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Descri pti on *159159* Trace Metal |on Reduction By |on Exchange Pack
BACKGROUND OF THE I NVENTION 5 The present invention relates to a process
for reduci ng wheodiesrel of netal i.ons in filmfornm ng novol Bkr/E®sSh4S)

phot oresi st conpositions, and other raw materials for photoresist
conpositions such as solvents, additives, dyes, and surfactants. The

present invention also relates to a process that utilizes ’mmﬂﬂmmﬂ ,um

designed filter elenent, hereinafter 10 referred to as the m
Pack", as shown in Figure 1 bel ow DHseriptiosn Exchange Pack is | oadge with
either a cation excha hane resin, a m xture of

both, or a chel ating T exchange - e PACK| saded 10on Exchange
Pack is especially efficient for reducing netal ions and ot her

cont am nant s fr&g ggogucés such as 15 novol ak resins, photoresist

conposi ti onsB T or photoresist conpositions.. The
metal gons, catiofge pREbeRNirRBRtiorffetates m\b@&&z fafnreaqéﬂpnﬁé pePbPCeSS
utilizing a cation or anion exchange resin, respective or a comnbi nation
of the two, Mmetaluens im filreforminh aoyelak Pasiks, ﬂmtmtsorcempgsmoosthlons are
used in mecr hagr 0 e tr onents
such as corrpglﬂeetrr ﬁa%gﬂ pré”\%ress?&S?@%oééﬁ%ugp&ggglhggss 4%& a@ élvgﬁt d circuits.
General Iy, i additess dypspa@&seﬁactanttthrhef pdesemoawrn@n@ils@ r@btﬁszQSi st
conposition is flrsth plﬁ to a@ubatrate terla such as _silicon

waf ers used PE°eRakKS ﬁ‘g Wt"%ﬁr%twc Y cReRgnes Tilteh Llemapte NGBt e i s t hen
baked1d 0o subséfantdad by ey 80 Exti®ang@ 5 adk0] ¥LsHovint FiguiRNPbeIRS | Bhe
conposition and_to fix the coating onto the substrate. The baked coated
surface of t /¥ ExBRANGS: Bagisisniorped yrinedited a eRtignexshapee PSe xfdsure to

radi ation. TR 8ftHEnNGETeSHP QS HiRuRBE BBira drh ridAsS on in the
30 exposed areas of thg cgat gd Slljr?ace Vi si bl %rz!hlggéhltnb IeFtér)éaE\E/"lg%éet (W)

i ght, resin. The resulting loaded lon Exchange Pack is especially efficient for

reducing metal ions and other contaminants from products such as

- 15 novolak resins, photoresist compositions, and other raw materials for
photoresist compositions. The metal ions, cations and anions, are
removed by an adsorption process utilizing a cation or anion exchange
resin, respectively, or a combination of the two, in such an lon Exchange
Pack.

20 Photoresist compositions are used in microlithography processes
for producing electronic components such as computer hard drives,
semiconductor chips and integrated circuits.  Generally, in these -
processes, a thin film coating of a photoresist composition is first applied
to a substrate material, such as silicon wafers used for making integrated

25 circuits. The coated substrate is then baked to substantially evaporate
any solvent in the photoresist composition and to fix the coating onto the
substrate. The baked coated surface of the substrate is next subjected to
an image-wise exposure to radiation.

This radiation exposure causes a chemical transformation in the

30 exposed areas of the coated surface. Visible light, ultraviolet (UV) light,

electron beam and X-ray radiant energy are radiation types commonly
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el ectron beam and X-ray radi ant energy are radiation types comonly

SUBSTI TUTE SHEET (RULE 26) (LT ETEErrerrerrerrerrerrtrrrerrerrrial
*000002* WO 00/ 01487 PCT/ EP99/ 04430 -2- used today in mcrolithographic
processes. AfweIAHBs | mage-w se exposure, the coated subsPCHERIO43Q r eat ed
with a devel oper solution to dissolve and renove either the

radi ati on-exposed or the unexposed areas- of the coated surface of the
substrate. 5 Metal ion contam nation has been a problemfor a long tine in
the fabrication of high density integrated circuits, conputer hard drives

and conput er yg&d Pedapf e micRAtHJPapiic | pecesseed daftecttbis Yinagewigsses,
degradati on and decreased performance. In plasnma processes, nmetal ions
such as sodi uRKRGRYre.r bie, comed suBslalari heals@ith A JeVSIRRSr QN Gan 10

cause contam E%EBIQ@ a%%%ﬁito% loYtin Ui iRl G5 BRo Sl RRhE dnekiiBY&lread hesE

probl ens can bDe overconme to a substantial extent during the fabrication
process, for ektnepioatedguriacelaf 2hengubidblategett eri ng of the contam nants during

a high tenperature eal | e troni i v nor e
sophi st cat ed, theg%?aqi%‘ |8§%%Pénr%o ah\e#ese%eeego%%r?u(ﬁegﬁ fér@?é% ﬁq\?gﬁﬁ@t o]

over cone. Wierfatgicaticomf higt eessigr etegpatied inalitd) @nhpuden daqlodiivasyvand

phot oresi st and supsequent| stripped, off, such gs. wth . 1 Crowave
pl asma, the pépmf"ﬁ;‘éngs'pﬁn ftery dB?&ngt%fm(frﬁgsg%n?%%%u&@@gggﬁe?e is often
seen to decr eaggrdRGansehdlecrebsedpedentancel Whalaswalpebdeeseqgnmeder ed very

| ow | evel s of nmetal ions. 20 As the plasma strippin rocess s repeated,
nore degr adat i ichtafesodigniapd "Pt”e&’gérr\t”l‘%)’ %E(Hﬁ‘\ggem%‘ gﬂ%ﬁﬁ’fﬁs'ﬁtaﬁérépof such

probl egg has hggge chdRfndtRnRERIAY duRRg SRRAANEABEINGN Hidwéee, BRes or esi st
particularly sodium and iron ions. Metal ion levels of than 100 ppb (parts

per billion i mproplemspieot be e¥eEPMRalPea SHhEENAR SXiRe Mlufipgiae faprisgier sel y
P e e
a high ter%perature anFrjwealycycIe.
As electronic devices have become more sophisticated, these

15 problems have become much more difficult to overcome. When silicon
wafers are coated with a liquid positive photoresist and subsequently
stripped off, such as with oxygen microwave plasma, the performance and
stability of the semiconductor device is often seen to decrease because of
the presence of what would be considered very low levels of metal ions.

20 As the plasma stripping process is repeated, more degradation of the
device frequently occurs. A primary cause of such problems has been
found to be metal ion contamination in the photoresist, particularly sodium
and iron ions. Metal ion levels of than 100 ppb (parts per billion in the
photoresist have sometimes been found to adversely affect the properties

25 of such electronic devices.

