE@HsysRgrnfhsn | & Taeieatethgisafg: t he chuck
i s above a gr.edet erm ned tenperature such 10 that the
(&]

t enper at HFbfleidrarygne pathrennpded i @pent e ints! 87 1F Sty
into the CBMEHid 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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22. The tenperature control system of claim 21,
wherein the predeterm ned tenperature is above a

whoiosiosgopoi nt of the tenperature control fl uiBCT/RS2004/039798

27.

28.

29.

30.

31.

32.

The tenperature control systemof claim 18, further
conprising: a first fluid carrying path connected to
one of the inlet and the outlet; 15 a second fluid
carrying path connected tolhe other of the inlet and
the outlet; and a capillary tube connected between
the first and second fluid carrying paths. 24. The
t e”fﬂg fel %Faﬁug%h%% N eMlnPhe %@fem #8 re\&é’c@ﬁrﬁhé@l t&nseramre is
& 3ga ted to ance ressures In
fi rabctvearhdnlagq)omdofthutedlpcramreyaomgolpthnms 20 25. The
tenperature control systemof claim 23, further
conprising a first valve in the first fluid carrying

pawmemg)ealtﬁss&ﬁdl YdemefcRink Mewikegend 1 uid carrying
path. 2 The tenperature cont r ol syst em of gl aim 25,

wher ei nthersentrqliesgontplg alapgalg of the yeaaperature cutgh dgd fiapeh the
UNRuI&MREH Alabfh€ ﬁ]%trﬁg t@f t{ﬁg Welpetafur@ R8I fuild i1 Ql;ie{@dl:ﬂggwhen

terrperat ure sucC . he terrperat ure contro
i s tiprtemperatert of trehfidkanimigmpitionistighertharctes fgwrate of the

2005/ 05529 / 04/ 13,2

conPIBTNES SR B Snaran Bec o b e (et SBFLRKRES

t enpiap ataititfinddsat a a1 Quidt @mperatukeigndoi Nt of the
tenperature control fluid. 28 The te ure co {;
syst em ¥ system frther qomarisss 3. flopgontralipg "I“‘@?’elf‘éﬁf”?t n]§ Ig to

fl Q}wg@hﬁMw&&%ftﬁmﬁﬁ@ét%%o&mnﬁﬁl fluid through the
5 chuck, such that the flow rate of the tenperature

ontrol fluid through the chuck when the tenperature

h K.i [ ' -than the flow
r atIté1 gefmpfeﬁa e f (?‘nnlof‘ 1)}5 {eﬁg)z c%gﬁ ; gﬁrt 1?# g‘?}gﬁr%swlébugh t he
chuck whéirst flnd cheylpgpah tondeadd tbloee oftbie lalat and the bwmget; and
mai nt ai ned a . set .point te ratur th tem
fUr t hor 3 ST FIOR SYiRY A SORTTAN PGB 01 6 IS ARG e ouller
COR{HeRid @B NBwicBntrolngldeairg s cbﬁ‘ﬁ:cfeh ‘i)r\/\brfeaﬁ‘ theTrsttal@second fluid
tenperature control fluid. 29. The tenperature control

symbpathﬁl aim 28, further conprising: a first fluid
carrying path connected to one of the inlet and the
outl et; and

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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a second fluid carrying path connected to the other of
the inlet and the outlet; wherein the flow

w@oosnsd2bi ng device is connected in one of therPdET/1S1004/039798

33.

34.

