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nmore filter sheets as descri bed herei nbelow. One of the filter sheets
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particulate filter aid and a particul ate i on exchange resin.
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. therei®. 15 BATReRIesEntGRvaTHoN NOFKES \PRIEESD (@Podueiharbiim famingresinsed

component Sonade oatsd [ PRORS RoultRslicge ThlebrSE valeS R Pemetal
circui ts. jdremiiaties. fram suBREflRY ReRERERsINbY Passingat filrofopmirgy i_fe'sirﬁha‘f/inﬁ
phot oresi st conposition is first applied to a substrate material, such as

20 si | i comatal ionsimpsities dhravgki ere on treefealilter sheetsas deserbed diereinbelevst r at e

to et noTEogty I S bheA sl pYSl o sblSeBABHEYT Rbus” fiERAR hafgne
subst j@t e jmmobfitbdstheraiate pattiouftie ifiRe @idvape &xraticulstet ionr extiaingenresihi s

radi ati on_exposure causes a chemcal transformation in the exposed 25 areas
of the codhedtherfillesrsheet compeses ysell suppedingsnatrixabiipers, gHeD ag|GedulosR beam

i crol | ¢ bR SRftordled Fiidh, fiheriae STERA a8 kel sy apd.

subst r at e préfetdlphetconthimiry ey Bnap@hange wésinentiseddesistheran.and renmove
ei ther the radiation-exposed (in the case of positive photoresist) or the

unexposed (in the case of negative photoresist) 30 areas of the coated

surfaﬁg of the substrate. %b@fﬁﬁegﬁﬁp@tﬁﬁﬁqm@}qﬂ@m been a problemfor a
' [ 0 d
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e Metal ion contamination has been a problem for a long time in the
fabrication of high density integrated circuits, computer hard drives and computer

chips, often leading to increased defects, yield losses, degradation and decreased
performance. In plasma processes, metal ions such as sodium and iron, when



Filmformng resins (such as filmform ng novol ak resins and vi nyl phenol
resins) are frequently used a polyneric binder in |liquid photoresist

f or mul at i WpS2/050Pr 0duci ng sophi sticated sem conduct or an@gcqigPssn2997

m croel ectronic devices, it has becone increasingly inportant to provide
filmformng resins having netal ion 25 contam nation | evels bel ow 50 ppb
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25 contamination levels below 50 ppb each. The present invention provides a

method for producing such film forming resins having very low metal ion
concentrations.

There are two types of photoresist compositions, negative-working and

positive-working. When negative-working photoresist compositions are exposed

30 image-wise to radiation, the areas of the resist composition exposed to the

radiation become less soluble to a developer solution (e.g. a cross-linking reaction

occurs) while the unexposed areas of the photoresist coating remain relatively

soluble to such a solution. Thus, treatment of an exposed negative-working resist

with a developer causes removal of the non-exposed areas of the photoresist



30 resolution on the order of less than one mcron is quite conmon. In
addition, it is alnost always desirable that the devel oped photoresist wall

profiles Rg PRfoyertical relative to the substrate. Such ydg W)E/ﬁ%}b‘{)
bet ween devel oped and undevel oped areas of the resist coating translate

into accurate pattern transfer of the mask inmage onto the substrate. 3 WO
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filter sheet conprises a se supporting fibrous rratrlx havi ng

i mobi | i zddsirée rportiopaof: ithaluderlyingt eubstiate asidrfqeer winc whicke thenpleodoreﬁmje
resin, wherein §a| d parti cu{gﬁte filter aid and particul ate i on exchange

. resin areCgNPOH| 'BUt gﬁ'B%ﬁ' ially uniformy throughout a cross-section 5

of said matrix Vv if & gsi st
Gl uti on whi ch oLbH R g e s
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of a film orm ng resin in a sol vent said filmformng resin made b
pol yreri znnsg)hmlelteaﬁte deaelwaors@llutmrrpﬂmsngr@tmp@l ol @mlwmsednp@wtlw-

the 1ol | oNorgng.otprebt LIS LeyRREF Bhuses rembudl Gotdl Pl areas ‘*“e o
sel f- wppgﬁé LB8&tidd Bha e BRddiion diavpoditivaTiRaye i e yﬁﬁtﬂbﬁés’ht%oﬁﬁhg' Pt

filter ai a particul ate ion exchange resin, said ion exchange reS|n
havi ng an aadmmd@qm@m ptthe wndeslyotg subsrhnaé@)eutfaqe isoungeyeredo mi croneters

bart il e aro ANel APRuYBE RaBEPLAPFEC]. Iné o, ParEll fBiRcTE SuBState

Cross- secipAnbeltrsabd With 'd SubsiRdé@tcHdnt )solutidn berplasdmtga@@mnosthwnne
sel f-supporting matrix of fibers having immobilized therein a particulate

filter ai dherefchamisalelion e&plagmeagasds etxcerthah@@ftlon@futhg sahsaa;f@rw@@repme
e 35 sl ol waS S BEHRY cHRBcRa AR FeeRlorihE Rubyte
resin thr ighetthe hcﬁt@ﬁetlétlédaamgsbmmemar&t e pedteciddennd)y thuspdurc ietehedhe
filmformng resi n suitabl e for use in a photoresist
pattern is created in the substrate material which corresponds to the photomask
used for the image-wise exposure of the radiation. Later, the remaining areas of
the photoresist coating may be removed during a stripping operation, leaving a
20 clean etched substrate surface. In some instances, it is desirable to heat treat the
remaining photoresist layer, after the development step and before the etching
step, to increase its adhesion to the underlying substrate and its resistance to
etching solutions.
Positive working photoresist compositions are currently favored over
25 negative working resists because the former generally have better resolution
capabilities and pattern transfer characteristics. Photoresist resolution is defined
as the smallest feature which the resist composition can transfer from the
photomask to the substrate with a high degree of image edge acuity after
exposure and development. In many manufacturing applications today, resist
30 resolution on the order of less than one micron is quite common. In addition, it is
almost always desirable that the developed photoresist wall profiles be near
vertical relative to the substrate. Such demarcations between developed and
undeveloped areas of the resist coating translate into accurate pattern transfer of

the mask image onto the substrate.



conposi tion. 30 The present invention also provides a method for producing
a photoresist conposition, said nethod conprising: providing an adm xture

of: 1) awldsi@sm ng resin prepared by the foregoing netﬁ&q%p(,g/}n@7
phot osensitive conponent in an amount sufficient to photosensitize

phot oresi st conposition; and optionally 3) an additional suitable

phot or esi st so{ \fiah.g ﬁtes F%t@nt]ﬂdg/ ngb f@&s@@é?ﬁ'ﬂkgf &Hé’@t%hﬁﬁ%o Jﬂ&‘@@t

i nvention al so provi es a net or pro ucing a m croel ectronic evi ce by
form ng aa delieggponting fbtousrraakix eing munoblﬂzerbti'mremu pagticptepiilteriaid @gdt he

hot t t d h h
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of the photoresist solvent Is renoved; and ew se exposing the
- phot or gsi of saithmatix. i Arpracess tervemoyinghHenicOmpuiesros e@'&t@r@sa’t@@bﬂ@n t he

hot t { t.h
DR ERE DO dEee TRAS SR bRt PhatpLsaistc SO RB tedliaraeid, e Fhed0uci ng
a f"mfOrr‘??nteﬁ&ﬁéﬂEé@rlt%&ﬂ@?éfﬂ)rﬁ%alééfdlédlbs%doih%@fpﬁéﬁtt comoosntlon One

step (a) t he d involves: providing a solution of a filmform ng
resin in a solvent, said filmformng resin nmade by pol ynerizing at | east

oycl ool of i n ﬁSS‘“LLiﬂ? 2 ubs T IOMEARD S TR BN RN G Byl 20
hydr 098" bon corial @b@@nﬁﬂvéﬁﬁ@ﬁ Pfcsvic?éé, A oRsthod er rveluged ifi TOMAAG! r@sin

i ncl ude substi tut or unsubstituted norbornene, or tetracyclododecne The
subst i t uesuitable fohase inca @bbwremshmmmlbomaaaldame&moqm@mpasmg thg stepsa efphat i | C

cyel ool ef | n molRerenBhoakter of e bsfrRigodesitn @ 1SR R BEBIE "
(OH’C\IIC%eE B’C\'?é?lﬂ rﬂa@e ﬁl&/meﬂzm\%}éﬂ 1€st &1é)rrrbn@mer cdﬁubhé?hga By olBfin@r=a 0 CH
ycl ool efi n”nononer s may al so be used in synthesizing the
acid labile acrylate or a methacrylate monomer;

15 (b) providing at least one of the following two filter sheets:

() a fiker sheet comprising a self-supporting fibrous matrix having
immobilized therein a particulate filter aid and a particulate ion exchange resin,
said ion exchange resin having an average particle size of from about 2 to about
10 micrometers (um), wherein said particulate filter aid and ion exchange resin

20 particles are distributed substantially uniformly throughout a cross-section of said
matrix; and/or

(i) a filter sheet comprising a self-supporting matrix of fibers having
immobilized therein a particulate filter aid and a binder resin, said filter sheet
having an average pore size of 0.05 to 0.5 um;

25 (c) rinsing the filter sheet of step b) with the solvent of step a); and

(d) passing the solution of the film forming resin through the rinsed filter
sheet of step (c),

thereby producing the film forming resin suitable for use in a photoresist
composition.

30 The present invention also provides a method for producing a photoresist
composition, said method comprising: providing an admixture of: 1) a film forming
resin prepared by the foregoing method; 2) a photosensitive component in an
amount sufficient to photosensitize a photoresist composition; and optionally 3) an
additional suitable photoresist solvent.



pol ymer include the following: 5 10 ~o i PCT/EP02/ (12997 0 O- '--OH O i i
0-, I[~~0 o The preferred cycl ool efin nononers include t-butyl norbornene
car boxyl ay§ ot » hydroxyethyl norbornene carboxyl ate (HYekEpi9489f NeNe
carboxylic acid (NC), t-butyl tetracyclo[4.4.0.1.2'61. ''1
dodec- 8- ene- 3- car boxyl at e, and t but oxycar bonyl net hyl
tetracycl o[ 4. 4 1.7 S hod 8- cyb e: esg BNC
HNC, and NC argﬁ%s e?:?%r?tl Jng(?lg‘dgfrglg? fﬁgﬁggisd%lr ag?@’f['g@(gac;?/%?gqgf g
met hacr y| microeleotronic clavidee bynyomaing! ane imageeohaér pulskaieonsaigr Meihoég an
acid-labile graoup. An acid-labile group is one which is easily subjected to
. aci d hydr%@'}?gf'@ngy an acidic catalyst. In one enbodinment, the acid labile
acrylate or ne I thot; 4(12
R0 O R PCT B BB B A oI et
. aci d-1;bi | e t eb} itheseditedy cuatingya syitable sobstsieuwitB the photarasisbaompeaiion an
aci d-| abi+e tri hyag_rocar byl silyl group of about 3 to 20 carbon atons, or an
aci d- | abi "@MSiePi% moi ety containing 5 from about 5 to about 50 carbon
atons. As usedcqg&idaftet Nfodt Ueming XRE eeatdeldurwass Lhtleaibstantiallp v siape by |
group” is used’in its ordinary sense, which is well known to those skilled
i n the arphotSpesistidabegntyis rémovash,@éndl to a group having a carbon atom

directly attached.to the renminder,of th e hay,n l.pant |y
hydr ocar bon cha)r ad3EeWIsse EXRATING sthey ph?@féo%gtr %&"%83@@’85%%%5@%‘%@“?

