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M CROBUBBLES FROM A LI QUI D CROSS REFERENCE TO RELATED

WARREHDA3T ONS [ 0001] This application clai ns tPer/US2005/000753
benefit of and priority to U S. Provisiona

- Application Serial Nunber 60/539,409 filed January 27,
2004 the contents of which are incorporated herein by
reference in their entirety. BACKGROUND AND SUMVARY
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onto a spinning wafer after deposition of photoresist
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destructively dnfprdere ciehecing dwienergydinma this FalleraMLas! tBugtedpeiag vatiation in
gas/liquid
light intensity through the thickness of the resist. Line width resolution can be improved and

‘undesirable steps in the resist sidewall can be reduced by application of a TARC film.

[0003] TARC is dispensed onto a spinning wafer after deposition of photoresist or
soft bake. The TARC fluid is an acidic aqueous preparation of a fluorinated surfactant
sometimes accompanied by an organic polymer. The surfactant lowers the surface tension of
the TARC fluid, giving the coating better uniformity, but contributes to the severity of
microbubble defects. Microbubbles comprising stable gas bubbles generally less than 10pm
in diameter, are the major contributor to defects in TARC films. Microbubbles in TARC
solutions lead to defects in TARC films such as those deposited on a photoresist film utilized

to form electrically conductive pathways on electronic components.



interface. The surfactant can change the surface
tension at the gas/liquid interface by noving between
wo b@slotd4R7 | i qui d and the gas/Iiquid interface. POUEUSZ0F/@0753

surface tension allows mcrobubbles to change radi us
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rising velocity in water for a bubble of given
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hours or days. In addition, bubbles and m crobubbl es
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Vel oci Bubbl e Di
Alpm bubgl%I vtvi\ﬁ takeuge%rgf 7 da?lg% Sge f%glinsfﬁec bottom to the top of a 30cm tall

container and a 100 um bubble will rise to the same surface in only 55 seconds.

[0006] While bubbles will rise to the liquid/air interface in the matter of minutes,
microbubbles will persist in liquids for hours or days. In addition, bubbles and microbubbles
in TARC solutions containing surfactant will take longer to rise than in pure fluids of

equivalent viscosity due to drag forces created by the surfactant coating on the microbubbles.
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di ssol ved gasses decreases. Pressure fluctuations,
such as those created during fluid punping, can cause
the formati on of bubbl es and m crobubbl es by several

di fferent mechani sms. Honbgeneous nucl eati on,
hgﬂ@qgggngpuﬁmﬁ@aﬁe@bbﬁguﬁnd cavitation are proposed
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ubbl'es. ~ Honpbgeneous nucl eati on
results in theRising Naloeith of mi cr obubbl es t hroughout a
Bubble diavheler gasn/sesl ecul es form clusters and grow to a
def i ned.5ime_| Thi s 5@énBfenon occurs when
super satuemt ed di sSdBYEl5lgas in a |iquid suddenly
becones1q awo| Lbl e. {&P05édanpl e, by a reduction in
ressul@d uronpgeneous 094l eation is rare and is not a
| i kel ¥.08@bmani sm for S5kdAbl e and ni cr obubbl e fornation
in TARC. Heterogeneous nucleation is defined as bubble
growt h that occurs on hydrophobi ¢ surfaces.
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ubbl e and m crobubbl e formati on when gas
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i'sm cav aracterl zed by bubb e and

n1crobubb ornat ucle ites e
pumping, GiIddUTF PEIEESh of Ropievet et ubBs BY her S Ror
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TARC. [0008] Since microbubbles have very small rising
proposedahertiahisas in thedjtermame fitr theformdeéruet wibplasand wéerobybbles.
giving the mcrobubble tine to rise to the top of a

Homog8R¥ul ni@kattin reshlMéh 20BHRARADE diChibUbRIRO irGh6b6a liquid when

gas molecules form clusters and grow to a defined size. This phenomenon occurs when
sqpersaturated dissolved gas in a liquid suddenly becomes insoluble, for example, by a
reduction in pressure. Homogeneous nucleation is rare and is not a likely mechanism for
bubble and microbubble formation in TARC. Heterogeneous nucleation is defined as bubble
growth that occurs on hydrophobic surfaces. Hydrophobic surfaces or particles act as
catalysts for bubble and microbubble formation when gas solubility in a liquid is reduced.
The third mechanism, cavitation, is characterized by bubble and microbubbles formation at
nucleation sites caused by a sudden reduction in pressure of a moving fluid. Both
heterogeneous nucleation and cavitation are the likely mechanisms for bubble and
microbubbles formation in TARC.

[0008] Since microbubbles have very small rising velocities, they cannot be

adequately removed by giving the microbubble time to rise to the top of a container or



chanber. Al so, surfactant coated m crobubbl es resi st
di ssol uti on when under pressure due to slow nass
wo e@ssrs7 of gas to the liquid and the abilityrPof/ustveseno7s3
m cr obubbl es to change shape. [0009] Accordingly, it
woul d be desirable to provide a process for renoving
chambeni Alsobublattest daated raictdbybblds rasist dissalntien yhen under pressure due to
surfactant-containing liquid which does not depend
slow madPaBnsRraT @hstiihe liquiemdnke dtliy dfitipse ddigabubbleetofcharge shape.
In addition, it would be desirable to provide such a
&€ t ' in
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porous nenbrane substrates that are resistant to
ew0 ik iprentiyn axchadédupdnghe dissoieny thanporohs meabrdnesnbstrates
found that surface nodified nmenbranes having a

having (¥R S0REE th6difed Whiith&nigsLe bR Gifir Bomihdrs Gtel paktioularbeduitable for
for renoving m crobubbles fromacidic solutions and