Film forming novolak resins are frequently used a polymeric binder
in liquid photoresist formulations. These resins are typically produced by
conducting a condensation reaction between formaldehyde and one or
more multi-substituted phenols, in the presence of an acid catalyst, such

30 as .oxalic acid or maleic anhydride. In producing sophisticated
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in liquid photoresist fornmulations. These resins are typically produced by
conducting a condensation reaction between fornmal dehyde and one or nore
multi-substituted phenols, in the presence of an acid catal yst, such 30 as

. oxalic aci u@®sogiphel ¢ anhydride.. I n produci ng sophi sti catgdrpadRess TUTE
SHEET (RULE 26) WD 00/ 01487 PCT/ EP99/ 04430 -3 sem conductor devices; it
has becone increasingly inportant to provide novolak resins having netal
ion contam nation | evels below 50 ppb each. There are two types of

phot oresi st conpositions, negative-working and positive-working. Wen

negat i ve- wor ki ng. | L : [.e_ expos | -w se to
adiati on 1 neoHieBREabF Bp Tt ATRAS rbLAN, nctsRbRal BRRARL E RB T ot on
becone | ess snbudlblerdsinschalérwemef iorsantdminatideleyels below 69pbigdchng reacti on
occurs) while the pynexposed (ill‘ eas of tthe . photoresi st coating remain

Pl atively sol ubl ol ISCEE AW MRS R RIptoreRisb Composiiaive AETBHVE RO o

negat i ve- wor kaRg poBRiveiwotkihg. ANHRWEh&YRBle WAHGAS dp%@tdrsgigtvebmea‘:siﬁ&%
non- exposed areas of the photoresist coating and the creation of a
negati V& i mag@re AxRaseddmagerigse Theadiation, thedeaasrny the resist emapesitian on of t he
underlying su ¥ | - ' Lt [Lon was
deposi fed. cnompetainné [ bokdrillels Solbi8 S s detBlcrler SOTRET (2.

conposi ti ons ar erasspioking reanhionwbsaurs) whildi ¢e amexjdsachaseasrafatheof t he

photoresist c j ti,on _exposed.to the radiatipn eco ore _soluble to

t he devel oper ngtlgﬁ?sl'scgnco Z'pg.reg‘a}%é?lﬁgﬁéyeﬁg@}e f%a&%tﬁ EnQUg‘gﬂs)ﬁHﬁi l e those
areas not exposatinaremfian expbatd iegativiensarkingl resist with RedeleNepedRausED! ut i on.
Thus, i)éeat nent of a osed positive-wo hotoresist with the

Ki t
devel op®r cauf®Boyal v@épﬁ?”‘%‘g“&gpa?éa %f:@lﬁgg'b‘?tg%'sﬂfé’a@aﬁt?% théhd the

creation of acrRsichi ¥€al ABGAIVENIMAR MO R3S CPRLIEBY- undiBlifg £ desired
portion of the underlying substrate surface is uncovered. After this
devel opnent ogesiEed eartionhef thewrsierlyingl supstiaier sréaseeen et the phetay be

treated with ostbodhabeindt GARMNebL! Ofn Ghe ARSI Rand2RAEn PuduhBe |1 ke

. The etchant solution or plasnma gdses etc
working photoresist compositions are exposed image-wise to radiation,

15 those areas of the photoresist composition exposed to the radiation
become more soluble to the developer solution (e.g. a rearrangement
reaction occurs) while those areas not exposed remain relatively insoluble
to the developer solution. Thus, treatment of an exposed positive-working
photoresist with the developer causes removal of the exposed areas of

20 the coating and the creation of a positive image in the photoresist coating.
Again, a desired portion of the underlying substrate surface is uncovered.

After this development operation, the now partially unprotected
substrate may be treated with a substrate-etchant solution or plasma
gases and the like. The etchant solution or plasma gases etch that

25 . portion of the substrate where the photoresist coating was removed during
development. The areas of the substrate where the photoresist coating
still remains are protected and, thus, an etched 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

30 photoresist coating may be removed during a stripping operation, leaving

a clean etched substrate surface. In some instances, it is desirable to
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25 portion of the substrate where the photoresist coating was renoved

duri ng devel opnent. The areas of the substrate where the photoresist
coating still remains are protected and, thus, an etched pattern is-
created in thwowuwbstrate nmaterial which corresponds to theppheromwask used
for the inmage-w se exposure of the radiation. Later, the remaining areas
of the 30 photoresist coating may be rénroved during a stripping operation,
| eaving a clean etched substrate surface. In sonme instances, it is
desirable to SUBSTI TUTE SHEET (RULE 26) WO 00/ 01487 PCTI EP99/ 04430 -4
heat treat tImeat eeatthe ngmpiniigopesoesist Riyer, aftef ey dédJetopieert|sepremd step and
before the egg?ing step, .to increase its adhesion to the underlying

substrate and€i'§ V@siegq'%ﬂﬂ:ét?% & “HireRSes dF uBFRRReN PRSI VBIRIHHIRS ng

phot oresi st GABPPREHNANE BEiBtFEE t&Bichhgf @V RbRd 5 over negative working
resi sts because the fornmer generally have better resolution capabilities

and pattern transPepitix@aversingr Phetocesist pprsbrRAsdinnst arer 4GPy davared defi ned as
the sngl | est A uahi, eh: - 8si Sitd f f romthe
photorrngsk too&EeEgéﬁé\%@{]kﬁﬂ('wfﬁﬁaﬁ%ﬁ& eqgr e%?@gpgfﬁr%gggg’erﬁgg bge(rgt&fty after
exposur e and resnhatiaprepabilitias amdpattermiranéfac charactprisgips.i cRitotomresist oday,

resist resolution.on. the arder, of |ess, .than on i cron are negessary. In
addi tion, it Lﬂéésoq‘élor?o'sstdeg %dyass t@@sﬁ”?%%ﬁ%fear%ﬁtw%ﬁb{n er\%\sf)ﬁg'a‘pBﬂﬁ?%r esi st

wal | profil ezahdrarssar fvantthe ghotaehaiki toethe GsubBRateSwIs tar RigA. dePded of

demar cati ons . bet weeagdevel.&)ed and undevel oped, areas of tﬂg resi st coating

transl ate i nt'B288cGPET e 254 ePHFt (XROPYUR &N HievelpRMERlk | Hhg®23Bht o t he

substnate. SHARRCIGMJ IdEFIiMEhHIt@éyThesiatr esRNlitichNyeMd Qrddredrafes to a
process for renoving netal ions fromsolutions of: filmform ng novol ak

resins, phot SP¥LPEE THERPAPIISEASSATY 200 aRdtieR Hele aimpshalvays dpsirg
phot or esi st GRAMASIdel,R e_§%ﬁBto‘?és@%é’i?%ﬁbes%qﬁéd[r\é/%ﬁicaqyeﬁaiveqeghe

surfactants. The present invention also relates a process for renoving
netal ions frgRsisaieh syl demercalinhe logdweersdeveloped and undeveloped

areas of the resist coating translate into accurate pattern transfer of the

15 mask image onto the substrate.