35.

and second fluid 15 carrying paths. 30. The
tenperature control systemof claim29, wherein the
flow controlling device conprises: a fixed-orifice
fl ow reduci ng device in on 45f the first and second
fluid carryin ths; and 2Q.a controllable valye.,in .
b a1 1 of i SaREPNEbTS Yopisc o0 A PR A, W o samying
31 patkfi@nd enperature control system of claim 30,

wherei'n the controller controls the controllable. .
val ve t osdsendygsaiolidbavatvepeneated inethg ang ¢fdhefirgicandsecong fluid

E:L%%B"ill%&tqhosé}%gamﬁél %tﬁfiihevﬁ(}gtrl:ohlpcﬁl LE'IB ature in the

nai ntained at a desired set point. 32.
The tenperature control system of claim29, wherein

i oGBSk 56507 SR 2o ontcs e v
CoRhd RLbRPLEtréBABIEVARR BRMURA ohdofaRE (iRt addnecdnt coitrciaBle
second fluid carrying paths; and a second

conalves is apsinavhen tepepegabyrp authe ehuck isip &rapsigongmd clegeds whegithe
i . ne _ hth
and. SReARd IJth@ck &ab whfa&éaﬁgegf&g%ut@gg%g&ﬁ{ Wi e

first contro e val ve. rature
control systemof claim 32, wherein the controller

controls the first and second controllable valves
S U OrePREE B enis i AT S HORI o | abl
val ves i enfpeRfurd\itmftol ®Re fartcoriteolliny ttiPerftteCHf aitémperature
transition and cl osed when the tenperature in the
chgemrol uidy pe maintained at a desired set point. 34.

A tenpe} ahidifReCARL Rl shvist ﬁl@té‘nﬂ{eraﬁ‘ur\@@&hf&l a6 b@ﬁg“égvried to
conprising: 10 a tenperature control device for
contd Gomitiegrhudnpe thatflyideintsf ard thefiwdeatlaly e cont r ol

(1 oL U R b s
t he chug kecundfliith earfyling whth donadctednel tHeloghek bitthel indittah@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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a first fluid carrying path connected to one of the

inlet and the outlet; 15 a second fluid carrying path
w@oseszed to the other of the inlet and the opt1/€52004/639798

controller for controlling the tenperature contro

device, the controller (i) controlling a flow rate of

the tenperature contr ol flqid t hrough the chuck, such

that the flowrate of thé éénperature control fluid

t hrough the chuck when the. t rature . of the.chuck
36.1 o PR GTHRRTAHE PR} /ST ST R heFrdn I A cqRETHAE Gefie
t enpgpaldr e control 20 fluid through the chuck when

the tenperature of the chuck is bein3¢naintained at a

set  pogfixed-enfigsrlonireducingsigvice injong ghthe dirst ppsepond fluid
tqug? . trol device such that, when a
tenpelgéﬁéghggpthe chuck i s above a predeterm ned

t enper atuomrollbbie vilesineamtlelrvath the ikgdodrifick dliod reducing device.
prevented fromentering the chuck; and a flow
controlling device being controllable by the

37. CONthe @dnipR¥atir® cEANGBtek T cladh 36, vahwrdi@ihe cotrollBEcontrols the
tenperature control fluid. 35. The tenperature contro

sy soetfalisble vRlyF fA BopewBerEmPEpErerin iy chbick is #1 transigon and

devi ' i N . )
CE R o FETRBELRE: MR iy RO

- 15 36. The tenperature control system of claim 35,
wherein the flow controlljn evi ce .c ri ses;. a, .
38. 1 0 e st ARl RS SR SR yevics
an¢ompfie@nd fluid carrying paths; and 5 a controllable
val ve infparallel w th the fixed-or'gi e fIOM/rgﬂupingy
devi ce. a fisst controllable yus conpeisddn Arg o theslyist andsepond fluid rartying
36,8 N the controller controls the controllable
val've to be open when tenperature in the chuck is in
transi t aeeconthdontiolladevhl verennected in tapae afithe Brst andtspeond fluid
chuck .is tp .be int.ai ne i set point. 38.
Thé:a{r%l% e 3@%1&1?1&& grﬁg(%og?no@%%ec ag\ig'm 35, wherein
the flow controlling device 10 conprises: a first

39. g g (r:ll%ﬂrq gel:nlﬂﬁegét%e \égrlft%/ug m%%nmn%%{aﬁg ’3 k,g\ﬁlg:rr]e?n 81fc cf)rtltremlfe} cro?lgrol% I?tge 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.

