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Jef fr eywd 206m603ers and Carl Wods BACKGROUND [1] The mreesmbe/izsyanti on
relates generally to fluid handling,1and nore particularly, to nethods and
systens for renoving bubbles fromfluids. [2] Sem conductor manufacturing
processes includes many processes where the sem conductor is imersed in a
liquid. By way of exanple, a liquid etching process, a cleaning process, a
rinsing process, a photolithographic process, or an_electroplating
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sem conduct or and the sem conductor has 0.25 mcron or { smaller devices
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m cron or smaller devices and fediyhwsntolshe bubbl e may prevent the process
from being applied to the devices and features that are enconpassed by the
bubble. [3] In view of thyeffr@j;ggqrm,ang@ﬂewbgdsa need for a system and

nmet hod of applying a substantially bubble free Iiquid for sem conductor
processi ng. SUVMARY [4] Broadly speaking, the present invention fills

t hese needs by providing a system and a nethod for producing substantially

bubbl-e free liquid. It should be appreciated that the present invention
can be inplenented in nunerous Mwi ng as a

[1] The present invention relates generally to fluid handling, and more particularly,

to methods and systems for removing bubbles from fluids.

2] Semiconductor manufacturing processes includes many processes where the
semiconductor is immersed in a liquid. By way of example, a liquid etching process, a '
cleaning process, a rinsing process, a photolithographic process, or an electroplating
process. The size of the features and devices are continually getting ever smaller. If

the bubbles that occur in the liquid are larger than the features and devices being
processed by the liquid, then the bubbles can adversely impact the performance of the
liquid process. By way of example, if a bubble has a 10 micron diameter and is

formed on a surface of the semiconductor and the semiconductor has 0.25 micron or
smaller devices and features formed thereon, then the bubble may encompass several
0.25 micron or smaller devices and features. The bubble may prevent the process from

being applied to the devices and features that are encompassed by the bubble.

[31 In view of the foregoing, there is a need for a system and method of applying a

substantially bubble free liquid for semiconductor processing.

SUMMARY
[41  Broadly speaking, the present invention fills these needs by providing a system
and a method for producing substantially bubble free liquid. It should be appreciated

that the present invention can be implemented in numerous ways, including as a




WO 2007/ 005215 PCT/ US2006/ 023134 2 process, an apparatus, a system
conput er readable nedia, or a device. Several inventive enbodinents of the
pr esent WiO0eT00se15 ar e descri bed bel ow. [5] A system f orCcpUsEM6HTBY3HUDDI €
free liquid includes a continuous |i2quid source and a de-bubbling chanber.
The de-bubbling chanber includes an outlet and an inlet. The inlet coupled
to an f ' QL : I L.pe. The
R L i S T S P
de- bubhhvengive embotietentsidfahaprebent fiventien merdesditbeddekiw.| east a length L from
the inlet of the de- bubbling chanber. _36] The continuous |iquid source can
i ncl udd>h hehwstem dor predicingubile freefiguid insludes peppidrugus liguidsedrcehan about
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cont i niihggnlet eptiptedsiowneRtisedt tha\edniigleoss lidudd behrsepph yusdvpiped The t he hol di ng
t ank. 7] The continuous liquid source can include a continuous-type punp.

The cdéEttiupbbugchamher plsmindudes ablgsstone gprtan ajsidgepll gf thegle-bobblingri f ugal or a

Levi t r gpj U, The tt | al n_include l.east one of a
PTFE, %@@P&E?@&aﬂ%&t Ct“gé’?\)‘&e r%d%?‘%%ﬁ#%gg%sﬁggﬁ tﬂ?ﬁ@gﬁoﬁéﬁ ﬁe'L can be equal
to at Ipapslingldhadibanet ers of the de- bubbling chanber. The de-bubbling
chanber can have a cross-sectional area substantially equal to a

cross- 46kt i diglcontivepusfiquitesosiss sy insiysie.a fegjer fordhedngiblstiquithtodhanber can
have a.cross-sectional. area.greater_.than a SS-_sSectional area of the
suppl y "B paRiEs BT il SR aing or b BT BP0 PREC D01 § i po by
a gr adgghpled anstddlan MeRBntihukdk KR sBfceTak AltIRR aaﬁdl@mg@ﬁﬂ& iTeunferential ly
around t he de-bubbling chanber. "The outlet of the de-bubbling chanber

i ncl udesntinvoss Kapidsosige sanlingiusle 2 Il spplyetoupied to e hiddingbiniki. ng chanber is
coupl e o] inlet of .the continuous liquid source. The | east one port
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q [8] The wetted materials can include at least one of a PTFE, PVDF, Ertalyte

(PET), or stainless steel. The length L can be equal to at least 10 diameters of the de-
bubbling chamber. The de-bubbling chamber can have a cross-sectional area
substentially equal to a cross-sectional area of the supply pipe.

[9] The de-bubbling chamber can have a cross-sectional area greater than a cross-
sectional area of the supply pipe. The de-bubbling chamber can be coupled to the
supply pipe by a gradual transition pipe.

[10] The ports can be arranged circumferentially around the de-bubbling chamber.
The outlet of the de-bubbling chamber includes a back-pressure device. The outlet of
the de-bubbling chamber is coupled to an inlet of the continuous liquid source. The at
least one port in a sidewall of the de-bubbling chamber is coupled to at least one of a
photolithographic system, a plating system, an slectroplating system or a liquid
meniscus system.

[11]  Another embodiment provides a system for producing bubble free liquid. The
system includes a continuous liquid source that includes a heater, a holding tank and a
continuous-type pump. The system also includes a de-bubbling chamber including an
inlet coupled to an outlet of the continuous liquid source by a supply pipe. The de-

bubbling chamber also includes an outlet including a back-pressure device. The outlet




meni scus system [11] Another enbodi nent provides a system for producing
bubble free liquid. The systemincludes a continuous |iquid source that

i ncl udew@zdoaeers a hol ding tank and a continuous-typeTwsams/oIhgs system
al so includes a de-bubbling chanmber. 3 ncluding an inlet coupled to an
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bubbling chamber. _

[14] A flow rate through the at least one port is less than about 20% of a total flow

into the de-bubbling chamber. Bubbles greater than about 100 nm have been removed

from the liquid flowing through the at least one port. The liquid flowing through the at

least one port can also be cooled to 2 desired temperature.

