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Cctober 1, 2001 under Applicants’ ref erlence number 200100292PCT (formerly
MYKP- 620). 10 FIELD OF I NVENTION This invention relates to an apparatus for
conditioning the tenperature of a fluid by utilizing a thernoplastic heat
exchange apparatus conprised of a plurality of hollow tubes. The apparatus
controls t heXPBMA&‘ﬁEd?GR £(DNEEEEONING THE BEMBERATUERENOIYA by
adjustment 15 of a control valve which requlates the fl ow of an exchange
fluid The apparatus has a fast respoK s conpact, chemcally inert, and
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ef fi cisency and heat transfer capacity are determ ned by the thernal
conductivity, flow distribution, and heat transfer surface area of the
exchanger. Exanpl es of applicaREbAgTEIAHBEHZ%YBN&&ger use in seniconductor

manuf act [ cont roI ed heat.in en re | r ed
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dei onjy,zed water rinses, and heated organic anm ne based photoresi st
strippers. 30 Heating of chem cal mechani cal planarization, CWP, |iquids
and abrasive slurries can al so HEELDeDF &XWENTIONcontrol renmoval rates. A

chem cal chanical slurr pi cal ri.ses solid WO 03/ 029775 .. .
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hydrochl oric acid or ammoni um hydr oxi
apparatus controls the temperature of a process fluid inside the heat exchanger by adjustment
15 of a control valve which regulates the flow of an exchange fluid The apparatus has a fast

response, is compact, chemically inert, and can operate at elevated temperatures.

BACKGROUND
Heat exchangers have been used in medical, automotive, and industrial applications. Their
20  efficiency and heat transfer capacity are determined by the thermal conductivity, flow

distribution, and heat transfer surface area of the exchanger.

Examples of applications of heat exchanger use in semiconductor manufacturing where
controlled heating of a liquid is often required include: sulfuric acid and hydrogen peroxide
25  photoresist strip solutions, hot phosphoric acid baths for silicon nitride and aluminum metal
etching, ammonium hydroxide and hydrogen peroxide SC1 cleaning solutions, hydrochloric
acid and hydrogen peroxide SC2 cleaning solutions, hot deionized water rinses, and heated

organic amine based photoresist strippers.

30  Heating of chemical mechanical planarization, CMP, liquids and abrasive slurries can also be

performed to control removal rates. A chemical mechanical slurry typically comprises solid



I n many sem conductor manufacturing steps liquids with accurately
controlled tenperature 5 are dispensed onto substrates to formthin fil ns.
I n t hese wppBiozers ons the tenperature of the |iquid has &eTAfSIBEEWMIDN t he
uniformty and thickness of the final film Accurate and repeatable
tenperature conditioning of |iquids such-as spin on dielectrics,

phot oresi sts, antireflective coatings, and devel opers prior to dispense
onto a stiesispraiersls likenlypinggr siliss phrasivess exdizesdihsdydragsn erogids) ady of
these | i gui AThi §,d t : ] ess liquid inside a
reIativeﬁg&?ﬁfgggag?%%gﬂ%gggyﬁgg@ﬁgggéh?%%ggﬁﬁgg%Bﬁgﬁ%ggature IS

controlled on the outside of the tube with a flow of water. Heat exchangers
are devices which transfer epergy between fluids. Thjs i one by
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walls the material conprising the heat exchanger. Polynmer based heat

exchangehiguidrhes g affedtlon thesedicrmity hedthickgpesnef thobhalddmeheni cal s for  many

t hese applications du its chem cal inertness, high purit,) nd
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effect a given tenperature change due to the |ow thermal 20 conductivity of
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finned heat® exchangers are used in conditfoning gases used In‘lasers. These
exchangerentariled oanionityideraflithe odbeneittah Sowhifetutar e not suitable for use with
corrosive 25 chem cals or gases and can produce particles when noisture is
present. U.S. Patent No. 3,315, 740 di scl oses a nethod of bondi ng tubes
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material are gathered in a manner such that the en portions of the tubes
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tenperature control of such devices. 03/ 029775 PCT/ US02/ 30494 -3 US
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cont r ol | eurfdce atdarinrdqnited tocksfadct fgiveh RgneirguRthangiuerto Geflowtterimal nt ai n t he
desired water tenperature. The_invention does not contenplate use in
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Gas to liquid finned heat exchangers are used in conditioning gases used in lasers. These
exchangers are commonly made of metals which are not suitable for use with corrosive

25  chemicals or gases and can produce particles when moisture is present.

U.S. Patent No. 3,315,740 discloses a method of bonding tubes together by fusion for use in
heat exchangers. Tubes of a thermoplastic material are gathered in a manner such that the end
portions of the tubes are in a contacting parallel relationship. Canadian Patent 1252082

30  teaches the art of making spiral wound polymeric heat exchangers and US patent 4,980,060
describes fusion bonded potting of porous hollow fiber tubes for filtration. Neither disclosure

contemplates the use of temperature control of such devices.



use such heating elenents. Simlarly the thernoplastic conpartnents are
relatively fewin nunber. US patent No. 5,748,656 discloses the use of a
net al heawoagobmainge system for controlling the 10 tenper @CarEsowosa4 | asi ng
gas in a |laser systemusing a heat-exchanger, a tenperature sensor, a

m croprocessor controller, and a proportioning valve to control the flow of
heat exchange fluid as a way to control the tenperature of the |aser gas.
Wi | e sudl® aatent Noe sl 643 geae%eéftm userf i phyaliypfithergoplagtiq enmprartmentsevish
gases, such . . : : i ng
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is inpractical to use thernoplastic heat exchangers to control the

t enper at ypasugh hegtingfdlernends. bBisrlagly tlaf themeophisgih cempentrments art relatiyely $¢w én of
devi ces neegerd. Met al heat exchangers are generally unacceptable for use
in seni cONGUCt or manuf act uri ng because of the corrosive nature of the
chem cals and also the need to elimnate netallic and particul ate
impurities from_ process |iquids, What is needed i s an apparatus for

cont r ol | Usgpaend Noo AdP808h Hisglostrdhe pearfi@maetak keabex dipagsayysiem for epnteelling hees
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t enper at ur € change, em cally - inert, hav area, a
m ni mal  wotropwcesSoVIARYG11EE addHptovENhingN aB@ tdlventpolake fibwiofheattek change ovi des

for a high. surface area ernopl asti ¢ _heat exc er device couypled . to a
fluid fl SrctiaXt tO\ﬁOPH"];‘E? éﬁﬁi%?%ﬁ?ﬂgt%felﬁ%rg?&f 8 5§ Py eRionRUSeLYy o
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tenperature of fluids used in Te-circulation baths and fluid dispense

appl i cat if@reentryiing 81c02epFBtRCH Ug0Es.3DU94s becsuserpidhgpmatiehighe hsatepidty of

this_Lnvention erfluorinated ther stig hollow tubes,..fibers, . or
11 kbt 8% elnds BhSade ebebr HRB T EreiProfl bBRSsr a0 o s
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(al kyl vinyl ether)), poly (tetrafluoroethyl ene-cohexafl uoropropylene), or

bl ends t heatesehangerdondispaing b sentzelledierspaptuse Bnwdemespoffliguidsa unitary end
structure or a unified termnal end block with a perfluorinated
thernoplastic resin and a housing. In this structure the holl ow tubes are
fluid ti ghireytlpiidiethradtizal tbaisé thermopihaktheat exeBangers to control the temperature of -

20  fluids because of the high expense and large size of devices needed. Metal heat exchangers
are generally unacceptable for use in semiconductor manufacturing because of the corrosive
nature of the chemicals and also the need to eliminate metallic and particulate impurities from
process liquids. What is needed is an apparatus for controlling and conditioning the
temperature of dispensed liquid volumes or recirculating liquid systems. The system should

25  have fast response to temperature change, be chemically inert, have high surface area, and

minimal volume.

