APPARATUS AND METHOD FOR REDUCI NG ELECTRI CAL NO SE IN A THERMALLY
CONTROLLED CHUCK Rel ated Application This application is based on U S.
Provi si onal Patent Application serial nunber 5 60/526,030, filed on
Novenber 26, 2003, the contents of which are incorporated hereinin their
entirety by reference. Background of the Invention In the sem conductor
integrated circuit industry, the cost of individual integrated circuit
chip die is continuing to decrease in-toenparison to |C package costs.
Consequently, it 10 is becomng nore inportant to perform many IC process
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eval uati on steps. For each step, the wafer is held in a stationary position
at a process station where the process is performed. For exanple, circuit

probe teshiA%gpSicatir easi ngly performed 15 over a wide tenperature range to
tenperature screen the | Cs before assenbly into a package.. The wafer is
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tenperature of the chuck surface and the wafer as required to performthe
desi red t enpEymataliyein IC processing, semiconductor wafers are subjected to a series of test and
evaluation steps, For each step, the wafer is held in a stationary position at a process station
where the process is performed. For example, circuit probe testing is increasingly performed
15 over a wide temperature range to temperature screen the ICs before assembly into a package.
The wafer is typically held stationary relative to a vacuum support surface of a prober
machine which electrically tests the circuits on the wafer, The prober includes a group of
electrical probes which, in conjunction with a tester, apply predetermined electrical
excitations to various predetermined portions of the circuits on the wafer and sense the
20 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 comumunication with

the top surface of the chuck conduct the vacuum to the wafer 1o hold it in place on the top

surface of the chuck. The prober support structure for the chuck is then used to locate the

o
on

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

soreening of the wafer. It is important {o the accuracy of such testing that the temperature of



screening of the wafer. It is inportant to the accuracy of such testing
that the tenperature of the wafer and, therefore, the tenperature of the
chuck surface, be controlled as accurately and precisely as possible.

Vari ous approaches to controlling the wafer tenperature have been enpl oyed.
For example, the chuck can include a circulation systemthrough which a
tenperature control 5 fluid is circulated. The tenperature of the fluid is
controlled such that the tenperature-@f- the chuck and, therefore, the
tenperature of the wafer, are controlled. Such tenperature- controlled
chucks yeanafet 01, redfugdettheahpsstusuetthasheikect it de corisdlbtlias echeaithrandwi t hi n
the chuck. By applying power to the resistive heating elenment, heat is
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Summary of the Invention
It is a feature of the invention to provide a temperature control system for controlling

temperature in a workpiece or wafer chuck in which the electrical noise effects introduced by
the fluid are reduced.

20 In one aspect, the invention is directed to a temperature control system and a method
for controlling temperature in a workpiece chuck. The system includes a temperature control
device for controlling temperature of a temperature control fluid and a fluid inlet and a fluid
outlet, the temperature control fluid being carried to and from the chuck via the fluid inlet and
the fluid outlet. A controller controls the temperature control device, such as by controlling a

25 flow rate of the temperature control fluid through the chuck, such that the flow rate of the
temperatare 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

30 predetermined temperature, e.g., the boiling temperature of the temperature control fluid, the



tenperature of the chuck is being nmaintained at a set point tenperature
and/or by controlling the tenperature control device such that, when a
tenperature of the chuck is above a 30 predeterm ned tenperature, e.g., the
boiling tenperature of the tenperature control fluid, the -3- tenperature
control fluid is prevented fromentering the chuck. In one enbodi nent, a
flow controlling device is controllable to change the flowrate of the
tenperature control fluid. In one enbpdi nent, the systemincludes a first
fluid carrying path connected to one of 5 the inlet and the outlet and a
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15 controllable valve. The controller can control the first and second controllable valves such
fhat 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.

In one embodiment, a capillary tube can be connected between the first and second

20 fluid carrying paths to balance pressures in the first and second fluid carrying paths.

In one embodiment, a first valve is connected in the first fluid carrying path, and a
second valve is connected in the second fluid carrying path. The first and second valves are
closed when the temperature of the chuck is above a predetermined temperature, e.g., the
boiling temperature of the temperature control fluid, such that the temperature control fluid is

25 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.

30 Brief Description of the Drawings




25 prevented fromflowing into the chuck. The various techni ques of the
invention result in controlling flow and ot her behavior of the tenperature
control fluid used to control tenperature in a chuck. The result is that

el ectrical noise introduced by the fluid is reduced, and, accordingly,

waf er processing such as prober testing over tenperature, can be carried
out nore accurately. 30 Brief Description of the Drawings -q.- The
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FIG. 1 contains a top-level schematic block diagram of a temperature control system

15 and workpiece chuck connected to control temperature of a workpiece such as a
semiconductor wafer mounted on the workpiece chuck. The system 9 inciudes a temperature
control system such as a chiller 11, which conirols the temperature of a temperature control
fluid. The chiller 11 can be of the type manufactured and sold by Temptronic Corporation of
Sharon, Massachusetts, the assignee of the present application. Specifically, the chiller can

20 be a Model Number TP03500A Atlas Chiller, or similar system, which is modified to include
features of the invention used to reduce electrical noise as described herein.

The temperature control fluid is routed to and from a test systen, 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,

25 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 1 1. The workpiece or
wafer 21 being tested by the prober 13 is mounted on a chuck 19. The chuck 19 and/or the

30 approach by which temperature of the chuck 19 and wafer 21 is controlled can include any