.. ._ate.mechani cal | t] The
rteringf GuEREORERe o AR foraaf Rt SR Sps OEhe 20,
formed of a _porous nbr ane substrat.e havi an
microbyhplAFAbRIeipe 101 FECI BBt 145 BETO S I WA i phat are

about 0.03 microns having its_surface nodified with
resistanaitei dhgragletiomby adidis ligrideolgtionsp &t hes deeryfoung dapt pudare modified
pol ynmeri zabl e, cross-1inkable am de contai ni ng
membrdf28 @a8LS abgtmphiicngodifiehanfase ardpantituhyd yewsetul for removing
‘ bi sacryl am de (MBAM (cross-linker) alone or N,
microbdhHIELMh aBRRI SAGiohs Al 8@ mdBhxidalty $thble in such solutions.
di net hyl acryl am de (DMAM (nononer) at a weight ratio

g(ioelﬁ’gﬁl\ g!% %g@%ﬁtqﬁven%%g\é@g%s%?s%%%ég%dﬁﬁd@H&Hﬁraﬁé fbrmed of a

et ween out 1:3. Each

repeatin mol ecul ar _unit of pal rize C [
porous FTARCAHT L P AR BV SEREPor L pES P RS e et BOu R Rsifie
of polynerized DMAM contaj ns one am de grqup. Bg
about Q63 giiergns having ity srface madiics willBARIASNERK PSo rf&ie@5Hde groups are
control the concentration of am de noiety positioned
deriveddffora popahetizeblepaokblimebleTmide containing raenareerp gpmprising either N,
interaction and non-polar interaction characteristics
N-mettienR biRERARRIe $HB A9 ¢6ist 1 keDchl @echr AN IN-mietiederfedisacrylamide

gi ven phot or esi st
mixed with dimethylacrylamide (DMAM) (monomer) at a weight ratio of MBAM/DMAM of
between about 1:0 to about 1:4, preferably between about 1:1 to about 1:3. Each repeating
molecular unit of polymerized MBAM contains two amide groups while each repeating
molecular unit of polymerized DMAM contains one amide group. By varying the weight
ratio of MBAM/DMAM, one can control the concentration of amide moiety positioned on a

polymer backbone. Thus, the relative polar interaction and non-polar interaction

characteristics of a membrane can be controlled and optimized for a given photoresist



4 WD 2005/ 072487 PCT/ US2005/ 000753 conposition. The
VBAM DVAM cr oss- | i nker/ nononer conposition is
walessietd on the surface of the substrate porPOIIES2005/000753
menbrane with a polynerization initiator and then is
pol ymeri zed and cross-linked in situ on the substrate.
compos#®na The MBAM/DAMAN cioseligiarfzanemien epmppsigon isklspesated on the
surfaces is nodified with the cross-|linked am de
surface 601KB 8Sbstiatpdroud @ERbANP Shhuspol yraetizasion ifitxton andithen is
desired ratio of amde to nmethylene noieties. [0012]
polymeﬂiied@nﬁ%r&@fﬁnli%@@ B $iAMS Nt B@isuhfae AU fea@le (RO Séface including
porous nenbrane conpositions of this invention are
nore effective | enovi ] e LT L QL
the poreGifBait PRSIVt IR A SRR Dok " By potde
cont ai ni ng .a polynmer such as fl uor.opol ynmer and a
membragg haYag &rﬁ%mgfiiﬁ‘ﬁ“gg’? Amfqe g W@Wgﬁgt ant than is
t he unnodi fi ed porous nenbrane substrate even when
[0922Linnodi ftiatse hae beersfonadthahihe sytfpen padified peroyy membrane
average pore size which is smaller than the average
composiiie o thi€ingEntidiears nidraeffeativd iid teaebvirgy mirsobubbhdsy from a liquid
utilized in this invention. It has been found that

‘ fesarsindBes 1Rdt bhedbus SRERERERSiAM &t subh 8s a
composagai nst deg,r:adati or?hbyugci di ¢ sol Elljlti gr?q?éﬁgonpar ed to

I ' . .
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which is filtered. with 4gedsurface nodifb%dtgﬁrous aoe
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preparation of a fluorinated surfactant sometines
pore sizgoduelpssnadentihan theorvgeage Pofsoligarithepurface mpndifiied ppseys
about 2 and 3. [0014] In accordance with this
membradeveitizédm thisdobamieni & has beersfonadiirad tieshaufacg mddefied
desired resi stance agai nst degradati on by an aqueous
membr&fRs Yld AbreStle Asaidt TARG%R0 Wlyiaeftlid Soluttir &cdonypacddiab §dlyamide
t hroughout its entire surface wth a polynerized

membra%{egss%éllx iay naé'g de contai ni ng nononer conposition. The
nononmer 1 s’deposited on the surfaces of the

4

DETAILED DESCRIPTION

[0013] A representative TARC composition which is filtered with the surface
modified porous membrane of this invention comprises an acidic aqueous preparation of a
fluorinated surfactant sometimes accompanied by an organic polymer with a pH between
about 2 and 3.

[0014] In accordance with this invention a polymeric porous membrane having the
desired resistance against degradation by an aqueous solution such as a TARC solution is
directly coated throughout its entire surface with a polymerized cross-linked amide
containing monomer composition. The monomer is deposited on the surfaces of the

polymeric porous membrane substrate by graft polymerization and/or by deposition of the



pol ymeri c porous nenbrane substrate by graft
pol yneri zati on and/ or by deposition of the 5 WO
wWQO@50@AA87 PCT/ US2005/ 000753 cross-|inked neemng2005/000753
The desired deposition of the cross-|inked nononer
onto the polyneric porous nmenbrane substrate is
cross-lgfee oroadmgs Bheddesied demmttiongf aireccrdselnkedtmdRmbirlogtOhe
utilize an internedi ate binding chem cal noiety.
polymériifidzbusTinembebes iRl Te bifectfPAOHSirdPe BHIRRNA WRE! hidtiEquire or
as used herein is neant to include polyreric

utilize ﬁ@@&ﬁeﬂia@é‘jﬁinﬁﬁ"g@ﬁ&nﬁaf’ﬁ@o& > Or nore nononers.
Representative “suitable polynmers form ng the porous

i.ncl | yol ef i h | yet hy] ene,.
L[g?‘iy% ?Ig% ﬁ%ﬁ eébqgrggl%‘l’é&ﬁs? tlgﬁ][bzaﬁl%’suﬁﬁsf@%o d%ﬁ@? rein 18 meant to
includd R RS i e oo by oo R e

. Patents 4,778,601 and 4,828,772 which are
suitablg ﬁ@l@p}g@rfgmgﬁ@ pomaupHembfaae emdedegprdydlbind suck as polyethylene,
pol ystyrene or substituted polystyrenes; fluorinated

polyprqmylepeepalyiathlylpdhtege. Mokly désity pblysdkRat utraiigh molecular weigh
pol yvi nylidene fluoride or the |Iike; polyéesters

polyethiyltgk %UPEQSL%'%%M'%&%}QE%PH@E@ U.ROPHEME ¥!A8%01 and

terephthal ate or the like; yacryl at es;