[15] Other aspects and advantages of the invention will become apparent from the

following detailed description, faken in conjunction with the accompanying drawings,

illustrating by way of example the principles of the invention.




foll owi ng detail ed description, taken in conjunction with the acconpanyi ng
drawings, illustrating by way of exanple the principles of the invention.
WO 2007mWaDHEA1B0RGT/ US2006/ 023134 4 BRI EF DESCRI PTI ON BET/TBE0ORBMENGS [ 16]
The present. invention will be readil4 understood by the follow ng detail ed
description in conjunction with the acconpanying drawings. [17] Figure 1 is

a bl ock diagramof a PSS hgb I@Ui*’gl‘ WWI@SI y bubble free

| i quid, in accordance=w “tfre—present invention. [18]
Figure 2 is a graph of the relationship_of dissqglved gasses to tenperature,
in accdbdanthe present grentemvdl ke fraddy undustged Be e folowingidstrileflio] Figure 3

is a bl @e%&@ﬁcﬁﬁ%%@n@éc@norfﬁﬁﬁ%Jc%g@?%f#h%%ﬂf%bﬁ antially bubble free

| i quid, |n. ccor one e e present invention. [20]
Fi gure I fl omchart di.agramthat il trat.es the meth ration
bertor i) ofigil GOt BEaRT bty et i RBE sy Raraly PPHEERS dance wi th

one  enhggh TRl GRURNIAMERLIOR: pk 2l bl 5 15 a bl ock i agr am

of an i rsion photolithographic systemusing substantially bubble free

i quid,4oh agcor ce Wt n j A t ntion. [22]

Fi gure [&%T S glgg’feg% aogré\]%l} erﬁﬁgfelgig)ngﬁfgg{%%%ﬁ%? 'lﬁ Egssg{@ g Ergltdr%%gubst antially
bubbl e fdceRlahéwith oné BmBediafcdAHCBe YrdsbntaAtengighodi ment of the present. [23]
Figure 7 is a block diagramof a proximty head systemusing substantially

bubbl e e oGl e : | 3 ' : ent

Mnvent 1 - T e e e B B e
exenpl diguidihateatmce withcessmigpdipental tlenpresenameentttannce wi t h one enbodi nment
of the present invention. [25] Figure 8B shows a top view of a portion of
a pr oximyy Pig@fééli@a@di;ﬂi}x@ﬁ'@ﬁ@rali‘lﬂtﬁﬁ iDReraRRIRAING®OE ofératibes present
invention. [26] Figure 9A illustrates an exenplary proxinmty head, in

accor daretermed in pugeriding substantially bubble free liquid, in accordance with one

embodiment of the present invention.

[21] Figure 5 is a block diagram of an immersion photolithographic system using
substantially bubble free liquid, in accordance with one embodiment of the present

invention.

[22] Figure 6 is a block diagram of an electroplating system using substantially

bubble free liquid, in accordance with one embodiment of the present.

[23]1 Figure 7 is a block diagram of a proximity head system using substantially

bubble free liquid, in accordance with one embodiment of the present invention.

[24] Figure 8A illustrates a proximity head performing an exemplary substrate

processing operation in accordance with one embodiment of the present invention.

[25] Figure 8B shows a top view of a portion of a proximity head in accordance

with one embodiment of the present invention.

[26] Figure 9A illustrates an exemplary proximity head, in accordance with one

embodiment of the present invention.

[271 Figure 9B illustrates a sectional view of the proximity head and the meniscus
formed by the proximity head, in accordance with one embodiment of the present

mvention.




enbodi mrent of the present invention. [27] Figure 9B illustrates a sectional
view of the proximty head and the neniscus fornmed by the proximty head,

i n accowdrmoEoes2ish one enbodi ment of the present i nventT/omoodN232607/ 005215
PCT/ US2006/ 023134 5 DETAI LED DESCRI PTI ON [ 28] Several exenplary

enbodi ments for providing substantially bubble free liquid such as may be
used for sem conduct or procaaﬁigg%ﬁéihﬁggﬁgﬁgggfscribed. It will be
apparent to those skilled i esent invention nay be
practiced without sone or all of the specific details set forth herein.

[29] SdASEondecrdexgmpliry embedimentidpr povidingsnbytantially byl fee liqwd t o

sem congduct or rates r ] . .nar ri ng
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processes) to the sem conductor substrates can be inproved if the liquid
bei ng ueme ¢xalkeiybe apacifis dstaily ssefasth hemginl es. [30] Agitating or aerating the
liquid as the liquid is being transported can cause the bubbles in the

|'i qui d.[29he Semivodduac: mbsufactidhg sjeplids Hqoldy end Hgsdgiimie di ssol ved gases
can formbubbles in the liquid. [31] Figure 1 is a block diagramof a
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110A- 110C t hough the sidewal |l 104A.. The ports 110A-110C are coupled to a
tube r2obedawrelrssf hediqubbaingusedds suhstantiply Bre of buldlesi quid to a consumer
process 130 that uses the substantially bubble-free liquid. The system 100
subst ad®dlal | fgitampesiesdting thalpiid gs thedgpid sthemgiboapori@ianmatisedhe t he
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gases can form bubbles in the liquid.

[31] Figure 1 is a block diagram of a system 100 for providing substantially bubble
free liquid, in accordance with one embodiment of the present invention. The system
includes a liquid source 102 coupled to a de-bubbling chamber 104 by a supply pipe
106. The de-bubbling chamber 104 includes an outlet 108 and one or motre ports
110A-1 10C though the sidewall 104A. The ports 110A-110C are coupled to a tube
120 that supplies the substantially bubbleufrée liquid to a consumer process 130 that
uses the substantially bubble-free liquid. The system 100 substantially removes all
bubbles larger than about 100 nm from the liquid. The system 100 can remove -
bubbles from any type of liquid (e.g., water, DI water, electrolyte, etching chemistries,

cleaning chemistries, etc.)

[321  As the liquid flows through the de-bubbling chamber 104 the bubbles 105 tend
to form and concentrate in the center portion of the flow. As a result, the liquid
flowing along the sidewall 104A tends to include fewer and fewer bubbles. The
further the liguid flows through the de-bubbling chamber 104, the more the bubbles
105 are concentrated toward the center of the flow and the less bubbles rerain in the
Liquid flowing along the sidewall 104A. Once the liquid has flowed a distance L from
the inlet 112 of the de-bubbling chamber 104, the liquid flowing along the sidewall




cl eaning chem stries, etc.) [32] As the liquid flows through the

de- bubbl i ng chanber 104 the bubbles 105 tend to formand concentrate in

t he cenwer20009es2tin of the flow As a result, the |iquiPcTABmsZ3IRd ong t he

sidewal | 104A tends to include fewer6and fewer bubbles. The . further the

liquid fl ows through the de-bubbling chanber 104, the nore the bubbles 105

are CongRiM fsakBdadtRSbbREGENtIRI poRls 110R-1I0RVEANUE Ak bbl es renai n

inthe liquid flow hg al ong the sl? desvval | 104A. mceg}%ﬁeﬁﬁlﬁ(ﬁ%d has fl owed

a di st andawdll ¥04dnef thheleiibbling tRarotfertifé afier fhaldidtaneg I chamiike inl€t4,12t he |i quid