The tenperature control fluid is routed to and froma test system such as,
for exanple, 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 nunber 6,070,413, assigned
to Tenmptronic Corporation of Sharon, 25 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
tenperature control fluid fromthe chiller 11 to the prober 13 and the

ot her of which carries the tenperature control fluid fromthe prober 13
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valves, and the timing of the opening and closing of the valves.
In accordance with the invention, a first valve 14 is connected in the first fluid
carrying path 27, and a second valve 16 is connected in the second fluid carrying path 29. A
20 fixed-orifice flow reducer 12 is connected in the first fluid carrying path 27, and a third valve
10 is connected in the first fluid carrying path 27 in parallel with the fixed-orifice flow
reducer 12. A capillary tube 18 is connected between the first and second fluid carrying
paths. As shown in FIG. 2, the capillary tube 18 is located between the chuck 19 and the
valves 10, 12, 14, 16.
25 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 18
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
30 operation.
The first approach significantly reduces the flow of coolant through the chuck 19 from



carrying path 27, and a second valve 16 is connected in the second fluid
carrying path 29. A 20 fixed-orifice flow reducer 12 is connected in the
first fluid carrying path 27, and a third valve 10 is connected in the
first fluid carrying path 27 in parallel with the fixed-orifice flow
reducer 12. A capillary tube 18 is connected between the first and second
fluid carrying paths. As shown in FIG 2, the capillary tube 18 is | ocated
bet ween the chuck 19 and the valves.§Q, 12, 14, 16. 25 One or nore
approaches in accordance with the invention are utilized in the work chuck
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desired set point, the valve 10 is closed, and the valves 14 and 16 remain open. As a result,
{he total fluid flow is reduced to that allowed by the fixed-orifice flow reducer 12.  In one
embodiment, the flow rate at constant temperature is about half of the flow rate during
transitions. The lower flow rate while temperature is held constant results in much lower
20 electrical noise, which provides increased accuracy in prober testing of the wafer at the
desired set point temperature.
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
25 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 {luid
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
30 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



15 14 and 16, as well as the flow reducer 12. \Wen the tenperature of the
chuck 19 reaches the desired set point, the valve 10 is closed, and the
valves 14 and 16 renmain open. As a result, the total fluid flowis reduced
to that allowed by the fixed-orifice flow reducer 12. In one enbodinent,
the flow rate at constant tenperature is about half of the flow rate during
transitions. The lower flow rate while tenperature is held constant results
in much lower 20 electrical noise, whith provides increased accuracy in
prober testing of the wafer at the desired set point tenperature. The
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resul ting priggsyhes Bienlic Ao UERS wihprahh o8 oNs sk GdaK ce@usi ng
el ectrical noise. The coolant fluid can enter the work chuck by |
pef i oditempewptuid Dwi workipiamchudo ol zasordahed with shetheigpnhosseeioil thet IRFEUEH- t he

k K, l,. ine.,Th | | s typical ol by th
bressand s SapBi ldbe vauel 1A PriFecr]a ol 2a Kol Wi aHado, ancy
30 di ff.ereRassnl By QUENQUL ik Ber-S¥Shem kb BukbRiklhid pa rheinkBisphacaihdael ween

the chuck inlet and outlet "al so bal ances the pressure between these |ines
pr eventdunipgtihiepesotamtnsidansobdth vaves 45 anel 477arefopomdiealgvdbiowesinum t4#e chuck

T bR B DB A e
NPy Se- | BACNGes, 8L LORe 45! G cldsddSxf Hi6 REMR AL H AV Of, 1&:&int 6pRRIAL I €

control system used to control 5 tenperature in a workpiece chuck, in
accor dangst, dictthmaeratire comm daidiemilowtd tchdowrbmnglh only thd epentialvedifod @i ment |

the valv 18 and flow Beducer‘ %}é .of , FlLG .2are regl 8f%e(3ﬂ th a pair of
val ves "489% éi_oﬁ"faﬁ%h%@ D PRepiHaR et STHOEARF PR AV diY €t ryi ng path 27.
In this BB High 0% HR0 If STRRNRALIE! hEGRThd LAPSimBA dT M6l Yage 4Blvand 47
are opened to allow for maxinmnumrate of flow of the tenperature control
fluid. Mheoptitiel.clibekalvedd kes baométedpbioatiset edyreridtond 7 conbe Ugeddp npaed
val ves, gﬁ, Xglv? 45 is closed, and the other valve, e.g., valve 47,

osef valve 14,

¢ Birmi nop
In accordance with the invention, when a temperature-controlied workpiece or wafer
chuck is transitioned in temperature, high transition rate is achieved by using a high flow rate
of temperature control fluid through the chuck. When the chuck temperature reaches a
desired set point temperature, the chuck temperature is maintained at the set point. Under this
20 steady-state condition, the flow rate of the temperature control fluid is reduced, such that
elecirical noise that may be introduced by the moving fluid is reduced. In embodiments of
the invention described herein, this dual-flow-rate approach 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-
25 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-rale approach is achieved by using a variable-
specd pump as the pump 25. The pump can be set to a relatively high speed during
30 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



result, the tenperature control fluid is allowed to flow through only the
open valve 47 at a reduced flowrate, resulting in a reduction in

el ectrical noise caused by fluid at a conparatively high flowrate. It
shoul d be noted that in the enbodinent of FIG 3, the valve 14 is
optional. The valve 14 can be omtted, because valves 45 and 47 can be
used. to neet 15 the purpose of valve 14. In accordance with the invention,
when a tenperature-controll ed workpi ege or wafer chuck is transitioned in
tenperature, high transition rate is achieved by using a high flowrate of
tenper zltug{ oy PRE {Sg'EdJCIGHI lgs&lpﬁ{% HORaLDE ofauekl ndbem thhehRuRkng sxpiagat ur e
reache esired set poin enperature, the chuck tenperature is,

mai nt ai ned atshbhig beebtgdahatthroupldern theforgahgsiceariyiostaad shecloHaMinesiiaittshe 1 ow
rate of the tenperature control fluid.is, uced, such that . ti]ca

noi se ﬂﬁ&mphﬁﬁﬁﬁéeﬁﬁﬂp6@%@5@339“Fﬁ@“ﬁﬁéﬁW%ef@t@ﬁqFr%Pgﬁﬁgggﬁhﬁ%&%ﬁkg'inents
of Lhe Loventhon, dsaald bed Nehiecd lldeifluak flowmsaiedapneens il

achi evé&& %%9 usrng a f1ow control device connected in one or nore of the

| isnes gatd, Mbwevek [eistieupeartaituneflsianian also bk i d gassoussigtefin 8 Whee FUEIES Thi s
flow control device can be a pajr. of valves ?p.gtyalve QQQ Baiblxed 25

