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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.
In these applications the tenperature of the |liquid has an effect on the
uniformty and thickness of the final film Accurate and repeatable
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i nvention does not_ contenplate use in organic
20  conductivity of the polymers used in the device. “Such a large size has not made it practical to

use such devices on semiconductor process tools

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.



5 liquids, corrosive or oxidizing chemcals of high purity for which it
woul d be unacceptable to wuse such heating elenents. Simlarly the

t hernopl astic conpartnents are relatively fewin nunber. US patent No.
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Currently it is impractical to use thermoplastic heat exchangers 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.



t hermopl astic resin and a housing. In this structure the holl ow tubes are
fluid tightly bonded to the thernoplastic resin. In the preferred practice
of the invention the hollow tubes contained in the housing are 10 brai ded,
plaited, or twisted to create cords of hhe hol | ow tubes, fibers, or
filaments prior to fusion bonding. The'Ccords are thermally anneal ed to set

the crest or bend of the cords. A cord is referred to in the practice of
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resul ts fon ex Hﬁﬂ%g of HErgy bet ween the process and working fluids. In a
one enbodi nent of the apparatus the heat exchanger is coupled with a flow
sensor, tenperature sensor, and valve to enable dispense of controlled
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operating with organic, corrosive, and oxidizing liquids at elevated temperatures. The heat

exchanger has a housing with fluid inlet and 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




connected in-line with a fluid flow circuit, tenperature control system and
source of heated water or steamto provide controlled volunes of heated
liquid at a dispense point. Figure 4. is a schematic view illustrating the
apparatus conprising a heat exchanger 15 connected in-line with a fluid
flowcircuit, tenperature control systéem and m crowave energy source to
provi de controlled volunes of heated liquid at a dispense nozzle. Figure 5.
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exchanger, valves and tenperature sensors o this ihvention. Figure 6

i s a schefthtsiiaventiewtdo hlairgdin dlid temparaheabdbf € kathanger used in a preferred
practice of this invention. 25 Figure 7. is a graphical representation of
a closed | oop nethod of use of the apparatus of this invention described
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fluid or chemcal bath in real tinme. Wile the enbodinents and exanpl es of
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fl ow of process fluid and working fluid are shown flowing in a co-current
fashion, however the fluids may al so be nade to flow in a counter current
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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



exanpl e negasoni c or radi ant energy, nmay be directed into the tank at

t hrough a probe or |anmp housing 14. Liquid in the bath nmay be circul ated

t hrough val ve 16, punp 26, and 15 optionally flow controller for flow neter
28. The liquid fromthe bath enters the heat exchanger 50 at inlet
connection 56, and flow through the devfce where it exchanges energy wth
fluid in 72. The liquid fromthe bath | eaves the exchanger _at_ outlet 58,
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The signal from a temperature sensor 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



10 Billerica, MA; and liquid flow controllers from NT International

Chaska, MN. A variable speed liquid punp useful in the practice of this
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116. ThelSIHBeERY ¢y pXFeed Hilsdbigh val ve 128 and onto a substrate. The
val ve 128 can be an on-off valve or a stop suck-back val ve. Suitable
st op-suck back valves are available from CKD Corporation, Japan. The
control | &he meraéurﬁﬁemmmdwmeaﬂﬂ@n 8 @te prefegableesisive PP deVioss arsed t o
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cool i ng Sa{&ﬁﬁﬁduﬁﬁgmﬁmﬁﬂksmﬁpﬂaﬂﬁﬁd wi th tenperature sensor 91 ThIS f|UId
is delivered to the exchange apparatus through valve 86, punp 96, and
optional flow controller 104. After optional 5 pressure transducer 106 and

tenperat eenfb%ﬁﬁﬁ%ﬂ éP&E irlllagntfdnlﬂsgd {or &mrglzthg %&aﬁlﬁ%nﬂ% I n(gf a a}%ﬁ@%& atus at

fluid connection exchanged en the wor process
fluids i hqmli@vlﬂ:oimlsalmpemsedMS}fom sdhématmaBQ ireRighs 2. hén thicigmg dre fiov bili d
con n%*ct | gﬂ)cg's]é%ulc!: d working 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



