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APPARATUSAND METHOD FOR CONTROLLI NG TEMPERATURE I N A
CHUCK SYSTEM Rel ated Applications This application
wa@b@emsesshe benefit of U S, Provisional PatenpCT/US2006/006810
Appl i cation nunber 60/658,452 filed on March 4, 2005
and U. S. Provisional Patent Application nunber
60/ 669,685 filed on April 8, 2005, the contents of
whi ch are incorporated herein by reference in their
entirety. Background of the Invention |ntegrated
APPARATGSAND METH(P FOR CONTRQILING THMPERARHRE IN A CHUCK
eval uation steps to ensS¥8TEM hi ghest quality. This
is particularly inmportant to the sem conductor
i ndustry, where it is inportant to screen defective
Related fore more expensive packaging steps are

?@%%%ﬁféau&‘aaﬂnmﬂé bkt to??t sz’l%%s chat Patent Apphcatlon number

ature-screen t erna chuck 1's use
60/658,452 filedwh déarph é,cZ(K)IS@ndt[é Splénmsumel RasenttrAgiplidatidomymyes

s B i AR R PP T n b pegrenc
in their §ﬁt§§ﬂyonary position while the wafer is subjected to

extrénme tenperature variations over predetermnm ned
perlods of time. For exanple, it is desired that the

Back waf %rfthel W%%ed to a high tenperature and abruptly
%ext renmely | ow tenperature. Therefore, it
IrﬁegirzﬁﬁDélEcaﬁtE atddibjdcted tb hseried ofatuy akd bmlmmhlsmps édlerisare the

port atenperaturetran3|t|onf a h t her mal
highest awdw tdie pagtigriarly dmportayk to H@rﬁ%’il"o@%%tﬁl Pebeh Afhgedt is

1mportaﬁ£ t%%cfe@xfl Séfé@tﬁ dQafli ‘t@f&r@%nd?@ b%entsﬁ/ 51@1%Hfgestep9 fare apphed One

ce-versa oma | ow thermal” ch uc Mperature to
1mportaht ight stdpds tcaﬂenmhmuke{sewpmﬂatmfel; A hhlemm chmkrlselstd ‘r@nmwﬂe

of tinme possib conventl onal ther
precisc b tTaRoREVS] WIMATE SRR A B oeP et e iy PN
conﬁgu?&ﬁ’i@h}’th@ thedmbll oh@ek HaIdL the @af@ﬂlnaiméﬂ(fnb@f pds@iod wiilkctke wafer is
heater (for increasing the chuck tenperature) or to a

subj ectftdd@ leaieme jomneraAvicomntigensaye( PisAetgueinedpetingisoh Emeh diok

exampl? é{‘rp 3! %%eldv\ﬁg’[ thggr ﬁ exl%d}gﬁlq gdl %ﬁgm 1 gﬂ%r?tg% %@\C/%}n%}ﬁwr&hosed to
an extrén@MPRIwaictperatires Th&&fq}b 6if isdmipertue rtidt dhicethadnoal eh@6kHe configured
a desired | ower, tenperatu

f | d
to SUPPAIRSGHVEE TGN 1T A A BFIEk <Y SOBHEUEaHS [ logddema
chuck tgrﬁ érgtﬂl:e Glsh CUL AL RMhsSYRE &h{ t@ @fa’hﬁ@sﬁ vtl&evéi@ep Glom a low

erature, a severe un ersho drop bel ow
thermaltcﬁlecls‘emppmltm’e to a high thermal chuck temperature in the shortest amount of
time possible.

Typical conventional thermal chuck systems control such temperature transitions by
applying a fixed gain via an amplifier to a chuck heater (for increasing the chuck temperature)
or to a coolant circulation system (for decreasing the chuck temperature). However, the fixed
gain approach is not feasible when abruptly transitioning from a very high temperature, for
example, a temperature above 200°C, to a desired lower temperature, for example, around
25°C. While conventional thermal chuck systems can include a coolant circulation system to

decrease the chuck temperature, a severe undershoot, i.e., a drop below the set point

temperature, can occur due the sudden decrease in temperature, particularly from high
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tenperature, can occur due the sudden decrease in
tenperature, particularly from hi ghtenperatures,
wo b@comaehi nderi ng tenperature control accuracRCEHOS2006/006810
increasing the time required to reach steady state at
the desired set point tenpé@rature. Summary of the
I nvention To address the above limtations, a feature
of the present invention is to provide a tenperature
control systemand nethod for controlling tenperature
temperatyres, therebyrbinderingctempiiagure govel desuracicanddaergdasing the time required
ntr aceuracy and inproved efficiency,
to react, FERE RG0S AR e TP PRGN enper at ur e cool | ng
operatlon. In accordance with an aspect of the
i nvention, there is provided a tenperature controller
Summ th, 1a tenperature transition in a thernmal
EE"B Walrebd tﬂgla%%n itk ganeg 8f t‘ﬁg e%eﬁtq?@enki%\g’is tﬁ provide a
t enper at ur e, ron1a ure 0 a hig
temperatmlafp:en‘amlwyﬂieml amdanh:thdsd fon ,cohﬂnﬁhhg [qmmea;itmreen adindrimal tlarck which

.,.can perform heatin nd cool i ng oper
provideg Gty fepgrage seRrelAectRey lﬂnpéave%e'éﬁwn% and reduces

undersH¥o PR % NBmipBRALS BOQing Jigatiogper at ure control | er
manages a tenperature transition by using tine

pr mordan@m‘aith e nmegt of tBp sviehiiom Ithla,vq: istfirevitledp tanapevatere

controt R Pty § TR PP IR aPe el MRl oyl o Hieo

tempera@ﬂaesl @K texsbraudy by fromcd Bwsiehpeiaheé td Phight@hpdrRre. In
i mal proportions of air and fluid to be alternately

additiory &hep@fnpts@utrﬁ eontradlerain paruR kpating gncioqnling eppigtigus concuirently
to achlegg gllleo(\?\cgltrgc?leesglg gpl%ﬁﬁﬂn?ﬂng {ndd:0R3¢ during which fluid,

arr are-provi ed to the chuck durlng
The teprpedefidic rodir@ér intchages 4 femperanire taaaitions by heng kivied
ime interval II ai.n schedul er

duty cycle_ for. the
proportgaAecREL SPopIHI BRI (a0ao et SASPERe G frapprtiona

controllfef‘ eTIREGHH B BidpartRinaPedrRiBRer MEMKEs 4 EARSERdIARY Qﬂd a duty cycle
determ ning the difference between the actual

scheduleeioplstaminesontifnal hroporiiaris odrirtahe fluahfiorhsi ahgmafely bretput to the

t erature tr A ony4 ferre S
thermaty SIBERTY Eo iRy isBBn, IR Pl Tind JUERE MR i o
water, dnd aSar@p®@idef @b tHe dhaopeitigihe pretlefinéd paidAr@ R infAddl is the
controIFer controls a set of air and fluid val ves

fluid dufy: gysiieifos ghe teme indervgl- chhe gainsohedivlen geaeratesr prportion band and a

transmctﬂfe ey Beé}gﬁ]ﬂ% 3pd téulﬁ% éﬂ%{tﬁ? b?;giee%gglﬁﬁné ﬁl% difference

eraturée eases
betweett thersstual ®mpetahee dé thieathucln attthb beginnihp ef theasmpadture transition,

nperature _and desired. t erature, and thus the duty
referted @ e SR eliss BaLE Ged TTRRGAHI 8P FFIBHES (o 25 2 Set

point teﬁ%?d’t&%l The Wil pr&Utis Rl chRolfk boRPls & Eéj o? %h& ¢RiPHles
pproprlate proportions of alir an uid are

accordupg twa deipl cyde pﬁeulewdd?@m thegaoportioe Hatfd aneidh@tramsmbn wien

As %he temperature decreases during the temperature transition, the dev1at10n between
the measured temperature and desired temperature, and thus the duty cycle, will also decrease.
The time proportional controller will control the air and fluid valves such that appropriate
proportions of air and fluid are provided to the chuck in each predefined period. When the
measured temperature is within a small predefined temperature range, referred to as the dead-

band temperature range, the gain scheduler will cease to calculate a duty cycle, and a different
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measured tenperature is within a small predefined
tenperature range, referred to as the deadband

wWao egopes@sur e range, the gain scheduler will ceBGEUS06/006810
calculate a duty cycle, and a differentset of
cal cul ati ons, and secondary-control actions, wll be
perfornmed in order to achieve the desired effect of
m ni m zi ng undershoot. A feature of the present
invention is that the tinme proportional controller can

set of caheudatiades, ansimeomdant eonprobprions.oridl hefpeaformechin drileri tgt achieve the
. daring the .tenperature transition, and performa
desired 8@%‘%@%@%@%%%%6 S%O g’r ation and heating operation to
ArfsathR dfhied prekehe 8 ardn isshatithd fiing ebpoAi@iahedntdotiat ¢ineprovide
of the present invention is that the tine proportiona

appropriggproppitiops phainanchilyi dusing e lsmpershire HRnsiden. aRd Peiierm 2
r 0 .

convo o RSt SR SER UL 30880 B APRAE L4 R0

Haovthesiehmeib Bthe preatntdatentiba iethatethp tiopqropartionsd ndntadller forms a

. the begjnning of t erature transition that is

plurah%?;&qnflglﬁgwn? ﬁ@n&@wﬁa e F?Paehﬁﬁjég%%ﬁ@ regiqfhas an
associatBll 8681 abpoaft WRIth ST BSIRAS a Gt Rh&Hul ¥t @Blkulates a proportion

t enperat ure behavi or "that occurs in the various )
band at therhegoiningefi ompelafire tronsidemtet isispecibntotbp eontrafregipe In this

iaventign, there.is provided.a t eratur ont r.ol .
manner :Stgg pgeﬁ]elﬁ dpveéltl(?ﬂ ag@ e%%%? | a%]il %e%en f%‘)n&el‘&} II;HI‘S E)Fﬁ%vé?r t?lat OoccCurs m
the varib@C®inttoNggiink. from an air source, a second input for

receiving a fluid froma fluid source, and at | east

brasceidepen with an atneet afaheinyertion st sinigyiderta kperaiere control
X D . 0 o I .
e Bl AR 888 8 OSBRI o o £ Lo RS 50 o
for recetuinlz & fnidofeorh erfhed adurce and at keadtload outpnt fon akerbatdiynteansferring the

. he .t enperature control systemfurther conprises a
air and Ry PRREGR R 1 DR IOrEpLT SHTGERATERBE 1 R
TRE 8RAISEN RbmplSe Whiel AtEcdniemptidhige-aRdraledecond
tenperature control systemfor controlling a decrease
bt ant ¢rebaglimpaic thettempanarusamtrol hsten firthoe corapriess atfirste
emperHT g BB PRI B S0 Bl s s scond
temperafii@ coRE6INYsteRNDBELE@ Dl IEnLHOM I Ese BY Ble8tRfhdtabm@esature. The surface
| owt enper.at ure ﬁr ocesses .and controll er tgr ocesses for

temperaigR slgeiasetis aprtrodied by alteating theryr anddhgd i the proortigps gring a
. ; o _ ;

prede R, TSRS ARG SO AL R

processeyatdanontrolijarprecenges doff inasdgingieutperaturs éraositdonsrgmuing aplurality of

| east one output, a first tenperature control system

H#P™E- second tenperature control system The first

TTRebrdaBEEHMUE Sndthér dsp@TotheahTentiBH! B6re i PRvRREAMHermal chuck
i nput receives a tenperature-controlled fluid froma

system €dmpuisis® a fiess inpriher sgeond input, at least one output, a first temperature control

control

system, and a second temperature control system. The first input receives air from an air
source. The second input receives a temperature-controlled fluid from a fluid source. The at
least one output alternately transfers the air and fluid in proportions to a thermal chuck. The
first temperature control system controls an increase of a surface temperature. The second
temperature control system controls a decrease of the surface temperature by alternating the

air and fluid in the proportions during the predefined period. The second temperature control
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| east one output alternately transfers the air and
fluid in proportions to a thermal chuck. The first
W@ egopes@sur e control system controls an i ncr eaBer/v82086/006810
surface tenperature. The second tenperature contro
system control s a decrease4ef the surface tenperature
by alternating the air and fluid in the proportions
during the predefined period. The second tenperature
control systemincludes | owtenperature processes and
system molmdﬁolqwetenmeoﬁoroﬁ@cesm an@n@gmlﬂgr profprsesion managing temperature
tr I tr s. The
wansiticps e M EaTI R0l rbliBhe. rhe B Al olipgbE el
Inher dimthodihbitk the Sh@mADEEEk ¢hazdOmmrehaciat hemotheb embodinient, the
the thermal chuck is a 300mmthermal chuck. In an
thermal ghpgqis gepPmm Hiermplhggl. chuck system further conpri ses
B cﬁﬁ@ﬂtr ﬁJ ala&glcﬁ s#rét{;ﬁ }%QQBHIpﬁQ&la valve control box
contr ve cont OX conprises an alr
and a tima h)mg)oi'tmnab cxbrpwilbr NBhet Yedveadantrahboxacdrhprisds wa bhiv ealve for

.out puttin h. rature-cgntrolled fluid glhuid, .
outputigh Pt s RS Cmutins 18 rprrerroeailsfgiid. The'fuid
valve odﬁa}eveﬁ 13860 dfAVhikh AWvSe]RPRI 1MQ: low TRvRbdle Al VElvanthe air

the fluid valve outputs the air and fluid in an

valve angl tilo et valye efdetsithe siegpbiise in an alkrenaiimgtmedd iarespphse to the
e GO ol 1
controllF T{%er\éa\?l 5% érogl B acgaélnfgitﬂ{r 1Hc‘531{1d% q Béslé'%?r r}%l\%@f%? P]]{%IVICP]iYéll V&se
coolingf i me proportional controller conprlses an interface, a
control regi on processor, a controller process, and a

Toon qrabrsiimget e threpriepertiongleopiielisr cqriprisesa; ipistface, a control
region ﬂgﬁ%@g& s %ﬁ&ﬁfﬂ?ﬁf ?1[0%5% éﬂ?lfaol @@raftﬁrg g}ocl@% t”ﬁ%rlﬁﬁkface receives

. e cont regi on processor fines t
measurqm] wm@biatl;te uliformattdndkom €l thersnad ook, ﬁ[hlﬂ rcahﬂrcblyreglbn processor
|.ow-t e i ons ocess i s 4,n

defines YU EBR ¥ 1o BLE R Fibe PBiH ERp s st TiE s 5 Se8gn ol Tn
control18ASBcés MY ﬁl‘@&@ﬁ BbMF A réBEH. OThe [bheteRPBiahiRb pFREEAR in each low-

processor can define each control region and
wmp“ﬁ%mwwgﬂ@erature reglon by tenperature boundarles

nner. r
Icl;gen ot 1 reérgon P}ro%oss? can ﬁrrléé ?55?1 %i%ro'l rEaio d }0376 ftéo néerature

region lfy téﬁlipeﬁlﬁﬁé bolhdkiefr mQBSSnaﬁlfnef, h\@lefl lalfBst temp&famlre Isdgiaditst control
sts the air and fluid Froportl ons, and when the

region (ffldf‘%Plufaéﬁ?b ef erniob rqeionss mHEst eorstodlar Prooess Qb dsriérst control region
adjusts el tﬂ{ﬁ& Bkdg"’ﬁl @C%aq%ﬁé‘ﬂQBé Alst fe e?eﬁml‘e% ﬁ‘%‘?@&hed to a second

contro cess o e second contro
temperatd]euusaseddmd caintrolangiof,| axedorat @mdmﬂelcmscesﬂ'hﬁtlfelse&md control

con re nd the second contr tegi can
region R\l S S REPPUERYS. TGl feBtob b b FERRS fepirl
region dall HeIRS sk, C&l’ﬂérﬁ@tﬁve[}e %é)ﬁ}sﬁéﬁtl@?re%iJnfﬁHQHé seeBRd E&lirol region

regions in the plurality of control regions.
can be different control regions in the plurality of control regions.

In an embodiment, a dead-band region in the second control region provides an
approximate temperature region for the second temperature, and the second controller process
controls the dead-band region to reduce an undershoot during the transition from the first
temperature to the second temperature. The second controller process can reduce the

undershoot by alternating the first input of air and the second input of fluid in proportions.

Alternatively, the second controller process can reduce the undershoot by disabling the first
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In an enbodi nent, a dead-band region in the second
control region provides an approxinmate tenperature
WO e@bom3bor the second tenperature, and the seRPORUS2006/006810
control |l er process controls the dead-band region to
reduce an undershoot during-the transition fromthe
first tenperature to the second tenperature. The
second control |l er process can reduce the undershoot by
alternating the first input of air and the second
input ofiaivput! thef secbud thpuhofilwdo Temperatur@bengptsgai pedvyde ¢hiwek temperature

second control.ler process can reduce the undershoot by
measureax?eggsotpiﬂﬁeg hf’ﬂ@alfc?’f"%]??w “of air and the second input

B anf dtHodim IR NBHRA @b 1 61167 PRGRESC ORI sBY #Whifl Scleddulis that computes a

tenperature neasurenentS to the thermal chuck system

proportipp band durinedheprrdefinedperiogntlihe Prenorinobanscap daiseninedhe
gai .Ql. . ' d i .
propor B SBEARARETnAR) AR B8l 0 PRALELAIoRRL 19Ul fortion

band cafl &t eslgulagdtih eespomeas thexhsiclofengicratadnddsuiechentsput t o

t he chuck duri n(g the pr eﬁ%‘fsi,ned ,per{lod., The, proportion

acaordanpeeity apthirpspest Phibe daysaten thgye dnrroxidgd g time

i | RhALC O 1aRE R M LBnARRENGS interface,
pnmoﬂ%ﬁ%2%?@%&&?%%@?%@2§¥§£%§n?iere 'S provigeé an??ne {nerwx
a contrab regh@r priooesadr, e enbiralldr @rocksy;, andbatavotdmpegataretprecasal The interface

. chuck. The controller copprises, ap interfac a .
recelve%%wpilsalrei] ‘g’é‘ﬁg ﬁurs?,cg ég@g%rp&%ﬁglgﬁb? &e%?l CE}P@% g[‘glg ’cogﬁcal rggion
processhiQWnBIR BruRdiy @ BERER $6zionkHRd I16W eéthBei uf £1@810E.S TBe coniroller

nmeasur ed chuck surface tenperature fromthe thernal

process dhincsiach qorsrad segipnlang sgitons p Hrepsdembetyeen tearpegatures of the control
: | | ] f ng.r i g

esons BT el B8 BFEATDT AR LU SIS Ry semperatare

region.r €gi on, and controls a transition between tenperatures

of the control regions and | ow tenperature regi ons, .
Hyan %nb%lmlﬁlétnﬁ@@pUP%ermr%@é%@fyv gl ConEal regign ¢ et

scheduléleﬁ;h 6 ﬁﬁho%aQ SEBRTHRAL in R of RGBT oROAGEERgRhs. The
C oﬁt r ?e [ h or

eac on conprises a gain scheduler f )
proportariaod cagdeepriope ptaportidnaofain anddhidinpiitstth ¢heptharmadlichyck during

f control,regions. The pr rtion,band det er m ne
o prede e Ror; ok SO e PARGS TR 1 DOL SeRe CRBel FpHRr & dead-
band m6BeK detefrhiAtheda Bagdfint A@fpdRaicQdngelin@aclP BétRl k&fion, and for
process of each control region further conprises a

reducing @a abdeishand entegdrdugiag henrmbpigiue trarsitionnérohenpleplaegio and
range. .in. 0 regi .

o e B8 L, GO0l 9 QRor AR B B cn

minimikEghukieshoel by dgibding aldplopovtior P eif ahd fleidriaguts dutdagthee
separated by tenperature boundaéies.zgge controller

predefinegpegipd i'yhen @ BepsHisddsBRAABI L the deadrhang ARSI BIUEIGPES- on

%arﬁ)itﬁer aRbolintrfl. thO B IGHES D1 ﬁea@ér?glet%&ﬂ%ﬁﬁmﬂfétihg theasured
en a neasured tenperature in the dead-band .
temperdtenyie natsire tempg@ture when the measured temperature is lower than the desired
temperature.

In an embodiment, the controller controls a plurality of valves for
transitioning the measured temperature to a desired temperature when the measured
temperature is higher than the desired temperature.