ori fi cevberedive Hawidsiate o the dhibaisdnitip GRFGF ger 1 Bl 4R e B8 he val ves
can be contr ol o WL od SN e RIAUR Ssubh angdhkieons to
achi evé’ﬁ}ﬁ‘ﬁﬁ-g? a%%gie?l %%E%P’t\ib%% 1‘5%#11@?‘38@6 ng{?eiﬁ%ﬂg%ady- state tenperature
mai Nt egangad susbvddiat frehestdringahe doick & éstairecubetiments odtiest EentioBnidli nent

of the invention, the dual-flowrate éaﬁﬁtpr ach is achi eved 1ﬁ}{dulsei 'Tﬂ;tu?d

var i ablles ligyeeaatesd e Baiditha ipbgipg patrrepHa. Eah‘ff‘ﬁ@%mevb RO relrat vel y
igh speed during 30t rad HeBiehih A0R dil § thdend dadbshisistamav rat e
i reléﬁﬁvgﬁgeﬂP%h%”%éQ%@%% fﬂgﬁg%%gﬂ?g%%gggﬁ%?%hgg?apoint mai nt enance, the
punp CcRHRARidkRydk plescheidusednsheed such that the -8- fluid flowrate is

reduced, resulting in reduced electrical noise.in the chyck.duri testing.
It shoul d béNw&@gsmﬁ@ttmﬁméb@qﬁmﬁi‘fwaé‘%?%P@V&&nﬂ eh‘égj@?ii ﬂ‘u 18?151%%“’89 g%e

foll owi ng. cl ai .t pld A =Y i burahaonticed fluid.
The te@b%?lé?cﬁ?gg%dérﬁ&errmgltﬁ#?#f g%g%@t%lég%lﬁhé%hgg&s%gﬁtélﬁg? g{% or aliquid state.
As 1 ef ghkeds (PfoRe et tetail endyl iairghdeshasinumitichut defpetiigmiram| the spet skicape.
however, it is known that the fluid can also be in a gaseous state in the
sifst emof shechvensionwh deBnadhia the Hlioyiag d8%Sof the fluid boils in the chuck to
enter its gaseous state. Unless



ot herw se specified herein, when the tenperature control fluid is referred
to, such as where the fluid is prevented fromentering the chuck in
certain enbodi nents of the invention, it is the liquid state of the fluid
that is being referred to. For exanple, where the fluid, i.e., liquid 10
state of the fluid, is prevented fromentering the chuck, it is understood.
that the gaseous state of the fluid nmay b8 present in the chuck. Wile
this invention has been particularly shgiggﬁﬁg described with references to
preferred enbodi nents thereof, it wll rstood by those skilled in
the art that various changes in formand details nmay be nade therein

W t hout departln? fromthe spirit and scope 15 of the invention as defined
in the follow rityl@nRarare antrel ssioR for aAvQkpises shuskecUBMISHE: system for a

wor kpi ece Ch“Ck Q&Bgélgftuﬁkgcmﬁoﬁ Sgﬁﬂ‘&f PoHéBffn&lﬂHé ﬁ%ﬁeqﬁﬁfecoefatg 881%&;1%0' |ing

tenperature of a tenp ure u I'nl'et” an uid
outlet, thentreifedat ure control fluid being carried to and fromthe chuck

via the fluid inlet and the fl ui a controller _faor control |ng t he
tenperature contr @il lgénd@ﬁﬁ“g8ﬁ@V0ﬁPé@“WEGHFVSPPPLB id BeMEFHEEEOf t he
tenper at urgd GRM melchhuuvﬁ tEé‘lei‘dQHleHi&ﬁiﬁ'%%‘ﬁd offgh that the flowrate of

the tenperature control fluid through the chuck When the tenperature of the

chuck is in transﬁtcpotmolﬂfs foni fg)lmenlltdgahe teepefdtony coatrel defvidehthetconpellat ur e
control fl ui hro en th atu of, _the chuck.is being
ot i ned oot St i S ERES R ol AIRAMRLER feingtRaeEO TRt
connect ed flo@y @m@omemﬁpéx hitdteCbonftb PHui@nBroubR tfd dhuek Qikh @le temPefaturs bf fHeow
control | i % devi ce having an input and an out put connected to the first

fluid car chi¢igispatananen & hehes ﬁtamfth@ﬂpwmeﬁ It wwgrpeeaiie orzalithid dnongiput
ond o DRSNS fek 8 A8 U N S SALAAPR PR Rttt
claim1l, fandther conprising t he f | rst and second
a first fluid carrying path connected to one of the fluid inlet and the fluid outlet;
a first flow controlling device having an input and an output connected to the
first fluid carrying path and a second flow controlling device having an input and an

output connected to the first fluid carrying path in parallel with the first flow controlling

device.

2. The temperature control system of claim 1, further comprising the first and second
flow controlling devices being controllable to change the flow rate of the temperature

control fluid.

3. The temperature control system of claim 2, further comprising:
a second fluid carrying path connected to the other of the fluid inlet and the fluid

outlet.

4. The temperature control system of claim 3, wherein

the first flow controlling device comprises a fixed-orifice flow reducing device;
and

the second flow controlling device comprises a controllable valve in parallel with

the fixed-orifice flow reducing device.



flow controlling devices being controllable to change the flow rate of the
tenperature control fluid. 3. The tenperature control system of claim 2,
further conprising: a second fluid carrying path connected to the other of
the fluid inlet and the fluid outlet. 4. The tenperature control system of
claim3, wherein the first flow controlling device conprises a
fixed-orifice flow reducing device; and%he second flow controlling device
conprises a controllable valve in parallel with the fixed-orifice flow
reduci ng device. 10 5. The tenperature control systemof claim4, wherein
t he contrd.l er Gmitmebaturdeontmdystah lodblagn vMalwiereiothb eonpdier whetols ergper at ur e

in the chuck is.in transition and cl osed when the tenmperature in the chuck
is to be mmﬁwwai&? toa?ed%&an@&nsts@p%w@ n .ecim@_ lﬁé’ﬁ'@fs&m@ m@ﬂm
system of \Ghai ik fompMaRh&IiA tid\@ukl (st Helrﬁéévnfﬁg{éhra%'dbageldlfé_%ﬁs&ﬂt.corrpr' ses a