SUMMARY OF THE INVENTION

30  The present invention provides for a high surface area thermoplastic heat exchanger device
coupled to a fluid flow circuit with a temperature sensor, fluid control valve, and a
microprocessor controller. The apparatus is useful for conditioning the temperature of fluids

used in re-circulation baths and fluid dispense applications.



In the preferred practice of the invention the hollow tubes contained in
the housing are 10 braided, plaited, or twisted to create cords of the

hol | ow t Wwe3/0sd97hers, or filaments prior to fusion bondi RGT/UBhE3@e+ ds are
thermal |y annealed to set the crest or gend of the cords. A cord is
referred to in the practice of this invention as one or nore holl ow tubes,
fibers, or filaments which have been tw.sted, plaited

2 r braided, and
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bonded i ﬂfa&ehﬂearﬁﬁééa'iﬂﬂle {&f Q%hﬁ’ﬁge} B?ﬁﬁ@igk&ﬁﬁﬂneﬂ‘lleqﬁarﬁélt@ﬁ’ﬂeln%eto'fbes grves

t he exchanger a high packing density, hi eat transfer surface area,
enhancedpdlymersdiush ad foly (etrafheordethylsnatéd-podluare(alkfenylether)pohange device is

capabl e of eratin i,th organic, corrqQsive, an idizing.liquids. at
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and oyt | pinde@Rd Rkl PiFtab PEnd HRcRIrO6£5 tnifitd taMinel BAJ blobk vk A feriderianidact ed
across the walls of the hollow tubes. Contacti n? the fluids across the 20

wal | of theemoplpdtiswesimpeda hewsing sinjthis sitettaregbe bellamarbgy atsdtuidbghthheondedcess

and wor k{or}geﬂ{eln% gsaiclrg%iﬁ. one enbodi nent of the apparatus the heat
exchanger 1S coupted w a flow sensor, tenperature sensor, and valve to

enabl e di spense of controlled volunes of precisely 25 tenperature

controlled liquids, In a second enbodi nent the heat. exphanger_is pl aced in
a fluid b thepraferpd nragiicesi s iavention thehlinpw Bives eonfansdbindhehepsed® pr ocessor

to contrpl; . i 1 Lot 1 awi ngs
w0 03 0287 ERARTRE PG 16 e gBhitor i RN B RELE it PRoco™ S o
t he appafiatonshondmygr iThergrda ahethtrmestlyrengded tocehthectaton endiof¢hevdords. 2A.f | ui d
flow circuit, tenperature bath, .and tenperature control stem of this
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in-line with a fluid flowcircuit, tenperature control bath, and
t enper at ecanebecitited of alterpatelyrfngipn bondediintpdhe heusingo Gurdsyoitbenmedly anaepled| unes

of t e ure.controlled liquid.at a..dispense.poin 10 Figure 3. is a
Schelht | PAUVE fEr PUYES s ff g mgh Pt B SESIE AT Gt o B e
connect eghtaficdd fiew Wistribudiof] atdch SnhMdliki6.UThe héat BREaBE /i €06 LablesyfSt em and
source of heated water or steamto provide controlled volunes of heated

i qui d aePeatingsyih segapisi prrrospiegidonidizing liguidstat sevated {amnpratietisThekeag the
apparat ugxc%gﬂg)e'i' had ng&imﬁh RNENRNYERd outlet connections for the process and working

fluids to be contacted across the walls of the hollow tubes. Contacting the fluids across the
20  wall of the hollow tubes results in exchange of energy between the process and working

fluids.

In a one embodiment of the apparatus the heat exchanger is coupled with a flow sensor,
temperature sensor, and valve to enable dispense of controlled volumes of precisely

25  temperature controlled liquids.

In a second embodiment the heat exchanger is placed in a fluid circuit with a temperature

sensor and a valve and a microprocessor to control the temperature of a bath.

30

Brief Description of the Drawings




15 connected in-line with a fluid flow circuit, tenperature control system
and m crowave energy source to provide controlled volunmes of heated liquid
at a di spgoyg/orwzyle. Figure 5. is a schematic diagram il lPastusar/3ag a

m croprocessor circuit useful in controgling the tenperature of the
processs fluid using the heat exchanger; val ves and tenperature sensors of

20 this invention. Figure 6. _is a schematic view illustrating a heat
exchangeFigyeel is qschepiaie yigveidlupralingthe apparatyy COMRTAG# RGhexehBNgST gure 7. s
a graphi > i . > d., .of At us
o iy s CtnebERLERRTLAh A Nof LR SO IE LN il P Grafthe LIRARRR

r epr esenvfthisanvaitioa tadimmpesis chatetipodture ofisbathf t he apparatus of this

i nvention described in Exanple 2. 30 Description of Specific Enbodi nent
This invention relates to a heat exchanger apparatus conposed of a _
pluradit Fig%i_fe 3 hgreplAsld Gew Hﬂ%ﬁaﬁ@ﬂ@%ﬁﬁrﬁﬂﬁ@ @&nﬁﬂﬁihgg hestteRclgmbier nopl asti ¢
material. "The exchange apparatus is coupled wth tenperature sensors,
control eénneoipd oebsswith affludlowrmsisnit, temperptuire peritto) byth] andstempergting eaitrohD

03/ 029 CT/ US02/ 3049 -0 f di . fluid
oo 2o ! st GHEN i etlion ¢ pRu it RIRANAMIG e Roch SREGRENBT BREE R | 1 I

an xanptes o
i nventi ogispéRe pBiRle Wi th reference to water which is heated or cooled, it
is to be understood that such illustrations are not linited to water as a

fluid and heated solutions as a dispensed fluid. G her suitable fluids for

heat i hg o ] | I c. i | rating the
appa?gt ug&g¥e ??}“léé Pc%l\%n%p%: gﬁ@gﬁgﬁﬁﬁl P%égﬁg%gg&%ﬁﬁsﬁig%ﬁ}?%%ﬂhéﬁ t(ra the flow
of pr ocessankttad th-Anelwithrakiiuig) flbWwudiiduntempératune Edmimil Rgstém and sorcurfiheated

fashi on, however the f| uids also be. made to. flow.in a counter current
f ashi on. WIS PRRICHR deproyidespr plech LR R epsH LR e iSPERERIer 50 and
tenperature controller 46 are used to control the tenperature of a
re-circulation bath 12. The bath 12 may be used to clean, strip, or coat
subst r at Eigute84.asa pehematit vievsdustraingiibe epparamudamaprisiigrghgat oxchgsger A sour ce of

ener 24, for,.exanpl oni ¢_or. radi ant ener ma e.directed into
Che B CopniePd sERRERIE ATHEEIPV uefls B0 ERke SAF R Hm i BB R be
ci rcul at gshrédWoPENdY 8diR11EE voRMIER o2 Beateilqui® aPPBispshal hyzzAid.ow control | er for
flow meter 28. The liquid fromthe bath enters the heat exchanger 50 at

inl et connection 56, and flow through the device where it exchanges energy

Figure 5. is a schematic diagram illustrating a microprocessor circuit useful in controlling the
temperature of the processs fluid using the heat exchanger, valves and temperature sensors of

20  this invention.

Figure 6. is a schematic view illustrating a heat exchanger used in a preferred practice of this

invention.

25  Figure 7. is a graphical representation of a closed loop method of use of the apparatus of this

invention described in Example 1.