Yfe : oM . POl [S,. S poly. vinyl ,
4,828,7?2 I‘%ﬁ%&e}g gﬁcté)?]goor t\ég @%%ellrg?% %@?@IE}F%CS_ an%ggeo%@Pbysmr@gy Q¢ §Rbstituted
be enpl oyed such as, copol yners of  butadi ene and
polystygghsy: dhorhiied gpI s incLio Rl ssrgBg et lenspatojianylidene

.,ethylene- chlorotrif]luoroethylene copolyner or the
fluoridg e likes ol yasteys mpkuding pphysthydensderspbthaiat palybutylene
substrate has an average pore size between about 0.005
terephtizatate Or 0% likecpalpscrplatks Nl geadsanatek yvin PeioMaasrs el s Bol9vinyl
and 0.03 mcrons. [0016] The polynerization and

chlorid€ EBgolyacilontiRE. CBEoIpRENTRI &ﬁ*%'e%n% lich Eso%@éfyr%eés of

por ous nenbrane by grafting and/or osition
butadi dod rf of _the porous nmenbrane
u leﬁitglﬁﬁ%ﬁ%&ﬂe i %ﬁé?ﬁlﬁ%@g@(ﬁ@ﬁ%@ Ctoﬁgﬂlgbrr’e?ggip%e"coat ed
hth ross- lLinked/grafte olymer. Preferably, the
chtorotiffl o e Soneme e Rlsviirerrntiibe erbmeskyposkireembrane
Therefore, in a first step, the porous nenbrane is
substratghian ayavgrage Rere sirg beiveen A 01008 and W15 microns and more usually

between about 0.01 and 0.03 microns.

[0016] The polymerization and cross-linking of the polymerizable monomer
to the porous membrane by grafting and/or deposition must be effected so that the surfaces of
the porous membrane including the inner surfaces of the pores are coated with a cross-
linked/grafted polymer. Preferably, the surfaces of the porous membrane are entirely coated.
Therefore, in a first step, the porous membrane is washed with a solvent composition that
does not swell or dissolve the porous membrane and which wets the surfaces of the pores
such as a mixture of water and an organic solvent. Suitable water-solvent compositions for

this purpose include methanol/water, ethanol/water, acetone/water, tetrahydrofuran/water or



does not swell or dissolve the porous nenbrane and
which wets the surfaces of the pores such as a
woroosraspf water and an organi ¢ sol vent. Sui t B@T/8S2005/000753

wat er - sol vent conpositions for this purpose include
met hanol / wat er, et hanol /water, acetone/water,

the like. eTheapryrpossfof tlzm mettiray sty is 6o MBuRADA/ BT 248 linker/monomer
PCT/ US2005/ 000753 the like. The purpose of this

compo¥iibh istitgeqiiedly icontabted S5t tBe bOBhs Idthbrane wets the entire surface of the
cross-1linker/monomer conposition subsequently

porousGRAhBGAS AT Ef(}litnggarlggzgé? ' n.qgk_eﬁ%}lﬁ‘@'ilﬁt b W %ér {(ﬁgent bath

C
surface of t rane prelimna

. i 0o n.be elimnated whe he reagent bath_ .
descritl pbloHH I GRNs BEuR SR RGrEM ) ddPotohe Mertysg. This can
sur.face of the porous menbrane. This can be affected
be affegigd W Héhﬁrfé%.%j-‘élﬁgotbwata@@ml‘agm§0r§emrf§wncﬁmm¢ reaftents ofor

organi c reactants, for exanple 15% by wei ght or
examplej Igfeby weightmyhighemtin any bvanhadl that is equireé b thst thbaitire perous
entire porous surface be wet so that the

surfacepted wersbitiza bhespolpmenEiblemabsorhfrew @ tel eatitd e offhetpdfous
porous rmenbrane. [0017] Suitable polynerizable

membréh®)Ss- | i nker/ mononer conpositions include NMBAM either
al one or mxed wwth DMAM at a weight ratio of

‘ DVAM 0. to about 1:4 r ef er abl

et ween ab%ﬁlgt%@?%o%@?e%%%% Ciqs§'?ln%?{9lgﬂ?%efocé)ﬁm°§ opsgFlude

al.ue for a m cyroporQus. nenbrane whi ch_contai ns ani de
MBAN BT el 2SI OLMOR 4 va Ertsafip 26 b ABFDBEAM between

defined as: AD = (Nunmber of am de with substitute or
about 14} ip ahgyti ¥t pretergp bpiwveen abeilyinteraboeipkat Awrdmidé density (AD)

nol ecul ar wei ght of polynmer repeat unit). The (AD)

value fored mésoparous mennbeane whieh donednsmniae netiohalidet Holymers on its
i nvention with MBAM DVAM wei ght ratios of 1:0 and 1:4

surface@tn Be @ftheans: ADALAURER B hin¥®! %}tllll gtgfsté%@éggﬁaﬂdnséﬁ%stithgegmups

(AD) for a nenbrane made from ynmer 1I's

in Polyglgg %?eat[lgxﬂ]/ ol%ﬂlﬁﬁpéighti ogié)%)i)@%e?%%egg%}/i@.r q‘Zx? é% Fllﬁfl]lgs for

s for the nmononetfs

stuc SR et Bl T R SRR MBS E B oot 0 e

t he porous nenbrane as a mxture in a solvent which is
1:4 are Q&}ﬁ &n¢l B10d Ovipspgetivedy. For comparison, the (AD) for a membrane made from
Nylon 66 polymer is 0.009.

[0018] Suitable initiators and cross-linking agents for the monomers set forth above
are well known in the art. The monomer, polymerization initiator and cross-linking agent are
contacted with the porous membrane as a mixture in a solvent which is compatible with the
three reactants and the porous membrane so that the desired free radical polymerization and
cross-linking is achieved without the formation of a significant amount of slowly extractable
by-products and without the formation of colored products. If readily extractable by-products

are formed, these can be removed by conducting a washing step in a suitable solvent

subsequent to the coating step.



three reactants and the porous nmenbrane so that the
desired free radical polynerization and cross-1linking
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being reacted by free radical initiation in the
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t he porous nenbrane substrate. Thus, the particul ar

and pog@isvesmbrayesteemloged Reipkdsentapeanditaple rsolvbﬁts i@AEAARAEr or organic
and porous nenbranes enpl oyed. Representative suitable

solvenBGLMeM Acdhdld, Usters\alefine O cORMPATHIC ac&t%%hé’ Bkl Y &S

al cohol s, esters acet one or corrpa he aqueous ol e
' r r gof I t he mer.i za
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concentr and about 20%

total C%Cs%%hge Shisbp aBer 96 a0 Stiow 20%: Prctgably Seibsetousish and

% ht of the reactant solution. The

about %I ?Wéﬂpﬁﬁfheo‘ﬁelghﬁ ofjthe eactast sobitiesenthe polpmerdpiontinitihtor is
bet ween about 0.25% and about 2.5% by wei ght,

presenipneh ermihtofifet wesmmboQt 7.396amd abort32%6 %bywedight pegasly between
upon the total weight of the pol ynerizable cross-
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source for initiating free radical polynerization can