flowi ng along the sidewall WO 2007/005215 PCT/US2006/023134 6 , 104A is

subst arBBh! | Pheuiktehe L i££ funbtien peHeFlokl (e dddPresaife Hethe MyMesR the t he

si dewal | 104A of the de-bubbling chanber 104 after the distance L fromthe
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Heat i n e liquid can al so renove bubhl es and dissol ved _gases. Figure 2 is
gﬁagoé&wﬂgﬁ@ Yarigcrn AsRirpmETe bybbies apddlisalied gasss. dessesds are, in

a gra
d ' ' t Inyent | ' h 200
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the water increases the concentration of oxygen and nitrogen decreases. |f
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IS | i nntedtrdgen gedreadee) I the eatpdrhiare éfithe hatdr rd@heoths bolfngtgventfbgui d. [ 35]
Figure 3 is a block diagramof a sYstem 300 for providing substantially
bubbl e the waler.|the,watgr beging setoradmbblagiof pteawd waigs yaperenTheEfarpe present
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tank 3Qiznjgsddo doie pbirs dess tRard®é boilllig godtof the liquid.

[35] TFigure 3 is a block diagram of a system 300 for providing substantially bubble
free liquid, in accordance with one embodiment of the present invention. The system
300 includes a continuous source 102° and the de-bubbling chamber 104. The
continuous source 102’ includes a holding tank 302 and a heat source 304. The heat
source 304 can heat the liquid from about 20 degrees C to about 80% or higher of the
liquid’s boiling point. By way of example, if the liquid is water, then the heat source -
304 can heat the water from about 20 degrees C to about 120 degrees C or less than the

boiling point of the process liquid at the process conditions.

[36] A liquid supply 310 supplies the liquid to the holding tank 302. The holding
tank 302 can have a capacity at least large enough to supply the system 300. By way of
example, if the pump 312, supply pipe 106, the de-bubbling chamber 104 and the
return pipe 316 have a capacity of about one liter, then the holding tank 302 could have
a capacity of about two liters. The holding tank 302 can also have a much greater

capacity such as about 10 liters or even more.

[37] A pump 312 includes an inlet coupled to an outlet of the holding tank 302. The
pump 312 also includes an outlet coupled to the supply pipe 106. The pump 312 can

be a continuous flow-type pump. Continuous flow pumps can include a centrifugal




source 304 can heat the liquid fromabout 20 degrees C to about 80% or

hi gher of the Iliquid s boiling point. By way of exanple, if the liquid is
wat er, wioeasor/ms2iseat source 304 can heat the water freti/abzme/03034degrees C
to about 120 degrees C or less than.The boiling point of the process
liquid at the process conditions. [36] A liquid supply 310 supplies the
l'iqui d Signd Sighhe ki INGrifkaik pﬁﬂ% -frobh . MRtdALNOC wyﬂs@%véanam MAcapaci ty
at |east l'arge enough to supply the system 300. By way of exanple, if the
punp 31354%upply pipe 106, the de-bubbling chanber 104 and the return pi pe
316 have a capacity of about one liter, then the holding tank 302 could
have g3gppatihd sapply [@POLI6 iswoupled & the 1f[1&e1m)bﬂ1h9@etb@bt§h§§)a1mral so have a
much greater capacity such as about 10 liters or even nore. [37] A punp
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Levitroni x punp from Levitronix LC, 85 First Wal t ham 2541. [38]
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transi tthéﬁlth% ﬁaﬂuaﬁimdaénlg%hwﬁl@éassw&a@esebﬂ@n 6f @8 3rqmact i on of the
liquid flow fromthe supply pipe 106 to the inlet 112 of the de-bubbling
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fl ow of liquid. The outlet 108 of the de-bubbling chamber 104 is
coupl editddo éhelellding tak2316. The return pipe 316 returns whatever |iquid
flows fromthe outlet 108 of the de-bubbling chanber 104 to the hol ding
tank 3039] The supply pipe 106 can have a cross-sectional area less than or equal to the

cross-sectional area of the de-bubbling chamber 104. By way of example the supply
pipe 106 can have a substantially round cross-section and a diameter of about 0.5
inches and the de-bubbling chamber 104 can have a substantially round cross-section
and a diameter of about 1.0 inches. The return pipe 316 can have a cross-sectional area
less than or equal to the cross-sectional area of the de-bubbling chamber 104. By way
of example the return pipe 316 can have a substantially round cross-section and a
diameter of about 0.75 inches and the de-bubbling chamber 104 can have a

substantially round cross-section and a diameter of about 1.0 inches.

[40] The return pipe 316 and the supply pipe 106 can have substantially the same or
different cross-sectional areas. The cross-sectional areas of the de-bubbling chamber
104, the supply pipe 106 and the return pipe 316 can have substantially the same or
different cross-sectional shapes. By way of example each of the de-bubbling chamber
104, the supply pipe 106 and the return pipe 316 can have a round, elliptical, '

rectangular or polygonal cross-sectional shape.

[41] The de-bubbling chamber 104 can include multiple ports 110A-110C. Each of
the multiple ports 110A-110C are connected to the tube 120. The tube 120 can include
a valve 322.




[ 39] The supply pipe 106 can have a cross-sectional area |ess than or equal
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cr 0ss- gewid anss-seation! afeatand adiéanbritrifilesy tedveatiost 0.264nci®p. Weghouvld kexanpl e, i f

t he de-bubbl] i chanber h substantially round crass-section and a
i st andgniood it A B R haf i Moo e 8 mR OB G b ant | i 1y
round GhO8BNEAGLbANAortsATRAVRIKE dralbRITHGIral 1h8SEd B @aive0. S | nches.
[43] Eacﬁ of t é nmul c?SI e ‘ports 1102—110 can have a different

cr oss- seatd, sqedre, podeonalByllipagal dbaredraprpt ethemcrbss-sactiond sbhipg-he nul tiple ports
110A can have a can have a substantially round cross-sectional area and a
di anmet ga4Jof Hehsnt batheabhdtplePolis il DBALIOC can be distributed around the

perimeter of the de-bubbling chamber 104. By way of example, a first one of the ports
110A can be located at the “bottom™ of the de-bubbling chamber 104 as shown. A
‘second one of the ports 110B can be located at the “top” of the de-bubbling chamber
104 as shown. A third one of the ports 110C can be located closer to the inlet 112 of
the de-bubbling chamber 104 than the first port 110A.