In accordance with another aspect of the invention, there is provided a method for

controlling a chuck temperature. In the method, air is received from an air source, and fluid is
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I n anot her enbodi nent, the controller controls a
heater for transitioning the neasured tenperature to a
waele®onsdet enper at ure when t he neasured tenper apC¥/ES1086/006810

| oner than the desired tenperature. In an enbodi nent,

the controller controls a-plurality of valves for

transitioning the neasured tenperature to a desired

tenperature when the neasured tenperature is higher

than the desired tenperature. In accordance with
receiveddinmnh hdhidispecst Tfe aihand finid iy altsmpately éraesfewed moptogergions to the

t hod for nt.r ol | i a _chuck tenperature. In the
chuck. ‘gg?rﬁgﬁ?w&q ?fctﬁ%h}lgcceain\?’gocomr% %n air source, and fluid
Th $h@afodREknt @ThérehdeWrd safidcCtempdidturabf thartluélt siddnirslled, and

alternately transferred in proportions to the chuck. A
a decreasepifibe suuface ternperalire iswpaireliad Byealieamting thegir andilyd in the

. . ' nereas
popors LTS A BEHRRS ol SV 12051 EADEE AR Oeng
pluralityt (frgeetraltiggiens.s controlled by alternating the air and
fluid in the praoportions,_duting.a predefined periad.
IndRprIfacs et groffisr taFR?ﬁEO_%'gﬁ InyEtioth dbsdt SRS ha methiod for
controll%%%{tﬁég?érﬁuﬁé oEPUCR!coffpBisiARS In 1R 1AGRAT, AANS fecivel from an air

aspect of the invention, there is provided a__ .
source, aret hiethpeture-gnniraldd fhgd as teesipet tiomradluifl seurepu b and fluid is

onprising. In the nmetho ir i.s receined fr I -
stemnar FREsS iy POt i SR BEerir e Pt o
controlléd. UG rddsél bethe QUL ECtenDefat@B & ddnttbolled By altéraatiat b Vir and fluid in

transferred in proportions to the chuck. An increase

the propeftiqnsdutnga l?rqdé}g‘p@ﬂf parinde Tegnewiire fapgtionserpenrg @pREAlRY of

h C e re. | rQl : '
cono K WA EERETRE S R0 G 01 P BRBH Db
responsPeY 4 title pi@opioral vsrerdleansi tions among a plurality of

control regions. are nanaged. The agir and fluid can be
Migagped ERPFITHR Hgg’fné?'t}%]t‘i R em&@ﬁ#%ﬂﬁo@ to a tine
PLOPAL PO onf B daRInk Ghd ld%—ﬁaf?ﬂrﬂe%{ulteergﬁ%ﬁﬁééﬂ l%_eh%eﬁned by

i nfor mat’i on can bé received fromthe chuck.
temperaplrabatmdayieof control regi ons and | owtenperature

eqgi ons can be defned by fenperature ndar.i es, .
ey s 45 DGR ot oSt RaRY {ipeplratic of
contro] Fe@nk @ adj@@éPRhed a Gk tdrhper@biel iy irtfhe GRSt doAIroY rRGioAN®hergin when
adjusted when a first tenperature is in the first

the firstdemperaiure is giapsitiongseiod secouddamparate i3 Secanph 6Pt resip air and
nia migAPHRES1 SR TSR |0 2 second

The find canrl radion agl the sedond aditudtregion can be the same. Alternatively,
the first control region and the second control region can be different control regions in the
plurality of control regions.

In an embodiment, an approximate temperature region is provided as a dead-band
region in the second control region for the second temperature, and the dead-band region is
controlled to reduce an undershoot during the transition from the first temperature to the
second temperature. The undershoot can be reduced by alternating the first input of air and

the second input of fluid in proportions. Alternatively, the undershoot can be reduced by

disabling the first input of air and the second input of fluid.
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The first control region and the second control region
can be the sane. Alternatively, the first contro

wo e@bov3and t he second control region can be dPET/E8MNE/006810
control regions in the plurality of control regions.
In an enbodi nent, an approXimate tenperature region is
provi ded as a dead-band region in the second contro
region for the second tenperature, and the dead-band
region is controlled to reduce an undershoot during
Arpgopartiens banidpantbe gamphitedidurisg theprpdsfined period thdproportion band

. . hy nder shoo an be reduced b .
e N S R e M
the propionipait beaikl Helrigi cdlduthtedl DAOEHONSND. thALekahpdtetuye mbifirements.

under shoot can be reduced by disabling the first input

1

pracgprdangegvithanallaer gseect Abihe Teentipwithera ippropised a@aptbgdq@r
dur i \ . '
controllg%gapégl?ltciﬁ %}ﬁgre. Yh RO ERGd Q@gfsyeﬁec%u?? Giresde ftérgﬁerratglrf]e s

. and determning t roportrons o
received froma: thenmet chieckt Aeplotalickofthonirobreptoas v ddisitd,neach petidd degion

. the oportion nd bei ng cal cul ated in response to .
having § e BSERoF B dP (S THE AL BREHP<Srch KB RGHNEC R having
a low-tedijRtdigk fpgédéﬁé?tA‘ﬁfanﬁi_h@n b&WRBE tediberdhRt 8f iR CBMF%I' I?Egnéand low-

met hod for controlling a chuck tenperature.
temperagge redonsds pedmiedd The treksiBon between emperattras ear lse controlled by

compurf ESSNESt R S Bl R 4 P g S0bi s
proportionof biglah Flujdriapes fo theAkkrh@clhRRIBFAg W peedellbdp&iodeash

l.ow terr(?%rat ure region having a | owtenperature
determinjng a«lead-bapd iemperaiyre rangsineash qoafrpkiegions ansl isugipgan

undershSS’trﬁ)frﬁch} gﬁﬂi@}ﬁé t . At ERRELAL Bhéh Jf:o%glio? [r:%tiénsand low

contro ansi tion between tenperatures can be
temperaboea regddr enh Upysepaated by ngmperptuopbaunidanesh adundergmohcan be

.. .control . regjon, the proportjon _band determning.a .
minimizgl o siablife e Pipmordprbor s g s duringahe RisgREped period
when a SRMtkeDehipBainie Y BRI dRAChRE tdRFbra@Rddgd erm ning a

dead- band tenperature range in ‘each control region,

anghpdinery. alkeatmdeeartidied fartranditidningribe tesured temperature to

larpa
. r r ition,, Each,control reqgion,and,low
o desd SRR Bub 0T RSO LR R0 erre
Incunrgiebodasent Anplurdiey sHatiesdabotif Rt o A8 iodlhg the measured

di sabl ing .the proportion of air and fluid inputs
temperagiie fhihe dREredrieBeREY heR thsdneireisd dempaaiyreig higher than the

desired fcBfREHG@EUr € is in the dead-band tenperature range. In
an enbodrnent, a heater is controlled for

transitioning the nmeasured tenperature to a desired
Brieth enper ature . when the neasured tenperature is |ower
Aﬁgﬁ—%a%ééw A enperature. In an enbodi nent, a

Plefofdoboing M ot B8R clsS feafids kil d@Yarftes OF ASh L dRIL RGN be

the neasured tenperature to the desited tenperature
apparenifiemn thhveorepestiewder deserfrgiomtafpeefegedisphets of hennvdngion, as
illustrated in the accompanying drawings in which like reference characters refer to the same
parts throughout the different views. The drawings are not necessarily to scale, emphasis

instead being placed upon illustrating the principles of the invention.

FIG. 1 contains a schematic block diagram of a thermal chuck system according to an

embodiment the present invention.
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desired tenperature. Brief Description of the Draw ngs

The foregoing and ot her objects, features and
w@dwaneages of the invention will be apparent PEDDS100€006810

nore particul ar description of preferred aspects of

the invention, as illustrafed in the acconpanying

drawi ngs in which like reference characters refer to

the sane parts throughout the different views. The

drawi ngs are not necessarily to scale, enphasis

Fi6s econtiabes meshemateblogl diagiam othe aeivagonted borishewpleEIG. 1
accordlr%ﬁ totaﬁllee ]ﬂ)fd%ﬂélﬁt ori}‘thl%érc%eﬁ %)Iﬂ ins a sche_rmt i c bl ock
gram o sys em accor di ng to an

EIth Gdddﬂifa”'lﬂis 4 fvbepagsBlatk dagent obhtchlgeratdre @ontralier Shéwn in FIG. 1
schemati c bl ock di agram of the valve control box shown
accord“i%]toFaln(ﬁml?P %@%r@*h?g\?r?@nhwvmu ment of the present

%rEana{hs ﬂfn@Ph ?ﬂL&&Qﬁ ?ﬁﬁf&%h %‘:r%%hwﬂ iR@f@M
a tenperature contr in Fl accordi ng
performﬁrtg aseresiod donter Bctnfnstcbmppslﬁg altemamwgemt achfluidlifsa pﬂedeﬁned

cont.ai ns h.illustrating the tenperature
permdaﬁ‘c‘)?ffi}n&tf’éﬁ Igfﬁaf%ﬁlf}Vﬁn %905 3 perfornming a series of

ERNS Qntdkd 4 BRSh 6PFRIekshobGat FhtiShd@iipBanatd indefdl cRuck
in a predefined 1gerl od according to the present

without |thﬁ/@am sehredulmgpf e presentiimeentiogr aph of under shoot at

g al :,]6008211&I t lgsmf g{éﬁ ﬂ u%frﬁtmrkp i)er% ‘H? IHQ%}%?OI& }’1\4 %ho%ts%Eo a’gain

schedul€Q At dysleaschduidi, drddl dead-baid MYdé esmoediag w the petentshasition.
N response to a gain schedul er, dut ﬁ@le schedul er,
BlGH Tdesentaiana crphélustatingrrdsrshoot Wéu%pg Ay pKipEhiemparature

r;
i G SO0 e LIS 0B, M0y o
approach of ¢ted mmgltmmer ation in a thermal chuck wi thout the

PR S0 GR35 B S e

transitionk QWA b bl SRENRhAIHEEN fetpetdth@REnEsIdpPEbash 6QRAiAYto the
operation using the tenperature control approach

present ipyenten-ng t o the present invention. FIG 8 contains a
ﬁf(ﬁ?t O(iillt lgg g @a ldl Lg%é %ﬁusﬁgtllgm%ja 93#1[1] C%I' sﬁnﬁ I'CSURS OCCUITI].’lg ina
resu $%5occur i plar con OIS

plmalitﬁ@ﬂwrﬁﬂohgagﬁdhstabﬁ)r@ﬂhg?e@ﬂie préségninveiiionDet al I ed
Description of Preferred Enbodi nents of the Invention

Detailed Description of Preferred Embodiments of the Invention

FIG. 1 contains a schematic block diagram of a thermal chuck system 100 using the
temperature control approach according to an embodiment of the present invention. The
thermal chuck system 100 includes a thermal chuck 10, a valve control box 20, a temperature
controller 30, and a fluid source 40. The fluid source 40 may be an off-the-shelf water chiller,
for example, a Neslab M-75™ water chiller. The chuck 10 many be mounted on a host
machine, such as a wafer prober machine, which provides electrical test signals to circuits
formed in the wafer and detects the circuits’ responses to these test stimulus signals. Because
the chuck 10 controls temperature of the wafer, this circuit prober testing can be performed
over temperature to characterize performance of the circuits and/or the wafer over

temperature.
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FIG 1 contains a schematic bl ock diagram of a thernal
chuck system 100 using the tenperature contr ol
wappsoasht accordi ng to an enbodi ment of the prBSENS2006/006810
i nvention. The thermal chuck system 100 i ncl udes a
thermal chuck 10, a valve-ontrol box 20, a
tenperature controller 30, and a fluid source 40. The
fluid source 40 may be an off-the-shelf water chiller,
for exanple, a Neslab M75(tm) water chiller. The
Thruptksend Invehorbis dinsalid sxianshis applissbletademprsatusaednizedled or
t
themal%&%opgﬁc?%re\&?g%&mcﬂg %)f t\ﬁ'h Ig d%g%(%\{)gg?\léffg}r g)é a C}Jlg &L? }?asugnt No.

6,700,099 éssted Mardls2, 2004 painisles “Wafdr lmek tRsingSTHamihliBate With
signal s. Beca e the chuck 10 control s tenperature, of
Interleay fRtingran: tCm ing Flemgns, &t%@n&eé@ﬁl g SustRce A ssemblies and

Hard C@a?éé 1%{8)%12 Juid&s ”tagﬂgl‘}?é’d% "Ireﬁlph%Pfcr I@S&EBh Za%d@ﬁcrofﬁl?c! H@E %€rein in

Ircuits and/or the wa er tenper at
its entirety dyeaferancv.ehe trermal adincletd bads @ sanitonduchpphateain pdacealuring

processag By o ORI TYPCHEREPTER T e WA Wilahishe. 1Hg stomal chuck
10 can l?eafcﬁr@kalﬁle B cifQ, 18P al_ﬁgbﬁﬁl %@mﬁ@iﬁlﬁﬂctgﬁ walBdsuck At BOdRR wafers

uck Havi ng ermal Plate Wth Interl eaved
and 200atyafeys-and Cool i ng El ement's, | nt erchangeabl e Top

”%HJ {h%ﬁﬁ%}’a?i 8#'?(1) r{%ﬁldgygh@ rdl 1% 1391’115%\/ camre o§lfﬁgr§?ees§s{tlvg heating

assi gne I ncor

elementd € pioRiderhett 19 tﬁcﬂthefrﬁ:il)ch’@(}k I(EfIEhé eleﬁtﬁlg éﬂélﬁeﬂith of ﬂﬁhhe&hiab&luck
10 hol ds a sem conductor wafe tg ace during
4|

10 are pgwgtedyi hbeakardPopies Frpss3 4 Eofit Dot te@lm%\argtceﬁféoléea 30 which
provideg ng&@tt) %he Qi‘ﬁg ele Fr(r;b&lts VIR EorddElor® 2 GiHen 4R t&ﬁf)'ergtﬁre {Rfroller

anpl e, supporting sem conductor  wafers
30and&1a¢ltarmslﬂﬁmkﬂﬂwafers and 200mm waf ers. The ther nmal

k 1 heat 11 th
b eae e L6 Ry HERUFLn et RSP AR B eSs ¢ e
temperétﬁﬂ@fcﬁﬁﬁ olfdiUGdsd S0ch é@h@at&e@&h gk Rl eEIHID] Bbx Q@ Qlatﬂ'iﬁdi s 21 and

chuck 10 are 1%éowere a heater power sup

22 and iguisteae Hhid heovgbiboihares ehedntd: G Gescrdnielcon  bigh flow
solenoqﬁﬁvé 68 P ow {18wts fén?ﬁ%;a V4% lo%[ﬁf cl,o%t %?E(g)y 54 &rlé 2)

between erature control

control tHeeltowabf fitlidak tﬂe()cheﬁhﬂ chirgrivalA ﬁhhﬂqkatli 01 fZIIdohﬁécts the thermal
i ncludes a cooljng elenent 13 that receives

chuck 10 dovpher s Vi contighberol§: edherqbyithe Suieisan sogiict heat fosdt firem the
thermalvcﬁ{lé/l@ ¢ PRLHEOTu gfﬁtllg%l ;QE @uﬁhg bl tle tlge dot %Cégrja_g&g When the

cl rcu ates t rou the rrml
fluid is desoviingdlecht Iﬁeho\lvp ., aodlinghthe ch\wkslﬂ drovalveradnie] Be42@redeiaes the

neated 5 opy1 8 23 wElite Petied HEIOAT BBre i B LGRS A B 23
Théienpbfatur® cohitdltbdoRtil iZbecivell BPMBREANS cbRRoltBMRMMBom the fluid
source or chiller 40 via line 24. The valve control box 20 routes the fluid at a controlled flow
rate to the chuck 10 via line 21. The air/fluid path 21 connects the thermal chuck 10 to the
valve control box 20, whereby air and fluid are provided to the thermal chuck 10 from the
valve control box 20 via at least one air/fluid path 21 . The air and fluid are alternately
transferred to the thermal chuck 10. During a predefined period, air is inputted to the thermal
chuck 10 via the air/fluid path 21 for a proportion of the predefined period, and the fluid is
inputted to the thermal chuck 10 via the air/fluid path 21 for the remaining proportion of the



10

15

20

25

30

chuck 10 to the valve control box 20, whereby the

fluid can conduct heat to and fromthe thermal chuck
waoosiogssshe fluid path 21, 22 during the tenpeP@/USM06/006810

control operation. Wen the fluid is renoving heat

from i.e., cooling, the eWuck 10, the valve control

box 20 receives the heated fluid on line 22, and the

heated fluid is returned to the fluid source 40 on

line 23. The tenperature controlled fluid is received
predefinggd peried. vahwem@@ﬁto.nmf fhisktozdr provided keetheichiek dwinedbe predefined
period 1? 2%1 @g{e{l %9 p%/ £ of éle Q:?nt%‘l a H] lllx/?% t 1% \gev%rtlgng {toe B}i%gm[%&%st, accurate,

and pre€ibelg korkfbltd derhpdratuze ttansiiivasai r/ f | un d path 2 1 connects
the thermal chuck 10 to the valve contraol box 20
hARPEBYrLmpasHFANYt §ensors (Bolhgvny kgated 19 Hhe thﬁa}ahﬁhmck 10 collect
I r I
measur%cﬂtgﬁlgl : ﬁ}r% Eliﬁ’tg‘a% gﬁ o‘ﬁ%l lcYc%‘uSﬁ?sﬂltél tgé trﬂégﬁ%l?c luﬁl{ g() %d pEAtde
temperaturt éeadbia by gamarasihe ané dortvarding an REiDmmbasukwmgnaltﬁo the

temperafyig gl A0 K OE G sisaling 1. g thetnsf fing B sfonmected to
an overREMPRhTutORf &%r ﬁif&%ssléf aek kasskragrd &ﬂtroﬁ&d_’ad LN ‘eHeQ:hh&q

inputted to e thermal chuck 10 via the air/fluid
temperq@me lexceeds themayeumeprainitiadgeppeapting pithe diermﬁb?iwelﬂ dP ramgover

tempere%;'ru 8?(1%8{. g P)ﬁ alpcw{goﬁ atﬂ?l%{al fl kdl()t S nc% 4 Slgfl%i\% a{l (e)&élo[emperature

eI'IO 'S C

safety cpatiélle@B03 hethe @eﬂhp@htu&p@fnﬁﬁﬂ& 30 (FIG€3). MMendviepReniperature safety
provi de fast, accurate, and .precisely control]ed

controll@le%%%etﬁ spRpestedrta aspichoieley P8/ dredemperafia sontEatiss 80, Whereby a
relay indRQAE pbRel o Ples 1O0RE0 g b Lo R S 30 e
temperatm’retChﬂr(ﬂl”w B freitont hppd king Gyrtkaem @OWBDM)I tte h¢amgetanantel 1. This
by ne g and forwardi ng an RTD neasure
feature ksl gﬁngagédntdﬁ%qt”éﬁé gt ure controller 30 via electrical
Bi@n8k alsti@natie- blAVKdRGEMITR alld Bshtibfbb2 29 QENRGhEEH AP
an over-tenperature safety Brocessor in the

embodimenipefithe inventéwnt Fhsl Yabye @otro @ meluelhfumn@utséhqé eeqgivgradr from

an air S(%thrge @gf} Hj‘ ?or"§X151%Pea ﬁ F%2(1:)01 o ﬁres%ﬁltéc%g? ] :sggxgl{éﬁ &ad tet(trrl]nlgetrature—

controlls Gwi) frém thdBuitiketraklocmue kendftraerdsontoled ﬂaid th&y Béwater or a
over tenperature safety controller 303 in th

coohngtﬂéwb@rr HEQRRinatn ¢lgyater angm ((opp@ ﬂg) Hwée@p@rlature of the fluid is
adJustecis gfglt%; id F(ﬁn §@3‘1@Bé'seﬁ gﬁtcﬁﬁ’tkéles fomaR3edveiOpa Qlﬁe:t?m%)graﬁne

330 ature control
controllah20.eWhen theeﬂhagi i3 mutplhtefrdm ﬂtee\ral\(mmmtrohbxppl(ytol theigersl chuck 10,

the i B e Vet Bt o 5 onipe R spss st ey

from ortcﬁrrie'é‘ B8 1 Heh8 BRILS] (ldia tﬁEhﬂhﬁd 8AIUr 821 By this manner, a wafer
illustrated in detail in FIG 3. FIG 2 is a schematic

in the thermalkcharlad araydie exhesed4d v@‘ydngh feoipetatwre2by thedwegt hyy foo
eGP 30 L BB R o KPR 5O Bl PG

supporting 200mm wafers, and the wafer may be cooled to very low temperatures, for

example, 5° C, by the circulating fluid.
The valve control box 20 includes a pressure regulator 201 for receiving air from the

air source. The pressure regulator 201 can be, for example, a 20 psi regulator. The air can be
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an air source (FIG 1), for exanple, a facility air
source (not shown), and tenperaturecontrolled fluid
wo e@aedsel f | ui d source 40. The tenper at ur e- conPCDUEA6/006810

fluid may be water or a cooling fluid or a conbi nation

of water and a cooling fluild. The tenperature of the

fluid is adjusted by the fluid source 40 based on

control signals received fromthe tenperature

controller 30. When the fluid is output fromthe valve
received; dort axemphso &t A0psi.ollerpdr tsmefr\néﬁ:d lshibe kegudator Y tojaghgel walve 202,

t her mal . eby the
which it s oo g B A b IR sy B oY can v es
'hl@@ffaltf@cdﬂﬁ@l bHe2OBImSies Kok Golehaidt Vadvek kit drepael t@doute the
In this manner, a wafer in the thermal chuck 10

fluid an%l}e %théeq@bé%th@en%hy%ﬂ%m dhses &lmvaiyeﬁlﬁeluﬁ%ﬁle@#r
solenon%%%}\rﬁ;ﬂ 263 ?e I (‘?W sB'l@n({nﬁ V%B% 2@4f low ﬁ ]’?ﬁUﬂ%Ne' ﬂggand a base

for a supportin
cooling Eﬂlﬁmidwafve r298 a"hel air helenaitl el vee)3 lpeo‘ad@;l addtotthe viauck 10pand the
era for. ex

high ﬂOfvwe QoL L&, A AR BT Oavscﬂsta@l%ah %8@59 C'lséﬁw at'& euck 10.