SUMMARY OF THE INVENTION

The present invention relates to a process for removing metal ions

from solutions of: film forming novolak resins, photoresist compositions,

20 and other raw materials for photoresist compositions such as solvents,
additives, dyes, and surfactants. The present invention also relates to a
process for removing metal ions from such solutions, which process
utilizes a specially designed lon Exchange Pack, as shown in the Figure 1
below. The lon Exchange Pack will, preferably, also have a filter unit, as

25 shown in Figure 1, so that solutions can be purified by also removing solid
particles.

The present invention relates to a process for producing high purity
novolak resins, photoresist compositions, and other raw materials for
photoresist compositions such as solvents, additives, dyes, and surfactant

30 containing very low levels of metal ions, i.e. less than 50 ppb each,

preferably less than about 35 ppb, more preferably less than about 20
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utilizes a specially designed |Ion Exchange Pack, as shown in the Figure 1
bel ow. The’ I on Exchange Pack will, preferably, also have a filter unit, as
25 shown in Figure 1, so that solutions can be purified by also renoving
solid parti ov@swo1ddle present invention relates to a procesRCHERIYPHSuUCi ng
hi gh purity novol ak resins, photoresist conpositions, and other raw
materials for photoresist conpositionsssuch as solvents, additives, dyes,
and surfactant 30 containing very low levels of netal ions, i.e. less than
50 ppb each, preferably |ess than about 35 ppb, nore preferably |ess than
about 20  SUBSJH, Ta/BR SoREPreriidoly 63 tHh QBLAL 46 pBEHERRS Retdibly 5 ppb,
even nore preferably | ess than about 10 ppb and nost preferably |ess than
about 5 ppb ekesh tharhebyf odPse3sh. t he subj ect invention produces a novol ak
resin, that is prﬁﬁébaﬁbys 8 ffhblg’rbfeef m/eﬁndwyr%akesrsﬁboo@m@é.ﬁe\ﬂaby
conden5|ng 5 fornal dehyd one or nore phenolic conpounds, such as
meta cresol, parpaeferm)ola f3m5f<@rmm mqvpleémesnoroatamefdy|ban@pnden$mg .
condensat i on [ refe c h ese of an acid
catal yar,  suclaiehfle gt P b Mot cBiéndh Gitbedihdsy SuBh PP Rl T
obt ai ned havecresol paya-tmsol, ev&btmenhylpmml orarﬁ;xyslundﬂ afhe candensatibrum

potassium cal cium .10 esi um p and zinc, i than 50 ppb
each. Sodi um é‘?ﬂf“l"?d)%pregaggltyif@"h%%?“tdgﬁ%ﬁreﬁﬁf‘&? of 8% aEkS’n‘EazﬂlVﬁtaﬁ‘t“g" and anong
the easiest tas dtali€atid orhhaleRvathyafidehemR nalodk Qi GRaved Hvead

I ndicator of the |evel of other netal ions. U S Patent 5,073,622

di scl oses a pVeYeY yRISRIJBBE IRySnEH ak "OTBS?‘@EanOFﬂﬁi% %@l%igPal  sodi um
and i TR ion heydlesiim, Iceﬁéertmrhlé@%p%smanﬁ@ﬁg@bxmgsmgmwﬂr@k resin in

an organi c sol vent and contacting the solution wth aqueous sol utions of
an aci di ¢ conprefhd 6108t AGMEEAPDEEH ion BRILERINGRSCRIPEMONIARe BAEIEDRIVW NG 20

Figure 1is aqoarti fhe G598t BESL hRMAlioNd SYKL ot BR iRSENEE EAfle tevel of

other metal ions.
U.S. Patent 5,073,622 discloses a process for producing novolak
15 resins having a total sodium and iron ion level of less than 500 ppb by
dissolving the novolak resin in an organic solvent and contacting the

solution with aqueous solutions of an acidic complex forming compound.

BRIEF DESCRIPTION OF THE DRAWING

20 Figure 1 is a partial cross-sectional view of the preferred
embodiment of the lon Exchange Pack utilized in the process of the
present invention. The pack can be made from high-density polyethylene,
Teflon® PTFE or any other metal ion-free polymeric material, which is
compatible with organic solvents, preferably Teflon® PTFE, or most

25 preferably high-density polyethylene. Figure 1 shows an lon Exchange
Pack unit, which is adapted to receive an influent stream through an inlet
1. The lon Exchange Pack contains cylindrical bags, 2 and 3, preferably
made of high-density polyethylene sheet. The cylindrical bags may have
a capacity of from about 1 Kg to about 100 Kg , preferably from about 3 to

30 50 Kg. The inlet 1 is used for feeding ion exchange resin into the lon

Exchange Pack, such as by using by a funnel. The lon Exchange Pack
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enbodi nent of the Ion Exchange Pack utilized in the process of the present
i nvention. The pack can be made from hi gh-density pol yethylene, Teflon(r)
PTFE or any other netal ion-free polyneric material, which is conpatible
wi th organi c Yso¥¥@#'s, preferably Teflon(r) PTFE, or nost ZSTHEPeFHEsND| y

hi gh-density pol yethyl ene. Figure 1 shows an |on Exchange Pack unit, which
is adapted to receive an influent stredmthrough an inlet 1. The lon
Exchange Pack contains cylindrical bags, 2 and 3, preferably nade of

hi gh-density pol yet hyl ene sheet. The cylindrical bags may have a capacity
of from abouthds Ege tawtiabdufiltan6 Hghe huttefrerama 3 suppontiabatube 3.t Tha0 Sg Kg.
The inlet 1 i e ed| ion_e chan into the lon. Exchange
Pack, such as“s/rt’)é/‘gu'm n@xcéwangef el®. Ssl"’ﬁ %?Eiﬁﬁynﬁé'“ﬁa%w'g BRISHYTUTE SHEET
(RULE 26) \Ao;smmmaﬁfelaﬁfwaﬂ%@@@@f th@-asb@mb@neméuérﬁtﬁé lol ExéHdriger 5 at the
bott om and ort| Efei The whol e | on Exchange Pack is seal ed,
such as by us@'%p 2 JIOUSiBB \Re PRSP ERRLY Blaéﬁe’roinéfa”t"ﬁés £t88l.of -t he
assenblsy. Theﬂ’%‘ﬂlhﬂl@ ds@lht@ﬁ?h@%etreﬁégkus lﬁtrBJiL?éé%dtHr&.?drfﬂwé"m%@' {89 8,
preferably made from stainl ess steel. The uid ution) to be treated
i s i nt r oduced”¥RBHethianHRxchanges resin beadﬁolﬂ‘tth@tlom FychangecdRahaangeexitesi n beads
in the Ion ExgRaig@enBagter 3ng %! tfo°ttorr¥ Bf mégBudé?‘% d Ltrsé era\yestsF ottom of
the outlet 4 to a receiver vesse 0 control the flow
rate. 10 DETA@LLTEIDWBESGRHWItQNOGFOWHEfIPREEERRED EI\/BODI I\/ENT The present
invention relates to a process for reducing netal ions in filmformng
novol ak resins, photoresist conpositions, and other raw nmaterials for