Figure 8. is a graphical representation of a dispense method of use of the apparatus of this
invention described in Example 2.
30

Description of Specific Embodiment

This invention relates to a heat exchanger apparatus composed of a plurality of thermoplastic
heat exchange tubes potted into a thermoplastic material. The exchange apparatus is coupled

with temperature sensors, control microprocessor, flow sensor, or optionally valves to control



with fluid in 72. The liquid fromthe bath | eaves the exchanger at outl et
58, through optional valve 44, and is returned to the bath 12. Opti onal
pressure wpansehreers 30 and 42, and tenperature sensors 4@canbos4pmny be
connected to the fluid flow circuit conduit. A bypass 20 containing valve
20 can be used to adjust flow of bath I'"quid through the exchange
apparatus. The signal froma tenperature sensor 22 passes_to a

m cr opr o8edswpeBhiseal ¢ Siipesed miocess flupder chemighh pathdn 1y Bos: W@#ﬁéﬁ%t ure
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change in the process f.luid 5 tenperature froma_desi.red set poini. and
conas"a Snitrmatesed Shution g SoaSGut: bt v Caa i kst ahetes (o
varies thenfde@ss@f fluid 72 into the heat exchanger 50 and to mmintain the
tenperature of the process fluid exiting the exchanger at process fluid

outlet 58. The tenperature of the fluid in 72 is conditioned by 78 through
tubes 76 ,and 74. l.n thi Fi qur 78 is wn as.a.chiller, .but .cqul.d al so
b ot | o ekt gkt P aiteire wba iy RV ARiRS Bipwsbinripitt 45 Wl
exchange fiztRahatlow Jdf @E@ég&'ﬂmwaﬁ@ wotkiag dutdyar® stivvibBowib@en hiceébBedtrBhion
flows through optional flow controller or flow neter 36. In the fluid

condui t hawevertls fyids majyglse bsamadsie flewan pyougipsuresat faghioge Imthe ppaciise of e
transgquceyr. [ | it xchange
apparat yois PPk SER e EE SERE mpaun i Heftol b el s nt O o o
sensor 4&mpprasswie reichnsidticebatb2?2. Thelbathdpandy nised tovalbare s, orfdvat fl uid i s
WO 03/ 029775 PCT/US02/30Q0494 -7 returned back to 72. An opti.onal g¥pfsss
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Tefl on pneumatic valves. Suitable fluid flow controllers 36 include gas
mass f | owiddhiid &1 T2r Ehe lignd My be bathdenves thetoxelrangaat RufletedS, duoughroptian
liquid flow ¢gontr.Q o) |t I ' arlabl e
speed i (‘1’% ivaaguar%i 1%1[5‘:%\5%[3& |{0nﬁ?f3 %hplﬁagéz %Eelhlﬁ#}ggtsﬂﬁegﬁ% %@%ﬁﬁ@nm@é \éa%/ﬂa‘f | abl e
from Col eenfjsfiatare schsvsd 401amN60 fmaypadynnevied totheHiuid Sowldircuif beénduit. A bypass

t enper at ure-sensi ng devices 22 and 48 are_preferably resistive tenperature
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CT. At eﬁ‘ﬂggflgﬁﬁl Horh Q‘?&Hf)eﬁ'ﬁﬁ{‘egsensor 22 passes to a microprocessor-based controller 46, for
example a CN7600 temperature controller available from Omega Engineering, Stamford, CT.

Optional temperature sensor 48 measures the temperature of the fluid as it leaves the
exchanger at outlet 54. The controller 46 continually monitors the change in the process fluid

25  temperature from a desired set point and sends a signal to a valve 64 or a flow controller 36,
or to the pump 68 to varies the flow of fluid 72 into the heat exchanger 50 and to maintain
the temperature of the process fluid exiting the exchanger at process fluid outlet 58. The
temperature of the fluid in 72 is conditioned by 78 through tubes 76 and 74. In this Figure, 78
is shown as a chiller, but could also be a fluid heater. The fluid in 72 can be recirculated

30  through the exchange apparatus through valve 70 and by pump 68. The liquid from 72 flows
through optional flow controller or flow meter 36. In the fluid conduit inlet to fluid port 52
optionally comprises valve 34, pressure transducer 38, and temperature sensor 32. Fluid
from 72 exits the exchange apparatus at fluid port 54, and flow through the conduit with

temperature sensor 48, pressure transducer 62, and proportioning valve 64. The fluid is



can be used to neasure the tenperature. An enbodi ment of this invention
used to control the tenperature and volune of a process liquid which is

di spensedwpD3sOM schematically in Figure 2. In this figece/ushesdhbow of 20
process fluid and working fluid are sho flowng in a co-current fashion,
however the fluids may also be nmade to'flowin a counter current fashion.

The heat exchange apparatus, 1 conprises.a flqw sensor 92 a a valve 128
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whi ch iscﬂhﬁﬁ%ﬁﬁ@ﬁowm%ﬁﬁfd%ﬁﬁ?ﬂl uid froma source 94 is heated or cooled

by the workirng or exchange fluid 84. A suitable liquid flow sensor 92 is
avai lable 25 from NT International, Chaska, MN. Fluid source 94 can be

delivered,to the heat exchanger, by.a pressurize o or .a pressurized NOW
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opt i onal Ep#mplesiofsuch aakdsietude 3V Owaylvbs BnipiialTlefidn pheunieic vakehalgedblout | et
116. The |liquid is dispensed . through valve 128 and onto . a substrate. The
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suitable for the application... The tenperature of the liquid in the

reser voi 1S mlegt%%ﬁg‘intyi’glﬁ@d’n@uﬁzgt er or cooling surface 84, and is
nmeasured with tenperature sensor 91. This fluid is delivered to the
exchange apparat us thr.ough val ve 86, punp 96, and optional flow controller
104. Af t &€he teprrieoatatie-senyng devieas 22 and 48 ateprefeodl v rrgistivefratgraivie dswigever 108,
the fluid from nt. fL\wi I 18.
ener oy 1 DeEh R E P BE R A A e RET bt X wikgfep Bk Rfrd
exchangetarsthusel to theddupmhBAerapdritard. he exchanger a fluid connection 114.
Fluid flows through the conduit with optional tenperature sensor 122,
pressure transducer 115 and returns to 82. 10 Figure 3 shows a schematic
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as Olélo Ceprocgss%nl?d %({ wi)lqgng fluid are shown flowing in a co-current fashion, however the fluids

may also be made to flow in a counter current fashion. The heat exchange apparatus 110
comprises a flow sensor 92 and a valve 128 to measure and control the volume of thermally
conditioned process fluid which is dispensed. The process fluid from a source 94 is heated or
cooled by the working or exchange fluid 84. A suitable liquid flow sensor 92 is available

25  from NT International, Chaska, MN. Fluid source 94 can be delivered to the heat exchanger
by a pressurized pot or a pressurized NOW PAK®. Alternatively a pump, such as
Intelligen®, Mykrolis Corporation, Bedford, MA, or White Knight pump, Hemlock, MI can
be used to transport fluid from the source to the exchanger. The pump may be installed prior
to exchanger fluid connection 112, or after fluid exchanger connection 116. The temperature

30  ofthe heated liquid is monitored by temperature sensor 126 connected to a microprocessor-
based temperature controller 130. An optional pressure transducer 124 may be installed at the
exchanger outlet 116. The liquid is dispensed through valve 128 and onto a substrate. The
valve 128 can be an on-off valve or a stop suck-back valve. Suitable stop-suck back valves

are available from CKD Corporation, Japan. The controller 130 is in communication with a



fluid froma source 136 are shown flowing in a co-current fashion, however
the fluids nay 15 also be nade to flowin a counter current fashion.