The air El?&klvafv‘é 02 deefvRE afr §hh HeHeRfe tEE@MOE DO BAd o@tﬁ% % air to the
e pressure regulator 201 can be, for exanple

air soletpsd valeg @0t ‘Ghe chipgk valive 2@% neyes escesaliely fedtae baf)mmlnéng Huid
The ai ov the .r u r
from th gl Holy {0l SRPL R Bl o bt R R Houf gk By e
pressuréddgulatra01 aiTheSH @bl vave/B0ZR3udddecorttol nphif firiredeiving
box 20 conprises four solenoid valves that are used to

control pigpale fopethe tamreraiee qonéroléffrﬁqqarceu@ﬂ apRBIngfad GRISngIi dhe valve
T
203. Inscﬂﬁﬁt?el%?)rg Qﬁ %%R% &h %;}Os'g\%:né \éag’%ei i g l%g@ Eg)ith@ 'g{eln%g Qk 40 via
an air/flanl eatloR 8 of/the welvﬁ @bntralrtex£0pahechdo dirnngsupplied ti tie VI&Irmel chuck
. 208.. Th j r.sol enoi ve 203 provides air to the
via the ?'}F(ﬁl:”r{j Fﬂ?gh Slia?i]f:i?’ fhermp ‘ﬂwfcl(vow sol enoi d val ve 204 and | ow
ThOwwab® @Qﬂeﬁim‘d@lo‘g Secties SRR itutd-sirfkolied BRI ﬁ;&H%NO‘%Qlow

The air check valve 202 receives air fromthe pressure
orifice 206g whithan t@0 tecgings dmtpmpsratttrecanhrolted flrié ﬁam a bighdlewi erifice

207. Ir}lglgq ?,Wli Q%%}ergr @\/ ga e%o ?ﬁly cedf(%z corxﬁ‘tarf)ﬁetﬁ% aw T ﬁs % %hey fluid to 150

ml/minSe@ld@R®high Yiakw@ {22400 fcoh@M\Is fttheoflows @Ate 0Ot fuad ‘ttﬁ6(§ml’-ﬁl/frﬁ1@ Mhe
reachi ng the pressure regulator_201. The air sol enaid
high floyapR/dceatly TPesENas desstemperTprnirpiask flyid frompanpyiflay path 24

provideg %ﬁtv&e% 3 @ﬂﬁls§mfcé 3%19&‘ ﬂletlﬁgpﬁf)@tolﬁrﬁ%e g9 Bg%lﬁ Ve?bgﬁfrgl box

openi ng osin t he va
20. manner, air fron1the air solen0|d valve 203 i s out put

AR R LN A
from th«t: Hthtﬂlﬁi? Wﬂiceciwc l‘ln‘ﬂh@ n{a!ﬂﬁetaﬂfe/ Hléﬁ'ﬂgw@@k'ﬂo% VAl 204N the low

her mal chuck | ow sol @noi d 205 recei ves
flow soteamde{ametﬂOé-maynpmmdle @dngh flow of floid er 4 low flowgwf fluid to the thermal

chuck 10, in response to the states of the solenoid control signals from the temperature
controller 30, which are determined based on a set of conditions processed by the temperature
controller 30. Details of the processing by the temperature controller 30 are described below.

The base cooling solenoid valve 208 enables and disables an air-cooling connection to
base between the thermal chuck 10 and the host machine, e.g., wafer prober. In one

embodiment, the temperature controller 30 enables the base cooling solenoid valve 208,
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orifice 206, which in turn receives the

tenperature-controlled fluid froma high flow orifice
WQ@R0s/od3epne enbodi ment, the | owflow orifice ROBUS2006/006810

controls the flowrate of the fluid to 150 m/mn, and

the high flow orifice 207-¥ontrols the flow rate of

the fluid to 600 mM/mn. The high flow orifice 207

receives the tenperature-controlled fluid from an

outfl ow path 24 provided between the fluid source 40

wherebithg beprecenligh seleneid aelvei208 iopranofONhetaigaf the cherk empersxe
! . | bt )
exceeasHlgnfOEul By LLRNABL SRPhd SR AR AR RO ERE R s

The basecbdlingesoléhoid Valvd 208sapphianair to the daky wlief thewhemlabetnick 10 to
val ve 204 or .the | ow fl ow sol enoid val ve

. 20 .
prevent GF gduge Patepially demagingrhent fipv bepvesn (g ehuck ng?hg%%aﬁ rgaghgne.
Theviibetsiiol 6o ?&f fukfher ESpASR %riﬁﬁd Qe Qﬁtct‘ﬁt@b? TheftdRvel

sol enol d control signals Tromthe tenperature
switch Z)9ntetestd the 1630] ofithe tmperaucaveirol iwd abdpredides an isk¢atioh when

e T BB gt RSB R Ph e el o
fluid leveP B iteh b6y cadhly idEEE Ghd ARenhdfawid 04 PSR cE &Pplehéht system
sol enoi d val ve 208 enabl es and di sabl es an air-cooling

operatiogoitett flif- t o base between the thermal chuck 10 and
. r . .
DI PS o 90 st oS5 IBtin! QuRIONY, The g green
switch 21@sie usaldsiangfespleatuoe. dF sredxammpld) 8 pybsudind dihie pbasst in the thermal
oo] i ng sol enoi d val ve 23? Is.in an WCN state if the

chuck, tgﬁ AEIPTEERTRYIRR ¢ 8 1eslesdd St thepdseteat BFiEhyd drdapsp, die system
enters afll_’ﬁigur% tﬂ’ﬁfcg?lzvh _ H}‘;Hletaflggégeirng{d"&%er 59, 8ikh AR sERITP kfﬁvgt@ﬁ% and

ase cooling so val ve 208 "applies air to
low flowaslenciddalvet206 atchimrameiOId istdte, XBertloy prerasimg the valecicrodrol box
pot enti al damagi nqg heat fl ow between .t.he .chuck .and
20 sronfiRtiisg; TR TG DT a alo E<GERET R AR BCRF THETiE not
connect6@fiPiht 98 Snput lolf tet/al @M@t d:c30.209. The fluid | evel
swtch 209 detects the | evel of the tenﬁrer ature

Acheelovalye 2] iregeidespilw¢ itleps Sanbeanrraicelatdddhronple fhetthermal chuck 10
e I r . S
o b k5o BELENE B 2B YEL A5 B 1010
valve corttod bos B0 v th@ Aflidgaith 22.sIn panti¢utal thetcheckavatberid @teives the
heated i Gy A BELD Fhand PR B LOIIeBERE (B0 Puft Hofich tht the fluid
does noE BN HaSES @B cRldk, Present switch 210. The air present
swtch 210 is used as a safety feature. For exanpl e,

The prgssaiwiezentraiar 3D sopmasecatesi with the fluibsavede 4husoig a serial
comm 155 B EACRY S0 B A8 B G5 gt L e 0 o
a serial E@hhihR D&k oonWLRSr ©DY tHA Qo dits SQl-RNE IRE-¥8H dRndfidn 220G bm the

fl ow sol enoid val ve 204, and | ow fl ow sol enoi d val ve

temperape's capieolien 3o 2 BFFire BEA8S, conneationy22 e thertuidigourer0.
Fﬁh\?eco%?ﬁﬁsr Y échgl%)e(ttic block diagram of the temperature controller 30 according
to an embodiment the present invention.
The temperature controller 30 controls the temperature operations of the thermal chuck
system, in particular the temperature heating and cooling operations of the thermal chuck.
The temperature controller 30 comprises the heater power supply 301, control logic 302, over

temperature safety controller 303, display 304, and keyboard 305.
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20 from operating. The air may be absent, for exanple,
if the facility air source is not connected to the air

WO pan9sbl t he val ve control box 20. A check vaP@BUR2006/006810
lilreceives fluid that has been circul ated t hrough the
thermal chuck 10 and route®-it back to the fluid
source 40. The fluid is output fromthe thermal chuck
10 to the valve control box 20 via the fluid path 22.
In particular, the check valve 211 receives the heated
Theheptes powen suiflyBYl pravideg powerdodg ghuick hetter 11 of thie thermal

l.eavi ng t.he chuck 10,  .such,that.the flujid does _.no
el 1R BF pOTHE el R R 1 Pt Couig it oglpheater
11. Each ehuak ieadlh £ sleiehtoftthehddteri 1d 15OLBEErivd BiSit\GvRp&REr sidnal
. cagnmmuni cations protocol, for exanple the RS—4§5
receivedh frgpie heatqHowsaIsveplE aft r Bhe beatarpopise sunpbi 3¢ sepntplled by a

U eat i : r t - M .
L
310 bet@®ert the heenpoeerREppl$ 3 0t and drtdoatroRdgict302t he 1 ui d

urce . .F 3 contains.a schemati.c bl ock di agram
The Mﬁrc’? 2%%#9% R I B wnget%%ﬂ?w do gepttrol the

operatiG$TaaE fRAhallABCIPER&ENT 00. TRRb] O be iffialed RhdEoperator via
controller 30 controls the tenperature opérations o

an IEEE-H88 ohBS 8L intetfete afithe emtrol logha ot by allesal bpreator via the display

enper e .heatin nd cooling. operations of the

304 and SRR 05 ad R e SihoeciaRis oSBT 81 or 30 compri ses
Thechil igiPOnBprises BBirst psdthssof 081 reboddaetbses 342 OMRI third
tenperature safety controller 303, display 304, and

processg: o akh$ IeproersstySHl @erfpmqaorg@b pmgtigupirelsgeshito degsuser-interface
operatichg y\%fov&iﬂ%il&?s &hﬂ%rgg BRLAL cﬂlflckt %%gégﬁéﬁ%elﬁgﬁég a;&? %rgi

enerating power signals via c ors
keyboatd® 05 per mhmwtdlh eiachiealotciatdr face, ar exaaghe, chaulHER488 0NRS-232

e SRRt el 1 e b erben by e e
perform3@ by tHdBeAG AN &IF HROMBIM 3 YRRIYsy 3. The GART FrBLds8St SF% ggi%gerates

power command signal received fromthe control
control gigpalpyelgiag twthe dempdraiurer dovtib] erematews obthe3h@niad thvekrsysthm using

h r r . Su 301 .and. the control |ogic,302. The .
the GRS S rhe 4 Eldoc Gre Bpes Pt e i petion,
and tempe@nat SodliRtbpettionAtd sciitel KRBY.aAlIaRred bptRgoidiaayBé

chuck system 100. Control can be initiated by a renote
performgd @pdhgiepgiate pIRceseEE 4B 48y 3R0rxma singlePresessost t he

j r a | [ i.spl
SR 4Bl LS50l BERSor B sl o
of controbluvigicdl (2egend@tes Trepaan icomimand gighabvinprcos@snd sfdnakline 310 and
. rqocessor 341, sec roocessor 342, and thjrd
i used B S5 paua suphy 01 CBrinp A Gu Bk biop i low emperature
to a high RMpRdtufdINE! b BRRKHRhRILtAichhe user-interface
Referring to FIGs. 2 and 3, the control logic 302 generates a plurality of control

X

signals via control signal lines 321, 322, 323, and 326, wherein the control signals are
required to operate the valve control box 20. Specifically, the control logic 302 provides
several control signals via connections to the valve control box 20 to control the relevant
valves of the valve control box 20. In addition, the control logic 302 receives an air present
signal via a control signal line 324 from the air present switch 210 of the valve control box.

In addition, the control logic 302 receives a fluid low signal 325 indicating the fluid level is
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operations, allow ng users to nmanage the thermal chuck
system fromthe di splay 304 and keyboard 305, or
WO 203yl via a renote interface, for exanpl e, P€TES2006/006810

| EEE-488 or RS-232 interface. The second processor 342
generates control signals-HMelated to the heating
operation perforned by the heater 11 of the thernal
chuck system The third processor 343 generates
control signals related to the tenperature contro

low. Th@ pertal lagic3¢3 alsheommanivates shiticke ﬁy@tS@moaéﬁnga thedRS-485

1nterface, eg&xg{ﬁ %gﬁlrc? %ﬁgcé{dgthclﬁf (9 cﬁrlg,g d%&g e i?ﬁa%%erg(%r ¥ fow solenoid
valve 2(15e BRERigh Yoty $d&tdi dgalop 20k @B ma e &Can Bk hedio wia ddintrol

hr ee gfratlons may be perfornmed on the separate
Slgna“lmso%?és% end423. 342, 343 or on a si ngI e processor As

fg«gfg{ﬂrn%qg %I@? OVstd ?%ﬂ%ﬂg}fﬁ i tr o % e?%réfﬁ gg&ﬂrol logic

processor con ates
302 andtdppligabtoethe aip sotaneldsiabyeal03 wﬁaaccmtmbsrgm:ldms i3gi zad> cd»ntmle thelr

.and i s _used by the heater power. su dur |
solenoid) \?ib%f% ik bl theger YeboR er%&iﬁ%‘é?%%’ igfBlg the air
solen01ch{éegge %(?ejr']rg@ ‘h?éHJﬂ(?w VblV@ mgnﬁ‘l is %E‘ﬂegatgg ﬁ 'tHkgco(ﬁfgﬁlf %@icoﬂn and

applied trethe highefdova sguibmldlvnaw V@f ccmdmt slgnalshng ﬁalz so Wnarqi thethigh flow
solenoi U7 2. G aRanls, Befugufiv ot ARy R R paPGr isebte e

high flo®Csdidneld wlve 264, Spegiffowcallveysighdd @ Gepbiated by 1@gcentfdlZogic 302
4 pi)row des several control _signals via connections tg
and appfs

pbiaht fav Semsobmoibyal w2Govie sontralisienAklineet Zvaentrol the low
flow sol\éﬁelﬁ% v%fZO'S h%o %éa\ﬁ?plg QL hf h RW A% cdrﬁ]ro?g%hgl' 391 ’calti Bfable or

tro recel ve an alr present S|gna via a
disable ﬂrerlbwclﬂo“ssogasmnhd Valne 262 41Inf additionhe badercopliegealve sighdldh generated

val ve c ntrol, box. .Jn a contr
by the cpgpldogib 307 Spb iRt ado PR et Fonl G feapiasasis Jiud Botty! sienal

line 326 8&ohtrdtitHe b&¥&lojid %noﬂ‘eaﬁ@@@@ ol logic 302 also
conmmuni cates with e fluid source 40 via the RS-485

The enfpaméure Vsmemoléerﬁp un@iuclle@wn@@ﬁldﬁempemﬂoe safety, contrelleri 303
sol enoi.d solen0|d v 0
comncotif iyl Bt S5 i it oB RoRTtePRE R p g Cpe E when
the chudl @Peldhiate 6QtHe Othe hfi@bm pefBfted2dmpeidie GiNtle aieBmal chuck 10,
Referring to FIGs. 2 and 3, an air valve contro

a sensokinghihermal gBHek sends a &esqsﬁgcecgempqggmreo@et@ctggQ{Ha)jsafety signal
via mgn%f)l%e' ﬁjﬁottﬁe Bg@ ]t_aln erﬁﬁ!rcee&?%tg ﬁﬁka’lﬁa‘r 39’;‘)’ Tﬂe%vgpf&gfp\%eauérg gefety

contro al r “sol enol
controllED’Som aoieetedtthe safety nebdy\330do tie mpsiagnaomenilee Bdkd epen the

or disab] he air sol enoi A _high flo
relay 330ep PEEVEPTHE NCRIET RASHRESHPRY 3 ﬁﬁao T BTG B werg Ahespgter
11. applied to the high flow sol enoid val ve via control

signal line 322 to control the high flow sol enoid

Th¢ temROMure F:gntrelkaauﬁﬁl includdse lh'gig rpoﬁvbowppw @9 thatrprowides power

to the contgoq ?ogl 3h &Nt g\'/e% té)nrlpecljrélt%?e sa?ety Sntroller 303.

The temperature controller 30 further comprises a remote interface for receiving
temperature parameters and system data from an external or remote user. The remote interface
conforms to international I/O standards, for example, the RS-232 or IEEE-488 interface
protocol. The remote interface can be connected to a remote terminal or personal computer

by which a user can control the system.



10

15

25

30

hi gh flow sol enoid valve 204. A low fl ow val ve signa
is generated by the control logic 302 and applied to
wa b@olomasef | ow sol enoi d val ve 205 via control sPQREE2006/006810
line 323 to control the I ow flow sol enoid val ve 205.
For exanple, the high flow>alve control signal 323
can enable or disable the | ow fl ow sol enoi d val ve 205.
In addition, a base cooling valve signal is generated
by the control logic 302 and applied to the base
Hewslei alpcsloinsrasoicanaisy éhedoen! visplaycrraod keykpsad 303 trecoprgl the
.to.control .t cool i I i 0
operatiqp e F Rl ook B3RRE P M3 R Bt sBudlife,
operatiohaffelie/the@md] chhdkesys@83 TiyswmabEgit F02apredegtsal pdsswerdiptotected
to an over-tenperature é@hsor in the thermal chuck 10.

menu stiyggFe fhathen thadisriapMaeiife renete RSOl GBIV at permits the
operato%rcfyﬁhé Fx%u%rﬁwtré{{lﬁ% }%&'ﬁ%{’t&s o g{eqﬁérnﬁli‘ Hﬁ&k]s?gteﬂl. These

sensor e thernma sends a Resi stan
paramef®exnipendd, boearBDebeltnaed (RTE}vah featperaimgnanges; chidédywaier

line 14 to.the over, t rature safety controll.er 303.
temperafi{E. % {Fiid PUHHEH AT e LY DEL BB PO g ind Basc pitee
tempers8 @B LALLMV O vAlusAE R BE doRkigired 31(1}0{1%[1 theQodat ERBH1304 & from a

controller 30 to open the relag 330 to prevent the

Y

remote passblerngiohewnsatashgd Bohe (EBA8P or ]Srdp 2rinterfaes. power to
heat . Ih . [
S D SR L St e

describ&bintdeniil. | Agtescdbed atsohepthe cotittsipegiaBor ef Bafiehyerature controller
controller 303, The tenperature controller 30 further
30 receiypnlpstaeal inpy sigpals fom gapopssysign compansntngf the thramat ehugk

system R @4l &l Softid S%ISGLHH 2 ggte%%%qﬁxoﬁdﬁeﬁeétag BQ@:Issaﬁ’ff td ‘gna the

user. e renote inter ne to internati
required fe@pstaturd aonisql flupatioax afifiieaempdretuRS:d28@llar 30. BhiecitBally, the

interface protocal. The r t.e iinterface can .
control Jqi AR PR Syl e aiEn ot 26 foResl o 20
conducttfi19RBuéh UaeppseHH b Bhatidh8 of ¥$ bR uredconfeBéd fluid can

operator can use the |ocal display 304 and keyboard

be appligd e perfapriemperatiie copitelainclydingftemperatuse ransitieiisyiglaccordance
. ; : et . t :
it S i B PR O e SR TR Wl DRl -

freeze tb @gintit RO2tepipREfie Dparafias s Ma¢ tenfpeadt@etofthaiiid iséonilled 8y the
.. to either .the di s,ghl ay 304 or the renote consaql e or
fluid sopgsmyfide poriwRgtiopaYith ths temperaiyes congplleiod (i ckherfénid dlguis tigugh the

thermall ﬁﬁﬂ?&%{e&{{ %@&raq{lglﬁ e Vﬁf‘[hiﬁl%h%%\fr Didnof e gdéf gﬁﬂi{h valve

ese “par anet ers tncl ude, are not limte
control bek 29,amtthe Buigd dloartsiat @ lownge via thhldw 8dwaateapid valve 205 of the

tenperature, .a fixed gain coefficient, .a low fluid
valve cquifgpor efh e eiies g Pumiipys <60 Eoh ds iorumaeiday by dhe control
logic 30P2e BpRV Y Bl ¥BSSIARg BR 6RPEALENE SEHE MLRYGR B gl iR%akh the

di splay 304 or froma
thermal chuck 10.