11nker/ﬁ8n@rﬂajxﬁj)kﬁﬂesu‘3h as heating, ultraviolet light, gamm
radi ati on, electron beamradiation or the like. For

SO i A P TR T SR B can
be emp@?ygﬁ amgasta}{gzgtu?ge, %tlt%jvut)lgt l?ghtt egr;?nenrlaa ialél{a%ogt ellecetgsntbeiglorl;tthaggn or
the like. For example, when free radical polymerization is initiated by heating, the reactant
solution and the porous membrane are heated to a temperature at least about 60 °C and up to
the temperature at which undesirable bulk polymerization occurs in solution or at which the
solvent begins to boil. For example, generally suitable temperatures when utilizing an
aqueous solvent system between about 80 °C. and about 95 °C, preferably between about
88°C and about 92 °C. The polymerization reaction should be effected for a time to assure
that the entire exposed surface of the porous membrane is coated with the deposited polymer

composition but without plugging of the pores in the membrane. Generally, suitable reaction

times are between about 0.1 and about 30 minutes, preferably between about 1 and about 2



the tenperature at which undesirable bul k
pol yneri zati on occurs in solution or at which the
wa@eloseri48hegi ns to boil. For exanpl e, general | RCT/US2005/000753

sui tabl e tenperatures when utilizing an aqueous

sol vent system between about 80 C. and about 95 C
minuteprRézetiabtan breefirsead whibuthe pe8Gs aremntaisis igmeced Ph golution.

pol ynmeri zation reaction should be effected for a tine
HowevEQ t1as &l sult bothetpoBnedtzhtién exhe amaosist fhacezhofit theaolution. It is

porous nenbrane is coated with the deposited pol yner

prefexr&ﬂg@%katté 2 ;ﬁ%us%&ﬂ% e %&lgﬂé RectRht oiRicRWNE %o bffedt Méhction

nbrane. Ceneral y, SUItab e reaction tines are

oS A s G A e

PCT/ USZOOS/ OOOY\gﬁ m nut es. Reaction can be
batch Wik #EOp RSP b ARSI 452 SORRICBA S G4t G porous
However, this will result in the polynerization of the
membramsrie setrrates willy Hsueacting selstion pehthen transferreg i areagiipn zone
saturate the porous nenbrane with the reactant
where i8 & dxppbsed tardery teéffet the pAphedzationmastice of t he
soI ution so that nononer is not wasted. Thus, the

662 | /0FopRsBE of ANEHAGEGHop R alceRoVIIER) l&[bﬂ@ﬂ@lhﬁl(ﬁmb% IPA

en operatl ng as a cont'l nuous process, eet of

flow p&% lp?et%gure g?ﬂ%’s ﬁﬁgd SA &h@% F;Mé §0)t &H8nt §@%iRModified porous

I on an rans erre a reaction zone

whe t d t ff th
membraeﬂs%%@%?dzénftm%ﬁﬁ{?%iep B DPoEEmp RS dofial PYE OgimizesRey

i sopro al cohol é}l PA) bubbl e points (or pean | PA
(catalog PomPRLW SgolisclsepPIEEn) 7o SN HROHGmicrons)

F316- 80) of the surface nodified porous nenbranes .
DMAMMBAXEL:1i=n83 psis ThewerfadeanodificdhmPmbranesbtibresl inghiagnvention
follows: Optimzer Dev (catalog nunber CWJZ16EL1,

have alV¥ik& Bblbb?e'zv?@x Qfe@fetﬂﬁ}l 565431, PPIA, bu¥BE( $bifSproVideoAgod measure of
85 psi. The surface nodified nmenbranes

I I nt
el g P
t he capacit orous_nmenbr

TBOE e BB prdeaf (R RO FaRBUAP Oy o tiwic.

This invention relates to a process faor renoyi qu
More paytiquirislyb Bisinventénn %latgsdgo B proco i IEIRPYINg tiEPPYRblesrgm a liquid

invention relates to a process for renoving
by filimtiat.obubbl es froma |iquid

[0024] The following examples illustrate the present invention and are not intended to

limit the same.

EXAMPLE 1

[0025] Several filter membranes were chosen for study based on knowledge of bubble
formation mechanisms and surfactant stabilized microbubble behavior. Membrane
candidates with a range of particle retention (from 0.02 wm to 0.1 pm) and surface energy

(hydrophobic or hydrophilic) were tested for their ability to lower microbubble level in a



by filtration. [0024] The foll ow ng exanples
illustrate the present invention and are not intended
wo 00051072381 t he sane. EXAVMPLE 1 [0025] Several PET/U82005/000753
menbr anes were chosen for study based on know edge of
bubbl e formation nechani sns and surfactant stabilized
TARC filuft, obwid kdte obiebting were phifohmaite detamiicdatvesetattioh rating and
range of particle retention (from0.02 gmto 0.1 nm

surfaceMABr W8I SHRIbBY letdlyslienivati.c or hydrophilic) were
testéd for their ability to ovver m cr obubbl e | evel in

(?26%8?1%&&? %ée%ﬁ ?sTév ?cgg 1312 an T}ﬁgﬁ(}feh@j 8l d1sB—é’iﬁe

est were per orrre term ne

system i Ao ot CRrporiens B 91148%%5%1 t&%% Y2

experinments were conducted with an Intelli Gen(

Aquatagp I @vailapls Epm4dlatiam Slosp i, hprepiille N%H%’r aﬁ.P@ﬁlcle
Billerica, Massachusetts, USA and AZ Aquatar(r) TARC
Measumgsymhequmﬂm@Sm (mnit:al(part'mber eaunger,av@dabde frioil Rartigld Measuring

USA. A Particle Measuring Systenms Liquilaz(r) S02

System@PPMSYICoBdrhti 6, B ot RIEAIED, BYAI Walihstallédon Bardidpehe: line The
Measuring Systens (PI\/B) Cor poration, Boul der, CO USA

1Plhe fisd prB&dh ddifl d
o 0 R LRSS SR ne L  o
rrred until particle counts |eveled
untﬂp%g&ecf"b‘%ﬁ% %g i cle count results showing a reducti on
of m crobubble level with nore retentive filtr

73 Papiigle pouné reslinshowing p grection ofagigkelubbie lgye %ﬂzmow

m Al nenbranes tested are flat sheet pleated
retenti vedfithnamemediat Pattivde exunephclode alf cQunts sivat vh2 od.| Allmembranes
fiber UPE. The data shows that filtration nedia

tested Jr@'ﬂ%f‘éﬂe@trbl@itéd fleRibehed 83thahd @f&ﬁu&{ &em nsaemm HolB AUtk ©PE.
 evel at steady state. The | owest |evel

The daﬂa] S 919 Ehalkg 1?t§at¥3% 9&19 ¥etc%?1%n %¥f1011é]%y91a921 Hpgy Effect on microbubble

level at steady state. The lowest level of microbubbles was provided by the 0.02 um UPE
hydrophilic membrane.