first controllable valve; and the secon ow controlling device conprises
a second controll able valve connected in parallel wth the first

controllabl e val,ve. 7. The t erature control system of claim6, wherein
t he contrgilerq&%ﬁ??%@?“?%%”?ﬁ$§¥%ﬂgﬁgC@ﬁﬁ nﬁhgg_ rol | abl e val ves such that
one of the first apdisegondos®alingubabd @or\rzﬁhg&@% fir§ conRSMabMIeAvE.emBer at ur e
in the chuck is in transition and cl osed en the tenperature in the chuck

is to be maintai ndt sseonsl Yesiceripling dpdrneom@iscy hsceasdsenaeilabéc vawe r ol

syst em of ' . L uRt her rjsing:. & second fluid carrying path
connectedc%%I(ﬁ%ﬁggﬁgﬁ%gﬁn?ﬁgy?ﬁ}%%“%ﬁﬁg$ﬁ§R8UtIet ; and a capillary tube
connected between the first and second fluid carrying paths. 9. The

tenperature control systemof c¢laim@8, wherein the capillary tube is
adapted td- balldfdempiratyts sansof pystere of plaup oavhereiBaaontrqlicacentraly thedirslat hs.

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.

8. The temperature control system of claim 1, further comprising:
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.

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

balance pressures in the first and second fluid carrying paths.

10, 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.

11, 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.

12. The temperature control system of claim 11, wherein the predetermined

temperature is above a boiling point of the temperature control fluid.



10. The tenperature control systemof claim@8, further conprising a first
valve in the first fluid carrying path and a second valve in the second
fluid carrying path. 11. The tenperature control system of claim 10,
wherein the first and second valves are closed when the tenperature of the
chuck is above a predeterm ned tenperature such that the tenperature
control fluid is prevented fromflow ng ilnto the chuck. 12. The tenperature
control systemof claim1l, wherein the predeterm ned tenperature is above
a boiling point of the tenperature control fluid. 11 13. The tenperature
control sykkemTie telln@mraitule chrurd] bedtert @R8] 10 Girth@r S@ﬁpﬂ’l:dngﬂ uid carrying path
connected to the other the inlet and the outl et st valve in the

first fluid carrylaﬁﬁc%’éit id gergyine sabigancasd/© th%oﬁlﬁé()%@Eé}HEF adihgowtty yi ng
path. 14. The terrgem@{t%q‘% o, sl Fo! Lﬂﬁwsgaﬁy %paﬁ?ljl adlngp 13, wherein the first and
r

second valves are closed when t uré of the chuck is above a
predet er mi ned t enpecatndnalsuciihe tdeand ﬂhlel daenypeymthure control fluid is
prevented fromflowing into the chuck. 15. The tenperature control system
of claim 14, wherein the predeterm ned tenperature is above a boiling

poi nt of tiye teﬁ'ﬂé&éxﬂ?é&ﬁ@n@éﬂ?ﬁfo@%ysﬁéﬂbgclaﬂiﬁ 1BTVQﬁe&ﬁrmgﬁ?sttHﬁ@s&%ﬂ@i%@ﬂv@yﬂ em
of claim1, wherein the controller controls the tenperature control device

such t hat arelerecawhentbe terparaustofithe clankdk abweaihw@ta‘rmm@@mraﬁmn@dch
tenper at urg optro u reve d f,romentering the
tﬂ@ %nﬁ%nggule%%mtlc?l f? ul:l bﬁ prgveg}tednf 8?]5% v»gln%,'lri g]

chuck. 17 eraturé con n the

predet er m ned tenperature is above a boiling terrperature of t he
tenperature control fluid. 18. A tenperature control systemfor a workpiece
chuck, corpri si ﬁ’@tcrﬁpﬁléﬁﬁ*ﬁémr@} aystomef elaingdgi weerpigrthe pisdeisimingd t enperat ure

of a tenmpeLabihfe ﬁ%@ {;Cpéb gom‘?‘of" hl(’:égnggija&ﬁ‘e Qro?ﬂLch“ d outlet, the

tenperature ctontro UId carrie e chuck via the
fluid inlet and the fluid outlet and

16.  The temperature control system of claim 1, 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.

17.  The temperature control system of claim 16, wherein the predetermined

temperature is above a boiling temperature of the temperature control fluid.

18. A temperature contro! 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.

19.  The temperature control system of claim 18, wherein the predetermined

temperature is above a boiling temperature of the temperature control fluid.



a controller for controlling the tenperature control device such that, when
a tenperature of the chuck is above a predeterm ned tenperature, the
tenperature control fluid is prevented fromentering the chuck. 19. The
tenperature control systemof claim 18, wherein the predeterm ned
tenperature is above a boiling tenperature of the tenperature control

fluid. 12 20, 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 other of the
inlet and Ithe Ol tehperaturé tdiBiol ¥adtMe off Biaiia 8 fufGbr Ednubighiigar ryi ng path ; and
a second valve in the second fluid carrying path. 21. The tenperature
control system of adl'8ifHidearrying pailrroppected osanesh thesiales arrl (hgIondet are cl osed

shen t he terber at Uigodls AT CAINIA i ARANEAOLEIREEL ORI LATRRL A Such

that the tenperature contro revente oW ng 1n

chuck. 22. The t eagestatalvedn clonfirsoffuslykatreingafatic] @idm 21, wherein the
predeterm ned tenperature i.s above bai |l i ng point of the tenperature
control fluid. 2325§$8da éP&iW@OI&Cgﬂ?lﬂ&aﬂgy@t}?@Fﬁ-of 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 other of the

inl et and 2lhe direltenperatarcdcantapystdnapy claith 80cehaeintted filbe bk eavontealives st and

second fluid.carryin ths. 24 .The t rature ntrol. systemof claim
23, wher eitfe FHE- KA B R RERE O BdpiEd 2hdy s el mpe SRR Syt

first and tseRn@dnipetinge cantoiMgd n;q&rla@ame%ﬁfror{%v&iﬁ?nﬂé #ch@cieont rol system
of claim 23, further conprising a first valve in the first fluid carrying

path and a second valve in the second fluid carrying path. 26. The

t enper at u(r%g co%re%mﬁ%%%penao%mﬂﬁ%éﬁ ﬁgclgﬁﬁgLae\%'igeré%ﬁfe,ﬁtéﬁrreﬁ&e ngjlegecond val ves

are cl osed when the erature o a predeterm ned
t enper at ut@nsaratare khadvvd hieoitisgpeimabviithe t@apdéramte Edngiotl flukl. prevented from

flowi ng into the chuck.
23.  The temperature control system of claim 18, further comprising:
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.