phot ori®si st cDBEPARIED b IE§®QJEHT|GHSCB?)TMErIFtFSEFERIHEDiEMIOEIMENT and
surfactant. The pr sent i nvention aI So relates to a specially design 15

filter el ement, an 'oR SERAHENGAPIERCS IO aRsaressiot UFI”@Lﬁ‘%tafL'O”?he | on

Exchange Pac Kini Sl Qﬁﬁh&@ Whidlald réhs OPhRNEBRNEBMpBSHiBnSs, BAhABIHAA ragxChange
resin, a mxture of both, or a chelating ion exchange resin. The Ilon

Exchange PackMRiarRIs{o8mbolasesistafuBPIsiRnSasych) 2 Foluertshadditits; dyear ti cl es

and surfactant. The present invention also relates to a specially design

15 filter element, an lon Exchange Pack, as shown in the Figure 1. The lon
Exchange Pack is loaded with a cation exchange resin, an anion
exchange resin, a mixture of both, or a chelating ion exchange resin. The
lon Exchange Pack will preferably also have a filter so that solid particles
can also be removed from solutions. The dissolved metal ions, cations

20 and anions are removed by an adsorption process by an ion exchange
resin, or mixture of ion exchange resins, in the lon Exchange Pack. It may
contain a cation exchange resin, such as Amberlyst® 15 resin, for
exchanging cations from a liquid; an anion exchange resin, such as
Amberlyst® 21 resin, to exchange anions; a mixture of such a cation

25 exchange resin and such an anion exchange resin or it may contain a
chelating ion exchange resin, such as IRC®-718 resin. An lon Exchange
Pack unit may include a storage vessel (housing) within which the solution
is to be ion exchanged, means for transferring the liquid to the lon
Exchange Pack (such as a funnel), optional means for controlling the flow

30 rate of the liquid through the lon Exchange Pack, such as a pump, and an

outlet through which the purified solution can be transferred into a
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can al so be renmoved from sol utions. The dissolved netal ions, cations 20
and ani ons’ are renoved by an adsorption process by an ion exchange resin,
or m xture of ion exchange resins, in the lon Exchange Pack. It may -.
contai n a catwomoewxshange resin, such as Anberlyst(r) 15 r e®cwrrfoma4aso
exchangi ng cations froma liquid; an anion exchange resin, such as
Anberlyst(r) 21 resin, to exchange aniamis; a mxture of such a cation 25
exchange resin and such an ani on exchange resin or it may contain a

chel ating ion exchange resin, such as IRCO 718 resin. An lon Exchange Pack

uni t may incl %@eﬁaﬁxtzégsﬁgelt ﬁééﬁ'be(&ﬁ!ééitrﬁﬂ)th%&r%{b g&*ﬁoatcﬁedl&%%fd' on 1s

to be ion exchange neans or transterring to the lon Exchange
Pack (such as kerbimncan )Jfa osEd aloake oresiay dlso beons;efd)iri lca@btrtaeohlvmm 80 rate of

the liquid through t on Exc and an outl et
thr ough-whi ch TIPS SIS AP SF AR DRl b X AgE PES Rt o ' - SUBSTI TUTE
'SHEET (RULE 26) V\Dﬂiy BHABYXCHARBEEPSN Adg 3k maliel 6@ Ag medsrseithatl is shoul d

be noted that the lon Exchange Pack disclosed herein can be used alone or
may al s& be us®gtal iPrhapiEndidaes watidetrimentatin Brtergrt Withdhe salvtieR dAdger s or

ion exchange pl'bﬂcé&ﬁgﬁged-rhQ'hleoﬁegéﬁthﬁﬂqgﬁtldar\aﬁﬁvm Q?néfﬁgc? fbi ?U?l@l?\\(; nateri al
that is 5 netal 1on-free and does not detrinentally interact wth the

solution to beSOluWSewblﬂé)rg@@BSSWm&éSent i nvention provides a nethod for

purTiving soluft oriouiiich JBERRAS MK BRSEMnl BA4l B9 dgpen o1y

designed I on ha ge ure change Pack

conprises: 1) a hOLFsugn@ 1, Mhlm dbar&‘mkﬂlmngadléadl« ocmnprlsem tiorar bdusiggsubst ance
such as, stainless ste

& or Imore ndric bags . positi ned Wi t hin
Such “HShsi g, vherPrasHal A HRuECrtodity ruSdannaiol Fr SBTER: 11 oned
within the other, sgte8 bpgsneref bl dyhlihaMtélgb £ gfRitichid OWitihihOBuicrabout 1
Kg to about 100 Kg 3) .a seal near the top t he housi ngD 15 that is
ef fective to seal tPRYISIRSh WEEON R34 O bag§ 'SaHt"IZﬁPé%“e will"be positioned

within the other, such bags preferably having a capacity of from
about 1 Kg to about 100 Kg, 3) a seal near the top of the housing
15 that is effective to seal the lon Exchange Pack; 4) an inlet
positioned so as to allow the introduction of a soiution through the
seal into the cylindrical bag(s) positioned within the housing, 5) a
support, preferably a supporting tube, that extends from the bottom
of the housing to the seal positioned near the top of the housing,
20 and 6) an outlet, preferably an outlet tube, positioned so as to allow
the exit of the solution from the lon Exchange Pack through the
seal, the outlet preferably having a filter that is effective in
removing solid particles from the solution;
b) 1) rinsing a cation exchange resin, e.g. in a column or in a
25 batch process, with deionized (“DI") water, followed by
rinsing with a mineral acid solution (e.g. a 5-98% solution of
sulfuric, hydrochloric acid), again rinsing with DI water, and
thereby reducing the level of sodium and iron ions in the ion
exchange resin to less than 50 ppb each, preferably less
30 than 35 ppb, more preferably less than 20 ppb and most