hydr o rbﬁ@agwgé' oNpOsSd his loh) tRd | PAbIEEIdte compatition with akk enithble
alicyclic (eg cycl oal kyl, cycl oal kenyl ) substituents, and aronmatic-,

al i phat i cdeveloperal i cycl i c-substituted aromatic substituents, as well as
cyclic substituents wherein the ring is conpl eted through another portion
of the nolecule {e.g., two 15 substituents together forman alicyclic

radical); (2) substpESCRIPTYONORTHE PREFERREDVEMBODAMENTS substituents
cont ai ni ng non- hydrocarbon groups which, in the context of this invention,

do not a: Iter trﬁbemfea@nﬁinmemtiqn PrpNides mﬂi?@(ﬂl[ﬁ%& proguRing & fin ,for}ﬁl%mg resin
(esperh o Ly 12,00, PtV il R TAEGPR® pil rosse o

subst i tuept@vidm%cé*l,somwneohgwimgf@nmgad@mhnﬁrﬁIspl\ieml,r egidr flen fartiingatsin, i n
the context of this invention, contain other than carbon in a ring or chain

ot her wi se masiepby POIVGRETEZIRGD G IeAsH PRE TREPSMGACOMPIISIG adevcianieft or ahyapids
nitrogen, . an stituents as pyridyl, furyl, thienyl and
i m dazol ﬂ@%ﬁ@@ﬁ@?@?&ﬁ%&m e than two, preferably no nore than one, 25
non- hydr ocar borhgulegtioolefint rmay | béeapy esabstitiied ererunsubstitutech anulicyais i n
t he h})/dr ocarbyl group; typically, there will be no non-hydrocarbon
subst 29 ue hydrdcarhgecontaining an unsaturated bond. e cycloolefin‘"monomers include
substituted or unsubstituted norbornene, or tetracyclododecne. The substituents
on the cycloolefin monomers can be aliphatic or cycloaliphatic alkyls, esters, acids,
hydroxyl, nitrile or alkyl derivatives. Examples of cycloolefin monomers, without
limitation, are:

25



hydrocar byl group. Exanples of the acid-labile acryl ate/ nethacryl ate
nmononers include: t-butyl acrylate, t-butyl nmethacrylate, trinmethylsilyl
acryl ate, whd | silyl nmethacrylate, 30 neval onicl acton Wy ate
(MM 2‘ytr?é'lt2}r§§1h%arrantyl methacrylate W O [12/118- 1. PSTHBAALS) 6 007
(MADMA), i soadamantyl met hacryl ate, 3-hydroxy-1-nethacryl oyl oxyadamat ane,

3, 5-di hydr oxy- 1- net hackyhay) oxyrderant ane, (snc)
~i - met hacryl oyl oxy-y rol a , an t hac
I n one enbodi nent, t?é%oms co 0ri sing jthe c
conprises an acryl ate orouet hacry, ﬁ_t_e non g

. acrylate nononer is one represented—by structure R R1 wherein Ris
hydrogen or nmethyl; and R1L is a cyclic hydrocar byl (i ncluding both
aromati c and nonaromatic cyclic noieties) containing fromabout 5 to about

» 10 50 carbon atonms, ang in one enbodirent from about 10 to about 30, and in
one enbodi nent from a 20 to abo carbon a Preferred structures
for the -RL group i n¢tutdg¢— Rp CH Rz=H, C, t w0 al kyl, OH CH R3 Rq
OH R =Rg=C, to Cto al kyl °CH3 OOOO0 °~ , CH3 CH3 [The nore preferred
acryl ate and net hacryl at & hoponers are E_él(ejéed fromOTﬂi_(mﬁial oni cl act one

h 0=

net hacryl ate (M.MR), 2-nethyl adamantyl net vyﬂ_qii

Ay Ay oty

| oxy-y-butyrol act one.
further 5
odi ment) the

“Loa

Other cycloolefin monomers which may also be used in synthesizing the

polymer include the following:

doa
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5 The preferred cycloolefin monomers include t-butyl norbornene carboxylate
(BNC), hydroxyethyl norbornene carboxylate (HNC), norbornene carboxylic acid
(NC), t-butyl tetracyclo[4.4.0.1.2%1. ™° ] dodec-8-ene-3-carboxylate, and t-
butoxycarbonylmethyl tetracyclo[4.4.0.1.2%1. 7'° ] dodec-8-ene-3-carboxyiate. Out
of these BNC, HNC, and NC are especially preferred.

10 The acid labile acrylate or methacrylate monomer can be any acrylate or
methacrylate monomer having an acid-labile group. An acid-labile group is one
which is easily subjected to acid hydrolysis by an acidic catalyst. In one
embodiment, the acid labile acrylate or methacrylate is represented by the formula



(MADMA) , i soadamantyl nethacryl ate, 3-hydroxy-1-nethacryl oyl oxyadanmat ane, s
WO U2/ (18-4-4112 PCT/ EPO2/ 112997 3, 5-di hydroxy- 1- net hacryl oyl oxyadamant ane,
~i - met hacyy @xkQyy- ~- but yrol act one, and a-net hacryl oyl oxy-perhthyhsbact one,
wi th MLMA and MADMA bei ng nost preferred. In one enbodi nent, the nononer
used to nmake the filmformng resin of the 5 present invention, in addition
to containing a cycloolefin, further congrises a cyclic anhydride. The
cyclic anhydride can be any anhydride, put is preferably a maleic
anhydride, or itaconic anhydride. Th st preferred cyclic anhdydride is
mal ei ¢ anhydride. While not wishing to dound by theory, it is believed

. that the cycloolefin 10 and the cyclic nhydrlde nononers form an
alternating polymeric structure, and th€ \ﬂ£nunt of the acrylate or

met hacryi ate nononer used to nmake the filmM¥fornmng resin can be varied to

- give the optlma li.th gt a hi ro [ e q*% 7 nt age
of the acryl atl@’ Stonls) E\ygfqd)?@ @g "% Hﬁ&p)\/’ %ﬁ@eflﬁﬂ?% iC a*nﬂgr{égl(rla&?
mononer s E%f&hﬁb Supp B abblin3 61201 dHboIE Btams am;asnonabne amwmo@eﬁbybnyd% to

15 about nol e%” preferably from about 75 nole%to abqut 25 nol eoo and

most pr ef graug of fabout Spisu03Erhen @ems, ahantacid-lakilesyclichmoirly &op
thefllmformn n,.is made by pol ynerizing the m)nomersMA
MLVA, Si abthgﬂléngW%ﬁ@ Sembodi ment, the anounts of acrylate
and Cycl 00' f' ”AWhéreWQHe Eérnﬂﬂmrééﬁmﬂ(bmnmwboo“I"@'Jdpmmlsﬁcgrasp'hsl e%
of mal eic anhydride are: 20- 40 ol €% BNC, ~ 5- 15 | e% HNC €% NC,

20- 30 nol @%Mlmltsaﬂwlm3@9mﬁﬁ,eW@deAW‘al“nkBﬂ‘éne’?Poé rﬁkﬁl g‘ngié? attve
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hydrocarbyl group.
Examples of the acid-labile acrylate/methacrylate monomers include: t-butyl
acrylate, t-butyl methacrylate, trimethylsilyl acrylate, trimethylsilyl methacrylate,
30 mevaloniclactone methacrylate (MLMA),' 2-methyladamantyl methacrylate



20 independently -Hor -F;, with the proviso that at |east one of R-R4
groups contains a fluorine atom The filmformng resin of this invention
can be swgbhemsaed using techniques known in the art. It peyy/epee¥es hesi zed
by free radical polynerization technique using, for exanple,

2,2' -azobi si sobutyronitrile (AIBN) as initiator. A mxture of 25 nononers

i s added a | mbfgRIgk, V8-Hydfoxyol-Heithacrglo§loxyadamatane,
tetrahydrg?ﬁﬁgﬁg gﬁggﬁ?gﬁﬁﬁglggdedhhThe rggctﬁgn is caJ?ng gut at a

sui t abl e 8g@nagiydtaxye! -fathacryloylcxpadamantame, of-methacrdoyoxeydulsplagianesi t h
desired properties. The reaction may also be carried out w thout a solvent.
. The terrpeﬁﬁ@m"é‘eﬁ'ﬁﬁrwaﬁ Q&Y HrRIfYrR N&5C t o about 150C, preferabl y 50C to

90C 30 for abo e r
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. pr essug escoinpribes ahemnylbsuadmeteicndateaaonomer. CHT omeénmudlmedenhaapwmeur e

of from about 48,000 Pascal s to about 250,000 Pascals gives a polynmer with
nmor e consmr@merpﬁep@rrﬁp&seniﬁr@bb\ésfé Hfﬂes of such desirable properties are
mol ecul ar weight, dark filmloss, yield,getc. Dark filmloss is a neasure
of the 5 solubility of the unexposed hgtoresist filmin the devel opi ng
solution, and a mnimal filmloss is ferred. The polynmer nmay be isol ated
fromany suitable solvent, such as, diefthyb et her, hexane or m xture of
bot h hexane and et her. Ocher ponrrerl zat|i on technl gues nmay be used to
obtain a polymer with the desired cheni ©al_and physical properties. 10 The
nol ecul ar weight of the filmformng resi Ri's not particularly |limted.

ncor por atdgraia ¥ RYBRIRS A el Bhe fle.d GRAR R0 By BRI eiuding
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form ng resRpgesup peiudiay sol vent useful in formul ati ng phot oresi st

conposi tions. LBefuI solvents include, without limtation, propylene glycol
met hyl ether acetate (PG R propyl ene 20 gl ycol nonethyl et her (PGWE),
3- met hoxy- 3- net hyl butanol, | otanpqqugphpyl ket one), ethyl ene

gl ycol nononet hyl ether) et o¥> glyco nonoet n, diethylene glycol
nonoet hyl et her, ethyl ene g&y nonoet hyl eth ate, ethylene glycol
nononet hyl acetate, or a monooxymonocar boxylic acft £s ;g, such as net hyl
oxyacetate, ethyl oxyacetate, |butyl oxyacktate) nethﬁl met hoxyacet at e,
et hyl net hoxyacetate, butyl oxyacet nmet hyl yacet at e, et hyl

et hoxyacet at e, et hoxy et hyl j nydn 30Xy pLiop --gﬁe,'ethyl

3- oxypropi onate, nethyl 3- ' ¢ p OXypr opi onat e,

met hyl 2-oxypropi onate, ethy$® 2-oxypropi onate, ethyl Xdroxyproplonate
(ethyl lactate), ethyl 3-hydroxypropionate, propyF*ﬁ‘@B‘ﬁ% propi onat e,

nmet hyl 2-et hoxypropi onate, propyl 2-metho pr opi, on and m xtures
t hereof. Anot her step th esent] ai tho produci ng a
filmformng resin inv pr ing at ast one er sheets.