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

to balance pressures in the first and second fluid carrying paths,

25.  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.

26.  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.

27.  The temperature control system of claim 26, wherein the predetermined

temperature is above a boiling point of the temperature control fluid.



27. The tenperature control system of claim26, wherein the predeterm ned
tenperature is above a boiling point of the tenperature control fluid. 13
28. The tenperature control system of claim 18, wherein: the controller
controls a flowrate of the tenperature control fluid through the chuck
such that the flow rate of the tenperature control fluid through the chuck
when the tenperature of the chuck is ind3transition is higher than the fl ow
rate of the tenperature control fluid through the chuck when the
tenperature of the chuck is being maintained at a set point tenperature ;

and the syt emTHertbfperaCOaRs it Syderh bOWagANK! ®hékh@ device being
controllable to change the flow rate of the tenperature control fluid. 29.

The tenperature ciftBfrodgsoatplsfa dewraie p8theftempereiure emsiol Spidghranghithest
fluid carryi . oJq| . e i.nl . the : a
second fIJ%Haggggiﬁﬁgﬁ%g?ﬁ}%gﬂﬁgg?gﬁn%%ﬂéhémg ﬂﬁﬁmgﬁﬂphgiﬁﬁﬁékaéﬁgg?ﬁg
outlet; whepehturé betht lcbuekciont rrahditicigis thégtice ehah She o estt @d therte@peranfe t he
first and second fluid argyi ng, pat hs. 30. The_tenperature control system
of claim thr%@ githyopgithe|cBirlcBhen Gelteaperaas efdhe sligks beigs majntained at a
fiXedTOFi%Eﬁ&ﬁ&h@%@é@ﬂﬂ@i&&ideviCe in one of the first and second fluid
carrying paths; and a controllable valve in parallel wth the fixed-orifice
fl ow reduci ng devilesysteglfurtiibecongnises afloweconontlingldesics bhemgabnicdlkibie 60,
wherein the contrgller controls the controllable valve to be open when
tenperatufﬁmﬁﬁqﬁﬁﬁogﬂﬁ@Kgggg@ﬁq??ﬁﬁgf?W5ﬂfﬁﬁﬁ cl osed when the tenperature
in the chuck is to be naintained at a desired set point. 32. The
tenperature control systemof claim29, wherein the flow controlling device
conpri ses 29. a flihe sempsspiuraotdnsiel &ysiea obcleiomAdciugter sonumwisingt t he first and

second fluid car ) Dl %glt;!§iilg%gﬁl connected to one of the inlet and the outlet; and
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.

30.  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.

31.  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.

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

a first controllable valve connected in one of the first and second fluid carrying
paths; and

a second controllable valve connected in the one of the first and second fluid

carrying paths in parallel with the first controllable valve.



a second controll able val ve connected in the one of the first and second
flurd carrying paths in parallel with the first controllable valve. 14

33. The tenperature control systemof claim 32, wherein the controller
controls the first and second controll able val ves such that one of the
first and second controllable valves is open when tenperature in the chuck
isin transition and cl osed when the tédfperature in the chuck is to be

mai ntai ned at a desired set point. 34. A tenperature control systemfor a
wor kpi ece chuck, conprising: a tenperature control device for controlling

t enper at ur3s. of Ehettemperaairé téntrdd @MtElof tlaith 32, @hédelti e bohtad]lcabshteolf thei d
outlet, the tenperature control fluid being carried to and fromthe chuck

g
via the fliEEndiceendgratoRedle valives sigh teatong of thedirsiandjsgeangrsopiraldatdat h
connect ed 1,9,.0ne N ' i let: a: [ fLying path
connect ed fbf%ﬁem%%heggﬁk&%ﬁ%nﬁﬁ E%Egﬁgagﬁzﬁgﬁtléﬁfaﬁgj%%ﬁfﬁg:ﬁeé for
control | i ngmpéreturenpide ahurkes cob¢ naintdesd aten ddstred smmpbirol | er (i) controlling
a flowrate of the tenperature control fluid through the chuck, such that
the flowrate of the tenperature control fluid through the chuck when the

tenper at urg. of A4 RSnpshitieicohfiol dYstehfds bt @RpieSe Hludhelonttamd he flow rate of
the tenperature control fluid through the chuck when the tenperature of

the chuck is bei ng terapereiairnemhiuat devisefor pontnolling fpereatturesnt a tamger@iticy
controlliqgngg l.enperature control device such that, when a tenperature of
the chuck I'$¥abdVe a predeterm ned tenperature, the tenperature control

fluid is prevented flid pietenl efiuibotthg, BB uSlperdit @ntbPMideRiHakigibodevi ce
being controllable by the controller to change the flow rate of the

t enper at uradd éight thsichpekyig theBuid st snshipe fdipeletiont rol  system of clai m 34,
second flui d carroieg it REMEEHERoh e dRDRRELE the MiePlifs 5 oblE o "2 am
35, wherein the fhowondiluidtdriyige galiicoeneceainphseader of the inlet and the outlet;
a controller for controlling the temperature control device, the controller (i)

controlling a flow rate of the temperature control fluid through the chuck, such that the

flow rate of the temperature control fluid through the chuck when the temperature of the

chuck is in transition is higher than the flow rate of the temperature control fluid through

the chuck when the temperature of the chuck is being maintained at a set point temperature,

and (i1} 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.