Exanpl es wb osi247abl e wor ki ng or exchange fluids 136 incl ede/ush2/bd4ed pl ant
wat er, hot deionized water, or steam These fluids are comonly avail able
fromthe facilities of the seniconductor facility. Fluid fromthe source

136 flo t hrou optional valve 137, optional flow controller 138, and
opt i onaﬁﬁ’ﬁ@s‘&ﬁ?ﬁgle&ﬁ@ usqR R BRI ST Y Alh % S U G R L torfe aﬂpﬁ?'ﬁl% om
136 ent efge Hi’x?})e?é%ﬁm QiR S 0hRie8029 cBREBNSYed by Heafth 8F 8ol shriidcocess
fluid fromsource 140. Wirking fluid 136 exits the éxchange apparatus

t hr ough 8#tdnétis mSasuaertiwith tanppratorst seosval91 p Thsssilnié isdaliversdpe thetea clange

transducers 154. and 155 spectivel y. Working fl uid source 140
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pressurized pot or a pressurized NONPAID(r). Alternatively a punp, such as
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fl ows through the conduit and optional valve 148, optional pressure
transduc&MM8and t enperature sensor 142. Process fluid flows through the
158 yhere it exchanges 30 energy with the working fluid from 136. A
tenperature sensor 168 neasures the tenperature of the output fluid 140
exiting Figrd?2ahovexe bedwegetic dtusfrhtinrdofeonthec tordigulfion of trepppatatss of tliensor 168

is in communjcation with m.croprocessor, C oller 170 which ens_and
o oses. _TaFS b St bbuPires B SChRR it 136 g bed fnrd ot TR TR he
exchange ofRuéS8ir id tded. IS Blfre tENRE bApIdCEssFuid ABmPAY R8s 40lati dvolléiﬁé
exiting the heat exchanger. The |iquid process fluid 140 WO 03/02977

PClT/ USO 2@@4@@8 a-sguicg 166??@9@@ flawioggha oercuent dsshionghowievst shesfliidimaye. The
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illustra 0diTen 'S 1nven eatin proces

l'iquid f@nids 186 speadechiiddgilanitwadtérz B& deicadiedomtal omitemoWaese dgisgye 183 whi ch
encl oses the holl ow tubes. Perfl uorinated thernng{astic pi.pe, tubes and

fibers aremmoahsgyatiaie fog thedpalissed thewmsenduptgeicilityy Flygfopnthssgpree
el . . O e
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Wor ki ng e exchange a rough a
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e B2l coschanger 190, by & 10, B Ssur 2, ol o 8 RLFERIL 25 NLEAKT).
Bedf ord, ajwatQ th¥$idreodal B8Y addiiRughi® Pl probburé 8l Repdfsste t@nsducers 154
and 155 respectively. Working fluid from a source 140 enters the exchange apparatus
through a flow controller 146. Fluid from source 140 can optionally be delivered to the heat
exchanger by a pressurized pot or a pressurized NOW PAK®. Alternatively a pump, such as
25  Intelligen®, Mykrolis Corporation, Bedford; MA, or White Knight pump, Hemlock, MI can
be used to transport fluid from the source to the exchanger. The pump may be installed prior
to exchanger fluid connection 151, or after fluid exchanger connection 157. Fluid from the
source 140 flows through the conduit and optional valve 148, optional pressure transducer
150 and temperature sensor 142. Process fluid flows through the 158 where it exchanges
30  energy with the working fluid from 136. A temperature sensor 168 measures the temperature
of the output fluid 140 exiting the heat exchanger at fluid connection 157. Temperature
sensor 168 is in communication with microprocessor controller 170 which opens and closes
valve 152 to regulate the flow rate of working fluid through the exchange device; this controls
temperature of the process fluid 140 exiting the heat exchanger. The liquid process fluid 140



transport fluid fromthe source to the exchanger. The punp may be installed
prior to exchanger fluid connection 189, or after fluid exchanger

connect i owo19@297W uid fromthe source 182 flows through rhe/usensiyps and
optional valve 185, optional pressure tgansducer 15 187 and tenperature
sensor 186. Process fluid flows through”the hollow tubes in the exchange
appar atus and absorb m crowave energy fromthe mcrowave, system.and source
183 encl §giispgnseddhneneh valve dHRand gnte & FpRstngic, rlgesiahs 01r6\gaf% ﬁ@%g{}.‘roéé"aﬁj ot

t enper at yge 8‘%015- cAHeput fluid 182 exiting the heat exchanger at fluid
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m cr oprocessor controller 180 which turns the m crowave 20 nmagnetron on or
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control the temperature of the fluid by controlling the amount of microwave power generated.

The liquid process fluid 182 is dispensed through valve 192 and onto a substrate. The valve
192 can be an on-off valve or a stop suck-back valve. Alternately, controller 180, in
25  communication with temperature sensors 186 and 190, can be used to control flow meter 184

and regulate the flow and temperature of liquid .

Figure 5 illustrates a schematic diagram of a processor 249 capable of detecting the signals
from one or more temperature sensors, processing the sensor signals into a suitable form,

30  comparing the sensors measured temperature to a predetermined temperature setpoint,
generating an electrical signal proportional to the difference between the measured fluid
temperature and the setpoint temperature, and signaling dispense pumps, valves, flow meters,
or process equipment to become activated based on the results of the comparison. The

source control 250, by communication with the control microprocessor 260, controls at least



10 for changi ng di spense requirenents. The signal conditioner 256 excites
and accepts one or nore sensor inputs 254. The signal conditioner 256 may
anplify, WDloB®2977%r average raw sensor output signal. Exaepluss2sfi9sensors
useful in the present invention includﬁ tenperature, flow, pressure, and
pH. The multiplexer 258 allows for mul Pble i nput reference voltages 282

and 284, which differ fraomthe desi rgd lslensor Si sr}lea#s, t%effec
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anal og supply voltage ch as 15 VDC. The. signal processor 276 obtains
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and flow rate. The data from the anal og to digital converter 278 can be

sorted fooltaes 282andX8dj whinh dififier feoma theslesiredmieasarsignalsi ipecttost eplisraginaior from

the sensor ¢ be us as the trol signal for 0 of the
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t her nopl asti ¢ heat exchanger available from Anetek, WI m ngt can be

. DE,
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intheir entirety. The hollow filaments can. al so be j oi ned t he housi ng
by t B i ApEwhicB AINGHORs HSIERY AUPOHCS EAYIBREN, 9f 2 &Sﬁéﬁﬁa%aff’ apbtication 0

559 149 fAliAchiidste BRbSIsN sP¥in&Ef68 SIS funBtibdsSto 8Pl o P4f¥r; and analog output

270 which functions to indicate to the wafer spin control that the dispense is complete and the

high speed spin can begin. The input-output interface 272 allows for a hardware connection
to the track or other support equipment for communications via RS232, Device Net, RS4385,

25  or other digital protocol port 268. The port 268 is useful for start and stop control, enabling
special equipment features, and determining system status. The power supply 274 converts
incoming voltage to the internal required voltage such as 5 VDC for the processor and
associated logic and analog supply voltage such as 15 VDC. The signal processor 276
obtains real time signal from the analog to digital converter 278 and runs algorithms required

30  for the determination of fluid dispense temperature and flow rate. The data from the analog to
digital converter 278 can be sorted for future retrieval and analysis. The real time data signal
from the sensor can be used as the control signal for closed loop control of the volume,

timing, and fluid temperature of a dispense.



In a preferred enbodi ment, incorporated in its entirety by reference,

Co- pendi ng application 10 filed concurrently herewith as U S Serial No.
200100292pCn30mdes Applicants reference nunber MYKP- 620, PCI/UseBEaN4pN t he
practice of this invention. The heat e_xlcihanger conprises matted, braided,
plaited, or tw sted perfluorinated thernoplastic hollow tubes which have

been thermally _anneal ed to set. the.bends or t f .the hol. b i
the pl ai .Onﬁﬁ%lbéa%";ﬂté CB@H%%N%%@Q@&%@@OB%@@@& gﬁé%?f@é&??lk?%w‘%ﬁr e 6.
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feet ina small voltne’ of about 1 liter and the thernally anneal ed plaited
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heat e£XchadfNo. 32BaI08L ¥ach dfSwhich fEdcludedsbykirRifdraics ig debirsdntivey UTke heollawi f i ed
term nal _end bl ock structure wth hollow tubes 20 328 and 330 fused to a
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anneal ed to set the bend of the tubes. The housing conprises a first fluid

inlet fitting 312 and first fluid qQutlet fitting.326 o end caps. 334 and
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side inlet fitting "~322, with optional insert 338 for shell side fluid flow
di st ri bubimerdMYKPHE10, isiiskd io thd pacticetof igjinven@rf. oThe hedt kxdiadgerfdopipgises

outlet. By of ilJustration,, a first Liguid ent flubd fitihng 312 and
enters h@?ﬁ%}(’f ad‘ieéis p%l%eéfﬁmgerdé’ eftﬁuo&% egéﬂegngpgﬁ?%@g)%&b? %‘ghltch Il]:[)lgge and
flows thpQugRerdafly ahhdaes tbQettBb bels oy bR s W iethoBidd tabek igXhd slait.i Ast fl uid
outlet fitting 326. A second fluid enters 30 fluid connectiogn 322 where it

cont act sexampde ofwiich ardevige ivthopnschematicallnin Figwigsd. ableppaiais hag aghdeaty

out | connect i 3 | f) i y through
Che So | BAREH Aottt ofibbut 11 Rhu IR SRR JollEoGREIE ffer BRG] L 008

f r om eacthefhd1Br andyalbd plaited aibegelidBdten itk need forehfiliapm Feaflueimitedl ocks 316 and
320. WO 03/029775 PCT/ US02/ 30494 -12 Exanp| es %f Perf | uqri nat eg .