Temperature sensors located in the thermal chuck 10 collect measured temperature
data at various locations in the thermal chuck, and provide temperature feedback to the control
logic 302 of the temperature controller 30.

The temperature controller 30 uses time proportional control to perform a temperature
cooling control function. Specifically, the control logic 302 uses a time proportional

controller (not shown) to determine the optimal proportions of air and fluid to the thermal
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renote console (not shown) attached to the | EEE-488 or

RS-232 interface. The operation of the tenperature
w@ovbodsber 30 of the invention will now be furP€TE82006/006810

described in detail. As described above, the contro

| ogi ¢ 302 of the tenperatuke controller 30 receives

el ectrical input signals fromvarious system

conmponents of the thermal chuck systemand transmits

control signals to the system conponents as necessary
chuck 19 dupeg ¢aphrpetipé of e@pmnpeé@tuxeetrﬁp@rt@num@l tesantrelithe ﬂﬁWtqf @irand

fluid to @’8&{] a‘i ?lbnngf Clﬁggrfg ont 15%@%'1;% aflr %ﬁ)eno (]‘{S val %en% 6Ihl Stlow

solenoidvARSLE, bAd tdveflyal sﬁ&n@ﬂn&aﬂﬂ’l 205@@&&111@1;& c ond UCt ors 19
such t hat appropriate conbi nations of air

e prapeeianshequgiolleyineludpga eaip spledylspthag SOmBUtE%? pEapgytion
o R A n S B 640108 SREEALALE s, o
proportibh bl aletdbminsdtbgra fixedogaievalagteoinitial meashredtnmeyature, and the

i ncl ude an a eze t ermt lowte rature
chuck te@aar%meorﬁngerﬁ@wtff@?% I Vil oAt gegith Hebaggn b e dppid may
exhibit f?}ythé BSuckl il téﬁ?éﬁﬁuéj’%g’i(ﬁl SRk Hf‘t‘i‘-etl inAsed Berif@ature. For

enperature con |l er "30. The fluid flows through the
examplet, e temgleratiras kbcszyé)pdmgmmtawhal Weaigh 1Srcz9m§er‘1ﬁdatOtS‘f¢@nh higher levels

of heat 1%1'@9 plﬁ ge%:acsv& érqnil @ﬁc%g& gt 3[0%1%%1? g Pé? ! thgnetg gn OWn*prQ:raturQS under the
boiling HEMENR 18 tNlav@r 2Rouhf oftHeet Néaloved Bohe boiling@f tikOwatk The fixed
this manner, the tenperature control actions provided
gain congjant Heeach saseoill thgretorgbe difesept i ni zed by control | ing
A TR Pl P AU B4 S ST oonin
band thithiensed|to chivelktek0dutp Icycﬂe forrapels pered, beimpeva} mrthe téanmreaure
various locations in the thermal chuck, and provide
transitiqienper at ure feedback to the control |ogic 302 of the

TROBEY /Y HE Sal §PRERIA8 as BthodlBed RINBET AL WhtEr, pERE KRdth® control
30 uses time proportional control to perform a

effort, is ealpdatad by @ d@MMGkﬂ;SCb@dnlm wvhiqlnrdﬂtqrmmes me@ifﬁer@m: bgtween the

measurecdj (ﬁiuf«g ntnrgfelra(tﬁrgt (gﬁbrﬁlfl(f eng)g{ éll%r%EOﬁ‘gS% Cilrltt te]?p gra ure, in each

predefif¥dqReEbE A0S Bf t@hperattée frhnsittbnl OF Iﬁ@&fﬂeflﬁbﬂ&d r@fwﬂél‘i td Bs an error
during each ferl od of a_tenperature transition, and to

coetficienin{TheIdupreych isdesrmirs by mIRPINInG the cirpOeHisieR g isc k

transm(#o a%r?ﬁé&@ﬁ’é?ﬁd@ﬁgecgt%éﬁ}a' e the air solenoid val ve 203,

enol d val ve 204, and | ow fl ow sol enoi d
V\&iema t2fiperatmeotrahsitipryis iditietet ] the ggineplordilen naputes the proportion

ontraller, i cludes a aln ched hat co
band angl AR5 ipP GHnH Y (0 L D RUAE S G8 TRt A TG Easer AP o ead
transitidd i kel Ponk st ﬁ,ﬁm%%atttﬁé een&geaﬁﬁﬂettfagﬁnoﬁ he

proportion band is determn ned by fi xed gain val ue,
Theeireri coefficient aslonletedtin thsefitst permd ﬁ let tengerature transition has the

highest deviation. However, as the measured temperature is reduced in response to control

actions of the temperature controller, the temperature decrease in each subsequent predefined
period results in a decrease in the error coefficient. A new duty cycle is calculated from the
error coefficient in each subsequent predefined period. The duty cycle is used by the
temperature controller 30 to determine the appropriate proportions of air and fluid to be

applied to the chuck 10 in each period. Inresponse to the duty cycle, the time proportional
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chuck tenperature range. The fixed gain value is based
on certain behavior that the fluid my exhibit in the
webweko@sl t he t enperature region of the initiaPCT/US2006/006810
nmeasured tenperature. For exanple, at tenperatures
above boiling point, when Mater is converted to steam
hi gher | evels of heat may be renoved fromthe chuck at
a given point in tinme than at tenperatures under the
boi ling point due to the | arger anmount of heat renoved
controll¢rreontrelskibs salenpidalvens20aed, 205 ivect thaleappeetitiatepapediaps of air
.k n _each se will therefo b i fferent. The gain
and ﬂul‘i Err?eaitﬁfné’?e %Fgl\%/)ﬂeggﬂ‘gffteté%n%ﬁ ?li“%?z(dl%:f ransition gain
AonhAcHed dboiR, ahRwididpeydlé Brtalvanged foatadhSprodedihell @eriod of the

calcul ate a duty cycle for each period, or interval,
temperauge frasitietplrenegrbodingmsi the periodrranigina) isgrapmlly gpafacured at 4

r r 3 . t id,. i . .
scondst, PR 850 AL 8, LIl B 9y 4 gon o
time duSeghtha dhterval diniirghwhlieh €luid is ésirddueedlinfd theehoek Hefromahe vilee

contol [0 535 S ST AL €, 200, 8, SeSh L P B

interval A¥ehf it BéonerQMREH ALY LR abd ARShAIP ProviddStodhd ERICRNORvESthe
referred”to as an error coefficient. The duty cycle is

air/fluiddette? hi2Rewitbyhaduty cptly beigg chleuleteddry thoedrfifod approacinef the

transition gai.n i edef i ned, per.i

. . th each..pr riod.
inventicp kb s 809 R pis] 5 3 P PRt B R o Yokllofine
time prépoResud BiateoiRIT RSing RECH-8@RhY tdnpdiantt @nttol meseill iHance, the
) ~gain for the tinme proportional control]|er. The .
inventiogrspides dPulBeMeadta mepdutating RPPIoActyiR) Gentpking dherraeng pARpid and

. 0 he tenperature transition. The error
mrpnwggggggg?gﬁfﬁcalculated in the first period of the

It ehqed dt noedtthansich ittorugh dlse proporiog loe dotydgvleas caoulated based on

e i e b B e EaCBY chifloed i
duty cy@Q0BE pRIpbfion thi}ebd EIE BNy ReLdRBARUsNuBAGRupted flow of fluid
subsequent predefined period results in a decrease in

to the chuels. &f therdutsowsiold isil 80, then frethisienagnpdsy dhesait solenslid alae 303

. from,th rror .coefficient in.each bse n .
remains M P o8 1E 8 Ol Gl R FE g SRR B it vtve 204
remains HFAES pEovide 1WORS flaid! fRyw BOhé ohwtkt18r ot e petied.appecdfidalls] @ this

proportions of air and fluid to be applied to the
control agiigek thedughhflawsplepeidivalye 204 1y Bisort” statetpiel Aie pf the
t 4 | 4] | e, . | ¢ 93
peders 4Lt Pochp I GHQAGHIANEETLAGH AL 00K 1, 1 e
The megsuogabtetriperasure fwiRitherafiock dectease.are al ternately appli ed

t h | 0. i ’ i
S5 gl dermbtedahifo i ob e TERbn P dale o Buefelr tian 4pove.
If a dut} Bfcld RREBHA © Yel AORdrithaD 00 tﬁé}?thf@ Wﬁﬁﬁc@ygl%gchiddll& will

period or interval is generally configuré .
generate a result of 100%, whereby a resulting control action enables the high flow solenoid

valve 204 such that solenoid valve is in an “ON” state for 100% of the predefined period, and
the air solenoid valve 203 is in an “OFF” state.

Subsequently, in the next period, the duty cycle may be reduced, such that a smaller
time proportion of fluid is output. In this case, the high flow fluid valve 204 will be open for
some time less than the full 4 second interval, and the air solenoid valve 203 will be open for

some time during the interval to allow air to flow to the chuck 10.
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seconds. During each 4-second interval, a duty cycle
is calculated to determ ne the portion of tinme during

wo b@eiosmizer val during which fluid is introducedPCHUS20061@6810
chuck 10 fromthe value control box 20. Air is
provided to the chuck 10 d@ri ng the remai ni ng portion
of the 4-second interval. Hence, in general, fluid and
air are alternately provided to the chuck 10 over the
air/fluid path 21, 22, with the dut cl e being
baeuenahtae:hhtbyycﬂm colsnitata byapp d@fer@ryc sc mlqrwvgmpr@i@ﬁned

period. (RERP B Bhebaid broneRalt ERrOHisn e debe IR & e auty

cycle will g&a&hﬂll’yﬂﬁ redsded 4 ’HﬁQ&ﬁﬁerﬁﬁi’@@fr@bﬂéﬁS C @il Etrol MHeativalenoid
Hence, the invention provides a pul se-wi dth nodul ation

valve 2%@%5@ highdlave palensig velye Pibacsetslingly srcly ihel Ge RFRPosign of water
to air co?lﬁ&yés (aﬁérgagerbg t &{]ﬂgﬁureldtte P&%ﬁje %}%r@e&thgg e f?1]%glrecfgtgl?lﬁerature

roportion or IS Ca ate
EI&ZS eChoﬁfalﬁstEgrdp}ﬁ flasenie the temmtamtmatrohh@@lperformmg a series

nper at ure and desired fure,. ul at ed
of contrpl GRS B TRESESH BH Hidsis™ S SEpcle Regegiofgor time
intervalk Ebc%rcﬁf??{d R gﬁ%entblﬂi/éi‘ﬁl@ﬁ I WPt s 4f h‘a‘ﬂ{yclfycfel de\ldﬁlattf%ntlbﬁerformed
huck ty cycle i's 100% then in this exanpl e

during ¢able 4 segond gleeind iofl thedtmper2i08:. rid e #nsnetl dyawn tassrale, trhmrthauiar

. air, i t put .to, the, chuck 10 h fl
with recid tisfo SlfsPaleai Ry’ S5ies HECad Sinrhass biiacth §Par pRBpon fe
principle6f 166 Uskndiéh.f Dhe fifid ey plﬁﬁortlsﬂﬁﬂiofwrﬁﬁhhé/ figir® atdos illustrative
control action, the high flow solenoid valve 204 is in

purposea AnlYON" state for 100% of the predefined peri od.
During the same period, the air solenoid valve 203 is
FIG. dirillngres steateratals ranstienfren g kil gh tanepegatareip lal low

temperaéﬁfy&@g drglga%%be I éra u|1'J oul d clall hoéheg raleaggéere Q?SEIQEE%%gﬁMe the

fluid préporBoktiily be yéléttBJel}Shlgm Bbﬂ eﬂiaﬂ@ld, & PEG.O, @atigitiat ﬂlchollGQJ%lod
then the duty cycle scheduler will generat e a r%sul
illustratgy thmbfé)e/thgm&% @916301@ &hyp 2P @%’BF&W%PI HEMES e pblse #eriod. This

ter 00 o QLIRS e
transitigreinitibdlexaanpde bHEIGaid thealugngictt deatoasesdB3adtsparivdamtil Glefigh flow
solenoii; ]tvg2 ggt%gt &E.H%g%éOangfctHee P%qut &Eg%@?ge&c}d? feurlrés OL}{put by the air

solenoulP{lﬁPQQM OF‘OIOécxafﬂp%' ¢h s ﬂ?éitpléﬁbd of FIG. 1, eGSR ledotEvANGP03
low fluid valve 204 wi Il "be open for some tine |ess

OUtPUtS@hanthmélumlﬁbr ?A)%c,eﬁthn@enm er vaI and the air sol enoid

?fﬁ? é}lt“)/’ 3lt gcfée[dlug%cgllgﬁla‘pg ﬁ?el ity {z%clef* H%tﬂdtﬁ m{%g%gqe temperature

enters adRBEMbahd tedapétdtireGYEbE Aﬁt}ﬁs?‘ibdihlﬂ tHeatindyropbriodul donaylite
schedul er every predefined riod. Therefore, as the
performpulifereniceal avgionairafeared iprondsrddapd sagesandeysecondary control

action, &%59&&%%%1 retggl% ¥/ combination of valve outputs. The applied secondary
control action depends on the temperature range, and is described below.

While the gain scheduling, duty cycle scheduling, and dead-band mode functions
result in a controlled temperature transition, undershoot can still occur, whereby the measured
temperature is reduced until it is less than the desired set point temperature. A key feature of
the present invention is that when undershoot occurs, the temperature controller 30 can

quickly stabilize the measured temperature until steady-state. This is achieved by performing
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cycle will gradually be reduced. The tenperature
controller 30 will control the air solenoid val ve 203
wapaehisehi gh fl ow sol enoi d val ve 204 accor di nBCTUS20061006810
that the proportion of water to air continues to
decrease as the measured tEhperature approaches the
desired tenperature. FIG 4 contains a graph
illustrating the tenperature controller 30 perform ng
.a series of control actions conprising alternating air
a cooling pperatign gng p hgating gnezation cen%@ﬁlﬁéwﬂb epgratiensgindes the control of
the tempdthiafe/@nfrofl6CHY. di ng to the present invention. In FIG
4, a duty cycle calculation is performed during each 4
$huso e qoeling dparhtidrhef the preeem tinvreatiofris@onttollad Bwthedingsn
to . scale, in rticular with regard tg.the illustrate
proportyfgloBlsessed niice iR mEHSH BT O i dtenipsoihe dead-band
temperdphr Yaigeatat M6is HBRt Rhé ARleRk&Rrdénal BehttdMEELBERR: delBBand mode,
fluid time proportions shown in the figure are for
whereby p dif§arendtcopizonetipn seanrpnith regarddo the combiation e§valve outputs. In

e 1 rature transition froma hi.gh.tenperature o a.
addition, gv%@ ?%n%po regattll?P e A S aaé)ﬁl’lg%mt% eﬁoﬁfﬂﬂege fh§ ‘ﬁﬁ‘&eﬁl
effect ofingiigiunt haRrshbet. deshil £ chraipahatstcarrehtRafihgbferation are

) pro?orti on wll be relatively high. For exanple, in
describqd hglowt.  the initial 4-second period illustrates that

S

80% of the perio referre 0 as an
controlleydividesthepharpal thupk tempasetnte phgefnto the. plidatitynd dohtol regions.
ture transition in the exanple o

| 4, th
The thetgig Gk P PaE Ste FF BAEW s EFEBRTaR 110 ORIOR giach control
region i6 HOMeIVyMAipheV RinfRratH4 bout R snd 4 1Hv: E@ﬁgeﬁ&%@go&hﬁy. In

.. period. 'In each period, air i's output e ar
additions gpcbrrontoligEioa RoBriseos deadehaptl ésmpanattitperegionst theepitoel region

incudehe By R, BP0 Bl AR R b erar

region i$ €0ie@dd hBsvecaldtisl @l e debitediet Yoidy Chetiire] thbRBy TRATHE 8dead-
tenperature enters a dead-band tenperature regi on. At

band ar?‘!"i’idéhfb@‘f’sl‘if@?l SEROIY YESFBEBr t i onal control | er performs
4 Jdﬁﬁfoﬁp%acﬁ%loﬁfﬂ)lalg B0 %as 5g£iﬁrsﬁl‘feqluieg. Fhe %aﬂes@?écﬁ?ﬁ@%f each
node, and a secondary control action, 1f particular

control wigtdn aabydates a propbition datd withirespedifto vaxhpegatore ¢hatteribties

- | i ed secondary_contro] action depends on the
exbibitgd b ST R T L AP QT BRI BG0E @ eEatplsange
betweerIB°C 50 H0E0IchR gxhiH :d?tlrfféié’rﬁ |t§n§&£¥%%ﬂag&%eergﬁgs 88 9a&a8%ontrol

) nmode functions resu in a controlled tenperature
region hayiaggi tenperatuis thags Rboie ISARC sfoi xanye,uwith wigerdetioythe freming of

I t I re is.4educed until it is |ess than
s SRR RS SO EEp AR, 1 BB 00
scheduléltf cpheslangiohnknitgd @ fenierdthdtabvhien Modalcaeta H6piSn band

. the tenperature controller 30 can
using a different calculation than the control regions having a temperature region below
110°C. The calculations performed by the gain scheduler in the various control regions are
illustrated below.
In addition, if the desired temperature is in a control region having a high temperature

range, a high undershoot can occur, as compared with a control region having a low

temperature range, the low-temperature control region having a smaller undershoot than the

high-temperature control region. However, the time proportional controller will execute
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qui ckly stabilize the nmeasured tenperature until
steady-state. This is achieved by perform nga cooling
woep®sarizon and a heating operation concurrent | BCT/D81006/006810

operations under the control of the tenperature

controller 30. Thus, the €¥oling operation of the

present invention is controlled by the tine

proportional controller to reduce the neasured

tenmperature until it enters the dead-band tenperature
control a@tw@e thaAﬂretumucsle;i@ ithet high-femperatsrepronprol reigoma ind eamt therefose

a_.dead-ba d node, whereby a different contro

mlmmlzel%ni Srr?h %tc?ﬁ‘%"sfd Weth regard to the conbination of valve .

BIG. BUdositaidsh @aplh fliaDﬂIuS@atbﬁﬁﬁdePﬂlo@ﬂﬁrvafylﬁlglte[’@érdiﬁres and six
ied in order to achieve the d

concurrent]y ap
differeng fixed progerign rbﬁh%ﬂﬂ%rﬁaléfr BRJ8: PB3Et BBI2S, PRGAr BB r?QOt fﬁ?él PB 100,
I
in the al%%ﬂ&ﬁgif tﬁ?{lmla %@;ﬁ%@g?ﬁ@édlfg? ?ﬁl@ pgé:sggﬂg%?éﬁlg@: r%%vghowln in FIG.
5, an uridbahodtleen be merydargp at high mahperamtdsals kcempaticd Ivdﬂsart llnﬁiershoot at

t her mal uck tenper rera intg pl ur
lower te IS E@ﬁ AT AL e D gﬂlﬂﬁ%ﬁ%? awth
conventidtal RXARRHGe cﬁm%dfnbcgﬁ@&ﬁeﬁlﬁlnéqg%° E&agh 199"@ rtHé undershoot

region is defined by an upper temnperature boundary and
at the saand Gk gaire (HFB2 B)tis BeC bBLGmﬁadegscrﬂm uddisho@mnderdifferent fixed

ains, t o terolalrecgkeon C r aJges ﬁl eqdsy %d te erature
gains, oA loi BT PR R LR AN R BB 21 e e
Emr 6 conenmes gapl ﬁlat AsowiEtht k201 df ab ONdrsHobewithakle Ranecheduler,
nperature region is fornmed above and bel ow t he

duty %lé §¢h€éﬂle§@pd geichbandappds oft the @enphléﬁ)@sly SYsHmh regpresent
mventmqlegﬁ;{)ﬁg}gd@& g%rﬁ Qt]%?éf Ee(gl?ré)?]l 3(P8f1!BE g%eﬁ%?ﬁ@%l ofi; thé n
undershﬁhelsgmpmvsd:hedul er of each cont roI regl on cal cul at es a

rt| on band e ect t er at u
BlEPAL tanbitar § Bk phindoealroty er o BREr Shitefemmerater
transitidh$ %6&Jr&h§ & @&Neﬁjﬂoﬂa@ WPal@kRY FFG Iaesttahy'h erdpRge
bet ween 25C and 600C can exhibit different tenpérature
undershohtsressiting fserh eenltiplaterapeyatves transitons acqoeding o Hevirergnia
Jenperature range above 15Q0C, for exanple, with
f%gard to the formng of steamfromfluid in the

FI®Y. 5% thelesk ilatstrdiefth@nsnhtrd RIERRY the tifiRSpropditional controller of
particul ar, the gain schedul er of control regions

the pleSﬁaWwaﬁ@ni @Wﬁ@s}la@ﬁ}? EngieyGe overoenvetiontldhesag Bhuck systems,
regardle%g Bpﬁfettérﬁ T aggé P&wRetk LSk d $@h }?éfétﬁ etf'ug ?v&nteﬁ e

control ving a tenperature
temperatdr@ CAs E[dssenbead aholvatthe nmeq&olﬁamamﬂ cbiytrdllee ogmertempératmb er

i n_the various 80 q s are illustrated bel ow
controllF:JhB é\fﬂiﬂ pingRiZeun ?rgléooa glcpg’rﬂo [{ngf) éqeé@gfsg Cf‘ﬂéc | {gmperature across
the temfFQ@MufOlanfEQIpPOrtOAYy 1 tRertalBhil Rk tHng the chuck temperature

range into a plurality of control regions and low-temperature regions. This feature of the

inventi

present invention is illustrated in the following example.