40.  The temperature control system of claim 34, further comprising a capillary tube

connected between the first and second fluid carrying paths.

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

balance pressures in the first and second fluid carrying paths.

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

wowdos/osdzer first controll abl e val ve. 15 39. ThePCT/US2004/039798

43. ¢

44,

45.

46.

47.

48.

tenperature control system of claim 38, wherein the
controller controls the first and second controll abl e
val ves such that one of the first and second
controllable valves is opé “when tenperature in the
chuck is in transjtion and. cl osed when .t he

erFPe fegtparaBys PR LsyeiRTRcal clan i‘g HsreiiPR it Asksegqnd yalves are
d e%lo@&ﬂvﬁeﬂtth@t@inﬂératupe%f tHN@eLET RS R a P Rlee BRTnE Plemp¥iaifu@Ruch
of claim34, further conprising a capillary tube 20

c o i the deniisetyne epntroh ﬁutﬂllﬁ' Breves f@ébﬂ@mng it the ghyky i ng
paths. 41. The tenperature control system of claim40,
wherein the capillary tube is adapted to bal ance

pr G&S telhﬁﬁrahme tdnerof systsin odoklins @3 ovidrefin the dredetemyingiigemperature is

pat The, tepperature contro ystem of claim 34,
£ urbeEa b ngapglf?ﬁﬁeteglpfﬁa%v%?\f@‘? hthe first fluid

carrying path; and 25 a second valve in the second
fluid carr |ng yat h. WO 2005/ 055291 PCT/ US2004/ 039798
- 16 mgthodr jog wmperatuEoiRErsIkniges chypkosonprising 42

wherei n 4 g lfnk E&ﬁof%em%e 5?% ethRk /@Rl Faid %tg §‘?é?n

t he tenpera I's above a pre etern1ned
t erperdtevies; such that the t enperature contr ol f|UId
is prevented Eron1 f he

h
t enper attiP&@&! FP’Q?raWS‘EO Fr?lgﬁu'% Oa%nﬂw% uch%heurdé vig afjuid inlet

pr gl anidongé; smanperature is 5 above a b0|I|ng p0|nt
of the tenperature control fluid. 45. A nethod of

cont r ol PioNilingeReatralies fas CPWO&lmdeﬁm@efémaﬁ?ekol device, the
c O%Pﬁt@bggygmﬁl MFL ! rhiP 9f the PRGTeAINE orttbl ﬁuin %ﬂp@grh%@&ﬁck

contro a tenperature control devicCe;
C alsru;h thay thehiéow Elrrmfrtlm tgmgcrctgmcpmirolfﬂum through thehdckovhen tes

ck via a
p r STRfratge gt &’8 ﬁ%‘ucgllsi m% i) ronclcS) n P%I tf'an%g{lﬁ‘g%tgﬁ%g?geﬂj Brgrre
CORbite] ﬂdﬁl\/chﬂ‘-)ﬁgh thb ehuck ovhiti e ltedipeeauirt bOThe ichwbkds Beir@wnaintained
rate of the tenperature control fluid through the

chidbkset PRIRLRMPEare he flow rate of the tenperature
control fluid through the chuck when the

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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tenperature of the chuck is in transition is higher
than the flowrate of the tenperature 15 control fluid

wo booswsi?ot he chuck when the tenperature of thepchusiood/e39798

o
49. 48

50.

51.

52.

53.

54.

55.