flows through the conduit with optional tenperature sensor 122, pressure
transducer 115 and returns to 82. 10 Figure 3 shows a schenmatic
illustration of another configuration of the apparatus of this invention.
A source of working or exchange fluid 1§6 other than froma cl osed | oop
supply or reservoir is used. In this fi'gure the flow of process fluid from

a source_140 and _working fluid froma source 136 are sh fl ow in a
co- cur r eREASTALABIST O Yiedh e MR IERAIVRIT Rt A ISmPELALrp éulF?é’g"eV\POF e &}pBﬁigartha

counter g}jée f T Ieﬁ & Rir @ik 1t @ PIhE SesivoRiiio! 18 Rb&1iMOR G Y heer 8XEJ0RRE ‘§1#]rf£dem ds

136 i ncl pl ant“water, hot deionized water, or steam These
flui ds aBé andosmmeaduyedawih teampesatfrecanton &1 f Abisl fluid esdedifvereti¢o therikclondect or

facility. Fluid.,f t 136, f1. h h i l.ve ,137,
opt 1 onal BTG S R e SoBUTR 96 Sk drsRHR e SURRUE o "Rhers Bttt o
t r ansgluc gresdté tramdudf .06 bhe tédlpﬂrr]ﬁulfers@moﬁ@&etﬁé goi ke sexahage emagat us

where 20 energy is transfer with process fluid fromsource 140. Wrking
flui d 13eprexdtesatifiad ecasteaiierel 1 & pinera s sxehangedbetyaen be wioskingaad proceisgh

opti onal gpr re_and . ol cty y.
Vorki ng. S a PeGnEhebGTRanaY sofh 1 BIRTHE Lot o RO cchiBAGARE KLY

f1 ow contloak ligbudihe cbhdiitwith optiGal tedtpetdtieGatod P22, phcsshry thasdbebi Mer eqtl t o
the heat exchanger by a pressurized pot or a pressurized NOV PAK(r).

Al t er nat F@F@F‘?tchggurrp, such as 25 Intelligen(r), Mykrolis Corporation,

Bedf g5 d, MA, or Wite Knight punp, Hem ock, M can be used to transport
fluid fromthe source to the exchanger. The punp may be installed prior to
exchangeFigure3 shovonnsehbmetic ibgtratom affanethef ¢anifiguetion af herappamme of thosy 157.

Fluid fromthe ource 140 .fl ows through. condui t .and ti.qnal valve

143, "opt FOEROr & SBUFEE of Pardutber DS T feer et BRce b R PR ces s
fluid flgpRstibr wikel Nen HpSHYEHR fldw BXpdREE IR BRoANEIAYceW4DANE %rmgki ng
fluid from136. A tenperaturée sensor 168 neasures the tenperature of the

out put f fluiddfram@ sewiceil3§ arerhowadlovarg amerecurzent fashica, bowenst thedlnidssnay

170 9t cHoapeRERERhngNan e obsr GRRELSEERY Bty Bt REARIGARRr EFHihM N

fluid threiagh 3t heledecdhlndelsie e, hitiliefonéRa twadrsor si@ifpeTidsy fleidgfard he
process fluid 140 exiting the heat exchanger. The |liquid process fluid 140

-9- is diepEeabrvieHaegiom, defecilites of e SAteTduganGCHY-c FINASOTRIgE0TES can
e 25 OTAS8 LV GRS B L 45 o st e
temperature transduces 144 and 162. The fluid from 136 enters the exchange apparatus where
20  energy is transfer with process fluid from source 140. Working fluid 136 exits the exchange
apparatus through outlet 156 and through optional pressure and temperature transducers 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



5 di spense which utilizes a source of mcrowave energy 183 which encl oses
the holl ow tubes. Perfluorinated thernoplastic pipe, tubes and fibers are
transparent to m crowaves and are ideal for flow through heating of
aqueous or other mcrowave absorbing liquids |ike alcohols. Wrking fluid
froma source 182 enters the exchange apparatus through a flow controller
184. Fluid fromsource 182 can optionalgé be deliver t he

d
exchangeis dispgnssyl through prlue 40 puderntp s sulsirate. phhesatye; 1?é§a g 2@(@%?"%&"6 or