[45] The return pipe 316 also includes a backpressure device 320. The backpressure
device 320 ensures that there is a pressure differential between a first pressure of the
liquid in the de-bubbling chamber 104 and a second pressure of the liquid in at the
outlet-side 322 of the backpressure device 320. The backpressure device 320 also
ensures a constant pressure and a constant flow rate of the liquid through the de-
bubbling chamber 104. The backpressure device 320 can be an actively controlled
device such as a flow controller. Alternatively, the backpressure device 320 can be a
flow-restricting device such as an orifice. The system 300 can also include a controller
340 that can be coupled to the other components 104, 302, 310, 312, 320, 324 and 330
of the system 300. The controiler 340 can also couple the response of the backpressure
device 320 and the pump 312. By way of example, the controller 340 can vary the

speed (e.g., revolutions per minute) of the pump 312 so as to maintain a desired flow




while a second one of the nultiple ports 110B can have a can have a
substantially round cross-sectional area and a dianeter of |ess than about
0. 25 i nateemo7/bds2shoul d be understood that the ports ldd¥uszuds/d98 can have
any shape and are not limted to substantially round ports. By way of
exanple, the ports 110A and | | OB can have round, square, polygonal,

)Pl R R e s spshuptol Maplétlidah o of i

mul ti pl e por can I stri perimeter of the
de- bubbih¢inde £ heigeed 421104t inBlydewiie désied applating pathineters foneheodystehe3@forts | | OA
can be | ocated at the "bottom of tge de-b bbl&P% chamber 10 s shown. A
second YrPremsurera of sha quif apthe g-bykbimg: epf V4 avithig grange qfRRo¥e- hubbl i ng

chanber, % ﬁlﬂ third one of the ports | | OC can be | ocated cl oser
to the Olsn%ée}?tq o:‘iwapﬁi@' de- bubbl i ng chanber 104 than the first port 110A.

451 T t i 16 al i | ud k i 320. Th
backpr d36],¢ ik icREs b pults fEeoler o BOn S Ry 2 ot 1 o
bet weenmy el ffedlt (g?’?lﬁ]goc{?ér 4308 an koS UhSidd i e oL 1IPL R &heaber 104 and

a second pressur iquid in at th outl et-side 322 of the

backpr essliing tekmape@air820. The backpressure device 320 al so ensures a
constant pressure and a constant flowrate of the liquid through the de-

bubbl i g7 harieassitRB00The Bedalipeiossiing thepes@rsrlintdneds an dadiddvel y
controlled device such as a flow controller. Alternatively, the

bacl cprsessiice Ryevief Sromiaihorolding fankgap daledect IoRghgesweE-Such as an
ifice, t.em 30 | so_incl . | ] . h b
coupl el EA Tl B8 o Ao b B TG00 9'5a8h Bl T35,

t he sy gigam. 300. The controller 340 can al so couple the response of the
backpressure device 320 and the punp 312. By way of exanple, the

cont r olther \/ : . _ ] Ut i ) of the
punp STAEL, M s8R0k Mo BRL i Rl do BN BRADLTEINE) OL (DS o4

9 r at e of brouglk, asidglersepplymépd 106t das cdmdstitoithe detcif amddeple@4ubblimg cont r ol | er
340 can, ipclude reci pe 342 that include he desjired operatjng
par arre £BFEbeTSy Sf ardy, dheoiefap @!Perﬁﬁé?% e Sated Brint P pREGRR dbnt he
de- bUsthEEﬂ%gcﬁﬁmb%fs. 104 is within a range of about
[49] The system 300 can be a point of use providing substantially bubble free liquid
to a single consumer process 130. The system 300 can also provide substantiaily

bubble free liquid to muliiple consumer processes 130.

[50} The components 104, 106, 120, 302, 312, 316, 320 and 330 of the system 300
can be constructed of any suitable material. By way of example, if the liguid is water,
the components 104, 106, 120, 302, 312, 316, 320 and 330 can be constructed of
polyvinylidene difluoride (PVDE), polytetrafluoroethylene (PTFE materials such as
Teflon from DuPont), Ertalyte (PET), stainless steel and other materials and

combinations thereof.

[51] Figure 4 is a flowchart diagram that illustrates the method operations 400
performed in providing substantially bubble free liquid, in accordance with one
embodiment of the present invention. In an operation 405, the holding tank 302 is
filled with liquid. The liquid can optionally be temporarily stored in the holding tank
302 so as to allow many of the larger bubbles in the liquid to be released.




0.5 psig to about 100 psig. [46] The system 300 can al so include a cooler
330 for cooling the substantially bubble free liquid. The cool er 330 can
cool thwd tequbgd2in the tube 120 to the desired worki ngect/esmosadsuse. [47]
The system 300 can be fully closed apd the pressure nuaintained.at any

desired pressure. By way of exanple, the holding tank can include a | ow

.d. { A h th t
b “any 1825 oo s cpBPAlFBPRYpRAT0, RONE s Purtieal B IURTEGy can al 5o ne! e
nul ti plgmdemBisd BlifieRneabanstiall)4embye MaYeased disvodsad if theliguilgRe supply pipe

106 can connect to the inlet of rrultli)I e de bubbling chanbers. Simlarly,
t he retwasnholgixpmpBi Gedwent swrecupihedt tholigwd bstivdeatany terparatbissavithén  bubbl i ng

chanber 49 tem 3 e ai nt_,of .u | di substantial ly
bubbl o 5 wtee PR AL et e o RisdCuli i YA Suit o Mt Hanf, e 300 can

al so prigyliterefipRshaB bl Ble/uidubbl e free liquid to nultiple consumer
processes 130. '[50] The conmponents 104, 106, 120, 302, 312, 316, 320 and

330 of | . By way
of exaSPe, %ihi%ﬁkéﬁgn 3 EBERTS AR oAbl TR - B
312, 3lfito tBE upppypi ?3@06&1‘1@ be-babiliigr dhain®er Uid andiahy vetaml pipedss. did uori de
(PVDF) pol ytetraf |l uoroet hyl ene (PTFE materials such as Teflon from
DuPont Yiquigt may pe allgweirio, flay éhrﬂm@s@e o3 13nte sepidy PiagtId6; Bedeand

combi nakb8nss WNGIERos [rtho ELANT Spdal #1d doENaLlo ket hat 111 ustrates

t he net erat1ons rovi antlally bubbl e free

l'i qui d,cohﬂmaﬁmrtdaa@@ummﬁg amﬁlbeempwsmﬁmzeo Ji\hﬁy Qf@@ﬁ{}ﬂe ihvemid on. In an
operatlon 405 the holding tank 302 is filled with quid. The liquid can

opt i onahaybaallovedie lam thyough daespnmp 3{ hahnepiheipe AQ@ th%é@zbgbblag to all ow
many of 6‘%}%&8‘2@ %ﬁ;r tg%Pe?uI%%iﬂerBlt T {Jet%%(!iﬂg abSht %8 sec%lnﬁ?cstr?cgabo\ﬁpszoow 005215
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[54] In an operation 420, the substantially bubble-free liquid can be drawn from the
de-bubbling chamber 104 through the ports 110A-110C to the pipe 120. By way of
example, the valve 322 can be opened to draw the substaatially bubble-free liquid from
the de-bubbling chamber 104 through the ports 110A-110C. The flow rate of the
substantially bubble-free liquid is less than about 20% of a total flow into the de-
bubbling chamber 104.