[0028] The data shows that most “particles” being detected by the optical particle
counter are bubbles and not particles because the particle distribution plotted on log-log axes
is not linear. Ia-Figare-3; Cumulative particle counts are plotted vs. particle size. When
only particles are present, cumulative particle count data forms a linear curve with a slope of
-2 to -3.5 when plotted on log-log axes. Particle coﬁnt data showing a knee and/or a lower
slope indicates the presence of microbubbles. The data collected in this experiment has both
characteristics.

[0029] A re-circulation test stand was built to measure the microbubble level
downstream of several types of filtration media after fluid has been left stagnant for a period

of time. A hydrophobic (low surface energy) UPE filter (LHVD) and a hydrophilic (high

10



[0028] The data shows that nost "particles" being

detected by the optical particle counter are bubbles
wap@snm4sparti cl es because the particle distribCr/iuswos/000753

plotted on log-l1og axes is not linear. in Figure 3,

Cumul ative particle counts are plotted vs. particle
surfacesinzezy) WRENPCGM) filterawdre disedled sequentalgnin, the (iSarhple iFileer” location.
particle count data fornms a linear curve with a sl ope
The PCVI surfceli® modiffedORR a Mepith ediost MBAMTMAREsf 1B3répaeddwith

count data show ng a knee and/or a | ower slope

. . S 3 S N a— . .
0.02 u%ﬁ?l%’]%@%@gs H%ﬁ‘{bﬁzlgng sglg%ga}?%se dﬁs&%@?@%&zﬁ A RiBf ﬁ@optmal particle
characteristics. [0029] A.re-cirgcul ation test stand
counteg{BP G sl FroahR e AR PE e R TR S IBSHLE eam
of several types of filtration nedia after fluid has
downsfsesamof &E ttess fiigniarietdchmicrolyeblasd The pupriprias man until particle counts
hydr ophobi ¢ (I ow surface energy) UPE filter (LHVD) and

leveledeoffyadl vdidhi poist thé paiap 1dis Wopae) SAfd24&hours, the pump was restarted
PCT/ US2005/ 000753 surface energy) UPE (PCM filter

and the'\prBclb BhR dofhsBEMY 8ht Ry whiindehgreBanpl e Fi l ter”
l'ocation. The PCM surface is nodified with a wei ght

f
I . . ) ..
TR0 e L VoM Rt et BISREHEH of bl RorBu(h ks tha
KL-20 optical. particle . counter (OP vai |l abl e 0
hydronp i resipl it B s iAoy for iGtamunS Tt 1S Thta show
downstream of the test filter to detect m crobubbl es. .
a large Bpikepu pprtigtescounts fonthe hygrephekis &ltenifiardhe reaympiaep offflow. This
at which point the punp was stopped. After two hours,
spike ik Reich uigee wased fes thar Hyeddbphilivdfiltdrenp pattictd @vuntsuguickly drop to low
downstream of the filter was neasured. [0030] The

levels.net erogeneous nucl eati on nmechani sm of bubbl e formation
shows that hydrophobic materials will act as

ation.sites for mer I i
AR 3L OB b g HoEtve o
~ hydrophobic filter after the resunptjon of flow. This
microhyjpples & HoadycHAlFBRGaRRTEPARaEC DAYy dMSIATTPIENE et gieorporated
and particle counts quickly drop to |ow |evels.
into thg 0@ 1im TP A D Plun RGN diftrdticdrdepivel | ¢ UPE nenbr ane
provi ded the | owest |evel of
[0032] The filter types tested were installed at a semiconductor manufacturing line in
an effort to lower defects in top antireflective coating films. The experiment’s goal was to
find the type of filter that provided the lowest level of defects and to determine if lowered
wafer-level defects would correlate with lower microbubble level as measured by optical
particle counter.
[0033] The filters were installed in an RDS dispense system using AZ Aquatar
TARC. The filters were installed and primed. TARC coated wafers were analyzed for
defects with a KLLA-Tencor AIT 2 available from KL.A-Tencor Corporation, San Jose, CA,

USA. The defect reduction trend revealed that filtration media retention efficiency and

surface energy had a dramatic effect on wafer-level defects. The 0.02 im PCM membrane in

11



m crobubbl es at steady state and after a stoppage of
flow This nenbrane was incorporated into the 0.02 m
WO kACT24BPT us PCM filtration device. [0032] TheP€T/U8M05/000753
types tested were installed at a sem conduct or
manufacturing line in an effort to |lower defects in
the IMPAQT @hisi degfdesrdsi abée tocatisfagorfilyllower defiect dovebin the TARLC film. Use
goal was to find the type of filter that provided the

of the flIRYBSUIEEMER 500 deh@vhsn abdchs ofi@heind 0.@4an Aydyyefneshbrane; an
waf er-1 evel defects would correlate with | ower

85% re@)ﬁiﬁggyﬁ%gtgggiﬁ%%ﬁg%h | Mﬁgn R¥rfoRedeS ?Ar ss%é}leauc%ﬁ in defects

ers were installed in an
di nse system usi ar TARC. The f||ters
Com@mﬁgﬁgnggpgﬁf dpgﬁﬁhﬂ?‘ﬁﬁﬁﬁ%% coated wafers were
analized for defects with a KLA-Tencor AT 2
4il &b p sedongd pemrIcAndegieIonanUdRGEeHEng Fir a Ofknumd VP ACH Plus
USA. The defect reduction trend revealed t hat

LHVD {idh6 At @ UPHS 6ha8 tds@iden phollelek ith @ 0602qym AP ACTIPIB®EM porous
energy had a dramatic effect on wafer-|evel defects.