t her nop| termenlassic hoflaw fubgsarcrrelimedan Hedradics of iy s beepyse &F fheir ¢ 1 s
inventio I h I; 1 e b A% to
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[ Pol yt et isabimat inetunytgnendstructuer ¢ wadliiaiteopiphléndyiledkstniturg WEAhollow tubes
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t her nopl gpbd $58 ardll BOTBRMHIERENHI /b OB In th¥ikd¥tibgbPihis ikentide @t heildw) PFA
is a polynmer available from
fibers or hollow filaments, have been twisted and thermally annealed to set the bend of the
tubes. The housing comprises a first fluid inlet fitting 312 and first fluid outlet fitting 326 on
end caps 334 and 336. The end caps are optionally fusion bonded to the housing 332 and
25  unified terminal end blocks 316 and 320. The housing also comprises a shell side inlet fitting
322, with optional insert 338 for shell side fluid flow distribution and shell side outlet fitting
318 for shell side fluid outlet. By way of illustration, a first liquid enters fluid fitting 312 and
enters hollow tubes at 314 where it contacts a surface of the tubes and flows through the
tubes to hollow tube outlet 324 and exits first fluid outlet fitting 326. A second fluid enters
30  fluid connection 322 where it contacts a second surface of the tubes and flows across the
tubes to outlet connection 318. The first and second fluids exchange energy through the walls
of the hollow tubes. The first and second fluids are separated from each other by the housing

332 and unified terminal end blocks 316 and 320.



Dai kin Industries. MFA Haflon(r) is a polyner avail able from Ausi nont USA
Inc. Thorofare, NJ. Prefornmed MFA Haflon(r) and FEP Teflon(r) tubes are
avai | abl ewbroame®Zeus | ndustrial Products Inc. O angebury, PET/USQY/bap4

t her mopl astics or their bl ends which ar? useful in the 1o practice of this
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i nches, —prefrera s in ness, are useful
form ng Npapegsned MF\ASHE&U)n@de FER Tefltne® antodsangarailatblo rfropumesIaéustuﬁalt hi s

invention, a single, u ed anneal ed tube si der ed .
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di meqsi ops s tﬁ‘ig %@ﬁﬁoﬁ%fﬂd@%ﬁ%tﬁm‘ﬁké’dcﬁ %@’(&ﬂ&ﬂoﬁ{ﬂ&%e@lﬁléﬁ&hﬁﬂﬂieﬁéﬂ axis

novi ng from one d portion of the tube t0 the other. Exanples include,
but are ﬂmmdel),rpoﬂﬁuhsﬂd;loaddaepbl}(okdﬁnsd)likb polypropetenesrhyetlyylens st ed hol | ow
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rect angu#,@lg,etgg}@%g(etﬁgstdﬂaq,ogrcaﬁbbﬁges or a square shaped tube or fi ber The
braid ait, twist, or non-circunfrential geonetry of the hollow tubes or

fibers prow des for enhanced fluid distribution across and within the

vol ufb B PRePREAPY ekt dled il MRSk AR BREGA of 1585 ¢
PCT/ US02{304:%4se thdiB tHearh i crmﬂudlimek Exaiples o€ tidetul tbémtaﬁg cemhmtlm matevialsh
chemcally inert materials of constructlon g?ﬁb?é\@%es t he nged f r o-rings

and per niticidg bt @e nghlimzied gnelags tihees, gistal ar g an %s and

vmthav t uids. 5 Exanple 1 Preforned I\/FAtubefllarrents wth
0. 047 mg érlgn%l %)fgganeter and 0.006 inch thick wall

20  Perfluorinated thermoplastic tube filaments made from blends of perfluorinated
thermoplastics with outside diameters ranging from 0.007 to 0.5 inches, and more preferably
0.025 to 0.1 inches in diameter, and wall thickness ranging from 0.001 to 0.1 inches,
preferably 0.003 to 0.05 inches in thickness, are useful for forming braided or twisted cord for
the exchanger. For purposes of this invention, a single, un-wrapped annealed tube is

25  considered a non-circumferential tube. Non-circumferential tubes are tubes with external
dimensions that are not continuously circumferential on a longitudinal axis moving from one
end portion of the tube to the other. Examples include, but are not limited to, a helical coil, a
permanently twisted hollow circular tubing such as the single, un-wrapped annealed fiber or a
tube that is extruded in such condition, a triangular shaped tube or fiber, a rectangular shaped

30  tube or fiber, or a square shaped tube or fiber.

The braid, plait, twist, or non-circumfrential geometry of the hollow tubes or fibers provides
for enhanced fluid distribution across and within the hollow tubes. The device provides high

fluid contacting area in a small volume without the need for baffles. The unitary or unified



t hi ckness were from Zeus Industrial Products Inc. Orangebury, SC. Cord for
potting were 10 rmade by twisting the MFA filanents to obtain 12 turns per
foot of swoan@29725 single strand was w apped around a net &CTfusans484 | nches
wi de and 18 inched long. The frame and_ys apped strand were annealed in an
oven for 30 mnutes at 150 degrees Celsius. About 75 cords neasuring 18

i nches i RehBig Al f e.rack after anneal.in Cord from

mul ti pl e@er ac ks%g)rcg%gg%tﬁgpg%gfglefp g%g%ﬁ]ccglﬁl&cagﬁale Hgels ﬁf%orﬁtrb?t&?i ously
heat t r eatimghatesdhd BediFdr c-omie dnPheuiits ge TRGRHHONDT I ddVfRas clefatb€ngt h. The

i nside diiameter of the PFA was .inches and fluid fittings were bonded 2

i nches f}%lpﬁeé%gﬁsgﬂ Wbtpat‘f?élebi'—‘?i%f%. Each end of the device was potted
usi ng Hyflon(r) MFA 940 AX resin, obtained from Ausinmont USA I nc.

Thorofare, NJ., for about 40 hours at 275C. Cool down of each end after 40
hour s3>of potting was controlled to a rate of 0.2 C per minute to 150C to
prevent stress cracking. The 20 en were cleared of resin and the
filanments opened by machining the eﬁ%n of the potted device using a
lathe. Fluid fittings for the potted exchanger were nmade by scoring a pipe

t hread ogt% each end of the tube. Test setup shown in Figure 1 consisted of
fluid fl otFemedddhAfubgiiaments witlp0.047 inch inpéde diameteand2B0GMacle #atlawge 1 ui d

flow of By i ' . at out, 25C. Two 1 tt heaters were

pl aced i ﬁnﬁ%&sﬁéﬁéiﬁ{&gﬁ Z{/Eﬂos%i{rirlg a;}tPﬁ&?ufES W‘t(ﬁragg%ﬁ’%gfsé\%érforrﬁorﬁm%""?@c wat er

f 1 owl@ hr saghby fwistingithe NBRA dfiinEs tohebtif TR @Ak P&Sosf oftshendat SHigR s‘[&?h@t ai ned

at about 34C. V\h(ﬁn cogl W%ter fl ow was stopped, the tenperature of the
agoyng g meta