One filter sheet (of step b(|)) corrprlse a self- support ng fibrous matrix
having i mmobi |l ized therein a 02/ 118-¥£4112 PCT/ER02/02'197 a
particulate filter :@ d a cul ate exch zr/ey n, the ion
exchange resin having an avefag&parti cl i ze of fr about 2 to about 10
m crons, wherein said particulate filter aifd and i on exchange resin
particles are distributed substantially uniformy throughout a
‘cross-section of sai dqﬁix. The partjculatg ai,d of the filter 5 sheet is

preferably aci d-washe he acid for agidfwashing is preferably a
solution of a m neral b 'such hydr 6% c acid, formc acid, acetic
"acid, propionic acid, butyric acid, oxalic #¢id, succinic acid, sulfonic
acid, and nitr| r sl dikmh 1S
described in Un Iog? QE bﬁeg%ég Qtfneuér%der éhég'g%i%y%r?r@élﬁsé\%v%élﬁgl e
conmerngsi alrhdveilbﬂtﬂa@tm I nnemaomted WL[\/Me)rl d&met@pladamantﬁ. Amethacytatet he
name Zeta Plus 40Q Particul ate xch e resin n be utilized
T he: andWAIMALclsoaBEINo MRibaeatEn S R -meliarty oxRymdaRalaich
resins, and m xtures thereof. Cation exchange resins whi ch may be enpl oyed

in the preparation of the filter sheet are not particularly limted.

Sui t abl e cation exchange resins include
8



15 sul fonat ed phenol -for mal dehyde condensates, sul fonated
phenol - benzal dehyde condensates, sul fonated styrene-divinyl benzene

copol ymerwo sekfenat ed nmet hacrylic acid-di vinyl benzene cepqlppgelme7 and
ot her types of sulfonic or carboxylic acid group-containing polynmers. It

shoul d be noted that cation exchange resins are typically supplied with H+
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. a sul fonaDEﬁieErEQr ene-di vi nyl benzene copol yner having a H+ counter ion. 25
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enbodi mentMAL0h20 abokee cwlpo@rfmsrr@@pmﬁig anepageryIﬁirEemr@szﬁ duMmales to

1.0 T h t
IS au]rnl I t@ﬁAggggh%g ?%ﬁﬁgnér%sneélrt’s supp Ié)écrﬁs?ttél @%Pﬁ%?ger ;H\r?g@% Ingn
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sheet having an average pore Size of
cycloolefin monomers: 0.67 moIe acrylate monomers, and in one embodiment, 1

mole MA: 0.67 mole cycloolefin monomers: 0.33 mole acrylate monomers. In one
embodiment, the mole ratio of NC:HNC:BNC is 1:2:7, and the mole ratio of
MadMA to MLMA is 1:1.

30 In one embodiment, the film forming resin is a copolymer made by
polymerizing the monomers MA, MLMA, MAdMA and BNC, and in one
embodiment, the mole ratio of the monomers is 1 mole MA: 0.33 mole BNC: 0.67

mole acrylate monomers.



0.05to 0.5 um and in one enbodinment 0.2 um. The self supporting fibrous
matrix can conprise fiber selected fromthe group consisting of

pol yacryl\Qgishhkdsg: fi ber, nylon fiber, rayon fiber, polyvi pgh/shhefobee 30
fiber, cellulose fiber and cellul ose acetate fiber. Preferably, the
self-supporting matrix is a matrix of cellulose fibers. The cellul ose
fibers are prefieraid YerfBodiMRmt! Higen mnpebﬂmnhgsmswus B sbpbgneeNprads Iy an
unrefined cellul ose pulp having a Canadi an Standard Freeness _of from about
+400 to apolymerizi NFA,,amwat tealst ghecycolefingmopomes comprisingBNGEPIN 2182997

fined | | ul | p_havi j t . +100 t
- about - copmeciaentng rife 1A S EBRCTher RIRKE WL EERIeRIs T T 60C oy
pref er abl )ér'rfﬂib%?ﬁpéﬁf, HEnEgidblafiy m@ﬁbrﬁéﬁb@ﬁ%@isﬁ@s BNGirelste dotnpeaises THNGNd i s
preferably avallable conmercially from CUNO 5 | ncor&%rsat ed (Meriden, Conn.,

. U.S. A5, andeMCt hie onadenkodimest, helmeleoratiord, MAnke teseyaledefin manamensat ent

No. 4, 606, 824.. Anoth t t C . @ . f

br oduci ng USof PP ANRGC RS B, dTt ear®] i SebEFRESmInts F Hidle THBCHA. "
(b), descgnNrefinbMEis Mth the solvent of step (a), described above. 10
Anot her step (step (d)) of the present nethod involves passi t he sol ution

n
of the film folmbng mdirrtemt,dbgﬁilmrf@rmin@sr@éinfWm@HS%éékarqmgy@Bl oaden of

Sheet s, "obVrtgfieBE 5 e TRAER COMGMER S denRE aMudmie cdraring
form 'ﬂgr " @8id0laPRY R8s R dmethacryiBteo wishdrer, f iExamplebest pedfetdplidnng )

only through the filter sheet of step (b)(ii), .15 through the fil|ter sheet
of step (lsppiainingl perwade bgnd hmethacrdates meerorperss agg Yigyeramethasrviieragigh t he

filter sheet, of | | ol . | of by i) .
I n one e%ﬁhﬁeﬁﬁﬁfﬁﬂé@lﬁw?&éﬂmahgm?%éPﬁty‘épmﬁr@hﬁeﬁ%&ﬁeﬂ%ﬁ'nvgn meéu% abl e
for use i mMuaripdebatsing cycloBRABi rhbRomMBASarR hose eapresented tof theddimulaand i ron
ions that is | ess than 50 parts per billion (ppb) each, and in one
enbodi nent | ess than 20 25 ppb, and i ong3errbodi ment, |less than 10 ppb. In
t he enbodi nent of the present inventi 'w elluai n the nmononer used to nake

) ‘ l’2 S

AQ

the filmformng resin, in addition i ng a cycl ool efin, further
conprises a cyclic anhydride, the vention provides the additional
advant age that the anhydride groups of tR? resulting filmformng resin are
not

S

15 ~wherein R' is a member selected from the group consisting of -
CH2C(CF3)20H, ~CH,C(CF3)20R, -CH»C(CF3):0t-Boc, -t-Boc, -OC(O)CHs, -
COOH, and -COOR wherein R is an alkyl group of 1 to 8 carbon atoms, and in one
embodiment 1 to 4 carbon atoms (such as a t-butyl group) ; R? is a member
selected from the group consisting of —H, -F and -CFs; and R® and R* are

20 independently —H or —F; with the proviso that at least one of R'-R* groups contains
a fluorine atom.

The film forming resin of this invention can be synthesized using techniques
known in the art. It may be synthesized by free radical polymerization technique
using, for example, 2,2-azobisisobutyronitrile (AIBN) as initiator. A mixture of

25 monomers is added to a reaction vessel together with a solvent, e.g.
tetrahydrofuran, and AIBN is added. The reaction is carried out at a suitable

. temperature for a suitable amount of time to give a polymer with desired
properties. The reaction may also be carried out without a solvent. The
temperature may range from about 35°C to about 150°C, preferably 50°C to 90°C

30 for about 5 to 25 hours. The reaction may be carried out at atmospheric pressure

10




25 hydrol yzed when such a resin is purified of netal ion inpurities by
passing the resin through a filter sheet of the present invention. Mthod
for produgipngngyphot oresi st conposition The present inventpicqirpabgdyprovi des
a nmethod for producing a photoresist 30 conposition, said nethod
conprising: providing an adm xture of: 1 ) a filmformng resin prepared by

the af PfeBP'a&irﬁ@%} PRIsBAfs. 21t AaP HRASRAL! thie aC PIRREBANEartiBd asut et a
sufficient to photosensitize a photoresist conposition; and optionally 3)

an addi ti pressusaiot froreapoutt 48,880 Passalstembob 250,000 Pasealw gives & polymer
ition, 14 WD.02/118e02.PCT/,EP112/ 02997 Th i 1] t
Tohert kABhTOt pHGNEIeE PRRR SR VIR e ipics,of Aiet dnPaaRmibbs s e

wi thout | iyFid@liaoeidtt, tafk ARPIGSSIAAIY] BR. COERRUING loBS iy e nistisure il ths
such as, diazoniumsalts, i1odonium'salts, sulfoniumsalts, halides and

. esters5 abolubiligh cfirthepboexpasesi pholeresistpilondnt thet dpyelanings salwtiari @ndpan 5

irradiation_.m e ysed. The onjum.salfs _ar I i | ubl e
in organi E’"@Hﬁjefﬁ‘?’s ,OSﬁD@tWrﬁ?eJEed'o SR BWB%@’UWBE’% %‘%gﬁﬁgéﬂe@ngpg%agf

whi ch ar esgwehﬁ, RYkh QRO BRI tethér, Hekane bh atiaura b PO ifexatiepdmithiepdOtierm
nonaf | uor obut anesul fonate;” tri phenyl sul fonium trifl uromethanesufl onate,

t ri phenyl polymarizationoteghnigues bmay ks wsedatae obtain tddoalymer withdhe dasiiednds
that 10 form an aci,d ugon iéor%gi asti on may be used, such as triazines,

oxazol es, CBRRYS 2RAROYSICR] BIPPEIIES. 5 ibstit ut ed 2- pyrones. Phenolic sul fonic

ester §? bi ssul frpgYiERidIRIeReight Sf IHE fimy forRiiMRResinde not particularly limited.
bi s-sul fonyl di azonet hanes) are al so useful. . The optional additional

phot or esi stowsieverthei optineune ameolgeulahewsighi emill uderend 08 hepHIANARYS

LUt i P . : . . ) . . . |
nar edi enteorgoratd T 368 el ik BRRRRIRE bopRBlnd MHLANF Bl R
i ncl ude cebRipdMbAts H¥66, afdidn M litiographi@ perormanvel dexredgeMypicaly the
pl astici zers, adhesion pronoters, speed enhancers, solvents and suc

sur f act anwesight averagemelesuar aaighttis in whe dana Pl B0 4 000G, e IMReon of

he fi ¢ . . ey .

conpodit] aerseBRiE s TOOT bt Ble BGe TRAEEPUE TSR f 280U The 1y

be used t o@idersity i8 if fise RIMYeT.820 S, prafotably 1j5010s2.6f the present invention

include Methyl Violet 2B (C |. No. 25 42535%1, Cr st%l \p olet (C 1. 4%5?55).