bei ng mai ntained at a set point tenperature. 46. The
met hod of claim45, further conprising providing a
flow controlling device being controllable to change
the flow rate of the tenpeﬂgrure control fluid. 47.
The nethod of claim46, further conprising: 20
cofAHRg PRsaa%d rst fluid carrying path to one of the

i nl et apdodtdRaIbtAIfL in paRllel VHERE keI fte PRGARHICIng Wb blce.
carrying path to the other of the inlet and the
outlet; and connecting the flow controlling device in

n f_th I C ' [

T hstidd bR 18 MPaRARR Congalor Con @ PR RBIETan s be
C ORpémwhdnrtgmpkeatiedn drrchidkdem: traasifiox ad-aosed ivhen the @wiperature
reducin evice in one of the first and second fluid
V‘D“?%'GQ%‘EY%B?@%C PREHIBSH A 8969 6% POIM7_ carrying pat hs;
and a controllable valve in parallel with the

fixed-orifice fIOM/redycinﬁ device. 49. The nethod of
c| dihgmeghod whelpian 47, thereighe How cartrodlingtdeics camppaises:

contr 0! L ﬁpét g?n\ﬁ%hm% Lﬁv@c%ng&?&i%qn Méke& tﬁ@ﬁ%ﬁiﬂﬂ%woﬁd h[l‘idtcgﬁying

chuck is 1ntransition and cl osed when the tenperature
5 ipathk;lsddchuck is to be maintained at a desired set

point. 50. The ne d of claim,47, wherein.the flow. . .
Cont r o FFSsgRIERATE Lot <Cndtely T the UPE BERE A Fugsp B nuid
Va'c&@yiﬁ@ﬁﬁ%ﬁﬁhﬁ@raﬂ& vaihah®first dvatrbllabsd vard second fl uid
carrying paths; and a second control |l able val ve

connected in the one of the first and second fluid 10

carmyi 1 ' t ' abl e
Th¥ lrrﬂ:glfﬁ %S?E!guﬂ 5, %@éi# tﬁ!: chtx‘bﬁ%r 6:Q§t\$\(}'%k the _tﬁrsq tgmrfe{e%dd

val ve. ) met hod claim , erein
conpntaillable valye such that dne of the $irst amdises esbgedtroliabletvabyks ialoben
val ves such.that.o f .t

cort EBrest O B ERTR b s PRRRER M emperpp n e
chuslckiistol Bt hdigmiaéd atanlesird selpoied when the tenperature

in the
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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chuck is to be maintained at a desired set point. 15
52. The nethod of claim45, further conprising:

weonnsesong a first fluid carrying path to onepof/Uusive4/039798

56.

57.

38.

59.

60.

61.

62.

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 carﬂ§rng paths. 20 53. The

met hod of claim52, wherein the capillary tube is

ad ARREERTTE ObRF Sk ispbevtpradetsTmined franeraedse S‘_éf?‘dh%‘ &¢ond

F I dihebieb ¥orit1 R RSprevifited Fom MRIiROMHPhe ek 52,
further conprising providing a first valve in the
first fluid carrying path and a second valve in the
second fluid carfyi h, T th f [ {00
o Tameraths oRE 35 WREe R raeny il iRt X oG A Biting
Wh@Bint bthd\mpedfut a8 IVRCT/ US2004/ 039798 - 18
tenperature of the chuck is above a predeterm ned
tenperature such that the tenperature control fluid

| S TRE BAIRH 8Fclhin4s mrmwmmrieihg: the chuck. 56. The

met hod of claim55, wherein the predeternined

t enper acannecting adisw Wlaidcapping path to gusiofithegpletand the outlet;

t enper ag ur [ . T . ' )
45, "1 ur DB kR Rt e B 0ROl oI e s T Buries
car r yi ngropairg afostoabe af tht fiest flnidetrranglpativendut | et ;
connecting. a second fluid carryj ath to .the other

of "t he. PiFidmeacaain g oo B Bidr. o “val ve
inthe first fluid carrying path; and providing a
second valve in the second fluid carrying path. 10 58.

Thdherethed obelaig) 3. Mihspin thihBrseind seqead valvesargelased adsm the
val WOs SHRR @%ﬁ; ck
is ta O\r/egﬁrgogirhgg@glér m n‘é%lib g(rir%er at Hr e seg%ﬁgtsﬁégﬁh%%

t engepeatture eorgwh{luidlis Preventtdifonpilevieg ingdthe clorekf | owi ng
into the chuck. 59. The nethod of claim58, wherein
the predeterm ned tenperature is above a boiling 15

POIThE nf2thotl BEcIhiaNTB: WhbildinghEMBddt@irdel tintherddble isTdbovea@bdisk:
of claim45, wherein the controller controls the

te ,pﬁ@p ak the empggaturggontrol 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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devi ce such that, when a tenperature of the chuck is
above a predeterm ned tenperature, the tenperature

w@onsnsd29f | uid is prevented from entering the edmuk2004/039798

63.