bath 12 P"ALVELSE Beneot inghesowidg and 8 ifiched longg Thediamslandr model
nunber Gy{HB08 stiddiy & & : S, .22, R 30 the bath
enabl ed control of thg%%gétaﬁhtlggrr%g?g?@?gb?%ggté?%oﬁqtde?eﬁ bﬁ'@’(ﬁlsaﬁt?o‘éte‘?st poi nt
two of @UdH@measthogd8rinches Inclength svecooteinte frotrotha rak@eRiiRaM®. \Cor4rom @ an
electric yiactuated .sol.enoi | ve, nat shown, pressurized to 80 pounds
per s qua@git%}lec%f:ksﬁg Eahfer g‘? V’@Ed %@e‘?ﬁ’é@? angdlacefl e @ prevdoushy heat treatedebnse t o
the & ecMFAC&atedi RMatubt maasidie: LPRERGQ) I e S IR gxaeml e
are shown jn I?i ure 7. WO 03/ 297751{%&%'%6%(%12/3%8%&%&1 e@?ntph%?@\gﬁse or nmed
MFA t ubeltfhas shd Huid fiitings wemdonied d iriches flemdiacimetdest theHFA LGRS Bagheridhirck

wal |t hg fir trial Praducts Inpc. O angebur SC.
Cord for "gertnuieheids SRRt A A E o dnbicieed vk SrmemditAtse. 12
turns peFhdrofate, dI., Sfor albsht 40hsiR@t 27550, a060]1 Rk WABPED FHLUGGoRTpt al frame
8 inches wi.de and 18 inched | ong. The frane and w apped strang wer e

9: f
anneal edPHP&WasAEtroted tozprats of fk 2.2C aer mBwuteliogheeE tpexéni streshlocackings The
20 ends were cleared of resin and the filaments opened by machining the end portion of the
potted device using a lathe. Fluid fittings for the potted exchanger were made by scoring a

pipe thread onto each end of the tube.

Test setup shown in Figure 1 consisted of fluid flow through pump 26 of 7.2 liters per minute

25 and exchange fluid flow of 6.2 liters per minuted at about 25°C. Two 1000 watt heaters were
placed in the 45 liter volume bath 12. With 6.2 liters per minute 25°C water flow through
fittings 52 and 54 the temperature of the bath was maintained at about 34°C. When cool
water flow was stopped, the temperature of the bath 12 increased to 41°C. Use of an Omega
Engineering controller model number CN76000 with a resistive temperature sensor, 22, in

30 the bath enabled control of the bath temperature to setpoint 1 of 38°C and set point two of
39.5°C. The controller was connected to a pneumatic valve 64 via an electrically actuated
solenoid valve, not shown, pressurized to 80 pounds per square inch. The controller opened

and closed the valve in response to the electrical signal from the controller. The results from

this example are shown in Figure 7.



cord neasuring 18 inches in length were obtained fromthe rack after
annealing. Cord from mnultiple racks are gathered to yield 310 cords. They
wer e pl acwo 3w previously heat 10 treated and MFA coatP€d/uRPA3Wabe
measuring 16 inches in length. The insige di aneter of the tubes was 2
inches and fluid fittings were bonded “3%Tnches from each end of the PFA
tube. Each end of the device was potted using Hyflon(r) MA 940 AX resin,
obt ai ned from Ausinont USA Inc. Thorofare, NJ., for about 40 hours at
275C. Cool down of each end after 4Q.0hg}s of potting was controlled to a
rate of 0.2 C per minute to 150C to ent 15 stress cracking. The ends
were cl emefamed MRS iubediiameite with Oederibeh mpidn dibnipyerrand 9L Giorigeht theck veall
portion of the potfed device usi alath Fl uid fjttin for.the potted
exchangéglc%@?sé W%ﬁ@"’b&% ‘}Sﬁt?ll 29‘]&“ té??%%éﬁ%gegmyogga(g?r‘giod p8¥tmtgh‘3e ube.
Two devi Wi ' ' lob@sn 12 tlind h& festtdratraraf. fA singlefstrand t he
tubegseoflﬁg&%i rstStﬁ%g%ég%fg}%ﬁb&mS?gggi ng the il!?]?et fitting to tglhe t ubes of
t he secowas We@pedarohahyeretal feniEHeinchsstwideanpl§ tched losgr 5(91@ framg apilgure 2.
Flow meter 92 from NT |nternational el i,Gal o8 f tegris
wer e conW@é’P%ddStfa@Tﬁ“éeﬁ? a‘&&?&#ﬁﬁ%&? ° ?H)foﬁggfr}nélg[rgné %tfﬁ? S F;u?fgls%?'t ﬁ%ﬁgeﬁilz.
Heat ed exgfanraquringuisdnRptiRiongth wéte bbSETed Giom 812 rueksafiur epasatidg bfotiefadng a

60 liter reservoir of water with three 1000 watt heaters to 3 \tkg erature
of 70C. mulsipbsracks ajpathorse 6o yiekl H0 cordse iy araus Blagsd ntp aprevignsly el fed int o

t he heat, excha far 3 : r L & h

wor k?ong ?Taﬁ?%qﬁhqﬁgégﬁ%a%eﬁgjﬁv%aﬁ%g o? Sﬁghﬁgﬁﬁg\?}?ﬁ gl;ﬁf q%le\g?gls%e%glge%{ggﬁsfst ed
of about tuBaDwis 2 Irichés @x ftad firtimgs fvevab@rded @linches &dmatach ehd ofithe RFA. wbe.about

22 mlliliters per second for 15 secqnds.  Th ragess er s _di spensed
by openi Réfheind of dheglavits WAsRpHed gsing P%@Ngé%BéA%fﬁ% ‘6’?% edﬁ%’él_j shown

gr aphi cahl,¥Jofs G58UhE Thordfafe, NS Yot S48 ROWYs bi1E7 REDACES UR WAl oflettBend

i nvention can heat volumes of [iquid from23 Cto about 65.7 C in a

r epeat abhfeerd@oers. o \WOIHR/ VR PAGOIRGTH B3aR/EOLU permgingiedp A80°Gto pRgved par at us

for conditioni the, temperature qf .a fl ui t

o1 Tho esheadng, To¢ Pl itk Hlefiedogfosin HdlyP ARG ooy BRBRANE e |
tubes of of $d386ABPMBDPLItEI dRSdSusipariatel Fhad gtk fewhe pothaisexdenatigagwaref i r st
surface, a second surface, and a wall between said_ surfaces, each .holl ow

t ube havinade byecosing aripe thined oatrieashlepdasthe iebss Ty devases perqrergtiigured in
series with the outlet of fluid from the tubes of a first heat exchanger feeding the inlet fitting

to the tubes of the second heat exchanger.

20
The test setup is illustrated in Figure 2. Flow meter 92 from NT International, and electrical

valve 98 from Entegris were connected to heat exchanger 110 upstream of the fluid fitting
112. Heated exchange fluid contained in reservoir 82 was prepared by heating a 60 liter
reservoir of water with three 1000 watt heaters to a temperature of 70°C. Process liquid water

25  at a temperature of 23 °C , 94, was fed into the heat exchanger for contact and exchange of
energy with the 70 °C working fluid through the walls of the hollow tubes. A dispense
consisted of about 330 milliliter volume of water delivered at a flow rate of about 22
milliliters per second for 15 seconds. The process water was dispensed by opening and
closing valve 98. The results from this test are shown graphically in Figure 8. The results

30  show the apparatus of this invention can heat volumes of liquid from 23 °C to about 65.7 °C

in a repeatable manner.