Mal achi te G eedhecsglvemouseb i pyepaye dhersolutign el g mm ToRgINg/Rsissan
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Ry ey e A B AT ekt bovehs infaged o

t he conbi wel g g resi ensitizer.
addi ti ves wiglopt finsitatid®, i propplesedglyesiomathylnetheri acetbte i(RGNBEAYK propylans ng

e it et Ay Yoty .
resin an éﬁ%ﬂ-ﬁgt 'afiyl k&d??%@,kfé&f@%tﬁﬁma)lml MR NRPn SR étﬁé*’u%a’('%génpﬁmap e

phosphori c acid tri-(beta- ester; stearic acid or;
pol ypr opyImeveoethylebtier,r disitmdene lglyootymoreéthyl ethet, stiylene eglyead, manoewwl t o

ten percent weight |eyels, based on the conbi.ned weight of t

02| (18~~0?‘¢%T@‘%5§‘|92 hyee ofye W%ler & as@??é'l“c"n’%@?’?w%%@"xm

pl asti ci zeJa; ik | I i RS & i rabthyhd
enabl e thgcécggg!ei’a%@nhg?ﬁgﬁﬂ ?%C%gh?él gw‘glr:)rgo hégtér‘\tg’ g? fcyd?ﬂi?g?%ht hi ckr?glss to
t he s@fst maethoxyatiedatieon pthyhot rethotyiachtatey beutykedmetiioxyasctater dnamyl e,

bet a- (3, 4S - cycl ohexyl ) et hyl tri et hoxysi | ane; :
oot hy - GHSPVEVREE nT 1 R Rblae: SRRk ARG pisRignatene e S
ganma- an Wﬁg@%@ iahppwaékif/piﬁlasi,onutb,_t @thyl Bhethoxypropiohatesvethyl based

on the conb i ght of the mformng resin and sensitizer.

Devel opnenmethpayeropronate.e meethiibt2-exypropiangdel iatlylu@eoxyRspPioRalf| ety &ri ¢

36 based JherErEHEnak, "iehgh: MRS i, TariofudPudsonak), SroBp 2
These @nhhaggpfspidriite, traethyt rBagxypropienats) lfr?ﬁyIOE-mbmmm;ﬂshgb, caad i ng

‘in both the exposed and unexposed areas, an us they are used in
appl i cat i ongtukgeithespebd of devel opnent is the overriding consideration even

t hough d t ficed: ise . cwhi d
areas of the prstangs sl GEH {BIRRenf IaREE e o bidLly & RRT-C
devel oper ,fotmmﬁ%gmineah@aqﬂevwdgl ataleast onaof twol filteyasheets s Qufe filtertshesti st

coating fromthe unexposed areas. o , N - .
(of step b(i)) comprises a self-supporting fibrous matrix having immobilized therein
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The solvents may be present in the overall conposition in an anmount of up
to 95% by weight of the solids in the conposition. Solvents, of course are

subst ant i gllggkggPved after coating of the photoresist solpgidgrfdeR
substrate and 20 subsequent drying. Non-ionic surfactants that may be used

I ncl ude, for exanple, nonyl phenoxy pol y(ethyl eneoxy) ethanol; octyl phenoxy

et hanol af gaptidifateOiterii@ Bhd leyatisulaitrppce@nahle resinbihecidnwexcihhgetedine
filmformng resin and sensitizes. 25 Method for producing a

ni cr oel echavng@ndaverage pastigle sizenef fromahoubR talahwubldunissans wharatusaidr

duci ; .I Coni ¢ devi £ Orm na. : d

hethod coRgreugINES if BufidPR $Efatth sPfulidfe SRS BPuBCH BRIy P21
30 b) t h_e[xﬁﬁ%ﬁﬁmhr%%hbﬂﬂa RSILESIBbA oF BRE Matk. Wihé phRuRte taid eftHRt filter

conposition fromstep a); c) thereafter, heat treating, the coated

. subst r5it esheeti is preferablyt acidiwashier. ofhe meidsusatfar acid washirgiis arajerably awp

U2/ (18. 1-4f 12 PCT/ EPQ2102~) 97 d) i - W n t .y ate;
and then SOHEONY BHOMGHAGERRs VR oe SYLFBIGHORSI Jolri, 68 Fhefe' AL 1
a sui t abl grainueit ARRT, buliie AHOL OHEHs agid, GREBIAR Adid sutfenicecidpaid Aitri¢ acitihe
substrate by any conventional nethod used in the photoresist art, including
di ppi ng, spr ayThig, typewafifitier sheahis rrpferablyenanthat ik deseires bodnited Statgs

exanpl e, thg resist ' . ' ' nt age
of sl 1 dsPaBm SHrbarE 4628, 55 Gy AR bEtbibRLY TRTCHNO hesRrArer o
givenyg hegﬂ/ﬂéﬁﬁeﬁ’,fCém.[‘[‘J.Q.%.)%‘%HBF’@H@nmb'z’e?t@ﬁbl@@dmme anount of tine

al lowed for the spinning process. Suitable substrates include silicon,

al umi num pol yParticulatesionsexaliangeoresitisoxinizh caodeal uiilized om the ahaye, fiken i con

i xtur e SR TAHIR SO0 AR RE aPoRe i e anpe SR ARG PRTlres

phot or esi ¢leE8{TPEaLIH %&clﬁ@dg@fe%ﬂwdowméﬁ%ag beVdhpehed it tie pfepairatich 6Pl ng.
The photoresist conpositions produced by the described procedure are

parti cul afiltgr shéetadiee npbparisulartyalimied.: oSuitrhiergationexshange| restns/ icludeon

m or ops ocsutgrarsd nifeaidprintieails ehdhhelssy uinkltE, BhEAUERe ity e,
al um num ghHEERsETREX| daroRited Capredlesdivingl Upetizeddie copolimerdse raufoabitea
conprise various polyneric resins, especially transBarent pol ymers such as

pol yest er snetmaeryitibacidstidnytapenzane opahifeeisoranst sibeedypes &f sulfni ok apl e
conpositiagn, such as one co L D ah.k |81 f y
hexamnet hylcam% ﬁ%z%ﬂg gﬁ%ﬂﬁ?&ﬁ%ﬁfﬁﬁggst 'tc§h8g§’?tqe§ﬁ§d c@lglat?egé onto
the subst igbRangd Fodife afe Bifchlly Eipplisd avitrs Hhaaunterdons,dNHGt courstebidrsnor al |y
all of the solvent is renoved. In one enbodi nent, heat treatnent of the

coat e@0suedalianetal.ne.g.vEsand MNa neeurier iong: sdeteratdy r Kieccatton,ex E\ il
from70 C iﬁ%%dsgﬁﬁ:eiko{}v{'lf E}BE&%& ﬁgﬁ@é%? £8urtef igrﬁsrs_e@?l@d réBrr8d PArtieliale or

for from nmnutes In ac I on oven. This tehperature treatnent
i s sel ect edtibn @chiange oresid iz ditindites thCehawvaildbde fodmr Beidliteal(Balal Cynwwydi n

t he photoresist conposition, while not usi ng substanti al .t her gl

degr adat i 61-bfThihés grivtfenaied ?tV?é}efd'l"WygEﬁ@ > CopYResiNaving @ Hyi GRYRtOE ¢ he
concentrati&g)n of solvents and this first tenperature treatnment is conducted
until 30 sUbstantially all of the solvents have evaporated and a thin
coating of photSuitablesanivonmahiangenesios araenomsein i amhandi aredlis¢lased, for

oS oo S8 bRcs. b EabRandd hoBrane R aSaRAsk B mblg, Jom
i HATSE S S0RE NERLYORTES DRESTEm AL UEI I TGS i B
those resins having a hydroxide counter ion whereby hydroxide is introduced into

the photoresist composition during the exchange process. Hence, preferred anion

30 exchange resins are those resins having quaternary ammonium hydroxide
exchange groups chemically bound thereto, e.g., styrene-divinyl benzene

copolymers substituted with tetramethylammoniumhydroxide. A preferred anion

exchange resin is crosslinked polystyrene substituted with quaternary ammonium

hydroxide such as the ion exchange resins sold under the trade names
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WO (12/08-4-L02 PCT/ EP02/ 02997 properties desired by the user, as well as
t he equi pnment used and commercially desired coating tinmes. The coated

substr at eyganeki§h be exposed to actinic radiation, e.g., %lrhfPﬁY/.{)ﬂb?t
el ec

St P
radi ation, at a wavelength of from 100 nmto 300 nm x-ray, ron .
beam ion beamor |aser radiation, in any desired pattern, produced by use

of Sul tabhRIHBRKYSTRHBE AT ﬁ&ﬁ&CéAéHaagqq@]&@,p?ﬁ& poihas PR s

coated w phot or €si St conposition Is ionally subje
post expoghemicseiCurtpaaki ng or heat treatnent, either before or after

devel opment. The heating tenperatures nay range from90 Cto 150 C, 10 nore
preferably. iroRhaoate YAousouREs PheaRicHIA® fagidsd eI Be GavABRIEPURN 30

seconds 1 g iSRG BhLeGBBlY MARIRY dALAMRAE SBnAerhigial @

hot pl ate m nut és by convectl on vven. e expose

- phot orgsi pbriitsatats] sollitialasitica,apelyreviel paridulates swokeas hieosergyedudezk by
exposed areas (positive photoresists), or the unexposeg/ ar ﬁas 15 &’neg tive
phot or esi SFRISIORPT SHARPR$IBA PO MPIZAtRA) Ptk RRIVEVIRNE ROLECHYIRES, BPVAEUYI oped

b I I i onJd l; i
by 2 5B oY) SRR BFeRS=oEP S, SR AR BoMakApsEll entidbrthnior
in the deggtdision Tothholahy, Lissamtbideanetrald.y Mailcel dDekkes, plen4yr extisated

coating has dissolve fr,omthc%exposed_ r unexposed areas. Devel opers can
i ncl ude aga®eNs MARGHIALFHEVED CRY. AFORE iKSor al kali metal hydroxi des. One

refegred hydrexi i l?dm &?ETHH KEOWH i i i \ f the
(F:)oat eE waf e?/s gpg%@teh%e%gé}s op{;@]z}ﬂbéo uti gn, onﬂ{ﬂngé ggn lﬂl%tsaalﬁqg%t%&\{gl

post - devefitgmehtethemiude ealyaentlonitrilbalikersp rytar ditserst heyarodibersy’ golpdhwlsi on
and chem cal resjstance to etgching solutions and other substances, The
post - devePB’SHQﬁtg'l?ﬁé’ﬁt %"@Qﬁ%ﬁerﬁaﬁu%rﬁﬁ i"%‘@‘fﬁé"%@@ Q%tlfl%k?ﬂ‘g SHlujase

coati ng aggel%@ﬁls%@t e below the coating's softening point. In industrial
applications, particularly in the manufacture of microcircuitry units on
si licon/silicom dhnexmizedipeat, shediteashset ofhgtep i) dpdbesctmprisesa hingemne

treated with a ffered, hydrofluoric aci.d pase.etchjing sol.ution. ,The
photoi%sy\nﬁs"&oréﬁg‘?ﬁirﬁﬁg‘so%“#ﬂ@eg?%rlsé‘lﬁe :"ﬂvg}ﬁ |ef8 rapbe eé'i"%'ﬁggﬁt melamine

aci d- basef&hfgp%ér}gq%owwi@@%uéﬁ ANthd3bNisE8s6d figQl.SY Parl NoRC U007, 08 drite

unexposed phot sist-coating areas of the substrate. The following
speci fi c &0l ts polyamidopotiemise apichdothydig resing shsh@s these reisaiesss ior

bl co bES At Nors AlecHh 85 RelVEindond AR5 aq AER di80edd P B, e
i nventionpig NoM,%QG}@é@.l8P6ty§€riié’o-8@1]éﬁﬁﬁé Hpg8rohiytriaregsimayarngrefbaetid not

be construed as providing conditions, paraneters or_values which nust be

utili2ed ardl can e pbiained RaMmergiallstsuch aﬁePQWleéTrﬁ/ 1i88¢e 20080 Or 1FAQ6SS

th . T ) .
Bcanpl e 1 (RO FaremigRey s B PREE Ririof Sp otBbHeh T 351N
carboxyl at e ( BConeOeriboiith6st) .thé - dtyeofiltdry shicetyRad\dn aoekgenpore size of
carboxylate (HNC) (0.10 10 nol es}, 1.82g of norbornene carboxylic acid (NC