[55] In an optional operation 4253, the substantially bubble-free liquid can be cooled.
By way of example the substantially bubble-free liquid can flow through the cooler

330 to cool to a desired temperature.

[56] In an operation 430, the substantially bubble-free liquid is delivered to one or
more consumer processes and the method operations can end. By way of example, the
substantially bubble-free liquid can be delivered to an electroplating process or a
photolithographic process such as an immersion photolithographic process. The
substantially bubble-free liquid can be delivered continuously or can be delivered

intermittently (i.e., on demand) to the consumer process.

[57] Figure 5 is a block diagram of an immersion photolithographic system 500
using substantially bubble free liquid, in accordance with one embodiment of the

present invention. The system 500 includes the substantially bubble free liquid system




[52] In an optional operation 410, the heat source can heat the liquid to a
tenperature sufficient to substantially renove any gases dissolved in the

| i qui d. wey200mens2sf exanpl e, the heat source can heat theT/USIpoé/ok3best ween any
tenperatures within the range of tHé initial tenperature of the liquid
(i.e., no heating) to less than the boiling tenperature of the |iquid.

[ 53] | mgasRdrtet MM Fikheos F A PatRe3THe BNIRE 5DOGIsblighghsfar om the hol di ng
tank 302 into the supply pipe 106, the de-bubbling chanber 104 and the

return Hjlopdltmg‘aphm gourte il mdmlpnbéﬂkl Thmﬁtbtmldhégrepmt kowrag 01 tsewglinp 313,
the su

ipe 106, the bubbl i anber 4 turn pi pe 316

f1 82 t d)tlb‘%?r Egh? @n&gﬁ%wmﬂs J}E ?Y%Hgsﬁtﬁnﬁéﬂlﬂ%h%j ®Fng cpfinber

o] z nﬁﬁn ow
through_ uﬂée)sp%rrpg% SI% sag% pe:ar;% 16%%1%%1 2de- u%%lngng@ﬁﬂsége 104 and
t he retinnie kay@e)faﬂlﬁstﬁmiallbeumeﬁreebmuid BBt ssoes dut drdndiood diffractionut es. [ 54]
In an operatiaqn_ 420, the subst |aII ree liquid can be drawn from
the dedmphayidis @ﬁé’ﬁﬁé%lffmﬂo? C%’%fg E@L@sn@wiu@qmme pi pe 120.
By way tantially
bubbl e- psetg gl}{%offtrbgﬁnbl\é?h%eo %8%uw51ﬁgﬁ%%§ﬂngﬁhg%§ﬁ{%roug € ports
110A- 11f&ke oTItl&: light\§0B &t coiitadtitRe lageioSiathht iabbing buddekedf ree | qui dis less

t han about 20% of a total flow into the de- bubbling bubbling chanber 104.
[ 55] lr[sgp %gﬁ@rﬁb a%ﬂlﬁﬂk&ﬁé%?ﬁhn%@%n elddgoplahss @Qtér@lsd)()’u@ﬂ BliRrdnfiggy | 1 qui d can

be coole exanpl e the substantla |y bubble-free liquid can fl ow
t hr ougtoubble fmediqemd lmmw@meemthtomeandteélm@m of élmq:@nw”’éhe [56] In an

operatz?%gﬁgghﬂ%g%é%ﬁ angiilcﬁ léﬁl be %@@@P |d | @6% to one or
nore c y of
exanpl gesddiRd if pRatan éﬁi‘MéfberHb%@efeEﬁ'S Ibhﬁ’%é teﬁﬂéo@ﬂs@ﬁicﬂﬂ’a%ﬁ gd to an

el ectropl ating process or a photolithographi'c process such as an i mersion
phot ol ictdetrgplaphg chamionr ©62 forlivdding thestlenitalyie Iﬂsmctﬁﬁﬂmel e‘hrcé@dbs odd can be
dglrr:a\r/lg; g gS%ﬁ;'Ag%fgfeg lﬁéq r g% gegjggog ucto\ées{lt?sdctate c?rtoetﬁer target) 18 QlubgtanUally

submersed in the electrolyte fluid 608. Substantially eliminating the bubbles in the

electrolyte 608 in the substantially bubble free liquid system 300 increases the
effectiveness of the electroplating system 600.

[59] Figure 7 is a block diagram of a proximity head system 700 using substantially
bubble free liquid, in accordance with one embodiment of the present invention. The
system 700 includes the substantially bubble free liquid system 300 as described in
Figures 3 and 4 above. The system 700 also includes the proximity head controls and
actuators 701, The substantially bubble free liquid system 300 provides substantially
bubble free liquid to the proximity head controls and actuators 701. The proximity
head controls and actuators 701 deliver the substantially bubble free liquid to the
proximity head 702. The proximity head 702 uses the substantiaily bubble free liquid
to form a liquid meniscus 704. The substantially bubble free Hquid in the meniscus
can improve the process {e.g., cleaning, rinsing, drying, etching, etc.) being applied to

the layer 512 that is being processed.

[601 A liquid meniscus can be manipulated with a proximity head such as described
in co-pending and commonly owned U.S. Patent Application No. 10/769,498, filed on
January 30, 2004 and entitled "Stress Pree Eich Processing in Combination with a




[57] Figure 5 is a block diagram of an imrersion photolithographic system
500 wusing substantially bubble free |iquid, in accordance with one

enbodi n#€ 2007045 present invention. The system 500 iPCT/USES6/ 01334
substantially.bubble free liquid sydem WO 2007/ 005215 PCT/ US2006/ 023134
11 300 as described in Figures 3 and 4 above. The system 500 al so i ncl udes

a phot ahﬁemcﬁi@&lmn@s@ug¢%&%sﬁ{1ﬁséhtiras}sAS%an{@ﬁqlﬁa%&ﬁgchBograph' c

source 501 is wel known in the art. Thé lers 502 is immersed in a | ayer
of subgiragess alldws mrplshmllfpoﬁs)nslof dwsdrf‘é@aﬂareio@ﬂhb sobstmieciode HO@ssesl. et t ed
fromt s.502. I nmmersin s 502 in e layer of substantially
bubbl ehﬁ}eéeg)yﬁﬂamlag ¥y PELG ggtrglﬂ? f?é%ﬁ&%b@%%@f&fﬁ fraction of the liquid
is the only diffraction that inpacts the Iaﬁght 503. As the liquid 504 is

0

subst aribihl |1§1gmne§é& Blustseibbn ésmmﬁy beasit 28 SrineprpBpErhselstiete | i ght