preferably no more than 10 ppb each; or
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positioned so as to allow the introduction of a solution through the seal
into the cylindrical bag(s) positioned within the housing, 5) a support,
preferably a supporting tube, that extends fromthe bottom of the housing
to the seal pY¥1aootA§2d near the top of the housing, 20 and BF¥TERWEPet ,
preferably an outlet tube, positioned so as to allow the exit of the
solution fromthe |Ion Exchange Pack thrgugh the seal, the outlet
preferably having a filter that is effective in renoving solid particles
fromthe solution; b) 1) rinsing a cation exchange resin, e.g. in a colum

or ina 25 batch pyoceggsin dg\btdhe%hg%ri%h(an@é i 8T in 4 sbiLAwest iy
S

rinsing wth a mneral aci ol ution & Iﬁ? a 5-98% sol ution of sulfuric,
hydrochl oric acid), agafPatemprasgsei with B walesrfollawed yhensng Wikdaci ng t he

| evel of sodi um and irogyfd %Sadh@selgﬁoﬁ g:gg E%Cé@i‘% Jn%ﬁ'd? sh[?ur'u@%’?t ithan 50

ppb each, preferably |ess nor e pre er abl ess t an 20 ppb
and nost preferably noomydso¢Hient a.@d)ppbaleatm;ngomthlB@?teTUﬁEO\BBEEY (RULE

26) VO 90/ 01487 PCT! EPORUQAS M 5 aPlperh IR 8 8 8L ARG 0 e 5gange

resin, €.g9g. in a colum or ¥n a DAL C roc ter ol'l owed by
rinsing vv| th a m neral trecety smumlr(gltr(eeclgelaan@«%%xsmdngtel siroto $tal furi c,

nitric or hydrochloric_acid a rinsjn foll owed by 5
rinsing with an ammoni uﬁﬁ“ﬁ?@% isglg fggcmecfb%%%mjmng \\é(\ﬁ}&%t%?r a°
converting the chel ati ngheréby AxdRRRYIB’ BSENOf Qodilifh addmmIAI @msslal the foll owed
by again rinsing with D_water, and thereby reducing the |evel of sodium
and iron ions in the cHRe§atingden (‘fﬁ‘c'é@(’iﬂ?aﬁ@%” rtesieqs tt9an e¥d RPRaR2YD ppb

each, 4§ preferably |eS§réf£§%BlyﬂQQ§'¥ha%5ab%ﬂpas %Bemeféaﬁr%ﬂ‘é}gbb{/ 1b&Shahhan
about 20 ppb and nost preferably no nore than about b each; or

about 20 ppb and most preferably no more t an about 10
ppb each; or
3) rinsing an anion exchange resin, e.g. in a column or in a
batch process, with an ammonium hydroxide solution (2-
15 28%), followed by rinsing with DI water, and thereby
reducing the level of sodium and iron ions in the anion
exchange resin to less than 50 ppb each, preferably less
than about 35 ppb, more preferably less than about 20 ppb
and most preferably no more than about 10 ppb each; or
20 4) rinsing a mixture of a cation exchange resin and an anion
exchange resin with Dl water, followed by rinsing with a
water soluble organic polar solvent, such as acetone or a
C1-C4 alkyl alcohol, and thereby reducing the level of
sodium and iron ions to less than 50 ppb each, preferably
25 less than 35 ppb, more preferably less than 20 ppb and most
preferably less than 10 ppb each;
c) transferring an ion exchange resin or mixture of ion exchange
resins from step b) to the lon Exchange Pack from step a);
d) either before or after transferring the ion exchange resin(s) from
30 step b) to the lon Exchange Pack from step a), rinsing the ion

exchange resin(s) from step b) with an electronic grade polar
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3) rinsing an anion exchange resin, e.g. in a colum or in a batch
procéss, wWith an anmoni um hydroxi de solution (2- 15 28%, followed by
rinsing with DI water, and thereby reducing the |evel of sodiumand iron
ions in the amowmo/otxchange resin to | ess than 50 ppb each, roraPev@iboy | ess
t han about 35 ppb, nore preferably |l ess than about 20 ppb and nost -
preferably no nore than about 10 ppb ea®hk; or 20 4) rinsing a mxture of a
cation exchange resin and an anion exchange resin with DI water, followed
by rinsing wwith a water sol uble organic polar solvent, such as acetone or
a Cl-C&4 al kyl al cegbient, Mhtéeraebtpnéeduai(Dg-GthelldyE\aeiohof foE@nhdJlmyand iron
lons to |l ess than 50 b each, éePreferabI%?tZS | ess than

preferably less th&hs "HHbaéH' Bl ehotomrsist splysny SFEQESPH%‘HRGEW %‘5B°leach c)
transferring an 'O%QKﬂh&Hgﬁaéﬁﬁté‘("PGMEM)Uétﬁypfactaﬁél o XThémesond, &si ns from
step b) to the lon Exchange Pack fromstep a); d) either before or after
transferring the |Gﬂb§t>@6h%if¥g@m°é§|t"rﬁ BPlaf pRIMEN30 step b) to the lon Exchange
Pack fr gm step, n n p with an
choctrod o or Ble. paPaRPocferinr el el o bR P

PCTI EP99/ 04430 -9 wdablemqlvm(shclaasdt@M&Weoroetrwl tal:tam trewdh tleclonol |

o Lowed o, oS, Dbl BB hEPLSp RICACH ik glfah KPR, EH Pt 0Py, ene

substantial |y renpvsbdubetgootarprefetaspntiond ab)oupmlt@gatmusmwconnorpr ef erably
a solution of novolak resin in a suitable solvent such PGVEA or et hyl

|l actate, through trEeiesaPly FQm ARgat 910 APBYY %?%[5; dTOStaPreéerlaBngPﬁ‘t ure of
from abgut 30 to gﬁa&% Séﬁegbowﬁoer abh¥ioly 8 a@&vfhamet,%s%ﬂeé tik@0C, nore

preferably from ab to about 100C, nost preferably from
in the lon Exchange Pack is from about 2 minutes to about 40

hours, preferably from about 30 minutes to about 35 hours, more
preferably from about 2 hours to about 30 hours, even more
preferably from about 5 hours to about 20 hours and most
15 preferably from about 8 to about 15 hours, and thereby reducing
the level of sodium and iron ions in the solution of the material
treated to less than 50 ppb each, preferably less than about 35
ppb, more preferably less than about 20 ppb, even more preferably
less than about 10 ppb, and most preferably less than about 5 ppb
20 each.