(0. 05 nol ebpud 0.5.1859g0 gdm.neval oni cl act one nmet hacrylate (M.MA) (1.0 nol es)

d 9.27g of 2gethyl ad tyl t I o 25. ml . , f
Tl ei ¢ aghSdri 9(%%%%%%?%5@%%%?@@&2@%)Q&%ﬁﬁgf{{%@?h@%“ﬁ%p °
tetrabydr %Buétaebmgﬁ)sir@ a0 881-80ppOringhmatido\t fitsars Nisaving riafnobiized ehdeirmol e
15 percent BNC, |0nole percent HNC, "5 nol e percent NC 25 nole percent, each

of M.MA apdrticudaie fitagaicbandbindepegsiiihe dilterghegichaying an iayeragemeongsize of
percents ar d on les of | ei ydri de. The pol ynerization
reaction @H(SBEO:& B %ﬂ&' ﬁ”%eﬂ’&g"i’ﬂg@faﬂgéﬂf‘or, where the starting pressure
i's about 48, 26&h8a§é|als%gbsnwﬂBFoL@emamwaﬁ tofpricesiiter 6lecttd freni sheind
‘the polynmer was 20 1solated By two precipitations fromdiethyl ether twce

(1/ 10 v/ v greup oonsisting ohpylyadiylonitsieoiiyere nyleadingrstayondibarnpeipiny ehdonidke a

14% sql utipn A stainlgss stee essur ol.der i t h..

el oot o CBar el BRE BhEaubloRR HoGialts rBeh s "Bt aBBL el Yl s dtioling, o

instal | ed jgaeixtida dvakens vaifulose fibers. The cellulose fibers are preferably derived
from a cellulose pulp mixture comprising an unrefined cellulose pulp having a

Canadian Standard Freeness of from about +400 to about +800 ml,, and a highly
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. ionsConcentr at

filled wth 200 m of electronic grade PGVEA. Wth 1.0 psi (6894 Pascal s),
the 25 PGVEA was filtered through a 40Q disc. The holder was filled with

pol ymer s@louhjogiueand filled filtered through with 4.0 psi pcg/erazfdbascal s)
ni trogen pressure. The solution of the copolyner in PGQVEA was filtered

t hrough the 40Q disc filter sheet.. Metal ion concentrations, for sodium

and pot assl ' | I
ﬁéef 3 é@ﬁgﬁ;e]?@é@%gﬂr@fa @aﬁﬁéﬁh%thﬁaa@%%gglﬁBPMom'Ta cfd;% A5hal ymer

sol uti on e an ration are 30 shown ow I n 1. In the
t abl es beladQ ntl,hes gisecloseddm Uo8. FataatiNen$ 806,824t he reported concentrati ons

i bout b 2 b. Tabl 1.19 O 02/ 118-1Q2 PCT/ EP0O2/ )
onaconcentr ot 1o BBt SRER: cRiEidiaboNos  BPRPHRIR81Y HRRnara R, JER

sol ution 0 rd P@V%?e 1 cWRm Ss$ions! CUNOSed
t hr ough tﬁfént%gjgegi gﬁéﬁ?ﬁ eérrmshleet, iffe(rf) O\AE/)eég ytﬁ% geta %}éfﬁl?ogﬂoo‘ﬁgcﬁdi sc 5

- filtersshéeorpdated (MerideonCenhys, a1.50h, tredesribe araticafanes Zeta PIis® 02GEQN are
shown below in Table 2. Table 2 Metal ionsConc. before filt. Conc, after

40DConc. and&lesgubes B sretentlooksasH24.

A diferent batTRIOT T8 COPUFD ol 7 PIYE Ry S es B Rictcli, RIRE.

Exanpl e 1fowrsing wesindsvoledy rinsing die filleosigietof@2p B, descrifed ateove, walhl iveed by
a 40Q disc filter sheet. Metal .ion concentrations before and after each

filtratiofolpat ehyeR (Bbidarclibedgbpye-3. 15 20 WO 112/ 08-4ML2
10 Another step (step (d)) of the present method involves passing the solution

of the film forming resin through the rinsed filter sheet. The solution of the film

forming resin may be passed through either one of the filter sheets, or through

both filter sheets, in any order. That is, the film forming resin may be passed only

- through the filiter sheet of step (b)(i), only through the filter sheet of step (b)(ii),

15 through the filter sheet of step (b)(i) followed by the filter sheet of step (b)(ii), or
through the filter shéet of step (b)(ii), followed by the filter sheet of step (b)(i).

In one embodiment, the film forming resin of the present invention suitable
for use in a photoresist composition has a concentration of sodium and iron ions
that is less than 50 parts per billion (ppb) each, and in one embodiment less than

20 25 ppb, and in one embodiment, less than 10 ppb.

In the embodiment of the present invention, wherein the monomer used to
make the film forming resin, in addition to comprising a cycloolefin, further
comprises a cyclic anhydride, the present invention provides the additional
advantage that the anhydride groups of the resulting film forming resin are not

25  hydrolyzed when such a resin is purified of metal ion impurities by passing the
resin through a filter sheet of the present invention.

Method for producing a photoresist composition

The present invention also provides a method for producing a photoresist
30 composition, said method comprising: providing an admixture of: 1) a film forming
resin prepared by the aforementioned method; 2) a photosensitive component in
an amount sufficient to photosensitize a photoresist composition; and optionally 3)
an additional suitable photoresist solvent to form a photoresist composition.

14



Tabl e 3 PCT/ EP(12/02997 Metal ionsConc, before filtration (ppbl Conc. after
020 EC bConc. after 40Q

~bNa80741QKe9akE$P1011Cr 1<11Cu2<12Ni 322Cal286Al 322My135Mh 8148
Exanpl e 4 A§'§i ?%er ent batch of the solution of the copoly&tﬁmﬁé%

prepared as in 5 Exanple 1 was successively passed through a 020 EC di sc

filter, followgdehotodkHitieSorhpdrieett iSWeRknoMatia!thbsi of erfigary rskill iorthe
before and after each filtration are shown below in Table 4. 21 WO

02/ 08a. 11a8. SaiipblesxzomiErlwithgutdingitatios; &f the pBaivsensitied spmpoung,ipeiugs
(ppb) Conc. _after

P Noas oy Ship sk s hsidhsehe. Ronymsalts, slpaiym fale: 198 20954
Exanpl e 5gbtefs f faRh60GH bahg Mpidtoddisitiel Copounti the prodiiceseani aciiGPeN

prepared as in 5 ExanBI e 1 was successively passed through a 40Q di sc,
Cfilter5 firaciaken pyayabesed. difbe aniumesalishaiet usuayausachin aderentqlabliedRs

before and Al Gi&'soRAREs, Mhbbfif s 9Basitin® BP WrBRLMYshils, '@RlnfoRs dtawhich are
diphenyliodoinum trifluoromethane sulfonate, diphenyliodoinum
nonafiuorobutanesulfonate, triphenylsulfonium trifluromethanesuflonate,
triphenylsulfonium nonafluorobutanesufonate and the like. Other compounds that
10 form an acid upon irradiation may be used, such as triazines, oxazoles,
oxadiazoles, thiazoles, substituted 2-pyrones. Phenolic sulfonic esters, bis-
sulfonylmethanes, bis-sulfonylmethanes or bis-sulfonyldiazomethanes, are also

useful.
The optional additional photoresist solvent is the same as the solvent used

15 to prepare the solution of the film forming resin above.

Optional Ingredients

Optional ingredients for the photoresist compositions of the present
invention include colorants, dyes, anti-striation agents, leveling agents,

20 plasticizers, adhesion promoters, speed enhancers, solvents and such surfactants
as non-ionic surfactants, which may be added to the solution of the film forming
resin, sensitizer and solvent before the photoresist composition is coated onto a
substrate. Examples of dye additives that may be used together with the
photoresist compositions of the present invention include Methyl Violet 2B (C.I. No.

25  42535), Crystal Violet (C.I. 42555). Malachite Green (C.1. No. 42000}, Victoria Blue
B (C.l. No. 44045) and Neutral Red (C.l. No. 50040) at one to ten percent weight
levels, based on the combined weight of the film forming resin and sensitizer. The
dye additives help provide increased resolution by inhibiting back scattering of light
off the substrate. _

30 Anti-striation agents may be used at up to a five percent weight level, based
on the combined weight of the film forming resin and sensitizer. Plasticizers which
may be used include, for example, phosphoric acid tri-(beta-chloroethyl)-ester;
stearic acid; dicamphor; polypropylene; acetal resins; phenoxy resins; and alkyl
resins, at one to ten percent weight levels, based on the combined weight of the

15




WO (12/08.e(12 Table 5 PCT/ EP112/02997 Metal ionsConc. before filtration
(ppb) Conc. after 404 ~bConc. after 020 EC

bNa7045K35d93heR¢#3Cr <1<1<1Cu222Ni 332Ca322Al 121My323Mn<1425atAbediiads21 | |
Exanple 6 A solution of a nethacrylate copolymer of MAAVA and MLMA (1:1
mole 5 ratio) {MM17643; M=10, 246; T9=170C) in ethyl lactate (11.5 wt %

pol yner Sﬂhk/b?ﬁﬁhg%'rpéﬁa%ﬁsm@wg e @%@tlgizép ddaithves indpete ke tdoatingt € of

25 m/mn on concentrati ons re and after each filtration are
shown bel prpentictabl theGmatedial and epable mawpmat&mmaﬁlmémws émooth and of

PCT/ EP112/ 1 ta before filtration b) Conc. after 40
(ppb) Nazlw%&' %ﬂéféﬁ&mﬂ?é@&asqm 2<1|\/g<11Nh<(125)Z¥133Pb<1<1 ExarrpIQe 7
Exanpl e 6 was Aaﬁsg‘bﬁd I@h‘ﬂotéﬂevxf'hﬁﬁﬂh{ag/ Bé QusshioieIude, T@bbﬁaﬁml& Bethl(8,4
Met al i onsConc oreflltratlon(g )Conc. after

- (pp, ) NA21epBxyteyaiahexyl<aibyidmethoxgat | P<aORbRY-d Maggmehhwbbmeﬂlacrw@tem
vinyl trichlorosilane; and gamma-amino-propyl triethoxysilane, up to a 4 percent
weight level, based on the combined weight of the film forming resin and
sensitizer. Development speed enhancers that may be used include, for example,
picric acid, nicotinic acid or nitrocinnamic acid up to a 20 percent weight level,

10 based on the combined weight of the film forming resin and sensitizer. These
enhancers tend to increase the solubility of the photoresist coating in both the
exposed and unexposed areas, and thus they are used in applications when
speed of development is the overriding consideration even though some degree of
contrast may be sacrificed; i.e., while the exposed areas of the photoresist coating

15 will be dissolved more quickly by the developer, the speed enhances will also
cause a larger loss of photoresist coating from the unexposed areas.