64.

65.

66.

67.

68.

69.

61. The nethod of claim 60, wherein the predeterm ned
tenperature is above a boiling 20 tenperature of the
tenperature control fluid. ) 2. A nethod of controlling
t enper at ure in a wor kpi ece ¢huck, conpri sing:

controllin eratueco rol. fl ui

W th o PN RRalE P it P E B R s it
t erpeh atempRraaRa bf the cluckisthbb @ ApteddidrMiet enpebingk, ivd @ a
fluid inlet 25 and a fluid outlet; and WO 2005/ 055291
PCTypsp0s cesoy §uid is provested\ioay sieriag dhsrrtrel: | er f or
controlling the tenperature control device such that,
when a tenperature of the chuck is above a

pr dtie tethoil nEdaiteddy shereimrthe prbdfﬁ@emlﬁr@#p%nmwe isabnve oboiling

fl ltll d |ai¥rg Fﬁe%tn%%m&\rﬂgggm fl]ng the chuck. 63. The

e predeterm ned
terrperature i s above a b0|I|ng 5 tenperature of the
tenperature _control fluid. 64. The nmethod of claim62,
f urkhp Brethod RIS 67y urtberemPriSING a first fluid carrying

path t o QRetRk alfe& fufd c%ﬁi,ﬁg ?ath oW kiRlinlet MAMERAIEDY 2
second fluid carryi n path to the other of the inlét

and t hecauedtiog 2 seq@n@ wducmgylag path tor the ethereofithe inlgangdjthesqutlet;
fluid c ov1¥ﬁ g% fﬁ' Vglve %pﬁjle hpst Hul‘a‘”ﬂﬁy g%pae?]i,saggond val ve

in the Secon carry he met hod of
cl ai m 6grovidingrasedont velvé irfthé seamii fdd cardingglattes ar e

cl osed when the tenperature of the chuck is above a
predeterm ned tenperature such that the tenperature

corthe flethbl UF Qafhﬁétp %E@ﬁttﬁ‘éjﬁxfsf éihﬂ‘s@doﬁwivﬂgesi ad QodeBSvhen the
chuck. 66. The method of claim 65, wherein the

p r éateneEntyF AL cliel &y kYR epredetermence tamseitie Aeeh thas tsoi nt
aér@%éagﬁgpﬁm HEif i SRR b ﬁfomcsimgﬁm dben gt hod of

urther conprising: connecting a rirst fluid
carrylng path to one of the inlet and the outlet;

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 second fluid carrying path to the other
of the inlet and the outlet; and 20 connecting a

w@eapshsaey tube between the first and second fPam/us2004/039798

70.

71. P

72.

73.

74.

75.

carrying paths. 68. The nethod of claim 67, wherein
the capillary tube is adapted to bal ance pressures in
the first and second fluid _carrying paths. 69. The
nmet hod of claim67, furthé@OConprising provi ding a
first valve in the first fluid carrying path and a
second valve in the second fluid carrying path. WO

20696 Qridd bt &bk éﬁ%@%fnqg@ﬁggand'sg&nz Qalvdd e Al AheRthe

claim69, wherein the first and second val ves are
c| desemtraptre Af thh ehuckemb@vm predetermined derappraiwre sechdbasthe a