The present invention further provides a process for producing a -~
positive photoresist compasition having a very low level of metal ions.
The subject process comprises:

25 a) providing a specially designed lon Exchange Pack, as shown in
Figure 1, which lon Exchange Pack comprises: 1) a housing,
preferably made from a non-corroding substance such as stainless
steel, 2) one or more cylindrical bags positioned within such
housing, when a plurality of bags is utilized one will be positioned

30 within the other, such bags preferably having a capacity of from

about 1 Kg to about 100 Kg, 3) a seal near the top of the housing
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10 about 70 to about 90C, at a flow rate such that the residence tinme in
the 1 on Exchange Pack is fromabout 2 m nutes to about 40 hours, '
preferably fromabout 30 m nutes to about 35 hours, nore preferably from
about 2 hour sWogoab8ut 30 hours, even nore preferably fronPE@bBE/NB3NOUr S
to about 20 hours and nost 15 pref erably from about 8 to about 15 hours,
and thereby reducing the level of sodil@rand iron ions in the solution of
the material treated to | ess than 50 ppb each, preferably |ess than about
35 ppb, nore preferably |ess than about 20 ppb, even nore preferably |ess
t han about 10 ppb, tfaatdimmtfecqmeefterMIythbem tEanharagmLHadi' phban2ihledach. The

present invention further praovi roces rod itive
phot or esi st conp05|ptofg'ﬁnﬁ%\7f)r‘?§' g E{/IQYVy'RFdW?C&?g M"@IO”QBF%JQR ?I‘ﬁe subj ect
process conprises: saai injo fedwylitidrigaldbspechditionedesittgnede housikycbpage Pack,
as shown in Figure 1, which lon achan%e Pack conprises: 1) a housing,

preferably made frSHPEOMAEEERIY @i SMEPetihgtubedhatl @fends &3mithig Be¥omst eel | 2)

one or mwore cylindids g hBagag RO Hhd g@éle;siaswctneume%w%t B {HEOno ¥R @
plurality of bags is utilized one will be positioned 30 wthin the other,

such bags pr ef er ablapdiAnryitiat eapiacatly an pulietdube. sigsitiongd kg asdo abowt 100 Kg,
b 61360 PO Epael rié’%éf?foftthﬁ g%{%:ngﬂo QngghTé{EEaE@,EFPEc&e Ioﬁagbchange

00/ 01487 PCT/ EP99/ fective
Pack; 4) an inlet spebi theowedes@rdsratbdy dldvog thdiltentthatductefectiod ia sol uti on

through the seal i h a ositioned within the
. rgrtngvﬁw %O g g\%\’escfgom la\egé thcp

housing, 5) a suppor a suppor ing 'tube, that extends fromthe
bott om1® of ths housi ngruhengl“aacsem gpoisarigeoreath, negr irt hecdiopnodr trha housi ng,

an 6) 2, out et B el Shably UL Eh LB 0T e 9P 5 | o The
rinsing with a mineral acid solution (e.g. a 5-98% solution of
sulfuric, hydrochloric acid), again rinsing with D! water, and
thereby reducing the level of sodium and iron ions in the ion
15 exchange resin to less than 50 ppb each, preferably less
than 35 ppb, more preferably less than 20 ppb and most
preferably no more than 10 ppb each; or
2) rinsing a chelating ion exchange resin, e.g. in a column or in
a batch process, with DI water, followed by rinsing with a
20 mineral acid solution (e.g. a 5-88% sclution of sulfuric, nitric
or hydrochloric acid), again rinsing with DI water, followed by
rinsing with an ammonium hydroxide solution (2-28%), and
thereby converting the chelating ion exchange resin to its
ammonium salt, followed by again rinsing with D! water, and
25 thereby reducing the level of sodium and iron ions in the
chelating ion exchange resin to less than 50 ppb each,
preferably less than about 35 ppb, more preferably less than
about 20 ppb and most preferably no more than about 10
ppb each; or
30 3) rinsing an anion exchange resin, e.g. in a column or in a

batch process, with an ammonium hydroxide solution (2-
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seal, the outlet preferably having a filter that is effective in renoving
solid particles fromthe solution; 10 b) 1) rinsing a cation exchange
resin, e.g. in acolum or in a batch process, with deionized ("D ").

wat er, foll owg@ daxiagii NSing with a mneral acid solution (epgrERYIHE%0
solution of sulfuric, hydrochloric acid), again rinsing wwth DI water, and
t hereby reducing the level of sodiumand iron ions in the ion 15 exchange
resin to |l ess than 50 ppb each, prefer'aUI'y | ess than 35 ppb, nore
preferably | ess than 20 ppb and nost preferably no nore than 10 ppb each;
or 2) rinsing.a chelating ion exchange resin, e.qg. in a colum or in a
batch process, with D @kbr followedoRd ripging wehn&!wivatera ango theedyal aci d
solution (e g. a 5-95% sl OffeClev8H bf Wobifum Mrld Irfn pndMATAENLABRC aci d),
again rinsing with DI water, “followed by rinsing with an anmmoni um

hydr oxi de sol uti on (2-28hangadesinhter leby tbambor ppin @athepusfedablyi legsi on

exchange resin to its @‘(%HD iOHF?ﬁngq%’e"Iq%lg’?g‘gga&?y'e%gqh& rawﬁtjﬁ@ i th DI

wat er, and 25 thereby reducing Ve LrRcand=t PoR-T onEPTn Tt he
chel ati 8g i on exchange amdmost preferallytrivancrehambbeatctt, ppipeadtevabl y | ess

t han about 35 ppb, pore preferably |less than bout 20. ppb_ and_npst
preferably no rmre“t)hfan” Ho% T@‘t“rﬁp‘ffsﬁé@n‘?” 8?‘%9% fe,ﬁfrﬁgpﬂdﬂnaﬂnlgﬂi on
exchange resin, e.g. i nei’ctﬁﬁFé‘%sw with Bl wWaldrC Mol 69 , rivdiid) wath anmmoni um
hydr oxi de sol ution (2- SUBSTITUTE SHEET ( RULE 26) WD 00/ 01487

PCT/ EP99/ 04430 - 11 28%vatef glaluile #regnie ipearnpNEnthsysh akitasetongner Bher eby

e n20' 05 pebeach, ST AR, HESRG! A Wb eglony MCIAMOR el 1 o
| ess t HAn about 20 ppb sodium and iron ions to less than 50 ppb each, preferably
less than 35 ppb, more preferably less than 20 ppb and most
preferably less than 10 ppb each;
c) transferring an ion exchange resin or mixture of ion exchange
resins from step b) to the lon Exchange Pack from step a);

15 d) either before or after transferring the ion exchange resin(s) from
step b) to the lon Exchange Pack from step a), rinsing the ion
exchange resin(s) from step b) with an electronic grade polar
solvent, such as acetone or a C1-C4 alkyl alcohol, followed by
rinsing with a suitable photoresist solvent, such as propylene glycol

20 methyl ether acetate ("PGMEA"), ethyl lactate or 2-heptanone, to
substantially remove the polar solvent; |

e) passing a solution, preferably a solution of novolak resin in a
suitable solvent, such as PGMEA or ethyl lactate, through the lon
Exchange Pack from step d), at a temperature of from about 30 to