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

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

36.  The temperature control system of claim 35, 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.



a fixed-orifice flow reducing device in one of the first and second fluid
carrying paths; and a controllable valve in parallel wth the fixed-orifice
fl ow reduci ng device. 15 37. The tenperature control system of claim 36,
wherein the controller controls the <controllable valve to be open when
tenperature in the chuck is in transition and cl osed when the tenperature
in the chuck is to be maintained at a déelsired set point. 38. The
tenperature control system of claim 35, wherein the flow controlling device
conprises : a first controllable valve connected in one of the first and

second fl Wd céarbeftcmgerapat bsitrdABgktan €eknd 36pwheeld dblentvslley eomannget ed in
the one of the first and second fluid carrying paths in parallel with the

first contYBHPEHIE VP iebe aten Yike eERpEFHE Ut e sbigs i atinn B Grrim 38,
wherein tRehGARL (@hbRinRARLEOLTRk Ao o hahiANA £ ReROLGRNbaiAL | abl e val ves

such that one of the tirst and second contro val ves 1's open when
tenperature in the chuck is in transition and cl osed when the tenperature

in the chugk is.tao be nmmintained at a.desired set, point. 40, The . .

t ermpor at UrS: contigP By BNERFGHIOL Ao 38 Clarn S hRPSEBHDF o ToRESIderiEey ¢ ube
connect ed dgipmen: the first and second fluid carrying paths. 41. The
tenperature control system of claim40, wherein the capillary tube is
adapted to bal anedirgrasssoliaise valve henrfeciedtin anelobbe dimet ahfl geapnd dhuid/cargyipat hs.
42. The tegﬁgr%%ﬁre control systemof claim34, further conprising: a
first val vé h e first fluid carrying path; and a second valve in the

second fluid carryisegnaabhtrodeble Td10e t@iREfeait iR dheR R fisyaidereeld ghidi m 42,
wherein the first and second valves are closed when the tenperature of the

chuck is &BBV@ePapisdyensHel with thedipesortrglablgyalve. that the tenperature
control fluid is prevented fromflow ng into the chuck. 44. The tenperature
control system of claim43, wherein the predeterm ned

39.  The temperature control system of claim 38, wherein the controller controls the

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

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

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.

43.  The temperature control system of claim 42, 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.

44.  The temperature control system of claim 43, wherein the predetermined

temperature is above a boiling point of the temperature control fluid.



tenperature is above a boiling point of the tenperature control fluid. 16
45. A nethod of controlling tenperature in a workpiece chuck, conprising:
controlling tenperature of a tenperature control fluid with a tenperature
control device; carrying the tenperature control fluid to and fromthe
chuck via a fluid inlet and a fluid outlet ; providing a controller for
controlling the tenperature control devilde, the controller controlling a
flowrate of the tenperature control fluid through the chuck, such that
the flow rate of the tenperature control fluid through the chuck when the

t enper at ur4s, of A rhighc@hafonirslling térhigdratutd @ wWerkBiegbekudkhadmpigng:l ow rate of
the tenperature control fluid through the chuck when the tenperature of
the chuck is bei ngonEHpatsrareraprefadempeiafitre contrad dhid with a teppads ng a

first f'“ggnﬁaf&%ﬁ&ﬂ path to one of the fluid inlet and the fluid outlet;
and providing a first flow controlling device having an input and an out put
connected to the feangitgfhatcchpeaturyicogirgdatid anghdafr@aclonchuick eva £ oidriolet i ng
devi ce havi % n, input and an output connected to the first fluid carrying
path in pépglﬁgpdﬁP@§=the first flow controlling device. 46. The nethod of

claim 45, further ,6onmhk 8icB8PIR ARGl the FtpetNFreXBaRDIdviQ@Whe
controlling devicées being controllable to change the flowrate of the
t enper at urcentolrroohirolfingiadlowsinte Thide tenpaatucf copltral fhidahrofugh theeshuckrgpeh si ng:

Comect 8 GERRULL LGP T S B R T ™
second fl wifthe @Ak Y indradaitios is Kighertheh MRtRdrad ofthakdimpgelatuih@hgbnNfluid
: through the chuck when the temperature of the chuck is being maintained at a set point
temperature;
connecting a first fluid carrying path to one of the fluid inlet and the fluid
outlet; and
providing a first flow controlling device having an input and an output
connected to the first fluid carrying path and a second flow controlling device having an
input and an output connected to the first fluid carrying path in parallel with the first flow

controlling device.

46.  The method of claim 45, further comprising providing the first and second flow
controlling devices being controllable to change the flow rate of the temperature control
fluid.

47.  The method of claim 46, further comprising:

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.

48, The method of claim 47, wherein
the first flow controlling device comprises a fixed-orifice flow reducing device;

and



the first flow controlling device conprises a fixed-orifice flow reducing
device; and 17 the second flow controlling device conprises a
controllable valve in parallel wth the fixed-orifice flow reducing
device. 49. The nmethod of claim 48, wherein the controller controls the
controll able valve to be open when tenperature in the chuck is in
transition and cl osed when the tenperatuffe in the chuck is to be

mai ntai ned at a desired set point. 50. The method of claim47, wherein the
first flow controlling device conprises a first controllable valve; and a

second cont 1ol | able. Ll 6PRDSRYRH, hEBEEAhhEles WRLNBI IR nGaRiep! | abl e

val ve. 51. The nethod of claimbs erein the controller controls the
first and vedcimdixedontficoflbabicduoiag descsuch t hat one of the first and second
controll able valves is open when tenperature in the chuck is in transition
and cl osed when the tenperature in the chuck is to be maintained at a

desired se poiThe méﬁ’od Jﬁlﬂalmew%e%mﬂ{eaddﬁhﬂﬁer doufrbianhe EQRRIIaBleN@lve to
connecting a second fluid carrﬁll ng to the other of the inlet and the

outl et; @pewrhet tangrausdpithe tlmetw@éttm@@nd clpsed wher therfempeeBeiiof | ui d

carrying 5 Q f wherein the capillary tube is
adapt ed tgﬁebgh%glﬁéset%pbreergéagg%cla aga% gedﬁc{r’?%?l and second fluid carrying paths.

54. The nethod of claim 52, furt her conprising providing a first valve in
the first quid carrylﬁggpath and a second valve in the second fluid
carrying path HBH oY Iereiim 54, wherein the first and second

b edet e??nenéb"f e A E e RTIRE AR P Br a PR E S ROV Pand
prevented from fl eveagdicobtooltdhe ‘thm:dmnni:&ed in parallel with the first contr ollable

valve.