In this example, a thermal chuck temperature range is divided by the time proportional
controller into five different control regions. Fach control region comprises a gain scheduler.
In addition, each control region in this example includes a dead-band temperature region. A
low-temperature region (referred to in this example as “Control Region One”) has a

temperature region marked by a low temperature boundary of about 10° C to a high
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range, a hi gh undershoot can occur, as conpared with a
control region having a | ow tenperature range, the
WO oweNBI3pEr at ure control region having a snal | BET/US2006/006810

under shoot than the high-tenperature control region.

However, the tinme proporti®dnal controller will

executecontrol actions that are unique to the

hi gh-tenperature control region, and can therefore

m ni m ze undershoot accordingly. FIG 5 contains a
temperagjira phundeay of #hous 24l dduningietesipstaturstiransitipn figy decreasing the
measurddZTREL AR, AP o Ml S0 XS BLEBAIL! ROmBANS chuck
temperailﬁ@ is iandﬂm%l Rbgien Omedd colity] hitiah i rp@ﬂﬁfnﬁddlﬁ@d requires 100% fluid

ontroller of the present invention. shown in FIG

and O% gir tg he prryddesiie dhe thamnal ehyeky 30 qhgp@ethgprqqp%mpd period. Here, the
temperahﬁ%gﬁt%l}gr %ént?(lﬁ_soﬁlg %We%@n%lt l;bx%o%gﬂg aﬁE BRhi gl)\gef%fenmd

nper at ur es exanp ta fi
valve 2(?(4:!3 aﬁS)ON’astam radé t}mmmostolemohdlvamm 2@hin anf@FR"estper hi addmon the

rol i n schedul.| 8 C, At 0C, the
low ﬂow g]g gafvegﬁgﬂ%@ ;)é;j(ljn g’éﬁteh 57 ‘@g)hlg' a3p-solenqid valve
204 is cént‘i’tﬁfﬂﬂ&'o?@1§ thRARE dﬁhg e %Hﬂ@fa‘cﬂb%ﬁt&ﬁ[&ﬁ i @ﬁicﬂﬁirfgsthrough the

fi xed gains term ned by various thermal chuck
thermalphudﬁmm@essmf@e Beasuraddemperatuge.aph t hat shows t he

Tl g A TARA T d 5 oo 10 B AU ot o

desired Glliutﬁ(l'%eﬁllbélhm &dn Behief €6 ENhen thé@das@rdd cByck teinpedtiet RGeduced
he te rature controller 30 of the present
until thq Ierand ngwk teIRECTaRERRis SRbiSYed, $he thyd derappratiyeds mptained at a fixed

tempera?lﬁ‘@tb@b%th@ dggitRnnAlk féﬂﬁ) a%ﬂ@%? ef(eﬁﬁ%ﬂetd ng-¢ E&le the desired

l'e tenperature transitions ac |ng
chucktmmpmenuta onal thernmal chuck FIG 7B contains a gr aph
f .under shoots resul ltiple. t erature

PHRE AP (g}?{?al,oalllﬁ 0{1 Olt ]%1%%1?)1} e{em; 8q,§urqg1| tegnperature

is reduced Gntile {8t tRad tht H&lfﬁtt&n?%ﬁlr@ )éndi s QelAGHh S n LiR@estrhie
proportional controller of the present invention,

undershgaid @ he it Opeytiom@«/@cp@fﬂ@me@ oPviing therheptingeperatione theckuid

temperat%%é is 1n§1§e&§egi tlg I,Pgesdse ed célugk ger? e atéag}lg Sclae\{eg r%lg R e?%g %ate 1S
achieveds Td @e£foirh €t mﬂNgEopdrﬁlﬁ)ﬂ, HEEhepfe@ PO 4 plaskdl un@.@mzt tlekddebop
of the tenperature controller 30 can mni

temperafiyg spatEelotln Hijs BapRsrothe gy propwHendlcqnisolss l@alﬁélﬁﬁé thg djffgrence
betweergﬁlﬁglﬁec‘agﬁl%ﬁ téxﬁ[?@ﬁﬁﬁ%ﬁﬁﬁ%h ¥akd %«ﬂ)‘ﬂ%%ﬂn%d TRY LR it RRERR Iusmg a

y partitionin chuc enperature range I nt
proportiamp]l—imt@’raltdprmsﬁtmec(ﬁﬂb)dbpolegy oifbe BH2lid wwed be thpeteapenatire

controlllraﬁ %Lfg)?rﬁgqlgﬂal l?eﬁI Peﬁvtéel'{’][lg‘fq gl%tt ?fg“%i%ﬁng gqelasnu\grg ‘Eelm%réra{ture until it is at
the desired temperature.

Therefore, the desired temperature may be achieved by applying the heating operation
during the cooling operation, such that the heating operation and the cooling operation are
performed together to reduce undershoot. Also, it may be necessary to apply the heating
operation after the cooling operation is performed to maintain steady state.

The temperature transition can occur within Control Region One, wherein the
measured temperature and the desired temperature both have a temperature that is in the

Control Region One temperature region, for example, 10°C - 25°C, or the temperature
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In this exanple, a thermal chuck tenperature range is
di vided by the tine proportional controller into five
waledobesasnt control regions. Each control regi oPCT/US2006/006810
conprises a gain scheduler. In addition, each control
region in this exanple inc?2tdes a dead- band
tenperature region. A Iovv-terrperature region (referred
to in this exanple as "Control Region One") has a
tenperature region marked by a | ow tenperature
transitignoagn ey witereibdlig tempegiure tranfitiephisdnipieted iinne 2 boutra aggion
re tr [ n for
having g B30HbeaRlt i My LI BIRREELH Tt TR0 b Rl wansiion

operatlcdﬁﬁl(lcﬁﬁkol Rﬁgleﬁ @ndliepdrforimeddtd sab emninBe TRas ﬂ%demperature
ck tenperature is in Control e% on_One, a contr

controllslz:%qnéwls the yalve sonerd by aP by alasinesthe hghofaw selanaid erakye/0204 in an
“ON” sfa’tef adfd QnbS&i é@{)l%}{éﬁjglv% 903 ﬂ‘? *@Fﬁﬂétat%%%% %gaeﬂbl& WA ttﬁ@

f1ne erio Her e, e tenperatur ntr ol
measur&lhﬂtnpeiamrb Imam\@dnml Regibn (ﬂneb ox CaotrolR qpi@acOng thchhmhﬂ@\h

enqgi d .val ve 204 in » ON! ate and . the air.
solenoid i S0 a6 19s " R asiete o g high o FoIEHRY 7GR 20 e
continuhl®opnOBt B TNdst¥a! 4 1R ehPeRt@e RentdllAMui P Constantly
state. Here, the high flow sol enoid val ve 204 is
circulatingrihiongh thejtheen chudkus keepi ng t he
enperat fl.u [ Iath ough - he,
DR LB B bat bl Bl B TR Ay can e

defined |bI§? a@@ﬂﬁbéﬁtur&%!g@ Ffoﬂib&mpl@ Q%eibeérathr@nehgd Haglkdd, byl Slow
to the t chuck until a desired chuck

temperatt@ﬁ&eﬂawy et ?:%mlt %%"Ca@rﬁ hagla temngratrechoandary of pleit O Uek
DRIREEAHDEab S SRR EnEBAEN S mperaure, .
temperatuie cbalimecbeaiticn, Whaethetnermparcd chudk tomperatirt & idelsd teagberature

range ofy QS ol TR TP e T  ForolicE Bt Aoisdiial acsiqn that

alternatédinf@R off @lr aﬁsmmmo%ethwﬁ@ﬂ RRYcK I oNBaRd SidpbB0REA @Y £
is reduced until it is |less than the desired

predefinedsaipa bycaablingdhe #insolerad vilvg 285 angh Higbifloapsadenoid valve 204
accordl%ﬁgershoot a heating operation may be perforned.
ng the heating operation, the fluid tenperature is
The pm@s&d)ns of ik abdBuidesd daentihetCky tienaal fhedided hd the duty
hi eved and steady state_is achieved. To performthe
cycle sq%@ B

dleef Bﬁgpa&r?ld#gl%“évvﬂ el €pntral Region Bwedhe adascheduler
r I
B B o e e PP A AT S b R Pl
generatéret duggcyclh DO Hsemh gradefimpet priodebasad oh e dHswiredormulas:
tenperature. The result is filtered using a
proportional -integral -derivative (PID) topology. The

Fio@oﬁﬁmbﬁﬁﬁll (p}g)t:rlg/lt rPRLLat g controller to comand a
heat power |evel that incréases the measured

TeampisiontGaie (LMt +100/PBi s at the desired tenperature.
Duty Cycle (DC) = -E * TG, where E is the temperature error, defined by

E= Tsetpoint - Tehuck

The constant K is a fixed gain value, having a default value, for example, a default
value K of 270. K is an empirically determined constant based on undershoot performance

during temperature transitions. It should be noted that the fixed constant K is reduced by a
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Therefore, the desired tenperature may be achi eved by
appl ying the heating operation during the cooling
wo@p®esarizeon, such that the heating operation anelCT/ii82006/006810
cool i ng operation are performed together to reduce
undershoot. Also, it may b8-necessary to apply the
heating operation after the cooling operation is
performed to naintain steady state. The tenperature
transition can occur within Control Region One,
factor ofih@ meConttd Regivaslive &b fuetﬂiptemnﬁneateﬁd inbrsentdenpesature behavior
that occt%sﬁ hgbe 11?11%,} I%nrrl]tavfe Waat‘e ntrﬁée? ée?rt%p(l;eﬁ‘flﬁléllnehrg?%e SF (EontroF] ﬁeglon Two.

SpecifichQ$ K 152@1(51ded byt1l06n C%ﬁﬁer Hé gisie Thvaretause thecfiuld @¢ ﬂiérhquld state
mhereln t he tegﬁgrature transition is initiated froma

does notxsove hetagiadirkhads the Hidjrdhe gasapnsrsitien €. sisgMorn be ek
tempera%@gf%mfdbo ?Qérp tg]?n a%@@c%%ﬂ&ﬁﬁ%@&tQBgst %?ﬁﬂetthrgﬂerature

ntro e is perforne
transitissia r‘ﬂéangamhefrnedﬁh die dlﬁerehbtebettwn@eﬂ]amgnnmnﬂmdt temperature for

cxamplg, R0 €. P PSP e i SVrBRIG DL o s be

regarded ql 8 %&luﬂlﬂh‘éﬁu@pl%nitp@raﬁﬁe s Sasipl, qlf'aﬁ X l%BO@ H?e{pm,&?‘i’s the
where the nmeasured erature is in Regi on

desired @m@eratnre(:&rlme regtior Reqjﬁglnn@] &5, the HTarenge ﬂaletywes cbhee@rﬁmrdd temperature
ate and

and the } Heg%lrg Of)egl era&&rv af[@lg bbczl(atempgrgﬁtr iﬂ%ﬂk ilS’ the bnég | It']agf:ouSQneaﬁured

chuck teriPérataterdt @ ird@uridpustrdRiear at ur e- cont f0| led fluidis
constantly circul ating, through_the thermal chuck. A

EercanmpicoAtyaperagls Bsttiosrienn 8ao°tCot0| 4°Chyidl resubiiplagraprortion
band (PB Ph4 8lsinde Q*ch(?,c'ﬂ OTA"QV() PR DSiG 2 e(‘:lf(gy— At f; nmper at ur e

nge, for exanple, a tenperature e marked by a
Irmlue bogpaxatpic a kiutymjatq(nﬁ) calzolatedZib@hd ﬁrsapmcg}nf the

rat.ure boynd of . about 60
temper R GaNigh-d-<1 PHELRY ek SRR Bty W oS 5 -115* (40-
270) = 4845, | BTRBEAbEA Sbove, fremaXitBARRAREHIEisCIQOPA. MBherefore, in the
operati on, when the measur ed chuc tenperature is i n

first perigsl atléﬂ%eil@x ayede sangé bfangthet exAmbegivieam flnweaw;ed teimperature
o P, I er.f.or con |

is 60 Cat;i g%&ﬁa gf;?e}F ﬁ%g % 1%41ca“:t‘mig R éhef IﬁTgh @ow soﬁeﬁlgldt Yy rr%qh Wﬁfa output

fluid to Gthiack ButiN82.8%d (ﬁdh@péﬂvd! hhdDths aﬁl-!;blelﬁmdavaﬂﬁeemfwm%. open

. tﬁ iod by enabling the air solenoid valve 203 and gh
during P sPABIEAd] o 0 hiG@eniod 5%%@#@% yaluerpeths dgfysweledn generally

conﬁgu%g;%l J@% ?}0%3} ol ltdjélﬂfﬁ{ggthg g&rﬂaggmpﬁra{\%o %?65{' Tag{}?,gdgé filgh flow
solenoid walve 2o¥ San tan O‘DN?egata for'ﬁm,asttﬁﬁ)é/o g predefiesiiceiod.

R N BRI T
reached? X@tltgava(pr??t % ?’#ﬁﬁ%gl poo% gty dyeR iPG5dd0He. Q@é;%ﬁ'u&ﬁ d38% fluid and
50% air required for a predefined period. In the dead-band temperature region of Control
Region Two, the duty cycle cannot be less than 50%. For example, when the desired
temperature is 40°C and the measured temperature is 45°C, the duty cycle is calculated to be
20.57%. However, since this is less than the required 50% duty cycle, a minimum duty cycle
of 50% must be maintained, such that proportions of 50% fluid and 50% are produced.

In the dead-band mode, the time proportional controller controls the air solenoid valve

203 and high-flow solenoid valve 204 such that a 50% duty cycle is achieved for a set period
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Proportion Band (PB) (K/10) * TchU ok, o/ Trange
Transition Gain (TG 100/ PB Duty Cycle (DC) = -E *
waQoemsse E is the tenperature error, defi nedP@iUs2006/106810

setpoint " 1 chuck The constant Kis a fixed gain

val ue, having a default v&l4ue, for exanple, a default
value K of 270. Kis an enpirically determ ned

constant based on undershoot performance during
tenperature transitions. It should be noted that the

of time, ffoexdmpbe § maintitek. Irsaddations beathy apflizd e neashsatyid siabilize the

g Jwo to further co her
measurs R RaET oA EHAS R RLET BB GRS D HRA T g aces the
low flow 9b180i@aM@BDes in A “ORNE sta@TREWBIcH a8 o tvaMEe oPfluidainpat to the

Regi on Two. Specificall Kis divided by 10 in

thermal @bmkr dn tiRg glapherTiben yek temeratwieds fleereased syckithat the chuck
temperaﬁ%r@ﬁs 1n(é19 &eaﬁoo {l%ﬁéﬁ? opé%t{cg}ngm]nh%g tﬂe?‘]kot\{]ﬁoévlolf 1& &in

aseous sta e chuc erature

remove h&’ﬁﬁd@rktlﬂ)conﬁol&m blymxpeldhlng lﬂﬁaiscwmmgﬂmc Rrotrethp &reaﬂnar chuak 10
the start

visan oy e it 41 B o SBLIORHE o B TRNDE AN th
chuck 1D SERLABH St p Bﬁranﬁ)fﬁﬁﬁ)#ﬁhﬁgpﬁ?l yand the nini num wat er

tenperature, “for exanple which can al so be
Pegeg decbliaig ophetion mi GomrelRegiort Ewpeﬂlamﬁas;redl tenigerature may be

T = Tset des
reduced YR paink SPOHam wiREy s v pet e i EmPRBlF g g cgeating
an undebieible@itictMBodES hefthgt Gi¥Rtioati M@ R iM e sIERE WiReer as the
tenperature. The chuck tenperature TchUck is the

heating operatien effexnis! Region,Qep. chhat s, deingetha hagtingapegationpie fluid
t
emperfl R RS RS A LR,

Whep Ohiet thf‘limeﬂ) ahakk( sﬁa)emmfs aPdeRlysitate, evhezéhyctke neagrit@d0of the

tran t i on (TG . In the above
differengs Fheen i 3;9@11?& fe%@yraBgF et ihedlisisil ik mnggature has a
mlmmuﬁfaﬁl’e@éﬁrﬁa dEﬁﬁtl&@ REIRH HER sBl%ﬁ&ﬁ'Vtalv‘%@OS '[r)%rﬁams Yi’hﬁl@ “UN? state,

chuck tenperature Tchuck is C,
thus keqpits the 7I)d circ@lging 38¢ougls thsteb@malb elwcaki@w@d thctrebmmmmg the

dut cle is 100% erefore, 4R, the first. per
thermal it By e BB 4 (e, bl e PR o se
temperafiR@ HeloRctht sRRAThUEIEtehfheRRfte, fok BLariplk Yse ¥CI02CIb810%thd Uesired
i ndicating that the high flow sol enoid val ve 204 wi ||

chuck tesppgsefbres pised at 3 CHer dente chiuk tﬁ@pgzug% Fove e Geri od,
%gﬁ%ﬁ%tgle[hghés?%g }Lé?@;?ér@eaﬁn};{f bé g(?hl% ed dupﬁig %FE&HB&#{M&}OME

operatldlnl;l evheligby theythélmal shlgmcrmainl iy atsieddygitutedt inay b8a8oepsaryto perform

to entering the dead-band fenperature region. Tha
a heatlngrq)@elﬁp% t xglawta?n steady state, ﬁergl?y thetheat?ng operatlré)n descr%bed above

will be performed.

A third control region (referred to in this example as “Control Region Three™) can be
defined by a third temperature range, for example, a temperature range marked by a low
temperature boundary of about 60° C to a high temperature boundary of about 110°C.

During a cooling operation, when the measured chuck temperature is in the
temperature range of Control Region Three, a controller process of Control Region Three

performs a control action that alternates inputs of air and fluid to the thermal chuck in
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sol enoid valve 204 is in an "ON' state for at | east
80% of a predefined period. The duty cycle schedul er
woreioagddns a nmni mum 80% duty cycle until the PEHUSIHASID6810
is reached. At that point, a m ninmm50%duty cycle is
used, i.e., proportions of250% fluid and 50% air
required for a predefined period. In the dead-band
tenperature region of Control Region Two, the duty
cle cannot be | ess than 50% For exanple, when the
controllgé prapetfions dpenge me@leﬁgedmm@dd]ycbuah@g@agurse&nmd valve 203 and

. r 450 the duty cycle is calculated to
high ﬂow@% %%jgb??—%%%cg?&%%ce this is less than the
TBépiopediohd ot sltibyd Ayidl e deteithinbdbytidiaih s¥ediBerdt Gifol
. n‘ﬁEPt be mai ntained, such that proportions of 50% fl uid
Region 4 feees dod-apisoldregien: Ebree, the ghia sghediilas gareratssia prapisian hasd (PB)

r C ir 0 .
and Bl A ARG, RO B R bR R ORI dp et
predefiredipedod pf & Wﬁ;&ratere&ndmsﬁmadbzfsed o tieebllpeingdoahulhs: me,
for exanple, 5 mnutes. In addition, heat is applied
as necessary to stabilize the neasured tenperature.
N@gﬁl&%ﬂgquper(Kp@)@chgucn@Tex ires, Control Region
places the | ow flowSOend'd val ve 205 in an "ON'
§taas@0nﬁ@1mﬁ®rr 800/B% f1 ow of fluid is input to the

l* hi nn
DU Gs (R 2§ BB I0 Bl el Sfotifitned by
Eenmpgrat UTgud S i n the dead-band region of Control
Regi on Two, the low flow of fluid can renove heat from
the controller by expel ling fluid carrying heat from
mhecoly 0 SISt FHo R O iy L P o
270. K tshae cotpiridally @etermingd febnstahtibagad orpardershoet ﬁekﬁmﬂa@addmng 1

FIG 1). in cool' p ion in_Cont gi on
temperabigs Tapiionso dbuPaHT heies HRTE Tiay coB L dueatisd Prg facor of
10 in C&RRJ] IRRGio8 PBr&d tbQ’ﬁrthlé}tc'ohlﬁehsaté for lifiRfent %ﬁbe&ﬁ@re%ﬁé\ﬁ@pthat

tenmperature, and thus creating an undesirable

occurs ig rﬁ]@}:—eﬁeg@g@ture renge af CogtrobRegion dhreesfop esas@rsrsadilarto £ ontrol

Resion 301 BBk DO 09 BRROT S0P g

start offHeUd:rdpér@ﬂi‘imﬂtﬁisufoﬁ |"l$angeﬁ§ﬂﬁﬁﬁ:ﬂ@s thet diffefehee BteFbdele eibtekum
enperatyre is achi eved. Wen the thermal chuck system

chuck 1grgpGgtugsy Exgyampler 200°(hard iy neinEnwRgYAlereRpeRturh dor example
0°C, wlﬁ‘%}f éagnra%% &Q%{g%‘rﬁ% thESniNRARY T ﬁ%ﬁ&ﬂﬁ&aﬁ&é‘ﬁ& EH% daz?rﬁ%g%ange =

esire tenperature as a mninmump
300. Taewmiiatheatesirédheet pot fehmparaalke The drroatostiA6G H Bﬂbé digfetemce

v B S BTl e B Ao T

is the 1n§t|aﬁtah&ﬁlrs tlasi&BY eKu ke inpBlahiRe HEIBNG dlfinSh ?réﬁjs\ftlcﬁ{ at e.

he fluid tenperature is nmaintained at” a set
F@rqaemateu p @enhmmwettmsumfrom 260fGcte 10OMM evikresult in & roportion

band (Pﬁﬁ( 8@? " TRE ans1t10]h0gc‘e:urt1) H"gyvat tﬂls proportlondband is 4.44.