The solvents may be present in the overall composition in an amount of up
to 95% by weight of the solids in the composition. Solvents, of course are
substantially removed after coating of the photoresist solution on a substrate and

20 subsequent drying. Non-ionic surfactants that may be used include, for example,
nonylphenoxy poly(ethyleneoxy) ethanol; octylphenoxy ethanol at up to 10%
weight levels, based on the combined weight of the film forming resin and
sensitizer. '

25 Method for producing a microelectronic device

The present invention also providles a method for producing a
microelectronic device by forming an image on a substrate, said method
comprising:

a) providing the aforementioned photoresist composition;

30 b) thereafter, coating a suitable substrate with the photoresist composition
from step a);
c) thereafter, heat treating the coated substrate until substantlally all of the
solvent is removed; and
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WO 112/ (18el112 PCT/ EP021112997 Exanple 8 A solution of a nmethacryl ate
copol yner of MAAMA and MLMA (1:1 nole ratio) (MAM14069; Mh=7976; Tg=176C)

in ethyl WaGhakfes1l-5 W% polynmer . 5 solution) was pass a 40Q
disc filter sheet at the rate of 25 ml/mn. Metal ion con?ngleatg?%EYS bef ore

and after each filtration are shown below in Table 8. Table 8 Mtal

| onsConc, gpef ofgaddWisbi9Bking B 684t6d sabb®ateBRY i
(apb) Na13_dL?<1<1I9§%%<103<1%519<"61@1Ni 3<1Ca§< 11%&?21 g]<elnl\/rhe<n:]Lo<Vl|E%ézePb4l <1l 10

Exagp! e siﬁa@%\msecﬁa@osedareaafrmeemamdzsw@tt@é@m aceytable gevelrpetopol yner
used i s nade | ZI 1: 1. nol [ : : '
- concentrati ons*ﬁgg B%Hﬁrﬂgé'ﬁg%ﬁw P:Srhoﬁﬁn'[ ﬁtgl 8P§l§e§£4%8 hggcsﬁu-[’gﬁg{éem zﬁlqgn
sim | ar tgo@@%n%i Jﬁéﬁxo@bagéﬂ%atﬁé hotorBsiEk ! RcRidine %mﬂgg,d%bfaw:ﬁg,

- y

Exanpl es 1's used except that the copolyner used is made ol ynmeri zi ng
. a 0.505 Owsiling ah: spin @Hating.e When spinf cOminBNDr lanarmide.2the regist soiutigh £amo?2

PCT/ EPU2/ i - : 2 :
hr ought RE acysteaaibIRappthiq e EieRateasR e oS Jopftemco eh € piigé & ' O
exanpl es. clgﬁﬁrikq 6f tHd @eslRse RIkNe 5 £i0en Bt typeddiamniifg isteirmentitiidetiemnel n by

ref erence its entirety, 'for alT purposes. 5 Except in the Exanples, or
wher e ot hiteraswuek of tioie Bljowed ferathedspianing piaeass. cauitallaraubsirates inctudes

Fenper ot usbySRnanathidh, B Psiffualiidt oxfdB et SR0SH, kR [th 50
to bew'”dﬁitﬁél@%nﬁaﬁur;ﬁ?t@bﬁb@g pBYsHhiaen Vesrdmicd) aiminubcogpéhmidtureengaliomhas

been expl al neq’ In relation to i'ts preferred 10 enbodi nents, it is to be
under st oodrserade \amdi other raughf Geeup Ay campeundsy | The) SEGRIeaiSh ZPBMOSIt®N hose

ander ot ood s e T RFEOHT ArtitMsBF iRl 7o i nrended to cover such-
modi fications ghef Bhbtorddifti Boib®shienseprotiuéée e dedcerbed Bocedifie are
particularly suitable for application to thermally grown silicon/silicon dioxide-coated
15 wafers, such as are utilized in the production of microprocessors and other
miniaturized integrated circuit components. An aluminum/aluminum oxide wafer
can also be used. The substrate may also comprise various polymeric resins,
especially transparent polymers such as polyesters. The substrate may have an
adhesion promoted layer of a suitable composition, such as one containing hexa-
20 alkyl disilazane, preferably hexamethyl disilazane (HMDS).

The photoresist composition is coated onto the substrate, and the coated
substrate is heat treated until substantially all of the solvent is removed. In one
embodiment, heat treatment of the coated substrate involves heating the coated
substrate at a temperature from 70 °C to 150 °C for from 30 seconds to 180

25 seconds on a hot plate or for from 15 to 90 minutes in a convection oven. This
temperature treatment is selected in order to reduce the concentration of residual
solvents in the photoresist composition, while not causing substantial thermal
degradation of the photosensitizer. In general, one desires to minimize the
concentration of solvents and this first temperature treatment is conducted until

30 substantially all of the solvents have evaporated and a thin coating of photoresist
composition, on the order of one micron in thickness, remains on the substrate. In
a preferred embodiment the temperature is from 95 °C to 120 °C. The treatment is
conducted until the rate of change of solvent removal becomes relatively
insignificant. The temperature and time selection depends on the photoresist
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WO 021118-4-4112 WHAT IS CLAIMED | S: PCT/ EPO2/ (12997 1. A nmethod for
producing a filmformng resin suitable for use in a photoresist

conposi tiQ@.2eseh Met hod conprising the steps of: (a) prowicgiEpdgesp! ution
of afilmformng resin in a solvent, said filmformng . 5 resin nmade by
pol yneri zing at |east one nononer conprising a cycloolefin or an acid

| abi | e agsdpaiesodesiret bipabe Wset,eastwatinay the( juipment dised and tewmsteroiady of
the following two filter sheets: (i) a filter sheet conprising a

sel f - suppdesireshceatisioiidedat ri x having i mmobilized therein a particul ate

filter aid andrge pé&étleﬁ“%%&rét@ncﬁﬁﬁ@ﬂgs%g%&edl@o Séétﬁmid'i %d%ﬁh?@ resin

- having an averagé partrcle size 0 om about” 2 to about m croneters
(um, whenianicksti chdiatian, cuil awavildngén ohifbnari@0i om tx86amye, X¢8y,nelpaironcl es
are distributed substanti al Ily uniformy t ut .a cross-se(%t i on_of .said

] hrough
- matrixd aReAds ienibeam qr) lage @fg%t@'bdﬂ'pﬁﬂysfiﬁﬁ' %&?@F@F@Lﬁﬁgpf? PInkEe ic}t of
fibers ha%%i[‘eﬁ;l%ﬁﬂééﬁohé{gétﬁféé, Efé‘%ﬁéﬁeﬁp%é,'&é{' ate filter aid and a bi nder
sa | ee avi

resin, ter sh ng an average pore size of 0.05 to 0.5 um (c)
rinsi ng the fi Thersuistette doatedwilh) the photonesistotompositibnsiseiien) pptionally d)

ing the sol ut] f the filmf resin t h t i nsed, filt
Chect of Seiacies) 10 BORNCPESFUIS SEGRThBAKAG 91 heft BAMRTT LA BEIOFR e f or

use in a ' | 1. ' [ e
barti cut et BpfebPmeRRTTY hbdthg fomdJiRulrBs Mg fands o, bo "8 950 “die
met hogp of nedreipreRrablyefrarn n 0OhRC b 1BOAC. adhd hemtiag mandie corduetedéor fsamect ed

f h i sti f hyd | qr,i id, f ' id ' id,
br op! on ¢ JR@ERON G819 PiTBINGet MR arErauy rons bt serpedhfa 36 <Bapiinph By,
and nitri BH{]%ngO:’[Q %hg}m%ﬁrg% Egﬁvé&fﬁoﬁlc@bﬁ‘. 1, wherein the self-supporting

mat ri x of ers o eet (b)(i11) are selected fromthe group
consi sting of fheyexpodednphototasistidoated sybsirates e, devaleped it demoye| e ny|

oD o o behisobrheped, oSt BRMEE hHLBTEGRT: Byl Blaroles Reo

sel - supPELdddife phbtcresibts)! R $mifetsion in an alkaline developing solution or

developed by a spray development process. The solution is preferably agitated,

for example, by nitrogen burst agitation. The substrates are allowed to remain in

the developer until all, or substantially all, of the photoresist coating has dissolved

from the exposed or unexposed areas. Developers can include aqueous solutions

20 of ammonium or alkali metal hydroxides. One preferred hydroxide is tetramethyl

ammonium hydroxide. After removal of the coated wafers from the developing

solution, one may conduct an optional post-development heat treatment or bake to

increase the coating's adhesion and chemical resistance to etching solutions and

other substances. The post-development heat treatment can comprise the oven

25 baking of the coating and substrate below the coating's softening point. In

industrial applications, particularly in the manufacture of microcircuitry units on

silicon/silicon dioxide-type substrates, the developed substrates may be treated

with a buffered, hydrofluoric acid base etching solution. The photoresist

compositions of the present invention are resistant to acid-base etching solutions

30 and provide effective protection for the unexposed photoresist-coating areas of the
substrate.

The following specific examples will provide detailed illustrations of the

methods of producing and utilizing compositions of the present invention. These

examples are not intended, however, to limit or restrict the scope of the invention
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cellulose fibers. 6. The nethod of claim11, wherein the filter sheet

(b)(ii) does not contain any 5 ion exchange resin. 7. The nethod of claim
1, V\herelwot(,laﬁ;sﬁgid | abil e acrylate or nmethacrylate rmnomp@Thﬁ,(,E,@gggesent ed
by the formula RO, O- Ri 10 wherein Ris hydrogen or nmethyl; and Rl is
an acid labile tertiary hydrocarbyl group of about 3 to 20 carbon atons, an

aci d- | abi jrneahy iwtydaag asHevic nby be afonighrued ahbgtdvmng eodditioas pparaxhetess oor an
acid-labile cycllc noi ety containing fromabout 5 to%'gout 50 Qarbon at ons.

15 8. Thevalued sdiel nmsabmmlllzam@x@uwveluén 2Edey tp Mracticetae presentgpvention.