51. The method of claim 30, wherein the controller controls the first and second
controllable valves such that one of the first and second controllable valves is open when
temperature in the chuck is in transition and closed when the temperature in the chuck is to

be maintained at a desired set point.

52. The method of claim 45, further comprising:
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.

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

in the first and second fluid carrying paths.

54.  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.

55. The method of claim 54, 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.



56. The nethod of claimb55, wherein the predeterm ned tenperature i s above
a boiling point of the tenperature control fluid. 57. The nethod of claim
45, further conprising: connecting a second fluid carrying path to the
other of the inlet and the outlet; providing a first valve in the first
fluid carrying path; and providing a second valve in the second fluid
carrying path. 58. The nethod of claim?3%, wherein the first and second

val ves are cl osed when the tenperature of the chuck is above a
predeterm ned tenperature such that the tenperature control fluidis

prevent ed sl omip-QudtRG MBIt 5L wARKGK (hedFeddBSniNES RAG RS 2iEBVRq bothr ei n
the predeterm ned tenperature i's above a boiling point of the tenperature

control fIpgid.of 86 temMperaiee hodradflugd. ai m 45, wherein the controller controls
the tenperature control device such that, when a tenperature of the chuck
is above a predeterm ned tenperature, the tenperature control fluidis

preventedsﬁroNHQBMQﬁh@gbﬁQQHQMygkﬁmﬁLom@hgngethod of claim 60, mhereln t he
predeterm ned tenperature i s abaove a boi g nperature of th
t enper at ure cont r 6P1IFCLiiRga s@ond ﬂuwettamwgawat mlhe@lthqrﬁéﬂleéﬁlﬁb@rmhﬁ@uﬁﬁ,

wor kpi ece chuck, Rﬂ@%bgp%%nvaﬁ@nﬁﬁﬁh% gﬁug ﬁﬁ%ﬂﬁ?a § a tenperature

control fluid wt erature  con carrying the t enperature
control fluid to andidingasédoadvhivekn theaseaorfd ﬂluud claxmylagpaalnd afluid outlet ;
and providing a controller for controlling the tenmperature control device
such that, when a tenperature of the chuck is above a predetermn ned

tenperat usg, 1 hge hRARR! A 57T WHef@h e fwspaddssc (‘F']rﬁlv\%n@e%%é éleégde@l%&{ B9 the

chuck. 19  63. The nethod of claim 62, wherein t redet erm ned
t enper at utt@np@a‘rammféhac}bmklrs mlgavetaemp@tamunei mfnmemn'een@euhatt the ¢eraparatno

fluid. 64, contrc?l 05 é 18 pQ”e\PJnte%l £om’ ﬂ%%shné ynrtct) t %rch(t:lokrrp” s ng:

59.  The method of claim 58, wherein the predetermined temperature is above a boiling

point of the temperature control fluid.

60.  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.

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

temperature of the temperature control fluid.

62. A method of controlling temperature in a workpiece chuck, comprising:

controlling temperature of a temperature contro} 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

providing 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.



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 first valve in the first fluid carrying path; and
providing a second valve in the second fluid carrying path. 65. The nethod
of claim64, wherein the first and second val ves are cl osed when the
tenperature of the chuck is above a predéternmined tenperature such that the
tenperature control fluid is prevented fromflowi ng into the chuck. 66.
The net hod of claim65, wherein the predeterm ned tenperature is above a

boiling psd.nt e hbBod eNFIEHAbUNChEEREOprelétdintined ompbRauidgs Biad eaf bosliat M
62, further i sing: connecting a first fluid carrying path to one of

t he |nIett@ﬁﬂengﬁeéﬁﬂﬁé@npmﬁ@ﬁﬁ§éIphﬁu@-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. 68. The nethod of claim 67,

wher ei n th@-caﬁﬂkhaﬂyodu@@ahﬁ6hdﬁph@dmh@whﬁ@ance pressures in the first

and second fluid carr g 2 3@ 69. The thod gf ¢claim 67, rther
conpri si ng provi di°A “‘F p ipst F(%/‘éafnﬁng%t 9 pag o tiharﬂdewélérﬂﬁw tpath and a
second val ve in the,seeRd sddotl qllu?c%eﬁV}‘ll‘?@?ﬁﬁtt@the%@her-g@ﬁqenfﬁfc@%@1 . Jatigh m 69,

wherein the first and second valves are ¢l osed when the tenperature of the
chuck i s above a pnad@ngadhﬂedh@enp@wﬁmuﬂQMSuUhm@haﬂlmhé t enper at ure

trol fluid i t t huck. .20 71. Th t hod
Dl ot m 70, Cuher Bl RS S e e i ek e e a0 Lol g

point of the tenperature control fluid. 72. The nmethod of claim62,
wherein: the controller controls a flowrate of the tenperature contro

fluid thr&dgh tlhe mekakrt clajmett, therein e filsbayndrsgeendotalvesare elepest when e
control f ltéﬂlger% cﬁ%’i?tﬁ? %}chcg%%c% r@d(%tgﬁmp&f ﬂ% ! o ttl!flle Su '%,hélp t%e?QrHSé( atu?e Ln

transition | an 't enperatu
control ﬂmd is prevented from flowing into the chuck.

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

point of the temperature control fluid.

67.  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.

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

in the first and second fluid carrying paths.

69.  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.

70. The method of claim 69, 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.



control fluid through the chuck when the tenperature of the chuck is being
mai ntai ned at a set point tenperature; and a flow controlling device is
controllable by the controller to change the flow rate of the tenperature
control fluid. 73. The nethod of claim 72, further conprising: connecting a
first fluid carrying path to one of the inlet and the outlet; and
connecting a second fluid carrying path2lo the other of the |nIet and t he
outlet; wherein the flow controlling device is connected in one of the
first and second fl uid carrying paths. 74. The nmethod of claim 73, wherein

the flow cantr difei@hd@yr €leint PMPriicees th@piicldetniatd fdngrrdthevs ivdidcl glitevi ce
in one of the f| rst and second fluid carrying paths; and a controll able
val ve in giiof dhe gmppraie coptiddlugdi fi ce f1ow reduci ng device. 75. The

met hod of claim 74, wherein the controller controls the controll able val ve
to be open when tenperature in the chuck is in transition and cl osed when
t he t enperiat ur &hicmethirbottdiniok62,svitcoeihe mai nt ai ned at a desired set poi nt .