When the measured temperature is 250°C during the temperature transition, the duty cycle is
calculated by the duty cycle scheduler as (100-250)*4.44 = 666% . As described above, a
maximum duty cycle of 100% is permitted. Therefore, the high flow solenoid valve 204 will
output fluid to the chuck during 100% of the period. At 115°C during the transition, the duty
cycle is calculated to be 66.6%. At 110°C , the duty cycle is calculated to be 44.4%.
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chuck tenperature, or set at 35C for desired chuck
t enper at ures above 45C. Al t hough the desired

W ewpes@sure may be achieved during a tenperatRCEUS2006/006810
cool i ng operation, whereby the thermal chuck systemis
at steady state, it may b& necessary to performa
heating operation to nmaintain steady state, whereby
t he heating operation descri bed above will be
performed. A third control region (referred to in this
Ienddifibe, GettolCBagion IThF®gndnd$har d';e@d)bané tenkperaterei ragign pyheg the

s SSRGS G s Spa B s SRS gt

between%Of Q@ aﬁ‘d ﬁ" 1@, tWAREMB nHaSurbe U]i\&iﬁtrtympéraﬁb@eﬁterk 160Ggead-band
During a cooling operation, when the neasured chuck

temperamlmm of Gonirel Regiph Ehresnibe tharmebelugh §Estomn ctigkt # proportional
air/low tﬁh"? géud S %lt? g ) i?xe%lodﬁtr%t% l FheH:RG9 t18£ aﬁm%srtéﬂle %%gis%&nerally

s 8 contTol action &' nat 8s T nPuL s
configuredl aBi @ nﬁmﬂe§ Ttk ﬂr@pdrﬁeneﬂ héaloel ﬂcﬁvh ﬂuid state,ahé timk [peaportional

proportions durin def d I
conteolt g ot Sy o BBt e b ARl g soRora
proportléps‘]bgrﬁérinﬁgfngé E}gla}’r soleRBid¥-PROI (3 e&ﬁ%@fﬂoﬁé ol@ffd fA1vé J0RER the

he gai n schedul er of Control Region
fixed dufdtioneThd aite@nmhngqnlropaegmmmfﬁirrmd low o vgiiid te Bisecdutlein this

ener a t d,t
s, g e R
durat10n(i=)k‘fﬁr€s (RGir tdleRAE Va1 RASHBIBE GoriBRY JeB6hdRfto Fuﬁge fiReckaicki 16 of any

transition, based on the follow ng for

fluid. Hlereg ﬂmqqn@gllgm@e@spg)aces thechighdlow so%@@g_gt;vqgve 404 anpdithg dow flow
solenmd-re v%\% 11 ag%ﬁ”(sg % and gh(%o 11P @1&}&&/ V&@é:ﬁ(% 1(3 cPl%d that} 1s, in an

st KE nperature error, define
“ON” staet poi nt " chuck The const ant Kis a fixed gain val ue

having a default valu r def aul t I
Botne fleisolips SrpHtane MRy PR BtaR e (CBHST R B dngRe

desired Jféﬂﬂ)%ﬁeﬁllﬂlggg PaLd ak qﬁfdbﬁ%bﬁeelﬂﬁﬁfsﬁbw g héa[tﬁfg%p%faﬁﬁﬁ is

e noted that the fixed constant S
applied teestaisibivk thy naeaﬁlaedl mmpntfatm@, i.%, IConiniroize R@gmﬁlnrshh@tee to

e B S OTRRA Sl LB pL SRS i SR e

to steadgr Blae WHD thé SRR o3 b{éhdl}aﬁtat%ovmtm| 203 30®nrd &Msabla'dle)r in an
chuck tenperature (TChuck,o0) is an initial neasuy

“OFF” sﬂtt@c At tﬂeﬁpmeanmme omfluidtlovet thraugh the ghack. eﬁﬁ‘é’?‘é?ru]rﬂée Eontrol
ReglonsO ans| CLJT 1t m 2%@ %eée%seﬁ? ftd B&‘f{orﬁlsa fl&‘ﬁng OIJ&%{ISI{]FOeInaln‘[aln steady

state. The heating operatlon may be performed in a manner similar to the heating operation
described above with regard to the low-temperature regions.

When the measured chuck temperature reaches the dead-band temperature region in
Control Region Three, the thermal chuck system enters a proportional air controlled state for a
fixed duration. The fixed duration is user-configurable, but is generally configured at 10
minutes. Here, the high flow solenoid valve 204 and low flow solenoid valve 205 are
disabled, that is, an “OFF” state. The air solenoid valve 203 is alternately enabled and
disabled such that air is introduced to the chuck in controlled proportions, according to a duty
cycle calculated by the duty cycle scheduler. The measured temperature is thereby increased

until the desired chuck temperature is achieved.
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chuck tenperature, for exanple, 300C, and the m ninmm
wat er tenperature, for exanple 0C, which can al so be
WO e@angisel as t he m ni num chuck tenperature. | nP€TUS2006/006810
exanpl e, Trange = 300. Tsetpoint is the desired set
poi nt tenperature. The erepr coefficient Eis the
di fference between the desired tenperature and the
neasured tenperature. The chuck tenperature Tchlck is
t he instantaneous neasured chuck tenperature at a tine
Adver itiOcodlibg and hédtiap opEatioesabope ere mrﬁoemp@; rtlagt Unesmal chuck
transition from25C to [esu

10Q0
system spflgpior £426H S OV PEPS grermal e Resm Sl gt hecpbyes

a [ eﬁjo
20, 2030 1 B B0 GRR 3, 9FE Vi, it o

ﬂuidﬂomﬂmsmgﬁthnphmdke duty cycle is calculated by the duty

i Renoare (Beftdpr ety Kepan RS s dgfined by a

fourth teﬁﬁkf&tﬁﬁe @shoe HBBVEMR Brd Edirotegiod. | Tiw tSﬁibéﬂaﬁird rat@b wé Cafidol
out put fluid to the chuck during 100% of the

Region mer usomrkAd fo1 semplertiyrglopHempesHE? bpwarst ofel 19G1(yandyhigh
ul at to be 66.6% At 1100C, the duty cycle
tempera%eﬁﬁngﬁ’iya?fe%ot(g be 44.4%In addition, Control Region

Diltirea ¢dtting dpsrationi ehen bﬁnﬂedsemi&hmmmpeﬁgireﬁs itk t he

desired chuck tenperature is jn the tepperature.r e
temperaggre g5E¢ Phi-oriEg)i Rpglomiiqug, ?QS‘FYOQR%WBF@S B Li{s?ﬁl aﬁ‘ng
performé_'a %ﬁtgo% forh 16t ATRASMLEH GO YLK Eﬁd@@iﬂ%& ltﬁeech%@I: & SorftldBed

tenperature region of Control Region Three,
proportlbﬂmedurhgrambddihmd pesybbeemabling the ar slaopidt valenad3 and highfow

é(Lwd sta e for a fixed duration. The fixed
SOE“°“H%#¥& SrAcrtding %stable but is generally configured at
bpaHieas of Ar Adverhig aRQletdramadd B thé lgaiw sthaidrloitie Control
state the tine prﬁg}ortl onal controller of Control

Region R@gucgntrqi&nrevéowm elinrfzanéo] Ragign dour, thy gaim pehefylgr genciesie

X

cycle (Dd)8n Eadtﬁﬁie@ﬁﬁrﬁﬂ ipefiod Jhetealpeertmatiansjtipn,dpsed éroths follovaing
and low flow fluid to the chuck in this manner reduces
formulag:he under shoot that occurs during the tenperature
transition. After the duration expires, the air
sol enoid valve is enabled for 30 seconds to purge the
RhopottiohBanfl (ABY= tiilehuc et e t he control | er process

| aces e high sol enoi d val ve 204 and the | ow
W%nggkgﬁbw\/‘ﬁ 05 in an "OFF" state, and the air
§9iye@ﬂléj U@j v ep 2013 ivwheehBRY 8@ terhpahtuksSerrdrdéhed G’
st at e. Durlng t he coollng operation, whereby the-

Feakegord - tenper ature is I ess than the desired
tenperature, and thus creating an undesirable
undershoot, a heating operation is

The constant K is a fixed gain value, having a default value, for example a default
value of 270. The chuck temperature (Tenuck, 0) iS an initial measured chuck temperature at the
start of the temperature transition. Trangc is defined as the difference between the maximum
chuck temperature, for example, 300°C, and the minimum fluid and chuck temperature, for
example 0°C, which can also be regarded as the minimum chuck temperature. In this example,
Trange = 300. Tetpoint is the desired set point temperature. The error coefficient E is the

difference between the desired temperature and the measured temperature. The chuck
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applied to stabilize the neasured tenperature, i.e.
to mnimze the undershoot. After the previously
waele®enddsed cool i ng actions occur, the thernmal PETITK2006/006810

system settles to steady state. Wen the systemis at

steady state, valves 203,-204, 205 are disabled, or in

an "COFF" state. At this tinme, no air or fluid flows

t hrough the chuck. However, |ike Control Regions One

and Two, it may be necessary to performa heating
temperappe Takdc trihe mstrmitaneansmeasgedychyclategpempfere b atimegluring a
gperation nmay be perforned in a manner simlar to the
Heat i ng operation described above with regard to the
InQEIftRMPE bRt ol e i GOF AR SnclYes A dehd® baRBRuREhtEBWEHKon when the
tenperature reaches the dead-band tenperature re%%%%ihe

desired pljickdernpapturRiiia thettamperaturp eangp oF rantreRegionsfayre

transiti

. measme?&%ﬁ%l?%eﬁ?ﬂ%ﬁag&% et d@L{-bM&%lﬁ}aﬁge §%g2t§r?oif @5%{?)61?1%{3)?1 Four

]
e fixed duratiron s user-c gura

during d ®otiag emaperyturoirdnsgiongcithe aliermal chivokisestem ldptees a piopottioghl

sivfow % i Gfeqabp Saed fiaton &t smplassd Tugies 15 epigppona

air/low AOWERR Stadadne@ 02BN drDrédet 6 MBS R R%Q%BIP%GI annsttsal chdi)f air

such that air is introduced to the ¢huck in contro

and fluig tothechiidnin, coatrobediprogottionaibyl emapling thesnicsdlendidvade B3 and

low floy Al PO BGOSR OO IR AL Bk BBEIEa B ow

flow fluiGtoaBd iR dn ik @lanhHicuABRE red@ea i@ Uddaishog thRecalrk ding the
above are perforned, the thermal chuck system sett]es

temperapge ppyion-sfainConfralRagm Thee. g aik prlencid yakve as gngbled when

: . St t [
e durp RN S BB frec SR O E R Hap R bl PR oces e
high flomosoddnoidovalfd 20darfd thedow Aoeusglendhievatheu(]s. inAnf @RI state, and the

) control region (reterred to as "Control Region Four")
mrﬂﬂmgﬁﬁvﬂvézaggﬂﬁég 6§£ S%#8urth tenperature range above

a
Dlfing He'BoERObHQhti6E HHRRby TREmb AR BhPEnSr8 R8ssthan the
Control Region Four is maiked, for exanple, by a | ow

desired teamyeeatateuaml thus nitating af undesirablanetleashopy in & erppeeatimiler to
und of A500C. During a, cooling.operation . wihen the
Control SRR DAL R e it E BN PR TR Bk SR R an
operatidiif to GRbilize thdk@hfife Fethperafir W tté Blihigdizthe G@a& sfot.
Control Region Four performs_a control action_ that

Afterthg speling st heating opgrations@beyqare Pedornped, Hiehgrmah chuck
r.ol ' ' £ j :
s AT, DD SLASAIRLT, GEEHEH PRELRP A Dlorncid
valves X8| 20rhi205 watheesy6h ae dizaldedighat is, ThEOPFFS ptard. | dtthisdimaino air or
and quL%hare ﬂeternined by the gain schedul er of the

fluid ﬂWg e chuc

A fifth control region (referred to as “Control Region Five™) can be defined by a fifth
temperature range, for example, a temperature range marked by a low temperature boundary
of 150° C to a high temperature boundary of 300°C.

During a cooling operation when the measured chuck temperature is in the
temperature range of Control Region Five, a controller process of Control Region Five
performs a control action that alternates inputs of air and fluid to the chuck in controlled
proportions during a predefined period by enabling the air solenoid valve 203 and high flow

solenoid valve 204 accordingly.
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Regi on Four controller process. In Control Region
Four, the gain schedul er generates a proportion band
W@ BBp/ogd3cl transition gain (TG, and the duty cRCI/ES2006/006810

schedul er generates a duty cycle (DC) in each

predefined period of a temferature transition, based

on the follow ng fornulas: Proportion Band (PB) = K *
Tchuck, o/ Trange Transition Gain (TG = 100/ PB Duty
’acle (DC) = -E* TG where Eis the tenperature

g proportiiehs elair ayd fluid are detemiperd by the d.ub/ Selrcschgdhder of the

ConolJRE W ol i S6 S LS Y 05 Bl genecs

a propoftﬁﬂﬂﬁﬁ@(RB)@ar{d'Eﬁmbﬁoh,gaﬁl) (Tl(? @1l the dbtyalyclesabetdube geherales a duty
nperature at the start the tenperatu

cycle (QQ)dﬁéiﬁ‘fh wiedefmedgaod of admmnraturedranpidion; b qsgf @ e following

et ween the maxi mum chuck tenperature, for exanple,

00C, and the mininmumfluid and chuck tenperature, for

exan‘pl e 0C, which can also be regarded as the m ni num

uck t t hi s, exanpl e, Trange = 300.

P‘ﬁ’é’P%&% esﬂr" i@ltge poi nt tenperature. The
@falhgﬁoﬁ%fJJ:Q[)@/lpB Eis the difference between the
desired tenperature and the neasured tenperature. The

Ehtydfdcémﬂ%@)af ult & Ti@hwidee Ed's thedemnperamne emero definadadyur ed
g k te nperature at a time during a transition. In
ddte®°8h; é&htrol Regi on Four includes a dead-band
tenperature regi on when the desired chuck tenperature
is in the tenperature range of Control Region Faur.

e sonsirat kelaa dixed camaekac aflefonlt dpluer for expmple a default
value ogfﬂ)d ﬁl%qgltltaﬁ kadd 55‘21‘&?@{][0 ok 0? 1S%E 'irﬁluaﬁﬁﬁésﬁféd':cﬁ%
ng a coo ng tenper at ansi tion erma
temperative @kthe ywedreoh then tearerauertopsitivh ofal. & deflned/as thevdifference
ate for a_ fixed duratlfn, for

betweer g BBSPER Gierie R m-TEl 1L 0l e B Hater and

chuck t&RPrERLd, 88 RERGRSPE O InERI bk AhpIBED], ON= Fos!r TR &%Mteﬁﬁ:lent (E)
i nputs of air and fluid to the chuck in controlle

is the dﬁfemoc betyiesn Bye dasiabd iempetatereand theaneasuied tompeetuzg § hgeror

coefﬁcuﬁﬁ\éﬁ lgltﬁ\é\’gﬁ%l{e%ﬁg d vaI xl%e% gec{ %mé)era%urfel X& I#‘JIF e%lr{emgerature.

The chnick térﬁpar@ﬂilt&kchl!,cylstﬂi& ﬁls{ﬁﬁfﬂtﬁ&fusfmﬁablﬁleﬂ cheskuegpeianfe at a time
under shoot that occurs during the tenperature
during 3 #ge&ian on. As in Control Region Three, the air

R e e e

measur@! eopsmtypt &Ciashd h:mperature range of Control Region Five. When the

formula,

measured chuck temperature enters the dead-band temperature region of Control Region Five
during a cooling temperature transition, the time proportional controller of Control Region
Five enables the air solenoid valve 203, whereby the air solenoid valve 203 is in an “ON”
state, to expel fluid from the chuck. At this point, the high flow solenoid 204 and low flow
solenoid 205 valves are in an “OFF” state. It is important that the fluid is expelled from the
thermal chuck 10 in the temperature range of Control Region Five due to the risk of steam
being formed in the temperature range of Control Region Five which may create instability

with regard to the operation of the chuck 10. Thus, as distinguished from Control Regions
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hi gh flow sol enoid val ve 204 and the | ow fl ow sol enoi d
valve 205 in an "OFF" state, and the air sol enoid
WO 2006896368 is in an "ON' state. During the cooP@TyS2006/006810

operation, whereby the neasured tenperature is |ess
than the desired tenperataée, and thus creating an
undesi rabl e undershoot, in a manner simlar to Control
Regi on Three, a heating operation nmay be performed in
tandemwith the cooling operation to stabilize the

One, TwoE T eadFemmenaiuid exisiin the oricl wherethe mecagwrdé teyhiagature is in

After th ol.ing.and heating. operati ons above are
the Contffél&e&l%el;gve ttaf‘g%@lt??’ép %‘{Fcli?g Wistem settles to steady
Aats 1yl ?@pﬁr?@d kberie Ehlﬁ:lkuﬂllé B ElaBORUCk sHdterbleBntlya

state, the solenoid valves 203, 204, 205 in the system.
proporticnabaidicestbilled stathfarr aifixed aratiorr The fixed duragion i asjystable, but is

fl f
aenra i e v YLD SRRk iy
soleno1d%ﬁfebﬁ)5d@é diRgsled) Yha i, bht-OFFespes. aﬁmra&‘r sro&m@ﬁi vdlog 203 is
ate erature range nark

alternatebew&gledtaaﬂ dissble A @uehythat cole air és Ve t‘gWetﬂéer%]é} chugkd 0 in
controlle%éﬂ‘g &{1 nso f Cd?bg(?lﬁé Y ELPRaRd %ﬂ%r%&?ﬁ batd, 25 ssHId Be-C

erature is'i e tenpérature range
proportifal Gam rTﬂe aﬁ’egﬂmm:vadee 203 mrm]nmhlthaer “(@N (o) s@@sfoothe fixed

i on t.hat.

G TEN. T P T
is in the @ ”rs@ité &4 rQﬁQﬁBﬁ BN theFixeh AbraBoR! Mdehd B %ﬂ I8V $3dhoRY 204 and

abling the air solenoid val ve 203 and igh flow
low ﬂovs s:dlemmﬂ A0y wdlves rROMimsiodbe TPRGT stateh ©nge Biscreriod hgs expitgdy the air

i.d.ar r.m ne he duty cycl e schedul er
solenoi ‘fa?‘feh}edééﬁms @Fg%%l%r?nﬁ P?cén‘?rol |l er process. In

S@idg Bk chadigipetdtion, whiebgtiemastied lﬂd:rﬁlbelgefteus ddse sham the
proportion band (PB) and transition gain and the

desired @mpyra@gréJ andShwedeatiie Warndpsitable wdgishotey bFaém@ @@fr%ﬂﬁn may be
performgaS L ﬁt? qlteth tﬂ%f@qoﬁiﬁgn ﬁgraﬁf)n i ﬁtt%ﬂ?fef @k ﬂ[e%sdré@fé%ﬁﬂekﬁﬁ‘pe that is,

or nu Proportion Band (PB)
to mmnfﬁthﬁEthdeﬂ'Sho@Il Trange Transition Gain = 100/ PB Duty

cl DO). E.* TG. wh
Ssrobe Serchibikepaipe prtiots. Tedhgiaih dhieh SR RE TED HCT S Sl
When tﬂesthélnfa éﬁﬁk btem\ﬁél h@ls%eadls}%vaﬁ@ gh@so@éﬁowbeuvéeaiagezozr QOS are
exa autvaueo 370. The initial chuck

disabled; ehapa an U@EF( TdieUdk thipmaneerang pieof Aiidi fhawsrhepugh dep chuck.