Beryiat o, O eTee SeROes A har o BFrcBhi SedRbE "0 DTl

nmet hacryl at e,. meval oni cl act one net hacrylate (M.MA), 2-nmet hyl adamant yl

nmet hacryl ate (MADMA)) i soadamantyl nethacryl ate,

. 3- hydrdxy- 1- net hacr yl oyl oxyadanat aneEX&mBlesi hydr oxy-1 20

nmet hacr yl oyl oxyadanmant ane, ~i - net hacryl oyl oxy-Y-butyrol actone, and a

met hacryl oyl oxy-'y-b~utyrol actone. 9. The nethod of claim1l, wherein in
step (d), the solution of the fil m fExamplg Ir esin is passed onIy t hrough the
filter sheet of step (b)(i). 25 10. The net hod o& ei n aﬂ step
(d), the sol ut Acﬁpnﬁﬂymﬁéwamwﬂ@ﬁiﬁeﬁigff?f@ﬁ%?@ ot g é'B’éd‘O fp%‘ﬂr"@i@%i

fil h
et hod of CANGT PP TR 430,88 hycithhintf hporiene CHsS i HPNCY fo. 160
passeg) t hirfyigd), t Na2gi bﬁenorﬁmﬁﬁﬁnwfcab@;wh(:b)a(:ld) (N@)d(@.%t meoleglps 75g hofough

the filter sheet of step (b){ii). 5 12. The net hod 05‘ cl aj m@vx/ne e|é1 t he
sol ution ofeveleniclactieneor meliaandaten (MLMA)st (To@ssBales PG i PE “sheet

of ste I f

(b)?l )Io (g?e(*érﬂéd%@? ﬂ%}d niéiﬁ?cr?l%?{emmﬁgp@ﬁ% T?gecmglleggl %’?@ﬁglb Oe?tfs a%ltC one
menber 10a§ny©ﬁn@d(MA9)m(®125 gmolqs cd)msps&semeofofndz beveightés ehd AIBN in
tetracycl ododecenes. 14. The in the, cycl gl efinis

at Ieast M@Wéfa'ﬂgf@t%‘ﬁ@ ofR qlqﬂetr@eoﬁiﬁo‘@éﬁ@i’@?l%rwop dg jpypo mole
norbo Foaé B aﬁ&n@!@%%r&&bﬂﬁﬂ?ﬁ&é lp@FUe*?ﬁ”N@% %I@%Y&éﬁt%dcﬁ@)

norbo car oxyTic ac tetracyclo[ 4. 4.0.
dodec- 8- eM.MAcanboMWch)ammGOomm«deypancbohwfnmaﬂwc anhydrlde The mole

E:Ieglr (;jln(:)llCI \%%g?%tg a} ﬁi’ H&%A@%ﬁ%ﬁf@%ﬁengﬂ%‘ﬁ% ﬁ%@ ‘F“&F'Fﬂ’é‘?” E%{& ses
an acryl a0k, Ae gD AF rdbSure 48adbr, v-vrll?@re”iﬁb*'s(?ﬂrtnﬂb [S?bgsLEPejiE? abdessiasot he
acrylate or %ﬂacry?ate I'S represented formul a
Pascals (7 pounds per square inch (psn) for 18 hours and the polymer was
20 isolated by two precipitations from diethyl ether twice (1/10 v/v ratio each time).
The copolymer was dissolved in PGMEA to make a 14% solution
A stainless steel pressure holder was cleaned with both electronic grade acetone
and PGMEA. A Zeta Plus® 40Q disc filter sheet was installed and the holder was
filled with 200 ml of electronic grade PGMEA. With 1.0 psi (6894 Pascals), the
25 PGMEA was filtered through a 40Q disc. The holder was filled with polymer
solution and filled filtered through with 4.0 psi (27,576 Pascals) nitrogen pressure.
The solution of the copolymer in PGMEA was filtered through the 40Q disc filter-
sheet. Metal ion concentrations, for sodium and potassium, measured by atomic
absorption spectroscopy, in the copolymer solution before and after filtration are
30 shown below in Table 1. In the tables below, the precision of measurement in the

reported concentrations is about + about 2 ppb.

Table 1
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R OO ~R wherein Ris hydrogen or a nethyl; and RL is a cyclic hydrocar byl
group 25 containing fromabout 5 to about 50 carbon atonms. 17. The net hod
of clai myg.g0kgpei n the cyclic hydrocarbyl group is a no b bsosycClic
hydrocarbyl” group. 29 WO (12/118A-t02 PCT/ EP02/ 112997 1 TR of
claim 15, wherein the acrylate or nethacrylate is at | east one nenber

sel ect ed| from figtat i consiistCogeattratorebefore act (m@nﬁemhaﬂoglaﬁtef (MMB),
2- met hyl pdamantyl net hacr yl atje (MADMA), I soadanan nmet acr | at e,

3- hydr oxy- 1- met hacryl oyI oxyadamant an 5-di hydr oxy 15
met hacr yeytoxyadgnantane, i1 m-,-nTau yrg“xy-—y- butyrotact une, anmd—a
. met hacry| oyl oxy- ~ci%%tyrol act gne. ‘IJ met hod of claim1l, "'wherein the

nononer fonpri si ngKt he cycloclefln furgger conprises a cycl gc anhydride. 10
20. The thod of claim 19, wherein the cyclic anhydride is a maleic
. anhydride. 21. The nethod of claim 19, wherein the cyclic anhydride is

i taconi ¢ anhydride. 15 22. The neth of claim1, wherein the filmformng
resin is a copolymer made by pol ymrﬁ@%’ | ei ¢ anhydride (MA), the
acryl ate nononepe SERURINOGH thb aSpeRendrah FGIIEefem( Bkdple ?w&téudo@dgwmtyl
met hacryl ate (MAAMA), and the Tol'l owi ng cycl ool efin nmonomer s - buty
nor bor nenpassasrdadumhgh @h¢ BNO) dlSwﬂll&Txgl'aeIt,yiollqweUcbmenZGtGanthyQ%Q &Q IEIN@) )

and nor bor.nene carb lic acid 3. Th t hod, qf, cl.aim 22 vvherel n
t he amuniideroghegty y Mgl Qﬁ&%}?@%&?l@?# %eﬁ%ﬁ(ﬁﬂif §HEE§GCF3|%W éff show

copol ymer po irneﬁ‘%;ﬁ%?s nol e% of mal ei ¢ anhydride are: 35 nol e% BNC, 10

ol e% HNC | e% 25% MLMA and 25% MAAMVA. 25 24. The nethod of claim
22, wherein the relative nolar ratio of the npnoners varies from about 1

nmol e MA: 0.20 nol e cycl ool efin nononeLs:;: 80 nol e acrylate nonomers to
about 1 nole MA: 0.80 nol e cycl ool ef i-#2 mers: 0.20 nole acrylate _
oo woetepens =B BEIGRTIE | S T | OTeMotg | 2
meval oni ¢l act one mi (ppb) ' b ’ EC (ppb)

Na ' 129 6 12

K 34 2

Fe 40 29 6

Cr 10 1 2

Cu 9 ' 3 4

Ni 28 14 13

Ca 35 5 4

Al 5 1 <1

Mg 15 5

- Mn 12 1 3
Zn 4 1 <1
Pb 14 3 2
10 Example 3

A different batch of the solution of the copolymer in PGMEA, prepared as in
Example 1 was successively passed through a 020 EC disc filter, followeq by a
40Q disc filter sheet. Metal ion concentrations before and after each filtration are
shown below in Table 3.
15
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Example 4
A different batch of the solution of the copolymer in PGMEA prepared as in

Example 1 was successively passed through a 020 EC disc filter, followed by a
40Q disc filter sheet. Metal ion concentrations before and after each filiration are

shown below in Table 4.
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A different batch of the solution of the copolymer in PGMEA, prepared as in

Example 1 was successively passed through a 40Q disc filter, followed by a
020EC disc filter sheet. Metal ion concentrations before and after each filtration

are shown below in

Table 5.
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42; b) t

and d)
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44. A nethod for produci ngrgpliéisl mformng resin suitable for use

toresist conposition, said nmefhod conprising the steps of. (a
g a Melaltions of |a ggm_bgﬂmgwg r ' vengon e
5 resin made by qFrl ihng at |ea e nonpmrer ISingla
fin or an acid ljab e |lor net yl ate mn%)
g at Teggt one af the FgiTow ng two filter shepts: (i) a filter
mprising a self-[supporting fibrious matrix havihg i inobilized
an aci dMvashed particul@te filtler aid<hd a pafticul ace ion 3(
resin; safd—fsr exchange—+estn huv.ugzan—uvc. ge—partycte—strze of
it 2 toF8bout 10 um wherein sdld partitcul ate filter d and ijon
g5 Eﬁr[ICqu are digtributed substantralTyjuniforghy throughout
ection of said|matrix; and/or 33 WD 02/118-e112 PCTIEP(12/ (112917
| ter s@get conpgrising 2 self-sjupporti g matri x of celd ul ose fli bers
ilize Hh—a—parti-culate-H-H-er—al-d—and—a—birger—resty,
ter she®i not cdntalnlné any ian exchaﬁge resi h enbedded theraein,
hg—anm—gyerage [ 505 Um 5
Al 1 2 1
Mg 3 2 3
Mn <1 4 2
Zn 14 12 9
Pb 4 3 2

Ekamgle 6
A solution of a methacrylate copolymer of MAdMA and MLMA (1:1 mole

ratio) (Mw=17643; M.=10,248; Tg=170°C) in ethyl lactate (11.5 wi% polymer
solution) was passed through a 40Q disc filter sheet at the rate of 25 ml/min. Metal
ion concentrations before and after each filtration are shown below in Table 6.
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o o 109 () <o 19 PUTE R 2 D5y ais, PORRNISY ) MASHA £ MLMA (1:1 mole
$10%&" (datip) \ MQIAATBS V)=yITGHITE7EC) giO@[h&l (lactaBC’ (110%<&me/§ BOlYOmES () -

10< 10< 10<9s57?7s10%& -l 00 A~
. |_13%<@<( ) sgluﬁg%o\n;@g )sg§! nfogggb% Q/é) df)scgfﬂt%@@ﬁgg%t)tgqu k%(ﬁl m()fngl‘n.(lzlletal
@#{ z| <~—@n%or§$'éﬁﬂr9&?{‘5ﬁ‘s bbfore and after each filtration are shown below in Table 8.

Table 8
Metal ions Conc. before Conc, after 40Q (ppb)
filtration (ppb
Na 13 1
K 1 <1
Fe 13 <1
Cr 3 <1
Cu <1 <1
Ni 3 - <1
Ca 3 <1
Al 5 <1
Mg 3 <
Mn <1 <1
Zn 6 4
Pb 4 <1
10 Example 8

The procedure of Examples 1-7 is used except that the copolymer used is
made by polymerizing a 1:1 mole ratio of MA: BNC. The metal ion concentrations
after filtration through the filter sheet(s) are low and similar to those of the above
examples.