76. The nethod of claimZ3, vvhe the flL.oqw controllin jce co i ses:
a first control | aBfeopgPYe %HH%& O Fie BhACSFTPFaIFe ?fg?mgﬁ dst@wgp IF? ui d
carrying clﬁéélb SuctPihdt tﬁe $RGOREL SAR¢ fe%ﬂe%ﬁhx% c\bﬁ{rMPﬂ&iQ @lﬂ%ﬁg}?gxe'cﬂu&}@@h@fﬂﬁlem
the first and second fluid carrying ‘paths in parall Wth the first

cont r ol | ali¢rapsratuveof the chick is Tinwanseti dnoid hmhecﬂamrﬁme?ﬁcpwmmtepéth@ temeemgbue r ol | er
controls the, first ..and.s ntrol | abl e, val hat one of .the
Poret Chna DR bR gRP P PERREC POLLR R B SRER R e bl R B i
isin tra@sﬂﬁdlﬁmc@p@l«amr@%d when the tenperature in the chuck is to be

mai ntai ned at a desired set point. 78. nmet hod of controlling te rature
in ‘a workpi ece chadlew easrgHing deyice 1&@?&"%“@16679’tb@ﬁ@éﬂé@ﬁwf@ﬂgﬁﬂwg‘%&ér ature

control flyLdewd tQmEeLIaﬁHP ELAtH R,

73.  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.

74.  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.

75. 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.

76.  The method of claim 73, wherein the flow controlling device comprises:

a first controllable valve connected in one of the first and second fluid carrying
paths; and

a second controllable valve connected in the one of the first and second fluid

carrying paths in parallel with the first controllable valve.



control device; carrying the tenperature control fluid to and fromthe
chuck via a fluid inlet and a fluid outlet; connecting a first fluid
carrying path to one of the inlet and the outlet ; connecting a second
fluid carrying path to the other of the inlet and the outlet; providing a
controller for controlling the tenperature control device, the controller
(i) controlling a flowrate of the tenpéflature control fluid through the
chuck, such that the flow rate of the tenperature control fluid through

t he chuck when the tenperature of the chuck is in transition is higher

than the fiow refeanahod bEchipiPe idiéia the sttkolier Ednioth thBFigdahd thenghuck when
the tenperature of the chuck is bei ng mai ntai ned at a set point
1

t enper at urntrgiable valyecsih tit phagl thedirsiamgseeandreentohiovaldesis epeswben t hat
when a t - the ¢k I v r er.m ned | 14 .t he
terper at ur anaarr6 i Bbiehi i 3 o o BRI e B A R0
provi di ng te rhiiowirednt ndesitadgetdsinice being controll able by the controller to
change the flow rate of the tenperature control fluid. 79. The nethod of
claim 78, wherein the flow controlling device is connected in one of the

first and ﬁecormn{ehwd%f%_eﬁmmgt&%éﬁureﬁﬁ-aJ&gl_)fgﬁ p%kpﬁng g 79, wherein

the flow controlling device conprises: a fixe ice reduci ng devi ce
in one of the firstntariingeogredtflewiid termpemyiragomal fisjd witbl ageroparttuad | abl e
valve in paralil | .with the fixed-orifice flow reducing device. 22 81. The
met hod of°8P%?ﬁ%§6?’mherein the controller controls the controllable valve

to be open when Eﬁﬂjﬂﬁgﬂi&bﬁﬁb@t&é@orﬁm%ﬂﬁ)ein'& ftaRRsd dHuek vandieiesed when
the tenperature in the chuck is to be naintained at a desired set point.

82. The nuathadluid celleli m 79, wherein the flow controlling device conprises:

a first control | able valveaRQWIRFLaH i doRR% Slc 4o lhEShatdoqggond 1 ui d
carrying paths; an

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.

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

the first and second fluid carrying paths.

80.  The method of claim 79, 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.



a second controll able val ve connected in the one of the first and second
fluid carrying paths in parallel with the first controll able val ve. 83.
The net hod of claim 82, wherein the controller controls the first and
second controllable valves such that one of the first and second

controll able valves is open when tenperature in the chuck is in transition
and cl osed when the tenperature in the éRuck is to be maintained at a
desired set point. 84. The nethod of claim 78, further conprising
connecting a capillary tube between the first and second fluid carrying
paths. 85.38]The Tiethhwitbddf dtdifi §0, Sdieratd dfeciontrbhe wapblslted yorielieblevabdapt ed to
bal ance pressure inthe first and second fluid carryipng paths. 86. The
met hod of PEICRPIVASY teRper4iwie 1B Hhgsriugk gl thnsiiionang C%?S# yagn Rhsﬁ%p?lﬁt%@

first fl uigh GRGKYd 3%eRAN second valve in the second
fluid carrying path. C Tt wnﬁﬂﬁtaﬁé %ggbc a?%186 wherein the first and

second val ves are closed mhen the tenperature of the chuck is above a
pr edet er m,ped ratur such, that .t he er control . fluid is
prevent ed 82r omtrfggﬁﬂ?'@‘? AT He WORTFEKthe Eé?w @é@%‘eﬂ”?ﬁw&}pﬁsﬁﬁ ‘87, wherein
t het pr Iedfelt er (rjn ned; HeTRERIBSILE: vabveaRRYEetad ROl dT3he RRY Bid Qcoﬁ&ﬁuid%ﬂ?lr?gt ure
contro ui
paths; and
a second controllable valve connected in the one of the first and second fluid

carrying paths in parallel with the first controllable valve.

83. The method of claim 82, wherein the controller controls the first and second
controllable valves such that one of the first and second controllable valves is open when
temperature in the chuck is in transition and closed when the temperature in the chuck is to

be maintained at a desired set point.

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

the first and second fluid carrying paths.

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

in the first and second fluid carrying paths.

86.  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.

87. The method of claim 86, 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.

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

point of the temperature control fluid.