Al ternat] g uch as Intelligen(r), Mkrolis Corporation,
Bedf ord,éﬁ#)é%%%%h%hi ght punp, Heml ock, M can be used to transport

fluid fromthe source to the exchanger. The punp may be installed prior to
connection 1 er. flui connectjon 191.
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Process fluid flows through the hollow tubés in the exchange apparatus and
absor b nPerflowanatediherngplistiomined tibas endfilkare arsyeanepareni do Bverpwaves B88 agncl osi ng
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Tenper at Wekisg MRl frdAQ soufcel 182 CARTEAE eAtHadfe Mpathtisd hrough adkesentotat 184l | er
180 which turns the m crowave 20 nagnetron on this controls
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di spensed through, val ve 192 and onto a supstrate. The .val 192 can be an
on-of 1 viPRoR i pBhe TRk RARS ezt Al D6 PIED B1Y DecBTRl IR 160, i 25
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fl ow nmeter and regul ate fhe. flow and tenperature of liquid . Figure 5
i | | ust r asescel 8cienathio gitbgeanduis and opticebsalve 18% 9ptiansd presswe traesdeedri ng t he

signals om one or nore t erpat ure, sepsor LOCEesSHN . sensor

signal s }%1{ ?f‘rgate@lwrtaéﬂ? &P8F ™ ’6"’8%?%‘??8‘65 %gg@etﬁg gggovgreng% g}net ©

tenper at Y Pah e dhpRfaBiehne BB thiboWReE é)ﬂe}ﬂ%ﬁfrﬁﬁlttﬁ@hﬁ&mw@%l@fsﬁiﬂ gl Rirce _
el ectrical si nall;fgr oportional to the difference between the neasured fluid

t enper at I8%kenghepingihe bellpuitwhest Artpaperatwesenserdl 9iraensiics hedraperniee piifps,
val ves, flo t - ' aet] based gn the
vo ver, L ABhT5S e B, B SERRRLBRILANDNI L BpBOEETy S heted hosaehnn |
t he cont {sdh coin@fuRatioe $4tbrmidfiprocessot caltroliat 18@which-tifs thenmicgarmeat ed
el ectrical signal proportional to the tenperature _difference between the
20  magnetron on or off; this controls temperature of the process fluid 182 exiting the exchanger
188. Alternately the microprocessor controller 180 adjusts the power to the magnetron to
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



measured fluid tenperature and the fluid setpoint tenperature. An

el ectrical signal proportional to the rate of change of the fluid
tenperature can al so be determ ned by the processor 249. This electrical
si gnal maybe output as voltage or currg&t at connector 252 5 and is useful
for controlling a fluid control valve or a fluid flow controller.
Optionally the enerated el ectrical_ signal at conpnector 252 nodul ates

power t o°n§ generpishetiestrisehuenal groppgmongl to tg? rareEtue NI EREOEMRBUNdi ng t he
hol | ow t I i i u 1 g@@{aol t he
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signal . Exanpl es of sensors useful in the present invention include
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t he procemgel thd4Sapelard &t @#Bkeny & dxeBatse 2R BynthodBidticgextbalisackrd 90 or
calibration and run time conpensation for environnental
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indicate to the wafer spin control that i spense is conplete and the
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port 268¢,1ibhARiocRahd ref8mb Somp&ishitiod B eftitdnimeatd cBirgps uvhtas @dmpegatak dfifmid
speci al equi prent features, and determ ning systemstatus. The power supply

274 conveseasityi heoeinigl pricessge2qeantels ah ispwaAnd ogtut éerfaces psgeesthen as 5
VDC for fhe pr ssar i l.ogl PR such
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determ nation of fluid dispense tenperature and flow rasi(e. Tge? data from
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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, RS485,

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.



timng, and fluid tenperature of a dispense. -11- In one enbodi nent a
commercially avail abl e thernopl asti c heat exchanger avail able from Anetek,
W I mngton, DE, can be used. O her nethods for form ng thernoplastic heat
exchangers useful in the practice of t_ti'gs_ invention are described in US
patent No. 3,315,750, US patent No. 3,616,022, US patent No. 4,749,031, US