Pr ?%r%e?arng% @gngroi AR e@ \Il{]ietrne gsf#é?%frlé‘pﬁ% iftd'fhe cltx gperature

con IS pr W ng |n 0 the
chuck. 71. The nethod of claim 70, wherein the

redeterm ned te ature is_above .a boilin

bt i8¢ @ef@ﬂﬁga St B PRI ed B P Rty Dot
cI Jbift H2he WHPE@AIUR cdnfiBl Rt rol I er controls a flow rate
of "'the tenperature control fluid through the chuck,

such that the flow rate of the tenperature control

f'%%Enkﬁ%ﬁ%ﬁﬁa&héz9mg£hxmhen the tenperature of the

chuck 1's in transition is higher than the flow rate of
t he 10 therperadlieucontrolsmtfiosd ratelofithe td:rimemlﬂgh corte! find ¢lkrough the

ot SBekotuch BAR P Riatste 8 e Bkt scortol TR AEp R i hen

de \heaempéatGRIvF iRl chadk i indyankifien BidheOthhiethe flowGitadf@et he
flow rate of the tenperature control fluid. 73. The

metigererasyre coniroh{lyid thrpygh theshuglo when G trgpperpiire %th%elwc}ﬁ &
a fbkﬁl@ afrheyﬁéa a‘?QEJt)ﬁbfﬂgte%Exlatu'ié) affe of the inlet and

t he out ; connecting a second fluid carrying
pat h toa ﬂhw cgmthélnngxfevmh & donirgdtablgrbol thereonwelter &t change the flow

er.ei l.li ng device is connected in
oném%PHP gn?e?ggeunlogg%%nd fluid carrying paths. 74.
The net hod of cIa|n173 wherein the flow controlling

devi ce conpri ses
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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20 a fixed-orifice flow reducing device in one of the
first and second fluid carrying paths; and a

w@oosnsdbebl e valve in parallel with the fixedpor/uf100€039798

76.

77.

78.

79.

fl ow reduci ng device. 75. The nethod of claim 74,
wherein the controller controls the controll able val ve
to be open when tenperatuaf in the chuck is in
transition and cl osed when“the tenperature 25 in the
chuck is to be maintained at a desired set point. WO
2005/ 055291 PCT/ US2004/ 039798 -21 76. The met hod of

cl aihBméthod WheEkigi 78, Werefnl tBOVIG0 Bt g igvisesingRises:

conprises: a first controllable valve connected in one .
of the ffirsseongrtiablevabyrropnasied i anerfithrdfirsingd pecond, Hud garrying
se%%mgaﬁgntrollable val ve connected in the one of the
first 'and second fluid 5 carrying paths in paralle

Wi t h t hesdcbndstontroltebtentalvglsbanegtatl irethe 8 of Theefinseand secood fluid

claim.76, wherein.th ont r ol ontrols the first
an&”@@@ﬂﬁﬁ“‘EBﬁ?ﬁ%P@%B&Eﬂya°@%§E§%aﬁRFhat one of the
first and second controll able valves is open when

tenperature in the chuck is in_ transition and cl osed
where Miof ehplairmatt racreit thheontrelig crntrds e At andaiertndi ned
at nteRabIE SAvaRticlPBhtYne ofBe fifst afll FESHAIEn @S 11a6RNVRIVES fsioPéh

tenperature in a workpi ece chuck, conprising: _

c orvthen tenmipagturemphe chugk is infransition apdelasedvéhen thetteroperatingiin the
Wi t .t enperature nt.r ol vice; carrying the

teﬁ'glécr%é B el%aénﬁ 9 at?‘l%ﬁgllrggts%%&gfﬁlla fromthe chuck via a
fluid inlet and a fluid outlet; 15 connecting a first

fluid carrying path to one of the inlet and the

out’t ‘E‘F?C’O‘E E%ﬁ‘?ﬂg%‘ﬁ’i’%ﬁmae@%‘&“o‘ﬁé viQrkpigse Gg?cﬁ‘y‘?%g"”ﬁlé‘?h to

t he ot hggnu@flink Renpen@t o ANEmpBBIRLONES] fluidWAN b Gink}@rature
controller for controlling the tenperature contro

depateol deiee; control ler (i) controlling a flow rate of

the te il hr t ,
that PR AARRE R cchl fid O B (e ER Ve s g
t hraodigfuidlatighuck when 20 the tenperature of the

CIUCK T Sontnlettn 3 Hot HulftalrSing bR ES orie’e The'ifi& dnafi¥ ube ©f
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 1s
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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tenperature control fluid through the chuck when the
tenperature of the chuck is being naintained at a set

w@oioshsenperature, and (ii) controlling the PCT/US2004/039798

80.