) h he | i
boing reeSaeaberasy rsegoies it fhe Fltedtret A3 BRbert MrenBV RO o st g

syst emeRGryinie) I%d@%?@%'o%bﬁbo&%k %‘15\!’6@@6/11!11&3%‘&6% bRyxagRPisMace With one
enbodi ment of the present. The el ectropl ating system 600 1ncludes the

subst ariop alrf‘cy:elﬁﬁﬂbbéthfersebstmtaqﬁﬂﬁiowsdmf@tﬁanm, pdisbingidsethern Fi gures 3 and
4 above. The el ect stem.600 al so i ncl udes ele Iatl n
chanb e SSSIPE PEHHGT b ShoHE BY BTPURSY o Pty RO REHDRA B R BT e R504A and
604B. Aliacggs r@Q&s (8g9clear pORSR, %@B’D‘iﬁ&b@&oﬁ%ﬁﬁﬁ&%ﬁb% 1 fBkirdiar get) is

substantially " subnmersed inthe el ectrolyte fluid 608. Substantially
el i m n&BDndgntdne eboldineent; the Bltrhstrabl 880tis uitsting ©0Be proxithisy bedss320mial |y bubbl e

freell UId yst i.ncr th ffectjveness of t el ctroplatlng
st embBgR VRS e IREho RETE i oo mating HICGR I BV C9THBRG syt em 00
usi ng %%iba{r?a% 'SQb;}t.YB?I Qg@? the BoA mmmr@llc%l tho 8GEY H1802tht Ba@iigy enbodi ment
of the present inven he system 7 i ncl udes the substantially bubble
free | i8§Ritlronyls s@mE0@ic 804 endrhddmonired Fiigud sthioughdhdsabovialei The syst em
700 al %ﬁ itF‘d udes t gf E XI m ead controls and actuators 701. The
subst anUPff PBGEHE 816 Faredy %%yst em 300 provides substantially bubble
free |i qzw dto the proxim ty head controls and actuators 701. The proximty
62] TFiguore 8B shows a fop view of a portion of a proximity head 820 in accordance

with one embodiment of the present invention. In the top view of one embodiment,

from left to right are a set of the source inlet 802, a set of the source outlet 804, a set of

the source inlet 806, a set of the source outlet 804, and a set of the source inlet 802,

Therefore, as No/IPA and DIW are inputted into the region between the proximity head

820 and the wafer 830, the vacuum removes the No/IPA and the DIW along with any

fluid film that may reside on the wafer 830. The source inlets 802, the source inlets

806, and the source outlets 804 described herein may also be any suitable type of

geometry such as for example, circular port, square port, etc. In one embodiment, the

source inlets 802 and 806 and the source outlets 804 have circular ports.

[63] TFigure 9A illustrates an exemplary proximity head 900, in accordance with one
embodiment of the present invention. Figure 9B illustrates a sectional view of the
proximity head 900 and the meniscus 950 formed by the proximity head 900, in
accordance with one embodiment of the present invention. The proximity head 900
includes a ring of multiple process chemistry inlets 904, two rings of multiple IPA
inlets 902 and 908 and a ring of multiple vacuum outlets 906. The various inlets 902,

904, 906 and outlets 908 are arranged around a sensor 920. The sensor 920 is a




head controls and actuators 701 deliver the substantially bubble free
liquid to the proximty head 702. The proximty head 702 uses the

subst anwiGatobyoedsetsbl e free liquid to forma |iquid menPEDUS20§0®313Ehe
substantially bubble free liquid inlBhe neniscus can inprove the process
(e.g., cleaning, rinsing, drying, etching, etc.) being applied to the |ayer
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a proximty head such as described “in co-pending and comonly owned U. S.
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PCT/ US2X688)"$9 8¢ Syena %9& Ef_SP’a Aing dgfection gystepsi2admethqds @t rety. A
dynam ¢, J llh 4i d meniscus process allows very small portions of the surface
area of the substrate to be processed. Thereby allow ng very precise

control forces p i.ed.thergjn, strates a

pr oxi ni ﬁ@: L pAomaoi={s rcﬁiﬂﬁlbc %aex ?%‘?@i?gbog&%rsgt%&rwlg?é% ng operation
in aCC%&EﬁE&@ i¥dnibvea o e et JeRRdr 920 hb.bﬁo Ri@§EMhg pRyceffihOehemidiBe proxi nity
head 820, in one enbodi nent, noves while in closé proximty to the top

sur f acefr@a0ke sieniséus 50t weanethe Senspoansidhel sexfacs of Iﬂ‘efawaﬁctg 83%0R¢>t§hngl g or other
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ey o <0° Batbtgopiand sespipeig snsiris PR S Bu fhefsifiedhd SuBothe” bot om
Surfaceac?é@@h@&afehgaéemﬁfoaid% anfiﬁgrtu h@n%%@éﬁ@ﬁggm%ofm@w%m&rate 830 is

rotating so the proximty head may be noved in a linear fashi on al ong
t he heatle poiximity Whad probéssecthe waf@nﬁ”he@eﬂspoﬂm brn alm)prondefrafdélr%Oa By

' I he | th th I th 2 th h
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806, th:%n%ﬁ'tﬁ@ c@é%ﬁ?ﬁo@i@e 9eRRE@b 6ol IGRofThOpHoRedB HRANea1ddP Vi ew of

a portion of a proximt I n accordance one enbodi nent of the
pr esentconirebof the prockss ¢ak1€allibmihv cevtm’:fsyabn:re t@iriberdstimeit adJU$trTb€rwﬂoe¢StS ito right

are a set, of the source i.n]jet 802, a. se e s outle 04, a set of
fhe ouptldtng| Sty Shte Tulkile Tspocn sughim s be B tao bt o Oar T
source ;t)o@itﬁﬁl éﬁr%emréﬂb% ok ?&aﬁ%@dﬁgﬁéﬁﬁnﬁ?ﬁo@'r‘ﬂe@!ﬁe&sﬁ%ﬂ tiRehibf 0 the

regi on ‘bet weén the proxim
and other process variables. In this manner more precise process control is provided.

A more precise process control allows ever more concentrated chemistries to be used,

which in turn reduces the process time of the wafer to a minimum.

[65] The in-situ, real time control of the process can also enable a variable process
to be applied to the surface of the wafer such as to correct for 2 non-uniformity during
the processing of the wafer. By way of example, if in a buffing or cleaning process,
the sensor can detect a first roughness in a first region of the substrate 830. The
process recipe can be dynamically adjusted (e.g., chemistry concentration, residence
time, temperature, etc.) for the detected roughness as the proximity head 900 moves
across the substrate 830. As aresult, a non-uniform surface roughness can be
dynamically corrected, in-situ as the cleaning or buffing process is applied to the

substrate 830.