membrf 9@%88%96%@ ?@E&?@é@ﬁ%ﬁ b AR et from
R R R Q%%ﬁ P alatrs Ve? Pects were

defects conpared to 0.04m nyl on nenbrane; an, 85%
measured witdta IéhArn’Ee@ei SR1 availghisdraam KA 3 engarsarperatiensandese. CA,
an 88%reduction in defects conpared to 0.1 gm hol |l ow
USA. Thde02 UREINeAaTiPlus @dM (fubf@dinotlified) pesedtb be an improvement
sem conduct or manufacturing line, a 0.05 gm | MPACT

oeoff DGR FE TIP PRLS av c0n

sen1conductor waf roce S|ng fac NFC 5

and elippeecihs OPGEFE0s P B il “c’%#&gsawa@sﬁ& data
(JSR) of Sunnyval e, CA U S.A. Wafer | evel defects

from thageeluatigasured with a KLA- Tencor SP1 avail abl e from
KLA- Tencor Corporation, San Jose, CA, USA The 0.02
gm | MPACT Plus PCM (surface nodified) proved to be an
i mprovenent over 0.05 gm | MPACT LHVD in two ways. The
PCMfilter reduced defect counts by 50%

12



and elimnated the occurrence of random spikes in

defect level. Table 2 contains the data ,fromthis
wer@bozson. 12 WO 2005/ 072487 PCT/ US2005/ 000 7BGT/US2005/€00753

2- Wafer level defect data in TARC fil mas neasured by

SP1. Filter Name Average Defect Level Periodic Spike

0. 03rabldVRARIaféHe 2] @ofe¢0daiefneEABC/ filaf &y m@%0red by SPl

def ef—0-—-02m-HVRACTP4s—36-40 cfﬂs%sv
none. prifiqxﬂa;mem$ Ciage LIafed Revelrd Herindic Spike

sel| @cd5umy INMBAGT&FRY D £60-70 dlefagts/oradet | ve %Dldﬂf%ﬁm/dﬁafer

mediggodeh TRIRACT! 113!1@4 80240 Hegects Qafer | MPAGDR us PCM

prd\ij the | owest |[|gevel of on-wafer defiects and

pr everted—the—ocecurrence—of —randomspirkes—t+n—defect

level in top antireflective coatings. EXAVPLE 2

[ 0036] A surface nodified UPE nenbrane is prepared

froma hydrophobic m croporous UPE nenbrane

000351 Thisudasarelygal Mpkingloren@orfpeleating a hydaphilioghighlytyetentive

CWAY01l). It has a rated average pore size of 0.03 m
filtratiod M RNf @ VIR RQ €ilrktipk e 9.0 wAIMP A OD BRls PUM provides the lowest

hydr ophobi ¢ 0. 03m UPE nenbrane i s unwound and passed

level oit&‘f Q/Hﬁ? d@fecﬁ%ﬁﬁ %ﬂﬁf@ﬂt@ﬁ Eﬂe%glﬁ%f&%totﬁ dto'irP rﬁﬁé&liﬁ Abfedd Vel in top

propyl alc | PA revent air
k| ng.in the pore, and then 20 wt. % hexyl ene gl ycol
antlreﬂﬁﬁﬂ’effﬁg/% W&t er sol ution. [0038] After soaking in the

hexyl ene gl ycol /water solution, the nmenbrane is

i mersed into the polynerizabl e nononmer and cross-

linker m xture solution containing 0.3.%Ilrgacure

2959 (Ciba Specialty CHEMMELEAS, 10% acetone, 3.5%

N, N nethyl enebi sacryl anm de, 86.2% water, all by

\IeOAFA sififeee mpoifiet URB tmemshrismesis erépsiredsfaond wi hydeaphobic

bet ween sheets of polyethylene (PE) film and exposed
micropbRuS\UHEMBmbl#S indhutdctured by Mykrolis Corporation (catalog number
CWAYO01). It has a rated averége pore size of 0.03 pm and an average thickness of 42pum.

[0037] The hydrophobic 0.03pm UPE membrane is unwound and passed through a
membrane surface treatment to sequentially pre-wet with isopropyl alcohol (IPA) to prevent
air locking in the pore, and then 20 wt.% hexylene glycol and 80% water solution.

[0038] After soaking in the hexylene glycol/water solution, the membrane is
immersed into the polymerizable monomer and cross- linker mixture solution containing
0.3.% Irgacure 2959 (Ciba Specialty Chemical AG), 10% acetone, 3.5% N, N-
methylenebisacrylamide, 86.2% water, all by weight. The monomer wet membrane is
sandwiched between sheets of polyethylene (PE) film, and exposed to UV lamp “Fusion H
bulb type” for each side of the membrane with the total of 4 UV lamps, followed by water
rinsed, dried, and wound up on the core.

[0039] The resulting membrane is tested for wettability with water, water flow rate,

mean isopropyl alcohol (IPA) bubble point and membrane thickness. Results are: Water wet

13



bul b type" for each side of the nmenbrane with the
total of 4 WV |anps, followed by water rinsed, dried,
wa@e@smm4st up on the core. [0039] The resulti NBCT/US2005/000753

menbrane is tested for wettability with water, water
flow rate, mnean isopropyl alcohol (1PA) bubble point

time (sex)d0.Aeatr¥ater flbwahke s/ mies)) issl.2r@1 3. N\asiatiffovential pBes¥@e and
2005/ 072487 PCT/ US2005/ 000753 time (sec): 0.1 sec;

21 °C; VitiSinebd @2 aine NIsdy ABUBB]: PointXAZTE 2tHods316-80) is 85 psi.
differential pressure and 21 C, Thickness is 42 m
Mean | PA Bubbl e Point (ASTM net hod F316-80) is 85 psi.
EXAMPLE 3 [ 0040] Exanple 2 was repeat ed by using a

[ uti 4% DIVA 10%
gggfgﬁé S?rééi:ﬂ%%%?ﬁ‘%ﬂ%’%ﬁ t ant rrenbrg/lne has
I ' 0041] Wat )
B Ers RIS eaC YRG0 bF Goini dnams o Ry g 40 RBAML

13.5 psi differenti al ressure and 21 C. Thickness is

4% DMéMnlo%%ﬁﬁ’tOPel Egagie 8178 7pol reelﬂenmneﬁ@@wdwﬁﬁre‘@%wg
is 86 psi EXAMPLE 4 [0042] This exanple provides a
propertigsipar i son of the conposite porous nmenbranes of this

invention with a 0.04 micron porous Nylon 6,6 nenbrane

J004 B WattpQet tife RERNANSC, WieNfo® raeifllhdhRm?2) is 1.2 @13.5 psi
conprising 0.05 mcrons UPE (Dev). 14 WO 2005/072487

differ thgll_ @gﬁg%g Q?zésgfgﬁﬁlsg 1@%%@5@&{? 1 MPR 9B b1t Bint! (A@TM

nge ange Rati1 o) Capacity (1EC

method F316° aC'g%)f, (1 EQ) Cation Exchange Anion Exchange

EXAMPLE 4

[0042] This example provides a comparison of the composite porous membranes of
this invention with a 0.04 micron porous Nylon 6,6 membrane and a composite membrane

having a substrate comprising 0.05 microns UPE (Dev).