25 about 150°C, preferably from about 50 to about 120°C, more
preferably from about 60 to about 100°C, most preferably from
about 70 to about 90°C, at a flow rate such that the residence time
in the lon Exchange Pack is from about 2 minutes to about 40
hours, preferably from about 30 minutes to about 35 hours, more

30 preferably from about 2 hours to about 30 hours, even more

preferably from about 5 hours to about 20 hours and most
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5 and nost preferably no nore than about 10 ppb each; or 4) rinsing a

m xture of a cation exchange resin and an anion exchange resin with D
water, followed by rinsing with a water soluble organic polar solvent,
such as acet ow® w1487 Cl- C4 al kyl al cohol, and thereby reduecngpridnadibeve
of 10 sodiumand iron ions to |less than 50 ppb each, preferably |ess than
35 ppb, nore preferably |l ess than 20 ppt2 and nost preferably | ess than 10
ppb each; c¢) transferring an ion exchange resin or m xture of ion exchange
resins fromstep b) to the Ion Exchange Pack fromstep a); 15 d) either

before or after tr?ﬂﬁ&@bﬁﬂ@@nkﬂ%ut@moaﬁﬁhﬁnﬂﬁh6@§'Bﬁ@kh&%@?ﬁe@& b) to the
| on Exchange Pack from ste rinsing the ion exchange resin(s) from

step b) with an el ¥ét leyal @P@P%l@ B@q’ aon 965 yerihe solitienaef hieemstRsiabr a Cl- C4
al kyl al cohol, fol i S | vent,
y {r?%g tgyles§ > it ﬁﬁ%]btg ath, Sitefc? l?g%rp{n,eﬁgﬁyf@

such as pr opyI ene glycol er acetate | act ate
or 2-heptanone, topplsub@ltemfea&iblylersertbmeabm {oprh, eyehveare preferaissing a

Sich aes PaNEA o el inaralic’ die ARG S TRl bR bR ol Sl

d), at a tenperatueactof from about 30 to 25 about 150C, preferably from

about 50 to agﬁ]ut. 120 m)re E( ef era om about 60 to about 100C, nost
preferably fr aBrc?tYf P 03B reSﬂfC d"t p OPFRUF G ECTVRRATHAL 21 he

residence tinme inaideni SuFfiEsen@NgiIERGkitize the @RLEPOLIE cbrifditions 2§ 0 about
40 hours, preferably fromabout 30 mi nutes to about 35 hours, nore 30

preferably from ab8lf "VIRifiEsin P iRp oM SteRRlRed D\AestiiabieePNgip@sist abl v from
about %ghours to abguytnt20 hours and nost  SUBSTI TUTE SHEET (RULE 26) WO

00/ 01487 PCTI EP99/ 04430 12- preferably fromabout 8 to about 15 hours, and
t her eby reduci ng

The novolak resin solvent and the solvent used for washing the ion
exchange resin(s) may be identicial, and they may both be identical to the
photoresist solvent.

15 A chelating ion exchange resin, such as a styrene/divinylbenzene
chelating ion exchange resin, may be utilized in the present process.
Such ion exchange resins are available as the sodium form from Rohm
and Haas Company, e.g. AMBERLITE® IRC 718, or Chelex® 20 or
Chelex® 100 available as the sodium form from Bio Rad Co. Before

20 being utilized in the process of the present invention, the ion exchange
resin to be utilized must be rinsed with deionized (DI) water, rinsed with a
mineral acid solution such as a 10 percent sulfuric acid solution, rinsed
with DI water again, rinsed with an ammonium hydroxide solution and
then rinsed again with DI water. When purifying novolak resin solution, it

25 is critical that the ion exchange resin is then rinsed with a solvent that is
compatible with the novolak resin solvent.

The novolak resin is passed through the lon Exchange Pack
containing the. ammonium form or the acid form of the chelating ion
exchange resin as a hot solution, e.g., a solution of about 40 percent

30 novolak resin in a suitable solvent such as ethyl lactate or propylene

glycol methyl ether acetate (PGMEA). Such novolak resin solutions
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the Il evel of sodiumand iron ions in the solution of the material treated
to | éss than 50 ppb each, preferably | ess than about 35 ppb, nore
preferably | ess than about 20 ppb, even nore preferably 5 | ess than about
10 ppb, and r@stepisef erably | ess than about 5 ppb each; f) pot/eriodssag an
adm xture of: 1) a photosensitive conponent in an anmount sufficient to
phot osensiti ze the photoresist conposi.tyisan; 2) the novol ak resin solution
fromstep e) and 3) a suitable photoresist 10 solvent. The novol ak resin
sol vent and the sol vent used for washing the ion exchange resin(s) may be

\denticial, A JieYediin BRI 2B S9NLd GBbu! fadd 5o BAGH BF Sakidh s/ vent. 15

A chelating i hange resin, as a styren€ldivinyl benzene chel ati ng
i on exchange freaiions. MDuring tbéldromd ofrthé hpee game Seventipn.othess .levelsiane i on

exchange resins are, avail abl e as th sodi um f orm from Rohm and Haas
Conpany, e.g. R)BE?&%G?E(‘?)“H%E'%WS %‘P@P F‘) 20 or Chelex(r) 100

avail abl e as the sgdeuprdsehtn hvemtiddi pridbdesoa Bedcese RN heddiging idi zed in
the process of the present invention, the ion exchange resin to be

utilized nust pbétqfﬁﬁ§'e&°mppﬁ't'6’él i APTPEFSS et QFOdMCIWQséS"WQL"HU%mm ner al

acid sol ution gUehsagsh l%uer%r%erﬁhowhg.eflsorﬁ&ﬁ.&pl UL, piidtBeeRft Wi th D
water again, ri nsea I(ﬁ; an ammoni um hydr oxi de sol ution and then rinsed

again with DI owmp@mtlonav beifaringdriyy providingkan edmndts'@lqﬁta pntosansiR- s _
critical that t hgﬁgr%r}&%ﬁga}mg,arke@ E\ é@rgtege%%rﬂgg ?r&ég'oﬁﬂé that is

corrpatlble wi 5 K'Tesin's esin is passed
t hrough the | greseethavegtioRaakd acsuitablenphototdsist wim!mnl LBnutbbtensaﬂvemthe aci d

B L A

ethyl |actate féndaRpyEBBE pr@w@rca Iyesiky| @& BemeatBtaner 4ENEA thySuch

novol ak resin solutions. SUBSTI TUTE SHEET (RULE 26) WO 00/ 01487

PCT/ EP99/ 0443(B-ethoxypropionate, ethyl iactate, mlxtures of ethyl-3-ethoxypropionate

: and ethyl lactate, 2-heptanone, butyl acetate, xylene, diglyme, ethylene
glycol monoethy! ether acetate. The preferred solvents are propylene

15 glycol methyl ether acetate (PGMEA), ethyl lactate, 2-heptanone and

ethyl-3-ethoxypropionate (EEP).