[66] In an alternative embodiment, the dry region 952 is not required. By way of
example, if the sensor 920 can measure surface roughness through a layer of liquid
(e.g., the meniscus 950) such as the process chemistry being applied to the surface of

the substrate 830.




820 and the wafer 830, the vacuumrenoves the N2/1PA and the DIWalong with
any fluid filmthat may reside on the wafer 830. The source inlets 802,

t he souwee2tombesss 806, and the source outlets 804 deseci/smhotiarsedsan may

al so be any suitable type of geonetidy such as for exanple, circular port,
square port, etc. In one enbodinment, the source inlets 802 and 806 and the
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around a sensor 920. The sensor 920 is a W 2007/005215 PCT/US2006/ 023134
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pr oces genetal-pprpoye teckined mag te osmit with coropwenprogtamspwatess acthelantecosed | oop

control of the process, can allow the control systemto interactively adjust
b bt

the pr a‘@&ghq tRAChHEs T BT 11ANGY BF MORRCIRYFIICR 0 HRUEES 8 WP FREIEY Can be
adj ust edphRGIYE LSRR 8 required operations.

[691 The invention can also be embodied as computer readable code on a computer
readable medium. The computer readable medium is any data storage device that can
store data which can thereafter be read by a computer system. Examples of the
computer readable medium include hard drives, network attached storage (NAS), read-
only memory, random-access memory, CD-ROMs, CD-Rs, CD-RWs, magnetic tapes,
and other optical and non-optical data storage devices. The computer readable
medium can also be distributed over a network coupled computer systems so that the ‘

computer readable code is stored and executed in a distributed fashion.

[701 It will be further appreciated that the instructions represented by the operations
in the above figures are not required to be performed in the order illustrated, and that
all the processing represented by the operations may not be necessary to practice the
invention. Further, the processes described in any of the above figures can also be
implemented in software stored in any one of or combinations of the RAM, the ROM,

or the hard disk drive.

[71]  Although the foregoing invention has been described in some detail for

purposes of clarity of understanding, it will be apparent that certain changes and




position, concentrations, tenperature, resident tine, flow rates,

pressures, chem stry and other process variables. In this manner nore
preci sewarmoges2sontrol is provided. A nore precise pponEsmoeoussol al |l ows
ever nore concentrated chem stries tid be used, which in turn reduces the
process tinme of the wafer to a mnimum [65] The in-situ, real tinme control
of the I rd : i o the

aUr fac e B B e P Bed ey 2P B Phg | the

pr oces shapgresént ehibodahets aByto e goudi dexd apillestrativeiand acbrebfrictige camddheani ng

process, the sensor can detect a first youghpess in a fjrst region of the
subst r 4P¥TE8D is Re{do bp ligy Orﬂé‘?:@%%‘ﬁsc%ﬁefb TR Ry Yefgdified Wit v . g. |

chem st j j e tenperature, etc.) for the
detecte ?o@é%ﬁ@é@ﬁggggﬁg%g?%g§§§§§“%§a "900 noves across the substrate
830. AIWhaitiesharhed B8: non-uni f orm surface roughness can be dynamcally
corrected, in-situ as the cleaning or buffing process is applied to the
substrate 830. [66] In an alternative enbodi ment, the dry region 952 is not
required. By way of exanple, if the sensor 920 can neasure surface
roughness through a layer of liquid (e.g., the nmeniscus 950) such as the
process chem stry being applied to the surface of the substrate 830. WO
2007/ 005215 PCT/ US2006/ 023134 14 [67] Wth the above enbodi nents in m nd,
it should be understood that the invention nmay enploy various
conput er-i npl enent ed operations involving data stored in conmputer systens.
These operations are those requiring physical manipulation of physical
guantities. Usually, though not necessarily, these quantities take the form
of electrical or magnetic signals capable of being stored, transferred,
conbi ned, conpared, and ot herw se mani pul ated. Further, the mani pul ations
performed are often referred to in ternms, such as producing, identifying,
determ ning, or conparing. [68] Any of the operations described herein that
formpart of the invention are wuseful machine operations. The invention
also relates to a device or an apparatus for




perform ng these operations. The apparatus may be specially constructed for
the required purposes, or it may be a general -purpose conputer selectively
activated or configured by a conputer programstored in the conputer. In"
particul ar, various general-purpose nmachi nes may be used with conputer
prograns written in accordance wth the teachings herein, or it may be
nore convenient to construct a nore ggecialized apparatus to performthe
required operations. [69] The invention can al so be enbodi ed as conputer
readabl e code on a conputer readable nmedium The conputer readabl e nedi um
is any data storage device that cansfore data which can thereafter be
read by a conputer system Exanple he conputer readabl e nedi um

i nclude hard drives, network attached storage (NAS), read- only nenory,
random access nenory, CD-ROVE ]é§>Fs,_CD-RW$,_nagnetic tapes, and ot her
optical land n%ﬁw%ﬁpﬁé%wvégw%gé% afjec Hewd cewpPrisiig: conputer readabl e medi um
can al so be dj i . wor k coupl ed conputer systens so that the
conput er reag% I@hggigﬂ¥§y§%%§%3&%nd executed in a distributed fashion

[70] It will &de-bubdingrchapberdaciadiag: t hat the instructions represented by
the operations in the above figures are.not required.to, be perfornmed in
the order illustr dfellietarbplafalo’ an quigh,f 5?%88&&%83@%@% £ed%y the
operations may,hRt.ifHe necessary to practice the invention. Further, the
processes described in any of the above figures can also be inplenmented in
sof tware stored i renapwletaadof or conbinations of the RAM the ROM or the

hard di sk dri [ 1 h h the f i i i b d i bed
' Some detai | i ot st pRe R e b oreral P S el B fmhet e e e °
appar ent t hatoreghtidiemChanges cans VWORDBZ 05316 FORLISARQEAABa134 15

nodi fications may be practiced within the scope of the appended cl ai ns.
Accordingly, the present enbodinents are to be considered as illustrative

and not 4 est et . i nv:ent | ' -1 i I t e details
ai ven nd o n i ShDE, whaURTh: pRhoRShiald et RS aRakPS OF' Pl
appendedocheuting the liquid to a temperature less than about boiling point of the liquid.

3. The system of claim 1, wherein the at least one port is coupled to a cooler.

4. The system of claim I, wherein the continuous liquid source includes a
holding tank.

5. The system of claim 4, wherein the continuous liquid source includes a liquid

supply coupled to the holding tank.

6. The system of claim 1, wherein the continuous liquid source includes a

continuous-type pump.

7. The system of claim 6, wherein the continuous-type pump consists of at least

one of a centrifugal or a Levitronix pump.

8. The system of claim 1, wherein the de-bubbling chamber consists of at least

one of a PTFE, PVDF, Ertalyte (PET), or stainless steel.