14



(nnol/cm) (nnol/cnR) DEV 3 to 1 18.5 20.2 Exanple 2 0
to 1 17.8 10.6 Exanple 3 1to 1 17.7 13.1 0.04 m
wORi0s/078687 NV A 18.8 14.4 Pall Corporation Catl|BCDYSNG5/000753

MCD 924UNDEJ Note: the cation and ani on exchange

capacity (iec) are neasured by a titration nethod

using a METTLER TOLEDO- DL58 Autotitrator. Sodium
hydroxi de and silver nitrate solutions are used as

Table 5€agents to determ ne the cation and anion iec

MemblngPeCtl ! Vel VMoﬁ&%ﬁo‘bﬂNﬁé@Pf aﬂﬁ]ﬂé arobon I&n%ﬁ‘%ﬂ
Nerbr ane wel W{@&t ik MESNE:| @E) stk
I\/bthanoI/V\ags ution Su a%Q r Rep
DEV 2.9:1 < sec Exanple 2 é hég%e Ex %‘ﬂ C ange
2_8:1 <Tl_cnf~ 004 gm !\‘Iy! on n&pl,s;m, (¥=Ya!

DEV or OHR- or LT3 B Y or 25 W 200!;/ [ 07p2@2

Examph€?/ US2005/ 008753 EXAMPLE H17.8 10.6

Example 3 ltol 17.7 13.1

0.04 um Nylon 66 N/A 18.8 14.4

Pall Corporation

Catlalog No.

MCD 924UNDEJ

Note: the cation and anion exchange capacity (iec) are measured by a titration method using a
METTLER TOLEDO- DL58 Autotitrator. Sodium hydroxide and silver nitrate solutions are

used as reagents to determine the cation and anion iec respectively.

;\r/?:Ifbjane | Hydrocarbon X to Amide | Membrane wet time with 10 wt.
—(CO-NR")- ratio in % Methanol/Water Solution
Surface Polymer Repeat
Unit

DEV 2.9:1 <lsec

Example 2 2.5:1 <lsec

Example 3 | 2.8:1 <lsec

0.04 um Nylon 66 5.0:1 <lsec

X = -CH;- or CHR- or —CHj;

R'H or CH;
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[0043] This exanpl e provides a conparison of the
conposite porous nenbrane of this invention with a

W@ 2@4/0m48T on porous Nyl on 66 nenbrane and a coPEDEE1085/000753
menbrane having a substrate conprising 0.05 mcrons
UPE (Dev). Table 5 Menbrane Monomer to Xl inker |on
Exchange | on Exchange (BXKAMRItES) Capacity (1 EC) ***
Capacity (IEC) *** Cation Exchange Ani on Exchange
(9043 E%tﬁ)exqmplo Iptevidos aR@whBrison df the c6mPGsi2 poExsP¢rebiAne of
Oto 1 17.8 10.6 Example 3 1 to 1 17.7 13.1 0.04 m

this inhition vath N).84 hiici®n bérahs NRabh 6€atepiraie d aGainisRgmdmbrane
MCD 924UNDEJ Note: the cation and ani on exchange

havingCARMRIrAY coin! ?ﬁlm DHSBRAHGEPIYDAH! | trati on net hod
using a TOLEDO- DL58 Aut otitrator. Sodium
hydr oxi de and silver nitrate solutions are used as
reagents to determne the cation and anion iec

Table fespecti vely. Table 6 Menbrane Hydrocarbon X to Am de

Memb%;%{gﬁraﬁglel ﬁt Mdn%fi/\toltx(;lrl]ﬂi%r Ton EXSER ) - Rre g 619Eké]1arf%e
ok
DV 5 9: 1 o Cus R 00 6 gggo nitgx a8 ®3badyl (iEC) *++

Anion Exchange

(nmol/cm?) (nmol/cm?)
DEV 3tol 18.5 20.2
Example 2 Otol 17.8 10.6
Example 3 l1tol 17.7 13.1
-0.04 pm Nylon 66 N/A 18.8 14.4
Pall Corporation
Catlalog No.
MCD 924UNDEJ

Note: the cation and anion exchange capacity (iec) are measured by a titration method using a
METTLER TOLEDO- DL58 Autotitrator. Sodium hydroxide and silver nitrate solutions are
used as reagents to determine the cation and anion iec respectively.

g/?:;fbfane Hydrocarbon X to Amide | Membrane wet time with 10 wt.
—(CO-NR")- ratio in % Methanol/Water Solution
Surface Polymer Repeat
Unit

DEV 2.9:1 <Isec

Example 2 2.5:1 <Isec

Example 3 2.8:1 <lsec

0.04 pm Nylon 66 5.0:1 <lsec

X = -CH,- or CHR- or —CHj;

R'H or CH;
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Exanple 3 2.8:1 <Isec 0.04 mNylon 66 5.01 <Ilsec X =
-CH2- or CHR- or -CH3 R H or CH3 16 WD 2005/ 072487
wEIDsSOB8D5/ 000753 CLAIMS What is clai ned i SPCI/USZw05/000753
article conprising: a porous nenbrane, the nenbrane
surfaces nodified to be hydrophilic Dby polynerization
of one or nore nononers deposited on the nenbrane
surface, the relative polar interaction and non-pol ar
~Jinteractions characterisgraaMd the surface nodified
menbr ane renoves m crobubbles froma liquid in contact
What ¥Wicldimedg: nodi fi ed nenbrane. 2. The article of claim1l
where the surface nodified menbranes are nechanically

st abl eAﬁqugC[ésgo{&gg{ dation. 3. The article of claiml
ere the relati've polar and non-pol ar interaction

characteristics of the nenbrane are controlled by the
concent r at i @porofs mambeancathd nraehbryheesvefanes wodigisd tabd hwdrophilic

nodi fied surface. 4. The article of claim1 where the
modi fi ed rreuli‘PbPQjWé‘e‘ij%a“ioﬁé’é PP PLIOSEP TRRRYNEES depesited on &he

device. 5. MBI ShiifePMeQLRTE maﬁeraéﬁigﬁ%nd non-polar

conprises: a polyneric porous menbrane substrate
havi ng por estebatinweschaiueristic® oDBE serfabeabodified n@mbrane removes

m crons, the.substrate haying.surfaces nodifi Wi t

ani de gr oup@fcr(iﬂ?@%%ﬁif@én @Ylﬂ dn gentact g th ﬁ?%iﬁged Hetbrane.
pol ymeri zabl e

2. The article of claim 1 where the surface modified membranes are mechanically

stable against degradation.