patent No. 4,484,624, and Canadi an. t ent . 1,252,082 eac f.which is
i ncl udedPgPere QFl’é?Fé]éaiCﬁmm‘?é‘?l?l?y_eﬁfaiﬂ?@E @?e@ﬂgﬁﬁb‘ﬁl XQFIF?%FH@m{abﬁe_aqimﬁl so be
joined tQ LA WakSihPGn PYEL &8 YetisEEt OAR: MRIHYIS Sor TBinial tete@eplali&thdah _
European Patent Application 0O 559 149 Al included herein by reference in

i ts entiexehangetsusafub irethe prastice pbibis ineentionjarednspabestia S patentNae 316659, by
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area of about 13 square feet in a small volune of about 1 liter and the
thermal |y anneal ed pl ajited . tubes elin nates the peed for baffling. ..
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In this e eat exchanger apparatus is fornmed in a unitary
end st r umimibsez MYKPR20, eslusedrinithegiragied obthoslnventianc t Thehest exchangdr sampribess 20

328 and 330 sed to her nopl.asti c resin at 6. and, 320, as._sh in

Fi gure 6%11%{» ?émgedf B]ngé’é’ﬁéw ﬁ%&pg origated ﬁhecf@ﬂ%éftécghgg]é’“? o 8%‘?@83!%%’? n the
practi cepQf; thdHidlly BRAIAIAD s@ShEBENdR W clebi @ thetollb® thibew ihitheptint An have been
twisted and thernmally anneal ed to set the bend of the tubes. The housing
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for shell side fluid flow distribution and shell sjde outlet fi Eth ng 318
for shel thegneplastic ooy febesare pgteped intheinragtice P thiomvention hegquse P%q °H enters

L ! TR0 A LA el sgs o5t e

surface O es an ows thr es'to ow tube outlet 324
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tubes 328 and 330, which can also be referred to in the practice of this invention as hollow
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.



tubes to outlet connection 318. The first and second fl uids 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 term nal end

bl ocks 316 and 320. -12- Exanples of pqafluorinated t hernopl astics or their
bl ends which are useful in the practice”of this invention for the holl ow
tubes and housi ng ipncl ude but ar
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and FEP Tef agg}r) tubes are available from Zeus | ndustrial Products Inc.
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their thermal conductance. Exanples of useful thermally conductive

mat er i al Buoride),| podevitydchlaride, potyoldfims lile polyprpipatese.friobxethyleneet al nitri de

fibers, silicon and netal .carbjde. fibers, or aphite. 20 Perfl i nat ed

t her nopl BRYPE h’_ﬁa"efl?’la&ﬁélﬁfas g el BB bty By iontS

t her nopl S,étﬁ&eweiﬁét&llég,%ind%o%ic&l%hﬁé§ ranging from0.007 to 0.5 inches, and
nore preferably 0.025to 0.1 inches in diameter, and wall thickness

{ﬁ_ngikng fromO. 001ft|o ]9 1 }nch_es, preferably 0.003 to 0.05 inches in
i cknes ar . ' . ' .
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exché ge es o 1S ion, anneaFed

tube is Rbnereas thar B@rmaalreRdeditineyTERmaples af udefilieheriatly condustivemertinlal t ubes
are tubes with external . dinensiogns that arg not conti nugusl
)¢

ci r cunf eishde drt I nat liwited o glasidibers metalguride fibsramtlinoa an HEFt%G?RbiiQ?n of the

tube to hﬂ& o Nex iExanmpl es include, but are not linmted to, a helical
coil, a pe?’na%grﬁhfy' tw sted hollow circul ar tubing such as the single,

un-w apped anneal ed fiber or a tube that is extruded in such condition, a
tri a%:; ul Iqérﬂ%gggftgd ﬁj%ggopclaristlfcitgbeer ﬁlararlleglt%%tla g%oln? {)lerslcrllsfle &5 pderﬂuorinated
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