VWhat is claimed is: 16 dains 1. A systemfor producing bubble free
liquid conprising: a continuous |liquid source; and a de-bubbling chanber
including: an inlet coupled to an outlet of the continuous |iquid source by
a supply pipe; an outlet; and at |east .one port in a sidewall of the

de- bubbling chanber, the at |least one port being at least a length L from
the inlet of the de-bubbling chanber72. The systemof claim1l, wherein the
continuous liquid source includes a heater for heating the liquid to a
tenperature | ess than about boiling point of the liquid. 3. The system of

claim1,g mer?ﬁé‘sl}%{é&}]é‘fclhﬁﬁtwﬂé}&n@é fenb® Igg;egllhgﬂotameast%%@ggeé-ofThe

system of claim ereln the conti nuo source inc es a holding
t ank. 5.th¢lde-bepblirelainbet.ai m 4, wherein the continuous |iquid source
includes a liquid supply coupled to the holding tank. 6. The system of
claim1l1, wherein the continuous |iquid source includes a continuous-type

pump. 7. 1gThe BHSHREPbE b Tl SherbHOHE R HLBRIGOLBIPHA 4 YOG AU AONS ST s

of at least one of a centrifugal or a Levitronix punp. The syst em of

cl ai m 1, arehsbeiantisihecqiel toubbbisspctbbiben of drsiupply ope.at | east one of a
PTFE, PVDF, Ertalyte (PET), or stainless steel. 17 9. The systemof claim
1, wherein the length L is equal to at |east 10 dianeters of the

de- bubblimng chanBBtem dPelaifld qe,l Wi SERMMO e blBbIglchaMber Bk 4B8s-derbwdrbl i ng

chanber has a cross-sectiona
area greater than a cross-sectional area of the supply pipe.

12, The system of claim 11, wherein the de-bubbling chamber is coupled to the
supply pipe by a gradual transition pipe.

13.  The system of claim !, whercin the ports are arranged circumferentially

around the de-bubbling chamber,

14.  The system of claim 1, wherein the outlet of the de-bubbling chamber includes

a back-pressure device.

15.  The system of claim 1, wherein the outlet of the de-bubbling chamber is

coupled to an inlet of the continuous liquid source.

16.  The system of claim 1, wherein the at least one port in a sidewall of the de-
bubbling chamber is coupled to at least one of a photolithographic system, a plating

system, an electroplating system or a liquid meniscus system.

17. A system for producing bubble free liquid comprising:

a continuous liquid source including a heater, a holding tank and a continuous-
type pump; and

a de-bubbling chamber including:

an inlet coupled to an outlet of the continuous liquid source by a




area substantially equal to a cross-sectional area of the supply pipe. 11.
The system of claim1l, wherein the de-bubbling chanber has a
cross-sectional area greater than a cross-sectional area of the supply

pi pe. 12. The system of claim 11, wherein the de-bubbling chanmber is
coupled to the supply pipe by a gradual transition pipe. 13. The system of
claim1l1, wherein the ports are arrangedigircunferentially around the

de- bubbl i ng chanber. 14. The systemof claim1l, wherein the outlet of the
de- bubbl i ng chanber includes a back-pressure device. 15. The system of
claim1l, whergj IB;é}ge.outlet of the de-bubbling chanber is coupled to an
inlet of the conti jus |iquid source. 16. The systemof claim1, wherein
the at | east one par builet iacladoewabbhckopretduee devicd ahdwhegein herbetletiis coupl ed

to at |east one of a photoljfhographic.system a plating system an
el ectropl at i n‘goui’ff‘é‘ttﬁﬁﬁéﬁeta?ﬂtf‘ﬁﬂ‘%ﬁ‘“ﬁ@?ﬁ %‘E‘ﬁé SYJETEM 17. A system for
produci ng bubbl e f5ag,d bAMHErtGRARIdeN ML the BOBLLHHAUSaIHIH He SOKRGE
including a heater, a holding tank and a continuous- type punp; and a

de- bubbl i ng cérEnbet beimgl atdeasy:a langthnl eualcopitdeast d Oafiametetseof tie dde

continuous liguid sourc a l8. .su i pe;.. an.outlet jncludi a
back- pr essur eﬂg’é’\ﬁflﬁ 8H§H§er\?%%’fl éﬁ%mll%é}% %‘%/ flg'ij Bl?etgmgc%'ﬂg‘l%gﬂ a?‘ing?fefnnﬁ%gt of the
continuous | igueddt sRBELIs cBiifledto b 8asikr.one port in a sidewal | of the
de- bubbl i ng chanber, the at 1east one port being at |l east a length L equal

to at least 10 diameters of the de- bubbling chamber fromthe inlet of the
do pubol g RARE AL YIBIGLLIMD ol onc, o ® coueled o s
providing a continuous flow of liquid through a de-bubbling chamber, the de-
bubbling chamber including:
an inlet coupled to an outlet of the continuous liquid source by a
supply pipe;
an outlet; and
at least one port in a sidewall of the de-bubbling chamber, the at least
one port being at least a length L from the inlet of the de-bubbling chamber;
and

drawing substantially bubble free liquid from the at least one port in the
sidewall of the de-bubbling chamber.

19.  The method of claim 18, wherein the liquid is heated to a temperature less

than about boiling point of the liquid.

20.  The method of claim 18, wherein the liquid has a pressure of between about 5

and about 100 psig in the de-bubbling chamber.

21.  The method of claim 18, wherein a flow rate through the at least one port is
less than about 20% of a total flow into the de-bubbling chamber.

22.  The method of claim 18, wherein bubbies greater than about 100 nm have

been removed from the liquid flowing through the at least one port.




provi ding a continuous flow of |iquid through a de-bubbling chanber, the
de- bubbling chanber including: an inlet coupled to an outlet of the
continuous liquid source by a supply pipe; an outlet; and at |east one
port in a sidewall of the de-bubbling chanber, the at |east one port being
at least a length L fromthe inlet of the de-bubbling chanber; and draw ng
substantially bubble free liquid fromthe at | east one port in the

sidewal | of the de-bubbling chanber. 19. The nethod of claim 18, wherein
the liquid is heated to a tenperature |l ess than about boiling point of the
l'i quid. . T ; ' . e . iqﬂﬁh ure of

bet ween %%outﬁgaH%ﬁgﬁggg%?ﬁgg%qg%?gnﬁﬁgpﬁgﬂdgyﬁﬂgb |ngh@%§ﬁ§g%ﬁ%§ . The

met hod afortisapoled 8 a dbdreditemperbfuosy rat e t hrough the at | east one port is

| ess than about 20% of a total flow into the de-bubbling chanber. 22. The
met hod of claim 18, wherein bubbles greater than about 100 nm have been
renmoved fromthe liquid flow ng through the at |east one port. 19 23. The
met hod of claim 18, wherein the liquid flowi ng through the at |east one
port is cooled to a desired tenperature. {