b) at | east one of said endportions of said hollow tubes being bonded at

| east at a portion of its second surface to forma termnal block in which
t he end pwotoms7df said holl ow tubes are fluid tightly becwamo2/saget her
with the in a fused fashion; c) said hgllow tubes being un-bonded at
portions other than the end portions; d) said unified term nal block
havi ng t hrough hol e communi cation with the hollows of the unbonded
portions of said hollow tubes; e) a housing containing said hollow tubes,

t he housing providing separation of cguifdsrst fluid for contact with said
first surface of said hollow tubes fToma second fluid in contact with
sai d second surface of said hollow tubes; f) said housing having at | east

on first fJuid connection faor flo hr ough f a.fi f.l i s a first
surface off't AR BRI f?ﬁ%oélélﬁloélg}g{f% Ee@er ia? fﬁ%& %&ea%}:eélntf’ %8% gy 2
second fl ui disepatvahadidid aowtdi@uiticombrisihgd d by the wall of the hollow
tubes; g) said housing havi nfq]ygt | east one second fluid connection for flow

through of a sedond % pluralitnef kpdlowatubesofrithemmaplastic sesin igachef e halighes

said second fluid to c | t i | r d from
the first fluid by t%’ggsv\}/%%mggaf ﬁ‘?ﬂse a%?’laoﬁg?%dbge@%&ac%)aﬁ?gu‘f%‘t#ﬁ%‘ggv&c%%‘fr ol ling
means in fluid commugurfatd, eachwiollbwstabsthseptwd endquestiong ahtl boowsnnect i on; WO
03/ 029775 PCT/ US02/ 30494 -16 tenperature sensing nmeans in fluid

communi cation with seASENEtheEsdetVeEd and in fluid conmmunication with said
first fluid confiectigledspbne maﬁitgﬂdp&ubﬁms%mlﬁwwe@ﬁeiﬁgsoadew fluid;
and j) an electronic circuit neans tor determning the tenperature of the
first fluid , conpaiasigtspotionedigssednd surgtceftd firch & enpimehbloele ino a

pr edet er mi ned set poing. erature faor said first flnid,. ggherati.ng an

el ectrical output siﬁhﬁh?ﬁ%’&m%ﬁrﬂ S?lg%f’ﬂgwailtﬁsﬁeeﬁ%lg t'ggﬁ%g%rﬁ&etdhe first
fluid setpoint tenpepatibewaintheling RAShash;first fluid tenperature. 2. The
apparatus of claim1 turther conprising: electronic circuit means wherein

t he c) said hollow tubes being un-bonded at portions other than the end
portions;
d) said unified terminal block having through hole communication with

the hollows of the unbonded portions of said hollow tubes;

e) a housing containing said hollow tubes, the housing providing
separation of a first fluid for contact with said first surface of said
hollow tubes from a second fluid in contact with said second surface of
said hollow tubes;

) said housing having at least on first fluid connection for flow through
of a first fluid across a first surface of the hollow tubes, said first fluid
to be contacted with a second fluid separated from the first fluid by the
wall of the hollow tubes;

2) said housing having at least one second fluid connection for flow
through of a second fluid across a second surface of the hollow tubes,
said second fluid to be contacted with the first fluid and separated from
the first fluid by the wall of the hollow tubes;

h) fluid flow controlling means in fluid communication with said second

housing fluid connection;



generated el ectrical output signal proportional to the difference between
the first fluid setpoint tenperature and the neasured first fluid

t enper at Wwe 029138d to change the fluid flow through thePCrasoranmvs ol | i ng
means for the second liquid. 3. The awﬁ arat us of claim1 further
conprising: electronic circuit means erein the generat ed el ectrical

out put si gnal roportl onal to the difference between.the. t

set poi nt tenperatureeg}mr“lt‘ilrg S%W&@’iﬂrfg{g??%ﬂlc@ﬁ%w lﬁ?l ﬁirgfh’é‘id to
change the tenperat upg fmad QHheRicafiod Wah 388 IR fuidlbéhndpddd fof he
tenperature of the first fluid is substantially equal to the first fluid
t enper at ure set poi nt meﬂsurfﬁgéhemmpms Oﬁfhe(ﬁréﬁﬂﬂld; fnd t her conpri si ng:

el ectronic circyit neans wherei ratede i i gnal
proporti onal tothe &t &F‘étf%ﬂ%%lr%lét[%a@ﬁ et?rfnrnél Eﬁl &%Jrutré)&ttﬂ?tﬁrs%

tenperature and the ﬁﬁﬂs%ﬁ@aﬁhgﬁldﬂehﬁtﬁ‘edﬂlfﬁpﬂﬁldtt&haeraﬁlr&@eﬁ to contr ol
the output froma source of energy enclosing the hollow tubes. 5. The

apparatus of claim 1pveé¢t@ﬁ@pe@mln§qemera&r@&rrsm‘féfstcﬁlméug?nerﬁé@ﬁ@nmmr ein
the generated el ect nce

bet ween the first g;btﬁfgﬂ_l{ts@%l n%orrg{)%?gé gfr? gﬁ(%egaegﬁ?egéﬂél r gt fluid
tenperature is used ﬂmd setppirg eerthperatitecandribd meafural ﬁnsuﬂmd tahpdriterd i rst fluid

until the tenperature of. the fj fluid i substantlall equal to the
first fluié {I@W@P%@W@ §%ﬂad éﬂifﬁeféomPﬁlém&p ST It I FnW it Pher
conpri si ng. eﬁéljaféﬁ ei&[nc%?@ﬁtgﬁﬂ 51Q{a1 bﬁ‘ﬁoﬂioﬁ@ﬁ@%ﬁe @fferehc BLWREn Bk frktui d onto

a substrate. ~The apparatus of “claim1, wherein said heat exchanger is
conpri sed of ﬂtpd)lse;tpdnetheaiplemmroenmﬂleelm@sm@d[ﬁeﬁﬂuubmmtmnmb}ﬂeétmer)) pol y

(tetrafl uoroethyl ene-. coshexafl yor opropyl n )

pol ynet hyl perf'ﬁ’@%@ tﬂﬁﬂﬂ&;ﬂ éﬁ %M‘S@ﬁr‘% @ﬁtmﬁf%f; %Sh%// egﬂlgé/ ?ul‘?o pol yners
thereof. 83 The 5 Pmmtowalaqﬁ 1%ﬁhéﬂ@mamFeﬂectmmmmwr@wnb whesiathe
non-circunfrential. WO 03/029775 PCT/ US02/ 30494 -17 9. The atpparat us of
claim1, wherssheratedielectrasal owprimens! piopopioapktedhs diffsrense befwaprithedigr mal | y
anneal ed. 10. hol |
tubes are i mf}ug@g%ﬁ&gweﬁﬁ;éﬁn% ﬁ&e?{ﬁgﬂl %asﬁ\{iggn u?@ée% Zﬁ@gﬁjﬁ@?ﬁ& CThg W

appar at us of chb@gdthd topyRsstine (ﬁ‘alsdulfcb bﬁthefsletbr(d flidd antillthé ehgeisire of the
antireflective coati n% or a hot or esj. st _devel oper. 12. The apparatus of
claim 1 wher ditst fuid ¢ subptaptial] YLﬁqHalth the trst fluidieapepEs §GROINt.

4. The apparatus of claim 1 further comprising: electronic circuit means wherein the

generated electrical output signal proportional to the difference between the first
fluid setpoint temperature and the measured first fluid temperature is used to
control the output from a source of energy enclosing the hollow tubes.

5. The apparatus of claim 1 further comprising: electronic circuit means wherein the
generated electrical output signal proportional to the difference between the first
fluid setpoint temperature and the measured first fluid temperature is used to
change the flow rate of a source of the first fluid until the temperature of the first
fluid is substantially equal to the first fluid temperature setpoint.

6. The apparatus of claim 1 further comprising: a valve for control of the dispense of
a volume of fluid onto a substrate.

7. The apparatus of claim 1, wherein said heat exchanger is comprised of
poly(tetraﬂuoroethylene-co—peiﬂuoro(alkyvinylether)), poly (tetrafluoroethylene-
co-hexafluoropropylene), MFA, polypropylene, polymethylpentene, ultra high
molecular weight polyethylene or co-polymers thereof.