30 tube or fiber, or a square shaped tube or fiber. The braid, plait, tw st,
or non-circunfrential geonetry 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 smal | volune w thout the need for
baffl es. The unitary or unified -13- t effinal bl ock construction of the
apparatus with chemcally inert materials of construction elimnates the

need for tertinddlockrrgngtaichipn of thseppdrayp avit dhemiceily inrst maigrials ofconsfragtigned
t t MFA t ub
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t hi cknes sempdratufasQiid Z6thsa varibussf flwitls. Products I nc. Orangebury, SC. Cord for
potting were 10 nmade by twisting the MFA filanments to obtain 12 turns per
foot of strand. A single strand was w apped around a netal frame 8 inches
wi de and 18 inched long. The frame and wapped strand were annealed in an
oven for 30 mnutes at 150 degrees Cel sius. About 75 cords neasuring 18
inches in length were obtained from Exempdek after annealing. Cord from

mul tiple racks are gathered to yield 310 cords and placed into a previously
heat treated and 15 MFA coated PFA tube neasuring 16 inches in |ength. The

i nsi de dippgmiRed MFA iBe R dBSwEh 01039 hesh iaside Biateftr khd bigD8InchRARK RaMded 2
i nches fromeach end of the PFA tube. Each end of the device was potted
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by machi ning the end portion_of the otted devi ce using he. Fluid
fittings WapPPaditapdeErpragelpd Hydr ovge fer %@@%@ﬁ atdoy ﬁ?@e%ﬁ Ceﬂ%ﬁe APEA] ont o
each end ‘5';‘!?5 f fl

t hr ough puhnﬁtfg% 0 %821:‘]%?%55?2& eralﬁll%\r?gttdéﬁk %ﬁ%ﬁg%gaéh g Cfokd(;?vg%]f ng

liters penultipleurickd asd gabmed toZ;'&éId ﬂmOﬁE@ﬁd pmced in¢ad presionshyeheatpratagichnidn t he 45

it I bat Wth 6. it 5 t f
111 ge MBR caned FEA fabe itpermedsasdes Friend i has e diinder duRaPP AR sac
Wien COO'mcHé@Taﬁd ﬂﬁid%%lw@sswa%%ﬁ@éa 2 ﬁl@ﬁestf%m%éélt dHaRrefe 1L 1Rt NEdR chereased

to 41 C. Use of an Orega Engineering controller nodel nunber CN76000 with a
resi st i veahe devpesrmaspasted aving Hyfoa® MEA 940 AX resin, obtained from Ausimont USA Inc.

Thorofare, NJ., for about 40 hours at 275°C. Cool down of each end after 40 hours of

potting was controlled to a rate 0of 0.2 °C per minute to 150°C to prevent stress cracking. 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 0of 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.



30 the bath enabled control of the bath tenperature to setpoint 1 of 38C
and set point two of 39.5C The controller was connected to a pneunatic
valve 64 via an electrically actuated solenoid valve, not shown,
pressurized to 80 pounds per square inqg. The controller opened and cl osed
the valve in response to the electrical 'Signal fromthe controller. The
results from this exanple are shown in Figure 7. 14  Exanple 2 Preforned
MFA tube filanments with 0.047 inch inside diameter and 0.006 inch thick
wal | thickness were from Zeus | ndugbialje #roducts Inc. Orangebury, SC
Cord for potting were 5 made by t he MFA filanments to obtain 12
turns peprefoamtd BIF 4 tubafilaménts it 0045t ingnishside diametgped 04060undh thickevadl fr ane

8 inches wi de and 18 inched, | on The fra an pped,strand were
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Cord from |tiple racks are gathered to yield 310 cords. They were pl aced

into a pweswoepptdarheat a etal fremeddnehns Wilparb bt nghedang.yBbe ffemeand ng 16
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devi ce umbagwsas 2 hiche. anBIfluid fiftiniet wegsbdnded € imchen fromckaek ehdinfthe Pdrtebe.nade by

coring a pipe thread onto each end, of t devj ce re
zonf: ggrE%P !q%d of ghe deyicgivras PoHed BiRg gﬁﬁgﬁﬂﬁﬁggﬁp%@%% @H}S?g%n a first
heat eXCJ&aaglghtr{{gg%&@nfob@fa}epmg,fH $8duP80 hb@s k7 Pebesodfdotmeresgoad heat

exchanger. e test setup is’illustrated in Figure 2. Flow neter 92 from
NT | nt er afedri4Ormalbis cfipditmigavtsrdon@dlleditalavrate 8 0f2 ChpEmniayieite 1 oI etoqueveatt ed t o

heat exchanger 110 stream of, th luid fifti 12, e
a8 oot meking: | Betbarere Bsiatl o ispnaht i heal FientEBL G R0
reser voi & dforMet 8f thwbbited duvas wbRRG ket FReafigitys Fer the bewgaasxahatiger wére7 0C.
Process liquid water 25 at a tenperature of 23 94, was fed intq the