15
Example 9

The procedure of Examples 1-7 is used except that the copolymer used is

made by polymerizing a 0.50: 0.35: 0.10: 0.05 mole ratio of MA:BNC:HNC:NC
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"S10%<& ()- 'a "$10%KU<& ()- y 3" 10%& ()-
25631008{@?0:\;%;2()?&@ D$10%<fz)()-e SCN' }A2~ @S 371" 10%& ()-5810%& ()-!1f2
5<& (WO b BaPUP<P<& () - F+10%& ()- (F 10%& ()-~ ° a Gt b@ S
| @L0% (& ) - ﬁL’ﬁrfm%g & ()- "10%& ()-10%& ()- 10< _%< Rerferionzs) 0@
10<8?MLOY%&! () -~1 &'t """ s##°2b@S " mMLOU & () - ! DsSLOYB(S(& ()-S 10% & ()-

310% & () resEedfVdi (I')ne heta@dnLefidetralionsb S Mitr&adi @rdugh the filter sheet(s)
39 10%{& () %5100 - ! Y'10% ( & Q S10% & () - 10%{& ()- F'10%& ()-
' &&&? gmﬂb@gw § ¢ jhose of the above examples.

)y @s | 10k el %é@éﬁ%@%@s@(}p@%{%%@gfﬁérg{e}fﬁé@ﬁ; 6 &) Jab)c
I N5$10% ( é&reﬁ'teﬁhﬂé%r?e& fo}ah*’ﬁ{lpdsyévq _@!$10% ()-! (10%<& ()- !°

(10%<& ()- ! (10%<& t(m& 0%& ()- )IL% 10%<<& ()-+Y-..////]~sh]>!110%
- U& ()-510< 10<Excepi?’ino ﬁ)gamglgs{g@r( here otherwnse explicitly indicated, all

#ngﬁ%ai‘ Qn(e{%%%{ afri\g%? (g$@%§/ #(gftlo? 1$rﬁ‘8uﬂts&01( }naterlals reaction
conditions (such as temperature), moiecular welghts, number of carbon atoms,
and the like, are to be understood as modified by the word "about."

While the invention has been explained in relation to its preferred

10 embodiments, it is to be understood that various modifications thereof will become
apparent to those skilled in the art upon reading the specification. Therefore, it is

to be understood that the invention disclosed herein is intended to cover such

modifications as fall within the scope of the appended claims.
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10999& ()-: ! CL 10%##& (5 10% & ()- 10 U 10 U 10 UL 2t 10%
WHAT IS CLAIMED IS:

1. A method for producing a film forming resin suitable for use in a photoresist
composition, said method comprising the steps of:
(a) providing a solution of a film forming resin in a solvent, said film forming
5 resin made by polymerizing at least one monomer comprising a cycloolefin or an
acid labile acrylate or a methacrylate monomer;
(b) providing at least one of the following two filter sheets:
(i) a filter sheet comprising a self-supporting fibrous matrix having
immobilized therein a particulate filter aid and a particulate ion exchange resin,
10 said ion exchange resin having an average particle size of from about 2 to about
10 micrometers (um), wherein said particulate filter aid and ion exchange resin
particles are distributed substantially uniformly throughout a cross-section of said
matrix; and/or
(i) a filter sheet comprising a self-supporting matrix of fibers having
15 immobilized therein a particulate filter aid and a binder resin, said filter sheet
having an average pore size of 0.05 to 0.5 um;
(c) rinsing the filter sheet of step b) with the solvent of step a); and
(d) passing the solution of the film forming resin through the rinsed filter
sheet of step (c),

20 thereby producing the film forming resin suitable for use in a photoresist
composition.
2. The method of claim 1, wherein the particulate filter aid of the filter sheet

(b)Xi) is acid washed.

25
3. The method of claim 2, wherein the mineral acid is at least one member
selected from the group consisting of hydrochloric acid, formic acid, acetic acid,
propionic acid, butyric acid, oxalic acid, succinic acid, sulfonic acid, and nitric acid.

30 4. The method of claim 1, wherein the self-supporting matrix of fibers of the
filter sheet '(b)(ii) are selected from the group consisting of polyacrylonitrile fiber,
nylon fiber, rayon fiber, polyvinyl chioride fiber, cellulose fiber and cellulose acetate
fiber.
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10  wherein R is hydrogen or methyl; and R; is an acid labile tertiary hydrocarbyl
group of about 3 to 20 carbon atoms, an acid-labile trihydrocarbyisilyl group of
about 3 to 20 carbon atoms, or an acid-labile cyclic moiety containing from about
5 to about 50 carbon atoms.

15 8. The method of claim 1, wherein the acid labile acrylate or methacrylate
monomer is selected from the group consisting of t-butyl acrylate, i-butyl
"methacrylate, trimethylsilyl acrylate, trimethylsilyl methacrylate, mevaloniclactone
methacrylate (MLMA), 2-methyladamantyl methacrylate (MAdMA), isoadamantyl
methacrylate, 3-hydroxy-1-methacryloyloxyadamatane, 3,5-dihydroxy-1-
20 methacryloyloxyadamantane,  [-methacryloyloxy-y-butyrolactone, and  «-

methacryloyloxy-y-butyrolactone.

9. The method of claim 1, wherein in step (d), the solution of the film forming
resin is passed only through the filter sheet of step (b)(i).

25
10. The method of claim 1, wherein in step (d), the solution of the film forming
resin is passed only through the filter sheet of step (b)(ii).
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13.  The method of claim 1, wherein the cycloolefin is at least one member
10 selected from the group consisting of norbornenes and tetracyclododecenes.

14. The method of claim 1, wherein the cycloolefin is at least one member
selected from the group consisting of t-butyl norbornene carboxylate (BNC),
hydroxyethyl norbornene carboxylate (HNC), norbornene carboxylic acid (NC), t-
15 butyl tetracyclo[4.4.0.1.2%1. 7% | dodec-8-ene-3-carboxylate, and t-
butoxycarbonylmethy! tetracyclo[4.4.0.1.281, 7% | dodec-8-ene-3-carboxylate.

15.  The method of claim 1, wherein the monomer comprising the cycloolefin
further comprises an acrylate or a methacrylate.

20 ,
16.  The method of claim 15, wherein the acrylate or methacrylate is
represented by the formula

wherein R is hydrogen or a methyl; and R is a cyclic hydrocarbyl group
25 containing from about 5 to about 50 carbon atoms.

17.  The method of claim 16, wherein the cyclic hydrocarbyl group is a
nonaromatic cyclic hydrocarbyl group.
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I p, $109& ()-la $109& ()-!S, $109& ( $109 ) -LF" 10928 () - 4s' | 10928 ()-
D, P} [ <MB70€¢M @rls;;;@aeg mnyth%gm qmsgilgg@d/@%[aingactone methacrylate

Tovee () - BivRgo2 actylbanBiiinohabifiie (R AHESiEima G 7?'N79
fﬁg:’;ﬁ 8 ) sﬁwraﬂ@;/%&(h}:mawma%ﬂ%r{t&é )3,5-0itheve/-() - 10Z 10Z="zX6B70<! "
metl)'(acryloyloxyadamantane, B-methacryloxy-y-butyrolactone, and o-

methacryloyloxy-y-butyrolactone.

19.  The method of claim 1, wherein the monomer comprising the cycloolefin
further comprises a cyclic anhydride.
10
-20. The method of claim 19, wherein the cyclic anhydride is a maleic anhydride.

21.  The method of claim 19, wherein the cyclic anhydride is itaconic anhydride.

15 22. The method of claim 1, wherein the film forming resin is a copolymer made
by polymerizing maleic anhydride (MA), the acrylate monomers mevaloniclactone
methacrylate (MLMA), 2-methyladamantyl methacrylate (MAdMA), and the
following cycloolefin monomers: t-butyl norbornene carboxylate (BNC),
hydroxyethyl norbornene carboxylate (HNC), and norbornene carboxylic acid (NC).

20
23. The method of claim 22, wherein the amounts of acrylate and cycloolefin
monomers used to make the copolymer, expressed as mole% of maleic anhydride
are: 35 mole% BNC, 10 mole% HNC, 5 mole% NC, 25% MLMA and 25% MAdMA.

25 24. The method of claim 22, wherein the relative molar ratio of the monomers
varies from about 1mole MA: 0.20 mole cycloolefin monomers: 0.80 mole acrylate
monomers to about 1mole MA: 0.80 mole cycloolefin monomers: 0.20 mole
acrylate monomers.

30 25. The method of claim 1, wherein the film forming resin is a copolymer made
by polymerizing maleic anhydride (MA), the acrylate monomers mevaloniclactone
methacrylate (MLMA), 2-methyladamantyl methacrylaie (MAdMA), and the
cycloolefin monomer t-butyl norbornene carboxylate (BNC).
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15  butyltrifluoroacrylate and the fluorine containing cycloolefin is represented by the -

formula

R3
R4
R2
R1

wherein R' is a member selected from the group consisting of —CH,C(CF3).OH,—

CH3C(CF3)20OR, —~CH2C(CF5).0t-Boc, -t-Boc, -OC(O)CHs, -COOH, and -COOR
20  wherein R is an alkyl group of 1 to about 4 carbon atoms; R? is a member selected

from the group consisting of —H, -F and —CFa; and R®and R* are independently —H

or —F: with the proviso that at least one of R'-R* groups contains a fluorine atom.

30. The method of claim 29, wherein Ris a t-butyl group.

25
31. The method of claim 1, wherein the filter sheet (i) has an average pore size

of about 0.5 to 1.0 um.

32.  The method of claim 1, wherein in the filter shest (i), the ion exchange resin
30 comprises a cation exchange resin.
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imagewise exposed areas of the photoresist composition with a suitable
20 developer.

44. A method for producing a film forming resin suitable for use in a photoresist
composition, séid method comprising the steps of:
(a) providing a solution of a film forming resin in a solvent, said film forming
25 resin made by polymerizing at least one monomer comprising a cycloolefin or an
acid labile acrylate or methacrylate monomer,;
(b) providing at least one of the following two filter sheets:
() a filter sheet comprising a self-supporting fibrous matrix having
immobilized therein an acid-washed particulate filter aid and a particulate ion
30 exchange resin, said ion exchange resin having an average particle size of from
about 2 to about 10 um, wherein said particulate filter aid and ion exchange resin
particles are distributed substantially uniformly throughout a cross-section of said
matrix; and/or
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(i) a filter sheet comprising a self-supporting matrix of celluiose fibers
having immobilized therein a particulate filter aid and a binder resin, said filter
sheet not containing any ion exchange resin embedded therein, and having an
average pore size of about 0.05-0.5 um;

(c) rinsing the filter sheet of step b) with the solvent of step a); and

(d) passing the solution of the film forming resin through the rinsed filter
sheet of step (c),

- thereby producing the film forming resin suitable for use in a photoresist
composition.

45. A method for producing a photoresist composition, said method comprising:
providing an admixture of: 1) a film forming resin prepared by the method of claim
44; 2) a photosensitive component in an amount sufficient to photosensitize a
photoresist composition; and 3) a suitable photoresist solvent..

46. A method for producing a microelectronic device by forming an image on a
substrate, said method comprising:

a) providing the photoresist composition prepared by the method of claim
45;

b) thereafter, coating a suitable substrate with the photoresist composition
from step a);

c) thereafter, heat treating the coated substrate until substantially all of the
photoresist solvent is removed; and

d) imagewise exposing the photoresist composition and removing the
imagewise exposed areas of the photoresist composition with a suitable
developer.
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