3. The article of claim 1 where the relative polar and non-polar interaction
characteristics of the membrane are controlled by the concentration of amide

and methylene moieties in the modified surface.

4. The article of claim 1 where the modified membrane is incorporated into a

filtration device.
5. A composite porous membrane which comprises:

a polymeric porous membrane substrate having pores between about
0.005 and about 0.05 microns, the substrate having surfaces modified
with amide groups, the amide groups derived from a polymerizable
composition comprising one or more amide monomers deposited on
surfaces of the porous substrate and polymerized in situ on the surfaces

of the porous substrate.

6. The composite porous membrane of claim 5 where the polymerizable
composition includes N, N-methylbisacrylamide (MBAM),
dimethylacrylamide (DMAM), or a combination of these with
MBAM/DMAM weight ratios of between about 1:0 to about 1:4.
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conmposition conprising one or nore am de nononers

deposited on surfaces of the porous substrate and
w@ologe8zed in situ on the surfaces of the pPCDUS2005/000753

substrate. 6. The conposite porous nenbrane of claimb5

where the pol yneri zable conposition includes N,

N7ret hYhbtemposjte poiabs njdidAMe of daimed hemahy pelyhdeizable

(DVAM , or conmbj nati on_of these with NMBAM DVAM

wei ght C‘tl%t“?sb%ondflcfb‘atwé’elﬁﬂ%ut 1:0 to about 1:4. 17 WO

2005/ 072487 PCT/ US2005/ 000753 7. The conposite porous

ngbr ange edmpdsie 'ﬂox%u‘é@ﬂn@orﬁﬁ@omélm%éﬁm fhe substrate is ultrahigh
conmposition inclddes an initiator. 8. The conposite

por ousmetaghlaameight pelyathyieBewher ei n t he substrate is
ul trahi gh nol ecul ar wei ght poI yethylene. 9. The

COmDeSAh S ASEYS RAE A, LAY Sl e

conposp@lytenaﬂa@wemmbeane of claimb haV| ng a nmean | PA
bubbl e point greater than 50 psi. 11. The conposite
porous_penbrane of claim5 where the ratio of amde to
méPhy| ThECIPRRMS POFYS MRsmabraneol iy S hxdangamesn (B4 bubble point

'nteragxte?t‘éf‘tlﬁﬂ%bjﬁf eristics of the nenbrane. 12. A

proces renmovi ng m crobubbles froma |iquid which
conprises filtering said liquid with a conposite
pddou sTh@cmnms«iie polysis madnebrhsevofiugaiond whetestge ratjoarf etnﬁdezte

bet ween 01 and 0.03 of .a fi

ol y ety shauihs ePRGeS Uity 400 PRRTOYM SoEREHOT Fhariceristics
entir eosie haesHrid h a cross-1linked second pol yner

formed froma nonomer polynerized in situ with a free

radi cal
12. A process for removing microbubbles from a liquid which comprises filtering

said liquid with a composite porous membrane substrate having an average
pore size between about 0.01 and 0.03 microns formed of a first polymer, said
substrate being directly coated on its entire surface with a cross-linked second
polymer formed from a monomer polymerized in situ with a free radical
initiator and monomer composition comprising N, N-methylbisacrylamide
(MBAM) optionally admixed with dimethylacrylamide (DMAM), said -
monomer composition being cross-linked in situ on said substrate, said
composite porous membrane having essentially the same porous configuration

as said porous membrane substrate.

13.  The process of Claim 12 wherein the first polymer is ultrahigh molecular

weight polyethylene.
14.  The process of claim 12 wherein the first polymer is polytetrafluoroethylene.

15.  The process of claims 12 wherein said liquid is an acidic top antireflective

coating.
16.  The process of claims 12 wherein said liquid contains a surfactant.

17.  'The process of claim 16 wherein said liquid contains a fluoropolymer.
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initiator and nononer conposition conprising N

N- et hyl bi sacryl am de (MBAM optionally adm xed with
wal2ovsissacryl am de (DVAM), said nononer conpBSI/USING/000753

being cross-linked in situ on said substrate, said

conposi te porous nmenbrane having essentially the sane

padmous Thepfdcgsy @tdlam 16shaeindapldiquidcorgaibs afi@oropolymer and a

substrate. 13. The process of Caim 12 wherein the

first 5@% “is ultrahi gh nol ecul ar wei ght

pol yet hyl ene. 14. The process of claim 12 wherein the

figost Rk %ffﬁ:%sé & Y el haEinardaatAYaRINgG a flubBinattA Surfactant.

process of clains 12 wherein said liquid is an acidic

top antireflective coating. 16. The process of clains

120whefbE prasgbsdofl dlajon 1B whereiaisaisl sarfactentis adhorinated stpfigctant.

process of claim 16 wherein said |iquid contains a

f lyor opo I - ! > -

121 ThE PR far Bl R RN o R AR AR Rcring the

cont ai Niguia Withie porok yeeibraktatingsvafiaof amide tbInetAylene groups

process of claim 16 wherein said surfactant is a

f1 uori H eentEqls thedgrolasiand nopypolpp intgagiinschagrcteisticypfthe

wherei n said surfactant is a fluorinated surfactant.

21. A process for renmoving mcrobubbles froma liquid

conprising: filtering the liquid with a porous

mebr afMée pasdesgofaciaiat 2 bfustheragunteising tre steplof dispersingpide liquid

that controls the | ar and non-pol ar interaction

char ac8i9 %iﬂl%‘gn%f‘g?%e menbrane. 22. The process of

claim2l1l further conprising the step of dispensing the

liquid onto a spinning wafer. 19
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