C ., 94
heat exchmaggly sdovinge@incibreadniitosach srdyel e tuben drpydeyiqen VeRRCOMIZETSHdR ki ng
fluid thyotgh b NE. Y8ld: 8t Alidlfifn Y hBY JrUIESe nehr YIRRRRP foeding 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.



consi sted of about 330 mlliliter volunme of water delivered at a flowrate
of about 22 mlliliters per second for 15 seconds. The process water was

di spensed by opening and closing valve 98. The results fromthis test are
shown graphically in Figure 8 The results 30 show the apparatus of this

i nvention can heat volunmes of liquid from23 Cto about 65.7 C in a
repeatabl e manner. -15- Clainms 1. An agpparatus for conditioning the
tenperature of a first fluid, said apparatus adapted to be connected in-line
with a first fluid flow circuit, said apparatus conprising: a plurality of
t her mopl astic hol |l ow tubes, each of said hollow tubes having a first

surface, a second surface, and a wall having a thickness from 0. 001 inches
to 0.1 inches between said first surdlzgiwe and sai d second surface, said

hol | ow tubes having two end portions and hol | ows passi ng therebetween; end
portions of said hollow tubes fluid tightly bonded together in a fused
fashion wth a thernoplastic resin to an end of a housing to forma unified
ter mi nal &ndAn Bpparitus sericanditivniogvhedbmpetatira gf afirsh fnideshidappaatusons ot her
than the en i ; i i t.ernl ~hl.ock J t hrough hol e
comuni cat i ganoré%%%te?) %ec oﬁ@%ﬁ%d\;@ |fn'8$,ﬂ Wn%%r%]d@ E@Q? llngjr'\%g%'fj r@é?%ﬂﬁol | ow t ubes,
sai d hol | ow eamsisingave a packing density of from3 to 99 percent by vol une

in said housi Q@841 i i f L ui di . the first
lurd contact BRraUEAY hetfBiane: AAIELS, bhbbhr el Mbks IRIE RN I [,
flows to a fdurfarefd sdcdndaurfane; asha avall hasingag thinkhesdifrogn 080% écbesitd 0.0i d i nl et

wher eby a Sqﬁ%ég(ﬁeildlv‘%e\% sca?dqﬁr@fzétﬁfatcg%nﬁ §gﬂ§gcurﬁ %ﬁﬁgceogaﬁjm%llmpﬁl*t{egw tubes,

sai d second 0 a secon ["Ui'd o Saird first uid and said
second f | ui chayinghangad eadiogy andhhollayvs pdseingdhdrebeifveeme hol | ow t ubes, the

first fluid Qﬂ% : ' t [ wal I's of the
hol | ow t ubes & rﬁgshgi%E%ﬁﬁgalé\&lH{b%rs%E@Z[gﬂgﬁgoﬁéggg&tﬁggﬁsar}g%?ot%%HWOI ling a
fl ow of the widtatwrhbplastic resindo aeang of @ howsimg todbir aginified tédoval eofil t he second
fluid being jg.f!luid communication with said second fluid outlet of said

housi ng;
said hollow tubes being un-bonded at portions other than the end portions;

said unified terminal end block having through hole communication with the hollows
of unbonded portions of said hollow tubes, said hollow tubes have a packing
density of from 3 to 99 percent by volume in said housing;

said housing having a first fluid inlet whereby the first fluid contacts the first surface
of the hollow tubes, said first fluid flows to a first fluid outlet; said housing including
a second fluid inlet whereby a second fluid contacts the second surface of the
hollow tubes, said second fluid flows to a second fluid outlet; said first fluid and said
second fluid exchange energy through the walls of the hollow tubes, the first fluid
and the second fluid separated by the housing, the walls of the hollow tubes and
said unified terminal end block;

means for controlling a flow of the second fluid, said means for controlling the flow
of the second fluid being in fluid communication with said second fluid outlet of said
housing;

a temperature sensor in fluid communication with said first fluid outlet, said
temperature sensor measuring a temperature of the first fluid; and

a controller, said controller determining the temperature of the first fluid, said
controller comparing said measured temperature of the first fluid to a setpoint
temperature for said first fluid, said controller generating an electrical output signal