1911& % contains a state diagram illustrating temperature transition results occurring in a
plurality of control regions according to the present invention. Control Region One through
Control Region Five used in the previous example are applicable in this illustration.

In state 1, the temperature controller 30 is in an idle state. There are no active
temperature operations. The temperature controller 30 generates an instruction to the fluid
source 40 to maintain a fluid temperature of 5°C. Valves 203, 204, and 205 are off. Heater
11 is off. |

In state 2, the temperature controller 30 receives a temperature transition instruction.
Valves 203, 204, 205, and heater 11 are off. If the instruction is to perform a temperature
transition including a heating operation, then the temperature controller 30 performs the

heating operation beginning at state 3. If the instruction is to perform a temperature transition
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tenperature at the start of the tenperature
transition. Trange is defined as the difference
wheirsesizet he maxi mum chuck tenperature, for exedmpUs2006/006810
3000C and the m ni num water and chuck tenperature, for
exanple 00C. In this exanple, Trange = 300. The error
coefficient (E) is the difference between the desired
tenperature and the neasured tenperature. The error
coefficient Eis the difference between the desired
includingd £6®snatdpemtidnthédte naapatatact dommoHesd Lpeforii ¢hednoting
_ tenperature TChUCk is the instantaneous nmeasured chuck
operation kegheEpg ardata¢ a tine during a transition. Control
11\1?;@{60:” (e t\éﬁ‘q RGOSR R AR BRAL, tERBs Bl U AsHiBE i®fruction to
en the desrred measured tenperature is in the
perform & hegiargaiperationaAgmntdl Guisiomis nRelgiconcdEhing whahen therpbuck 10

) a ed chuck tenperature ters t ead-b
cotins TSR e o T RS e S 3 30
temperatﬁféoédnﬂglléﬁfm&ﬁéﬁ WaR d. MAdlSed 2030 204,951 addEhcaicd PO hitd ffial
controller of Control Region Five enables the air

s etetsripitiee leaipyranzo gontreler 8 punere aid-fram tandiugk Jan IPeseoensls.
it g8 gl TR A SR 0 R o

solenoidS/AlvRIwi5tir@ Banv W RFESstaad. eHedatepowdDisEnabled and the heater 11 is under

i mportant that the fluid is expelled fromthe thernal
aClosedé?ﬂpctﬁml?efaﬂﬁeP%Y¢%$%{%¢éb?%ge of Control Region
I{i: TS @,Lf e hitdrNg WdrS¥ a8 crRbe fMhR Rl e d ©fmPBEnir® WhRn the desired
enperature range of Control Region Five which ma
temperature ak Setipoitt adyhparatyrenistrbachedaratives 08 1040 peT arciip aAn 6PFFhatate

chuck 10, Thus, . as distinqui shed, fr.om Contr ol
and he ig{ e » st o Sty RafiPt el eaptir 0
generatels B8 ifRde KoM e FIHA SBBRE Y08l nlagiTRiaraatiperatuse bftheMiRrid at 10°C
Control Region Five dead-band tenperature regio

n.
below thafdesired ¢haick temperatarepwithish ferpaiatyre raggdRwache tised darC. If

huck stem ente [ | zai.r r
e
controll@diet&iaah lag indduttidrstogknftuidl soyirce @ ftd guaireainat ffid tevipenaters, of

Here, the high flow sol enoid val ve 204 and | ow fl ow
5°C.  sol enoid val ve 205 are disabled, that is, an "OFF"

t 7. . I; . . 1e@lb¥sed on the

e e L T
desired tehmetdterenif the esited 1@nperatoomis i Cortdoldtegienr Pneriben a control

. .according to cul at al r_proportional ,bands fo
action AP 1513 Sp DB 5T BRI T CARPOLRT Gy fen
control ¥Mo¥gs FQHrhRERE fateion If e deSBéd t%fn%b@tlfr@ is ih/@nkiokRegion Three,

duration in order to stabilize the chuck tenperature

Four, orfEjve, [thanemeortnohactioniepefarmsd|agfisied val ve 203 is in the
"ON' state for r [ . ' MR R orfdd
e o FreotredeBlRRA s 688 g8t b A RM 8
Region Oak\/R$ eiﬁﬁ%é,ﬂat dinpeR@uicObetivesh A0%C - G5t Tinehigh flovdsolasid
expired, the air . ,
valve 204 is in an “ON” state. Valves 203, 205 are in an “OFF” state. The chuck temperature
is increased until the desired temperature is reached. Since fluid is continuously running
through the chuck 10 in Control Region One, heat is applied by heater 11 to maintain a
precise desired temperature such that the temperature deviation between the measured

temperature and desired temperature is approximately 0°C.
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sol enoid valve 203 is disabled, that is, an "OFF"

state. During the cooling operation, whereby the
wore@s9@el t enperature is | ess than the desiredPCT/US2006/006810

tenperature, and thus creating an undesirable

under shoot, a heating opeBation may be perfornmed in

addition to the cooling operation to stabilize the

neasured tenperature, that is, to mnimze the

under shoot. After the described cooling actions, the

Ih kiatensy |thesimmslur@ytsn@maaee phddesied strepatytust aze bothih &iontrak

Resion {35 BEb GRS e eSS bR 8- L bSO o
solenmd%ﬁteezoshgl i 1 SORBBRR! ,VANesRI0B, T4 frk i sh FOPIS stader Qg khuck

the chuck. FIG 8 contains a state di agr am
temperafurg uanraaseda gntikthp dpsited temparaiied is reashpd shinea fladde pentisgously

n a f
ruming o fthe R 10 § OGN Rekioh Bt i BRER(iR BPhodted o maintain
a prec1seRm'ir9<m tempegatiiastich that the t@ﬁpstamtesdeszxanml het\weﬁ the measured
Ilcable|nth|S|IIustrat| a¢rn state 1, the
temperaw e teapner el g pPPspRimate Y10 idle state. There
IR, b ST B E 0 RPREEY WiperdilR.  BIPGAAN Bion
Three, Fsrm o Elvzéofdr@xampht ai tmnperaﬂumscabbmr@@"r aThmtenc)PrOSOl@OIlal

ves. 203, 20 5 .are off e
conteollf S5 R POEHBRAR 11 U BI9earToan opaiteivlg Hgosurdd
temperaﬁﬁ@ﬁQB@EMhﬁn tHeaddSirdd RMpkAKIre UDtiAR a hVQtllﬁgi‘@peZeQﬁm fféxample,
5, and heater 11 are off. If the instruction is_to
to mamtp@rsmrimswq, dhepreeting peeretionisiy bopenforaleddn agnanpedmilagto the
eratl en t f
heating ?IE éathon s%rélgeo paé)rog$ ﬁltl)th ?%gcli ﬁ)ntﬂ% goxg ?&ﬁsée%tllfergreggPp eﬁl tBfsTRanner,
the measuR&d fedfietpieiisinceeapal il thealesieedenak tereperature is achleved The
tranS|t|on|ncIud| g a coolipg operation, then th
temperatEQrpAFEY llgg gor@élﬁ’{s,ag}eptéqlg WSTHIF IS ECSEHY i@ BBt g 2 premse desired
wnmemﬁg@ratlon begi nning at state 4. In state 3, the
tenperature controller 30 receives a tenperature
Inrsees i 1,ithe tanqstatuntcttraoﬂtltms ([zfeatifftcﬁr % and &b anDOO]@éfrt@d i &mthis
deci si on i rn| whet he

stat, g ORI BRTATRG® H10HED TR yiIG P REATE R e R gbr Lrepdns

state 11 @801 & AW SImRRAtBFSrabbR idstrubfionR reddiRid, tHeR theRP@EAtULE €
controller 30 enters state 6. Val ves 203 204, 205,

controll@nfd)memeélﬁtqwfaﬂe off. In state 5, the tenperature

SBAE 3.l R BAEP A AL AR ST pmion

per formhl @i@llﬁg operatibie NOhalflvidlsverc 04 isinstriawd fol sl £teaipdrature of
val ve 205 are in a

te. Heater
5°C. Therhgplesd] iapd Angaim %gﬂe&ﬁ? At fyBioPArtoP RSB P%Hﬁnsmon gain
to be usb EFREAATHEGF OhE Blmpedftuld8RntitiBe BydRONSe proportional controller. In

addition, a duty cycle scheduler calculates a duty cycle for each period of the temperature
transition for controlling the valves 203, 204, 205 accordingly.

In state 12, air solenoid valve 203 and high flow solenoid valve 204 are enabled and
disabled according to calculated time proportions, as described above. The heater 11 is off.
The temperature controller 30 determines the dead-band temperature region from the desired
temperature and a predetermined dead-band. For example, if the dead-band is +/-5°C, then

the dead-band temperature region is the desired set point temperature +/- 5°C. Upon reaching
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In state 6, the heater 11 warns the chuck to the
desired tenperature. Wien the desired tenperature, or
W@ edepmidnt tenperature, i s reached, val ves 203PCR082006/006810
205 are in an "OFF" state and the heater is under a
cl osed | oop tenperature esavrol. The tenperature
controller 30 generates an instruction to the fluid
source 40 to maintain a tenperature of the fluid at
10C bel ow the desired chuck tenperature, within a
the dead-benpngictit@e ranpgea b@ioméam cbiiralradtiGh pan"ucu]aea deadeband mode

desired te t T
control agior AL BBy S SOOI or eI dds afF
11‘1 Qalerdch b%n&%ytchﬁtr&l Adlifh BYPUEEMEPLY thelBinPérdivie Borfttolletl30

en‘perature (0] In state 7, acontrol action is
based onﬂhdf exinge tbniperathes. tléﬁpdealtmtemp@mmg iy inrCandiob Begian O, then

the secordgi FONTORBGIRG - EFEo e WA of B Usb Bkt i Coprrl
Region "FWO $ht Be Secohflary REnKleisictiedlistRfoanad W wate 351 lffthb desiret

egl on Two, then a control actiogn is perforned a
temperatytedis én Gontrl RegioniBaee.dhen trpesoadany eopgol aetiop it pegtormed at

state 16. 32?1% OJ]e51r%d %%pef 1&%er H6g Re%f?)ﬁgroﬁr SR e |se<§)%ﬁé@'%oh§ol

or e n sta ’he measur ed
action istpeffpen&t atiseta Ifelse deited emyeraterieinCentod Region Five, then the

Control Regi on for exanple, at tenperatures
Secondalkyéi%@]nacile@s P@%’“ﬁ'ﬁ%“ﬂ?ég fl ow sol enoi d valve 204 is

Ih Qta?enm E@f Sotiodehy &SROSRl abd99 i Buthd] RadgiorPie are

k tenperature is increased until the
perfonneﬂe s‘ipeedicaléyrpdr@tthe! mepnredignipertiursirepshes the desijed temperature, the

cont| nyou r.unni thr t.he k r
high floggiebi- e T LAt S 6y bRt 1, Lk, Bl dhic
source 40 €Mk tEER! Ihﬁﬁtaﬁrﬁﬁfﬂafdﬂémp@raﬁu@ht tdratbelde the dpsdred setrpeint
devi ati on bet ween t he neasured tenperat ure and desi |ied

temperatugevpenadedrby 4 lowaismpesaiurabewsdanof X S’J{hg,tt@ngeramq%contro ler
controls Qﬁ“eali%l{e?q 14§ E&%{t Lé_lﬁe&&:dtegﬁéllafﬁg bg %H@iﬁé RALMNE ofE& tROAMd

for exan”p t enper at ures
temperafieé YWRBNhaA 5K ten@)@ﬁturb detibtien B&twbm tlthneeisumd fi¢raperature and the

sol enoi d val ve 205 i n an "ON' state. Val ves 203,
desired tppperiyge isppprexipeely 4Gt e, The chuck tenperature is

l{g%ﬁﬁ@ 75 %ﬂe ol alilfis A8 atdcbed SIRE ﬁ@%hﬁoll Bedi@aThodre

ince fluid i's continuously running through the chuck
performéd Specomtly ovhdRelye oreaired] tdmneratins regabes the dsgirgseigmpprature in

the deac{ haélgﬁgﬁ%%%@??ﬁe%r eC({}tstZoﬁ%Sﬁkr edg\e&gvnrg) eatﬁrﬁé §roi)uﬁg)ntap@0tntroller

perform% ﬁ'@@ﬁt’f@lta@ﬁ@n Badd dasi J0esldite @pﬁé,&ztsﬁe@critﬁ:d&abpf/@ XTlmiﬁmﬂyource 40
C. In state 10, the neasured tenperature ain esire
is 1nstrtm@d1§@mtrmlé ajtemperaigsmel b drtsr demnHRRES mimsrl0°Grbagnged by a

low temg))(lngb ?I n ﬁﬁ]ry 8¢ 5t STR]LAPMHAG ARBRLDntrbEhE ! h&ﬁer 11 to

maintain a precise temperature by adding heat to offset the fluid such that the temperature
deviation between the measured temperature and the desired temperature is approximately
0°C.

In state 16, the control actions as described above in Control Region Three are
performed. Specifically, the duty cycle scheduler calculates a duty cycle for each period that
the measured temperature is higher than the desired temperature in a cooling operation. When

the measured temperature reaches the desired temperature in the dead-band temperature
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controller 30 performs proportion band cal cul ati ons as
descri bed above, if the neasured tenperature is |ower
W@ bae/ovdsel desired tenperature. During a heati nBCT/US2006/006810

operation, for exanple, to naintain steady state, the
heati ng operation may be-perforned in a manner simlar
to the heating operation described above with regard
to the low tenperature regions. In this manner, the
nmeasured tenperature is increased until the desired

region ofoheitiol Repioa Thires; thel thnaplopextial mmeroﬂemmeﬁoana ﬁeontrol action by

controll er conduc heatin ssa
A R L T s S
addition, ]tlgte 1h{d%o @E@ ﬁ@fn'éfrﬁct&d BhintANe téi’ﬁpe%&t@fe&)‘f 58C wtil BB GnekQured

conmpl e his state, the neasured tenperature
temperatiige radchss siaai}y Statat éﬁeﬂ'h @ert remuéertam@r@ip@@mr@%n%léo agve asa

Dt t
dura’uon,| tﬁg?orm @9 ﬂfépgldrvgivee OIS 11} %%]?% &%@ﬁ%@l{tﬂ% Gir Eél@ﬁ‘(ﬁh%ﬁ/@ 203
enabled, %’Eh‘i rONP @fate3 PorH00REaHHS th exsdl ahe 1did fkdin $heedllﬁclé Théemperature

enperature controller 30 receives a tenp
controlleur pamtsqm fherhepigsl  trompisinin 8 PSIAPRPHAREOPY ?f&fa %@%N effset the
fluid sucp'%ﬁ% il HehoS NI et flidPod RS e hdslied PRI AR Ad the desired

era eat er I's o A gain
temperatdfd i dpprekingatlg OP@t es a pr oportion band and tranS| tion

gain to be df th t f .t t
IR el 6 POB oL 3500 ROeSPEBr 4500 &1 CRUFFGRIEr oot e
perform@lfi Q% hiu?ﬂate@algd’l;ey Sp¥&ikealRs lﬂ?éj&llt? bydabdietabesal@ulstes ¥ duty cycle

or each perlod of "t he tenperature tranS|t|on
for eachfpenod:ﬂmat thonkdamgred hranpeadtvrssis hpdier thoa thextpsired-teBParakgE jo a

| d | 2
ot 3348 U8 08 ST AR A P
proportlbﬁ)al e ahtfolleph@€orirsEcopfroP&tion ANt altahatie siputsaefchiredmd\inid to the

he heater 11 is off. The terrperature controll
chuck 1@.191 eonfrpHedspronertigas by Baghling dhgar salencld valye ¢ %ﬁ%ﬁ%@w

o 8 AT 5 AP LS e
desired ﬁeﬁipﬁfan&é it te degi-bmd gidnerfdmibRegien Fpai, tite controller process
enperature +/- 5C_ Upon reachi he dead-pand. .. .
atemates gAY it i 814 a1t 0BG HUFFoLOHPBY G0 PoRsatige the air
solenoid®@ivd 503 cfﬁﬁ lé‘wqmdschélﬁﬁld %’1@@ 269 WrlaQixed Gut4dn, fob example, 10

execut ed accordi ngly, descri bed above. The heater
minutes1 Asiis Cohfrol Regis 511@6,1133 aly sglsvoiddatye 2088 erpblegovieanhe duration

s EBHGLBESL D 104 STRRL 1P 5P Sa0ES B o

flow soleRoifQAlvE QD5 BRUh QR “OFF,” stdi€ And i deedndat yalcmtmah “ON?” state.
action is perfornmed at state_ 14. |If the desire

Inesitepe t &itthe eonjtep] petiqns 4e ﬁl@ﬁcmh@b algqyem@on‘g VRS gup;élglve are
o i
temperatii€ i Hiblger SI@QDthd desiredaahpahtuac t When ite measﬁmd rnadpatture reaches
the desired temperature, the heater 11 is enabled. Valves 203, 204, 205 are in an “OFF” state.
In addition, the fluid source 40 is instructed to maintain a temperature of 5°C until the
measured temperature reaches steady state. The temperature controller controls the heater 11
to maintain a precise temperature by adding heat to offset the fluid such that the temperature
deviation between the measured temperature and the desired temperature is approximately

0°C.



state 16. If the desired tenperature is in Contro
Regi on Four, then the secondary control action is
w@eooboresetd at state 17. If the desired tenper apCir/@S1086/006810
in Control Region Five, then the secondary contro
action is perforned at stmte 18. In state 14, the
control actions as described above in Control Region
One are perforned. Specifically, when the neasured
tenperature reaches the desired tenperature, the high
WHiRWhiS ohvenabiihasdeve p2Giduliaty shaoh end desndbddheith eefersnces 1o
is enabled. In addition, the fluid s e 40 | .
preferrediemoraensiithetsoft VB GCT TR WSO B Uik 4 et various
bel ow ' ' froRaHOssielt Ml fope
changes Ry gl SeRThER e HRle ROC iR LA U Ho B P
of the inveanibdf 8d defined dnthe appertdaéd chigms.er 11 to maintain a
preci se tenperature by adding heat to offset the fluid
tenperature such that the tenperature deviation
bet ween the neasured tenperature and the desired
tenperature is approximately QOC. In state 15, the
control actions as described above in Control Region
Two are perforned. Specifically, when the neasured
tenperature reaches the desired tenperature in the
dead- band tenperature region of Control Region Two,
the tinme proportional controller perforns a control
action based on a 50% duty cycle, as described above.
The fluid source 40 is instructed to maintain a
tenperature of the desired tenperature m nus 10C,
bounded by a | ow tenperature boundary of 5. The
tenperature controller controls the heater 11 to
mai ntain a precise tenperature by adding heat to
of fset the fluid such that the tenperature deviation
bet ween the neasured tenperature and the desired
tenperature is approximtely QC. In state 16, the
control actions as descri bed above in Control Region
Three are perfornmed. Specifically, the duty cycle
schedul er cal culates a duty cycle for each period that
the neasured tenperature is higher than the desired
tenperature in a cooling operation. Wen the nmeasured
tenperature reaches the desired tenperature in the
dead- band tenperatureregi on of Control Region Three,
the time proportional controller perfornms a contro
action by applying the low fl ow sol enoi d val ve 205 and
air solenoid valve 203, as described above. In
addition, the fluid source 40 is instructed to
mai ntain a tenperature of 5C until the neasured
tenperature reaches steady state. After a ten mnute
timer expires, referred to above as a duration, the
| ow fl ow sol enoid valve 205 is in an "OFF" state, and
the air sol enoid val ve 203
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enabled, in an "ON' state, for 30 seconds to expel any
fluid fromthe chuck. The tenperature controller
W@ ovb0od3sl t he heater 11 to nmaintain a preci se PCT/US2006/006810
tenperature by adding heat to offset the fluid such
that the tenperature devi-&8+ton between the neasured
tenperature and the desired tenperature is
approximately OC. In state 17, the control actions as
descri bed above in Control Region Four are perforned,
What is élsinidd isst r at ed above. Specifically, the duty cycle

schedul er calculates a duty cycle for each period that
the nmeasured tenperature is higher than the desired