81

82.

83

84.

85.

86.

tenperature control device such that, when a
tenperature of the chuck is above a predeterm ned
tenperature, the tenperaturg control fluid is
prevented fromentering t heé chuck; and 25 providing a
flom”%pntrolllyg aeV|ce belng control | abl e by the
cofteriypy aod sgegnd B SYL PGS ow rate of the tenperature
control fluid. 79. The nethod of claim 78, wherein the
flow control ling device is connected in one of WO
200%¢ os8ed of dam I%z@ewms@ﬁ% contpplingrdgwics pamprises d
second I

79, v\,he]‘;1 ke-lséé]dj?rg&r ff?é gv\r/}vg%lgn r oI ?ﬁlgo gggfhg?;g%ﬁdps%%@sﬁlp
f i xadying pdthscand | ow r educi ng device in one of the first

and second flui.d carr roll.ahl e
oo R ool ral pronallE PR o s BoR S BB
device. 81. The nethod of claim80, wherein the
controller controls the controll able valve to be

ope
- whdhe msthod phelaime8Q, whersin tbmmmll@r cppirely Gip sontiolpblamaive to be

cl %ﬁ&gwﬂgﬁj&néé?ﬁu GARE R in tfaasdl&?amq&g% Wﬁ%{tﬁogﬁlg?rature

tal ne esired set point. 82. T
cl an tie gByckuhierbe inmirtdised dt e lewed setpbini.ng devi ce
conprises: 10 a first controllable valve connected in
one of the first and second fluid carrying paths; and
a 986 afthoa ontlhial TR MIhereintthy fow oamRMingdielide tddspridewe Of
t he flrst and second fluid carrying paths in parallel .
wi t h t halirst pantrolighls yadyq coppestegan gie ofahs firphand sesopg fuidrearrying
cl ah#m.844 wherein the controller controls the first

and second 15 control | abl e val ves such that one of the
first ameccoubomttodabir vabtelcabhagtedan theond of thpinst andiseqend fluid

t e%l?}%ﬁa{thes 1{] garta{'q V\g&l{ﬁe {Iﬁtscon{llﬂﬁaﬁ)%n t ion and cl osed

ure’in 'S to be maintai ned
at a deS|red set point. 84. The nethod of claim78,

further c r|S| onnectin il t ube bet ween
-t hd he ethof oL el ¥ ghgrem ‘E "g‘élﬁ?r ﬁ‘@“liﬁf ﬁ&“ 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.



20 85. The nethod of claim 84, wherein the capillary
tube is adapted to bal ance pressures in the first and

waeasnss2bl ui d carryi ng paths. 86. The net hod oPCT/IUS200%/039798

87.

88.

78, further conprising: providing a first valve in the
first fluid carrying path; and providing a second
valve in the second fluid carrying path. WO

2005/ 055291 PCT/ US2004/ 039798 ~-23 87. The net hod of

claim 86, wherein the first and second val ves ar
cl ddeemeiiiod of ¢laian 86, Fﬁbﬁﬁ@te\d%wadaﬂm@r? 0533851@ n the

pr qgﬁﬁe?z{tﬁ?e ra?ﬁletcﬁmk% AloVE £ &a@mmtmﬁﬁeeam& @{mﬁaw e

control fluid prevented fromflowng into the
chuahper8@e ciﬁtt@l ﬂmdhbpkewﬂntedlfmnnﬂw,ng wiretheichuckhe
predeterm ned tenperature is above a boiling 5 point
of the tenperature control fl uid.

The method of claim 87, wherein the predetermined temperature is above a boiling

point of the temperature control fluid.