proportional to a difference between the first fluid setpoint temperature and the



a tenperature sensor in fluid communication with said first fluid outlet,
said tenperature sensor neasuring a tenperature of the first fluid;, and a
controller, said controller determning the tenperature of the first fluid,
said controller conparing said neasured tenperature of the first fluid to a
setpoint tenperature for said first fluid, said controller generating an

el ectrical output signal proportional to a difference between the first
fluid setpoint tenperature and the -1636tenperature of the first fluid. 2.
The apparatus of claim 1l wherein the generated el ectrical output signal
proportional to the difference between the first fluid setpoint tenperature
and the neagmperhtirerspeiefirstfRiiddf the first fluid changes the flow of the

d fluyid_throu sai d ans for control]ing.a flow of the second fluid
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enerated electric

an ener source surrounding th hol | ow tubes the
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tubes unti3l Theagperges ot dlaitn PfurthBEcdmprisind: dafls & coRdibEtiRg b kdhpatatifieral to
the first fluid setpaqint tepperature, 5. The apparatus of claim1 further
conpri si ng: e, 859BH Tl 'gﬁeﬁamg%(ﬁaﬂ? Pt b Tirstiiig is subsiantiglly equal tq thgi d
inlet. 6. ThigsaRppsapsoiat tempetadim 2 further conprising: a valve that cont rpl S
of the di speﬁﬁe of f said first fluid. 7. The apparatus of claim
" sai

a vol une .
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6. The apparatus of claim 2 further comprising: a valve that controls of the dispense
of a volume of said first fluid.

7. The apparatus of claim 1, wherein said thermoplastic hollow tubes, said housing, or
said thermoplastic resin is comprised of poly(tetrafluoroethylene-co-
perfluoro(alkyvinylether)), poly(tetrafluoroethylene-co-hexafluoropropylene),
polytetrafluoroethylene-co-perfluoromethylvinylether, or co-polymers thereof.

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

9. The apparatus of claim 1, wherein said thermoplastic hollow tubes are plaited into
cords and thermally annealed.

10. The apparatus of claim 1 wherein said thermoplastic hollow tubes are impregnated
with a thermally conductive material.

11. The apparatus of claim 1 wherein said first fluid is a photoresist, antireflective
coating, or a photoresist developer.

12. The apparatus of claim 1 wherein said first fluid is a spin on dielectric.

13. The apparatus of claim 1 wherein said first fluid is a solution comprising copper
ions.

14. The apparatus of claim 1 wherein said first fluid is chosen from the group consisting

of acids, bases, oxidizers, or abrasive slurry.



cords and thermally anneal ed. 10. The apparatus of claim1 wherein said

t hernopl astic holl ow tubes are inpregnated wth a thermally conductive
material. 11. The apparatus of claim1l wherein said first fluid is a
photoresist, antireflective coating, or a photoresist devel oper. 12. The
apparatus of claim1l wherein said first fluid is a spin on dielectric. 13.
The apparatus of claiml| wherein said fj(nrst fluid is a solution conprising
copper ions. 14. The apparatus of claihl wherein said first fluidis
chosen fromthe group consisting of acids, bases, oxidizers, or abrasive
slurry. -17- 15. The apparatus of claim1 wherein said first fluidis a

phot or esi 6. $he appezatus ofl GainThevhepiasaid fisst Bhid ¢4 aphotbresistseippersai d first fluid
is an orgapi ) aim2 wherein the flow
controlli ﬁg ﬁ%%‘lﬁ gm%ﬁ%a@;g&fag%ﬁ‘q%&%?rs Iu'ﬁﬁsé ﬁrgan'é’gﬁWHm cation with said
second f| dirdThenbeparatl8 of diaien Qp/pimremmh;e fidw cérardmng?nemwen the tsbeorfd fland is
controlling f | spense punp, valve, fluid flow
controller, gﬁﬁl%?%oggrf}lrjr]iepﬁ' }] C%”gﬁ%i?é? Bs of claim1 wherein the first
fluidis WSt €ine apparatus of claim 17 whereln the flow controlling means for the first fluid is a

dispense pump, valve, fluid flow controller, or pressure pot.

19. The apparatus of claim 1 wherein the first fluid is water.