8. The apparatus of claim 1,wherein said hollow tubes are non-circumfrential.



13. The apparatus of claim1 wherein said first fluid is a solution
conprising copper ions. 14. The apparatus of claim1l wherein said fluid is
chosen frwmoBle7gs oup consisting of acids, bases , oxidi PeraiSonso4abr asi ve
‘slurry. 15. The apparatus of claim1 wherein said liquid is a photoresist
stripper. 16. The apparatus of claim1 wherein said liquid is an organic
liquid. 17. The apparatus of claim 1l further conprisjng fluid flow

control | iy FBaARPA#US PLElAM Lovhaisin saiding OV tihEs A5 Rlafted igfo ‘FP&E%?% f1uid
connection. 38  The appapatus of claim 17 wherein the fluid flow
controlling means 1s a dispense punp, valve, fluid flow controller, or
pressure pil Thé8ppatatnedhcdint bwhemimsaad thengoplhstictholipwrtabasrage whipregiateui d, a

t enperature senso itigned to read the tenperature of said first fluid
and whi ch geWéﬁlaattégmga?@tcé’Hg‘é‘%é(fmaée@gnal indicative of the first fluid
tenperat urg, T4g gp;?aréth%m%@? ihereil@Ad fif E0ATIg aphBRsdsistonaffefictivgdd or
renove heat fromthe firs uid, said nmethod conprising conparin e
heat f he f t fluid d net hod np g np g th

first fluid ceste etaploterssisidiivelaperd by the tenperature signal to a
cet pol 2000 DL SRERHE AR LR o o

heat throu mai ntai n nperature of the first

fluid in tie ThehppAates bELhim 1 dhefeiinchid¥irst figid ieARelutibn cempsiagtoppessent i al |y
constant. Controlling the flow of said second fluid through said heat
exchanger byl¢ssing the second fluid through a flow proportioning val ve

and regul at} - Sal | Ui [ [ B tioning
val ve. 20. {#ﬁge%ﬁ%%%ggafgﬁ@?h&fge%vﬁ%?gﬁﬁ 1'%1 Iﬁgos'zélglr%lg} glt@ L%?%Jﬂs%\rqggﬂrh%ogl ocat ed
in a wafer atidatiasg loxidizer® br abdadvesivhhgd of claim 19 wherein the

tenmperature sensor is in f)]uid. conmmunication ith the di spense nozzle of a
flow circul¥ .T?W%?@Qgﬁ?]%l%éw}ﬁ%‘ﬁ%%ﬁgﬁld 15 %Qw‘fﬁ?es”? %“H%elrhod of claim19

wherein th .tﬁgﬁ%ﬁéﬂﬁﬁf&ﬁﬁ%@rwﬂeﬁﬁﬁ%@h@ﬁﬁdii@aﬁ bahlcouici reui t. 23. The
nmet hod of claim wherein the tenperature sensor is ‘a thernocouple,

resistive tefijherpparates dévlaime] forther kempiising fluidiow Torirelingipganstin dlugd m 19
wherein the process Liquid is phot or esl st . %a The nmethod of claim19
wherein the ﬁP‘&l@‘é’é’écaLP’& l\ﬁﬁg Sélélrﬁrﬁ °§‘S‘£ﬁ?§‘?‘g% e qui d.
18. The apparatus of claim 17 wherein the fluid flow controlling means is a dispense
pump, Valvé, fluid flow controller, or pressure pot.
19. A method for maintaining the temperature of a liquid, a temperature sensor
positioned to read the temperature of said first fluid and which generates a
temperature signal indicative of the first fluid temperature, and a thermoplastic
heat exchanger positioned to add or remove heat from the first fluid, said method
comprising comparing the first fluid temperature as indicated by the temperature
signal to a set-point and adjusting the instantaneous rate of addition or removal of
heat through the heat exchanger to maintain the temperature of the first fluid in the
fluid circuit, as read by the temperature sensor, essentially constant. Controlling
the flow of said second fluid through said heat exchanger by passing the second
fluid through a flow proportioning valve and regulating the flow of said second
fluid using said flow proportioning valve.
20. The method of claim 19 wherein the temperature sensor is located in a wafer
cleaning bath.
21. The method of claim 19 wherein the temperature sensor is in fluid communication

with the dispense nozzle of a flow circuit.



26. The nethod of claim 19 wherein the process |iquid contains copper ions.
27. The nmethod of claim 19 wherein the process liquid conprises an aqueous
acid, bawe,030x97@5 zer, or abrasive. 28. The nethod of cl aiperaSowsmEpei n t he
function of adjusting the instantaneo rate of addition or renoval of
heat though the heat exchanger to nmaintain the tenperature of the process
liquid in the fluid flow circuit, as read by the t rrperattgixre sensor,

essent i al 12¢- thnmethed of slajsa AP stheedn e tempeahEe s@rors Gaiidvaiie B9Y A net hod

for controllggd. hieat transfer froma first liquid to a second fluid the
met hod conprising: contacting the first fluid with a thernopl astic heat
exchanger ;23. Hhelmettad tlang 10 véierdie thedpinashiure banaor iex dhamgeoupld,t h a second

fluid for adding or renoving heat. fromsaid first liquid through the
t her nopl astiEBS’égK%E?HB’SFa,M\‘WS%(SF’r?rﬂi“ﬁ%“sl’i(gat exchanger surface area per unit

vol unme of xehapQaIodDF3MmEN 19 WikBin MR/ protis BhuidieabRstoreddt. A heat exchange
apparatus and controller for adding or renoving heat, the apparatus

conpri si n@5aTheamethed o glaiyerl Oiwhesreid thegpracdse liguid cehtaimgen Suganicledud.ea per

unit volu exchanger . space of 1200 nP/ .. or.ar .31. A closed | oop
heat exch%g@%ﬁ‘ﬁﬁ’r(’gtogg{af%ﬁgé’v Feﬁ% erprP%ersr%%}fq%S Cﬁréa%n,%%%)ﬁéerégp%sar at us

conpri si n@7aThéglketidaloIstaifb 106/era etaoesss Hgaid chapedes Maputarpeidat ur e
circuit including tenmperature sensors for sensing a first and second fluid

flow, an el baserdtifice pr épsivand second fluid heat transfer controller,
wher eby thg %hggi%ﬁ?od!og%ﬁrﬁub%e&gﬁ ﬁhﬁ%nbafaaﬁ@ahg&ew&a&tm% ature in the
Ui oWs ' an ¢ C

first and secon the electron rcurt recelrves signals
proporti onal of aidithe drirembva d hes ¢tlonghfthehaht efdhangdréopeimsiotles; t he fl ow of

the second fluid or the tenperature qQf the_second., liqujd being adjusted
until the teW}B‘&e&tﬂﬁeé’?&e Rrpgess awd i f ‘H‘?ﬁ?ws‘ih‘iﬁ’gita"’r?trg%d 1?X/‘%@qual to the

desired firsfepfdeptfirelsBRIRE REdAiHy constant is performed by a source of microwaves.

29. A method for controlled heat transfer from a first liquid to a second fluid the
method comprising: contacting the first fluid with a thermoplastic heat exchanger;
and contacting the thermoplastic heat exchanger with a second fluid for adding or
removing heat from said first liquid through the thermoplastic exchanger; wherein
the heat exchanger surface area per unit volume of exchanger space 1s 1200 m*/
m° or greater.

30. A heat exchange apparatus and controller for adding or removing heat, the
apparatus comprising a heat exchanger including a heat exchange surface area per
unit volume of exchanger space of 1200 m*/ m’ or greater.

31. A closed loop heat exchange apparatus for adding or removing heat, the apparatus
comprising a thermoplastic heat exchanger and closed loop temperature circuit
including temperature sensors for sensing a first and second fluid flow, an
electronic circuit and second fluid heat transfer controller, whereby the closed
loop circuit operates by sensing the temperature in the first and second fluid flows
and the electronic circuit receives signals proportional to the first and second fluid
flow temperatures; the flow of the second fluid or the temperature of the second
liquid being adjusted until the temperature of the first liquid is substantially equal
to the desired first fluid temperature.