1t eReRRLHER doRirdl S9Rh 138 2 CREIAIngitisinghen the nmeasured
tenperature is in Control Region Four, the tine
afirstpoputi fonedceiymgtainirorarangarsPsicds a control action that

al ternates. i nputs of,ai | d. 1o e chuck 10 in
a@Sﬁ?@&PP'gg‘COb?egﬁlgF]lgiao%%d f%g%gg*%ﬁgmtehaeﬁd;i r sol enoi d
a¥ Wavteond Qdityan Corhuilteatel ouamadreing itttk alpdndeflid@4n proportions to
accordingly. In addition, when the neasured

the chuck dgrperten] ararfpedemper otz otibsicPue- t erperat ure in the
dead- band regi on of Control Region Four, the
control l er process alternates inputs of air and fluid
2. MThehtempbratite contmd systah o€ dlapm d pwheticontbe Blyidein ddrhpargfutne

ir solenoid valve 203 and | ow fl ow sol enoid val ve 205

contl“Oﬂegilor a fixed duration, for exanple, 10 minutes. As in
Control Region Three, the air solenoid valve 203 is
enabl ed when the duration expires to purge the chuck
31 (Tt tempyrafure centrakiey semof elafn dh whetgin t@e Haitbsimpripey water.
204 and |l ow fl ow sol enoi d val ve 205 are in an "OFF"
state, and the air solenoid valve is in an "ON' state.
4. MT15 @i efaure therdl @tertlof ki drfartha dageisiodged above in
Control Region Five are perfornmed. Specifi CI?GHL% t he

ajshieaweriue epnisel sysiemdas coptil e ingreatsAH dhg yurfage

nperature. \When the nmeasured tenperature reaches the
desonetnipergerabuira,systhe fheedngrolling 4 decessabbBidie sutdhoges
cmpers02 o 43 e 480 i B bR BB, e
second (eRIFBREEE UbRrAfsy B ikiHidihg 1V teRATAURCrb&IIRR =l Wofiroller
reaches steady state. The tenperature controller
processesdnt mehagingtentpstatere trpnsitionsenensd plugalisy akgogrol regions.
tenperature by adding heat to offset the fluid such
that the tenperature deviation between the neasured
4.eAnBératal euckngstbeodsisingdl t enperature is
agpr oximately OC. While thi,s invention has been
PHFSE Pyt B IrGCCERRMAT AREN FLHEPIWEY with references to
| iR contrbi ¥ frliidFonk BERIBIRBE;
gé&gﬁ%g@%%???%g@%&%ﬁ{ﬁart tcr?gtr varillolus changes in
ftdeayt amdowtptitaol sltemeatelp eransfdeingshe aim and flhiollit pdegwetiensrig a

fromthe spirit and scope
thermalc{mélg; P P

» temperaﬂ}ggsa%ed tenperature i s higher than the desired

a first temperature control system for controlling an increase of a surface
temperature; and

a second temperature control system for controlling a decrease of the surface
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of the invention as defined in the appended
clains.What is clained is: 1. A tenperature contro
waymbem3bor a chuck conprising: a first input POF/US2006/006810

receiving air froman air source; a second input for

receiving a fluid froma-$41uid source; and at | east

one output for alternately transferring the air and

fluid in proportions to the chuck to control a surface

tenperature of the chuck. 2. The tenperature control
temperat@% by @ifeRfatif &ieidanded i thetphepottiatisdiiing the predefined period,

tenperaturecontroll ed. 3. The tqugrature contr

I
the secorslygmpq:ﬁa’mre @(prgrqlnsg_s,tem frsledipg loysteny F%ul&m?)cl‘.qsgeé @n&,ﬁ?rg{pller
4. Th . ..clai £
processe%@wﬁ%%élﬁgggéﬁ%get t‘f?{éftfo% aﬁ%ﬁ% & Eﬂtﬂghtgflo@'cﬂihtilol redibRer

nperature control systemfor
controlling an increase of the surface tenperature;

and a second fenperatuye control temfor.
6 die fesPIF sk g TRAL ElagR St HECSH PE ] eSS WPy
alternating the air and fluid in the proportions

during a predefined period, the second tenperature
7c A tiermey stveknsy stemediclagm | Sowhersinde dhaimal grusk dsenssofang

control |l er. processes for managi ng tenperature
20mnn1@¥§ﬁgﬁppgﬁ@§gﬁgﬁﬁm "plurality of control regions. 5. A

thermal chuck system conprising: a first input for

receiving air froman air source; a second. i nput

o Goitharmal ok B BT o SUTEp T Ebabino] Bpggand a

. SQurce; ast one output for alternately
tlmeproP?rglﬂgzgecﬂg%%%&t he air and fluid in proportions to a

thermal chuck; a first tenperature control systemfor

controlling an incre .of a surface te ratur

o Hhecbsrena S sip e G oSy o B vreF TRaFE g Eppgies an
i b6358inThd N asdih HakefBARF BhtiytRink YhdehpertbirbrRontrbited
alrvalvegﬂlsf ‘gtﬁg 1fn%uklld In the proporti ontg durEi ng the predefined
fluid. period, the second tenperature control system

i ncluding | owtenperature processes and controller

processes for managing tenperature transitions anong a

1. Ul théha® EheiyEe dfeiiarg whereid the fldié vainb isci ezt one of a
. system of claimy5, wherein the fluid conprises water.
high flow soteneids yabyerand aclawcliove jalenaie 521V ai m 5, wherein the

thermal chuck is one of a 200mm and a 300mmn t her nal
chuck.

11. The thermal chuck system of claim 9, wherein the air valve and the fluid valve

outputs the air and fluid in an alternating mode in response to the controller.

12. The thermal chuck system of claim 8, wherein the valve control box further

includes a base air valve for providing a base cooling.

13. The thermal chuck system of claim 8, wherein the time proportional controller
comprises:

an interface for receiving measured temperature information from the thermal chuck;

a control region processor for defining the plurality of control regions and a plurality
of low-temperature regions;

a controller process in each control region; and
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8. The thermal chuck systemof claim5 further
conprising a valve control box and a tine proportional
w@ovbodsber. 9. The thermal chuck system of clBCTUS2006/006810
wherein the val ve control box conprises an air valve
for outputting the air andsa fluid valve for
outputting the tenperature-controlled fluid. 10. The
thermal chuck systemof claim9, wherein the fluid
valve is at | east one of a high flow sol enoid val ve
adow-tempawtird prcssliaradtdlowalenperahire régien.t her mal chuck
systemof claim9, wherein the air valve and the fluid
val ve outputs the air and fluid in an alternating node
14N THE S Pé?]?l%??ﬁlﬁktsgﬁeﬁ%tc[a?&l 18! thi%m thB 8okt rré@bn 91“1%6ééor
system o arm wherei n the val ve control
defines dacl térerol iregidw diedloav-tPayeraine rogibwy by tepppesatote lmungareﬁSb ase
cooling. 13. The thermal chuck system of claim8,
wherein the time proportional controller conprises: an
5Ntk RGRafl Huck@Gabmi JTR1AMESS Whefkid AAPes fidt I‘tﬁnperature 1s in a first
|nfornat|onfromthethernal chuck; a control gf
control npgion &% ﬁerplmr@htyd@?qomrﬁlgregwes ¢ firsbganinp ey proegss Pérhe st control
region a%%l%tts e]a[naﬁ% 1?%1@ g rﬁoﬁ/ élgrgd Jévg%i%fr“ow pé:ﬁr g[gle gﬁ%ﬁ td Qtﬂfe'ls
trans1t10hall\tota®ém{cﬁﬂ‘eﬂfperm¢1esSedond eaqtiol lregiot, ems;eeomi cwmroller process of

region. 14. The thernal uck system of claim13,
the Seco%é‘?@%r‘i%%n MMt g}e %@dotﬂwipweew defi nes each

control region and | ow tenperature region by
t enper at ure boundaries. 15. The thermal chuck system
]cﬁ THeghem®)] chvrdrsystamvbfataio ¥5, mhereirethedirsitapniol rsgion agd the

first contro on of the plurality of contro
second Goglp §Kmé“?hp§?g?ontroller process of the first

control region adjusts the air and fluid proportions,
and wherein when the first tenperature is transitioned

Vo Ehegberomd chusksiemelclaim B, sdetsiythedisirontipbigaion, ang the
second €0 glﬁ'gp %gf:o?lh%e q f%e%nt%%?ﬁ? §g18£S ffe ﬁ?£ﬁ§’ ﬁfg&%r of ke &R on

pr oport ons. er mal
chuck system of claim 15 wher ei n the first cont rol
Lon and the second ntro re a

el herfbermal ¢ W 18 15, |v%e 1&3 de%ﬁ@?l‘gii rﬁglloﬁén the second
control %Ho?x sl aﬂlp?%hﬁﬁteat@ﬁilpteﬂaﬁl@ ?e%ﬂﬁﬁfo? Y deBbnd B /SRR &nd

rent cont regions in plurality of control
whereinrtheysesnsd controller process controls the dead band region to reduce an undershoot

during the transition from the first temperature to the second temperature.

19. The thermal chuck system of claim 18, wherein the second controller process
reduces the undershoot by alternating the first input of air and the second input of fluid in

proportions.

20. The thermal chuck system of claim 18, wherein the second controller process

reduces the undershoot by disabling the first input of air and the second input of fluid.

21. The thermal chuck system of claim 5 further comprising temperature sensors for

providing chuck temperature measurements to the thermal chuck system.
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18. The thermal chuck system of claim 15, wherein a
dead-band region in the second control region provides
W@rooappi3oKi mat e tenperature regi on for the seck@mUS2006/006810
tenperature, and wherein the second controller process
controls the dead-band regPen to reduce an undershoot
during the transition fromthe first tenperature to
the second tenperature. 19. The thermal chuck system

of claim 18, wherein the second controller process
reduces the undershoot by alternating the first input

e eI R -
gain sch%&ﬂ@ﬂﬂa%ﬁ%ﬁﬁ?s'aﬁfro 168 Band @FHEARe pREefiMdeisidaoh&¥in the

disabling t first input of air and the second input
proportiof bind detiernineg. therpropotionsraf aie Ak fuigyispu e 8t chugk dymng the

further c risi te ragure . L di
predefingit et o WPeteh 9 me SR Rifods PORRER i Mipllsely Hetuck
temperafifé hemudenentfle t hermal chuck system of claim5 wherein

each controller process conprises a gain schedul er

that conmputes a proportion band during the predefined

r e .

e S A B S S
comprisid@e predefined period, and wherein the proportion band

is calculated.i.n response to. . the chuck t ratur

HoalrPEmi ez & RAArET ISP GrERPEEREY Bofbie Figymal
chuck; controlling a thermal chuck, the controller

conprising: an interface for receiving a neasured

T bantiol smgidraprecessonder definieg # phwalithef eomdiodesgienspar loy
ntrol region processor for defining a plurality of
BTt egi ons and | ow tenperature regions; a

£ 6dtitfollet Bocdsk OF e5ch donRtrebrePioapwhérein the gorarvllenpreicessicohtrels a
controll er process controls a traniition bet ween,

transitionchgpusentiempparapres tfdhe epntiobregiugidBh o v firnesfpre regions; and
). regl : g LerpesAtre process for
%gﬁﬁ myﬁgﬁﬁggggﬁgge%ggfgﬁkﬁgﬁé'Thegg%ntroller of
claim23, wherein the controller process of each

e R R SR -

conunk@& control regions, the proportion band for

determining a proportion of air and fluid inputs to
2 pain scheduler for computing a proportion band in each of the plurality of

0
tempera W

control regions, the proportion band for determining a proportion of air and fluid inputs to the
thermal chuck during a predefined period; and
a dead-band mode for determining a dead-band temperature range in each control

region, and for reducing an undershoot formed during the temperature transition.

25. The controller of claim 23, wherein each control region and low temperature

region is separated by temperature boundaries;

26. The controller of claim 24, wherein the controller minimizes an undershoot
by disabling the proportion of air and fluid inputs during the predefined period when a

measured temperature in the dead-band temperature range.
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thermal chuck during a predefined period; and a
dead- band node for determ ning a dead-band tenperature
WO 20g0963n each control region, and for reduci NBCHIS2006/006810
undershoot fornmed during the tenperature transition.
25. The controller of claom 23, wherein each contro
region and | ow tenperature region is separated by
tenperature boundaries; 26. The controller of claim
24, wherein the controller mnimzes an undershoot by
di sabling the proportion of air and fluid inputs
during the predefine eriod en a neasured.. .
2 eiborentiilel PP RE bSOl SR at £ FNGOMPE M6
measurecf%ﬂ{prepalhlng .rt? Qbedied 'té}hééfatﬁﬂ’g WHET the Aak@ed kddperathRat &wer than
or ‘transitioning t nmeasured tenperature to a
the desireteteinpechtirenper at ure when the neasured tenperature is
| oner than the desired tenperature. 28. The controller
of claim27 further controlling a plurality of valves
280hd dRARDIILH SR M RrtABaRHf6link eritethtywfeatves fdre
desired tenperature when the neasured tenperature i
transitioning Hermeayared t¢mapetatyre todhe desped iampegatuzegyhen the IiFagpT ?‘i r
controlli C ure conprising: receiving
temperat}jfe s by ipn Q‘.er‘{églg%dr %@ﬁﬁg@él ving fluid froma fluid
source; and alternately transferring the air and fluid
in proportions to the ngCk' 30. The met hod of claim
289 4 wethed forcerpiliae Aghueh terperaiig CQPENREr at ure of the
r&%ﬂhg i?ﬁnnﬁﬁﬁﬂpﬁhﬁag of claim 29 further conprising:
contr%? ing an I ncredase of a surface tenperature of
rédeiving floid frand fdhsauwdd; andg a decrease of the surface

enperature h | ternating.the ai.r flyuig in the

Bt }rﬁlﬁgel‘{}ég galraa“grtjgﬂgfq PERoISe P?ggt.he §gl.kcq<Th e et hod
of claim31l further conprising nanagi ng tenperature
transitions among a plurality of control regions. ?% .
3A. Mehodthédef dajnt 2furthapcennrsingesontigHne gy temberagir of the fluid.
conprising: receiving air froman air source,
receiving a tenperature-controlled fluid froma fluid
FOUranetbbd 6f Natedyfurthansdmeprisimg the air and fluid in
proportions to the chuck; )
controlling an increase of a surface témperature of the chuck; and
controlling a decrease of the surface temperature by alternating the air and fluid in the

proportions during a predefined period.

32. The method of claim 31 further comprising managing temperature transitions

among a plurality of control regions.

33. A method for controlling a temperature of a chuck comprising:

receiving air from an air source;

receiving a temperature-controlled fluid from a fluid source;

alternately transferring the air and fluid in proportions to the chuck;

controlling an increase of the chuck temperature;

controlling a decrease of the chuck temperature by alternating the air and fluid in the

proportions during a predefined period; and
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controlling an increase of the chuck tenperature;
controlling a decrease of the chuck tenperature by
w@bkdaoenyssi ng the air and fluid in the proportiBPCEUS2006/006810

during a predefined period; andmanagi ng tenperature

transitions anong a plurakity of control regions and

| omt enperature regions. 34. The nethod of claim 33,

wherein the air and fluid are outputted in an

alternating node in response to a tinme proportiona

nemapingltéraperalbe trasitions timodg o plurhlaymf 84ntfalrediens and low-

conprj sing receiving neasured tenperature information
temperalpfieEioNg chuck. 36. The nethod of claim 33, wherein

each control region and | owtenperature region is

defined by tenperature boundaries. 37. The nethod cf

3¢| ihmnashddiof dam Tonyheredi thy adgndsuid gresgutpuiied in pg plgernating

. proportions in a first c rol region of the plurality
mode in E?Spg%sr‘?ttf’ 8:3["’?%5’108?1%10&%&8’[1%&?6& st tenperature is in the
first control region, wherein when the first
tegggrature is transitioned to a second tenperature in
35. ddeonathedat slaim 3 EIibAT conprisdng Tegeixing mengukefl (grpperature
. 0 ' i.n the second control region. 38. The
lnbnnm%%{@%ékg$agpgin137, wherein the first control region
and the second control region are the sane. 39. The
net hod of clajm 37, erein the first control region .
Tonding el AP ok POR S EEoB RO TP PR BETHe region
is deﬁneﬁ‘?%‘tgﬁiﬁeﬂaﬂlr& BSulbeal ity of control regions. 40. The
met hod” of claim 37 further conprising providing an
approxi mate tenperature region as a dead-band region

A SRR Rl A AL MR350 g rpopgions n-

" first confrBPégRNAIT thSIRF SO collttbl Rgionb &vhen arfibti teidperhruaeristih éhe first

first tenperature to the second tenperature. 4 1. The
control fggioRowhereIcWastha Gy (greprartusBiaps 1pRpd e dires oy tepgerature in a
L L t Inss i ld%ohfol region.
scond UMEL NG, oYt AR 1 At o resion
conpri sing reduci ng the undershoot by disabling an

i nput of air and i.nput of .fluid. 43. Th t hod . of

1 o Pt Fam 2 Dagiere A Gtk SO PBHBY g Sonteol
]Bgonaggmgsggéjng the predefined period, wherein the

proportion band determ nes the proportions of air and

fluid input to the chuck during the predefined period,

& dT}\lAéhn%gt%iog 0% Ql%in? 59,p\%etriei% rt]hebﬁr%g cénstrocf zr% g%ﬂ ﬁ{detﬂe second control

region are different control regions in the plurality of control regions.

40. The method of claim 37 further comprising providing an approximate temperature
region as a dead-band region in the second control region for the second temperature, and
controlling the dead-band region to reduce an undershoot during the transition from the first

temperature to the second temperature.

41. The method of claim 40 further comprising reducing the undershoot by alternating

the air and fluid in proportions.
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in response to the chuck tenperature nmeasurenents. 44.
A nethod for controlling a chuck tenperature
W@ vpo9d@esbng: recei ving a neasured chuck surfacECT/US2006/006810
tenperature froma thermal chuck; defining a plurality
of control regions, each-dntrol region having a
controll er process, and | ow tenperature regions, each
| ow tenperature region having a | owtenperature
process; and controlling a transition between
40e e mattbodef dhint 4efurtbat carhpristg reduciag thel undershpeirbat disabling
. rg%jona . .45, Fﬂe met hod of claim44, wherein each
an input Of A 2pfl ap IBUb AT IWG: | ow t enperature region i s separat ed
by tenperature boundaries. 46. The nethod of claim 44,
wherein controlling the transition between ) .
4Be nihemacthedefl dain Fefushar eunprisieg enmpung 4 Rsportion band during

er r [ i her Ses; . : .

e peaSRSE R oG8 R YE S5 d STRERESIn ST A 8 i
input to tierdhucle thexing thie peedafipsdopeiod] amd wherainrthapsbpbititintband frucadculated
. to the thermal chuck during a predefined period; and
in respopfstte the Hugk tRFEHMCIBSAI BBy at ure range in each

control region, and reducing an undershoot forned

during the tenperature transition. 47. The method of

4. A medledffor cdrarollognpelivek nempsratiurd coinmeyisang: under shoot

by... disablin h roportion of air and fluyid inputs
TERRTIRG e P R po P A o AP efobic
deBIRRR BhIUFBity 6f dotrbl@odRa bR Bshtt R IBR6Rhalifg & 3BKRIRBprocess,
The met'’hod of cIa|n14§ further conprising controlling
and low ethpeget@re fegions.reaets |ony GRIDSERIEIRECEAR BaviBg 2 {@HBUPRATHES RTgCESS;
a desired tenperature when the neasured tenperature is
| ower than the desired tenperature. 49. The nethod of
whabllindd tfansitioa bewmen témspargtuesnif tied danngl gplnsaad 1dw of
val ves for transitioning the nmeasured tenperature to
temperafia IegEdISr ed t enper ature when the neasured tenperature
i's higher than the desired tenperature.

and

45. The method of claim 44, wherein each control region and low temperature region

is separated by temperature boundaries.

46. The method of claim 44, wherein controlling the transition between temperatures
of the control regions and low temperature regions further comprises:

computing a proportion band in each control region, the proportion band determining a
proportion of air and fluid inputs to the thermal chuck during a predefined period; and

determining a dead-band temperature range in each control region, and reducing an

undershoot formed during the temperature transition.

47. The method of claim 46 further comprising minimizing an undershoot by .
disabling the proportion of air and fluid inputs during the predefined period when a measured

temperature is in the dead-band temperature range.
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48. The method of claim 46 further comprising controlling a heater for transitioning
the measured temperature to a desired temperature when the measured temperature is lower

than the desired temperature.

49. The method of claim 48 further comprising controlling a plurality of valves for
transitioning the measured temperature to the desired temperature when the measured

temperature is higher than the desired temperature.