Other optional ingredients such as colorants, dyes, anti-striation
agents, leveling agents, plasticizers, adhesion promoters, speed
enhancers, solvents and such surfactants as non-ionic surfactants may be

20 added to the solution of novolak 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 compaositions of
the present invention include Methyl Violet 2B (C.I. No. 42535), Crystal
Violet (C.1. 42555). Malachite Green (C.I. No. 42000), Victoria Blue B (C.1.

25 No. 44045) and Neutral Red (C.l. No. 50040) at one to ten percent weight
levels, based on the combined weight of novolak and sensitizer. The dye
additives help provide increased resolution by inhibiting back scattering of
light off the substrate.

Anti-striation agents may be used at up to about a five percent

30 weight level, based on the combined weight of novolak and sensitizer.

Plasticizers which may be used include, for example, phosphoric acid tri-
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-13 typically contain from about 250 to about 1000 ppb each of sodi um and
iron ions. During the process of the present invention, these levels are
each reduced to as low as less than 5 ppb each. The present invention

provi des a prwod#e8148r producing a 5 photoresist conpositi BET/ErAd/0&3Pr ocess
for producing sem conductor devices using such a photoresist conposition.
The photoresist conposition may be foeriged by providing an adm xture of a
phot osensitiz- es, a filmform ng novol ak resin purified according to the
process of the present invention, and a suitable photoresist solvent.

Sui tabl e sol vehéts- oh%réahylwed@rpbgtaaeeédu@t Sicarghber pélWr@Fy’»‘lléné est&tal my
i ncl ude propyl ene glycol nono-al kyl ether, propylene glycol alkyl (e.g

met hyl ) et her reRies: af? NOXY HPiNs 3 2a¢ kﬂi&ﬂp’ﬁéb‘?oﬁéta@oubtoﬁﬁ 10 8 RPNk xt ur es
of ethyl-3-et Wﬁé\@l?”@és‘%d &P%@E&M&nb@%@érﬁ offndieRieaN8enditer! acetate,

xyl ene, diglyne,” ethylene glycol nonoethyl ether acetate. The preferred
sol vents are ﬂh@p@)a@wezel@dgﬂltw@élImmwwtheeccrﬁémga@@paﬂw(@GVEA)\ateelahyL

lactate; 2-heghgngiganfe s%@»egn& ol el wrl.eagﬁogrﬁ@m o Ofifiop ! tlona'

i ngredients su as col or dyes atron agents eve
agents, pl ast tockrerss toetwhasjstratepr onoters, speed enhancers sol vents and
such surfactants ag 4hon

of novol ak resin, senm?ﬂ‘?@@irn%t rfsrggt it Suogqi%:’rdem?Hg afgﬁ%?%f) S!%q solution

conposition |$3deatoechgﬁbbe@l)setb;zltrrn@étboxyExamﬁ)I es of dyenetagdisilanes that may

be used together with t phot oresj st conpositions of the present
i nvention incl® LFGQVWWEDWW?WOI eY'”YJE'C(‘@“PS”nRB F8R5)JATHPIHTUNO-PLERY| et (C. 1 .

42555) 10 Mal achyidtBokysRame, (@plto B@out430@0p)ercéﬂtc$v@fglhﬁ 1Blare b@séc@ dn t#d No.
44045) and Neutral Red (C.1. No. 50040) at one to ten percent weight

| evel s, based COMbINRE ABNIn&d GeYYAt @1d nwnsitarr andds@eamentespeathe dye
addi tives hel p poAud d§ninfEGaRedss e SR, 95 Q)Yarh{)‘lg', ﬁﬁ ik ngkidag otﬁ‘ﬁc‘?t teri ng

of light off the substrate. Anti-striation agents be use
about a five m@eitemitrogonamicgrid up@msbbonbassﬁblpmenheeigbrﬂbwaledam oyt of

novol ak and SQH@'GHT\{)ﬁ{e'd weight of novolak and sensitizer. These speed enhancers

15 tend to increase the soclubility 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. In these instances, while the
exposed areas of the photoresist coating will be dissolved more quickly by

20 the developer, the speed enhancers will also cause a larger loss of
photoresist coating from the unexposed areas.

The photoresist solvent may be present in the overall photoresist
composition in an amount of up to 95% by weight of the solids in the
photoresist composition. Solvents, of course, are substantially removed

25 after coating of the photoresist solution on a substrate and subsequent
drying. Non-ionic surfactants that may be used include, for example,
nonyiphenoxy poly(ethyleneoxy) ethanol; octylphenoxy ethanol at up to
about 10% weight levels, based on the combined weight of novolak and
sensitizer.

30 The prepared photoresist solution can be applied to a substrate by

any conventional method used in the photoresist art, including dipping.

SUBSTITUTE SHEET (RULE 26)



Pl asticizers which may be used include, for exanple, phosphoric acid tri-
SUBSTI TUTE SHEET ( RULE 26) WO 00/ 01487 PCTI EP99/ 04430 -14

(beta-chl oroethyl )-ester; stearic acid; dicanphor; polypropyl ene; acetal
resins; phenoxgei/@asmns; and al kyl resins, at about one to tefrpeyoess

wei ght | evel s, based on the conbi ned wei ght of novol ak and sensitizer. The
pl asticizer additives inprove the coatifg- properties of the material 5 and
enabl e the application of a filmthat is snmooth and of uniform thickness
to the substrate. Adhesion pronoters which may be used include, for

exanpl e, bet a-gptinly, %ﬁﬁl)’\gca\‘\@s@}?ébfét}ﬁgetwlehrépﬁ?&&&?ﬁés\‘draé?@mple the
p- et hyl - di si I ane- hyl et hacryl ate;” vinyltrichl ordsil ane; and

gamma- am no- prep§l SQJQUQ'T can Ih?x?@wt&ﬁeNItMIﬁSlpédatmthe laemevp@geeqftsqhé$ ght
|ovel . based apyidie n°all B R4ORLofe BPYAL BisPP yiShRSL B5kn Vel oPTEN

speed enhancers tHhat I'C acid,
nicotinic acnybeoof spnmmogleqmameut attlizcdedlqmdttbeaahmumt af tﬂﬁemﬂowe@form ght

| evel ased on. the conbi ned of novo d sensiti These speed
enhancePe 15 SRR FREREhce SHIEE HATASP JFobhe BGTer AFBNUBoa i ng i n
both the expgafingid resiex Pasash Aok, dupddt dlison BRXId, &silitaRdnitrite,
applications when speed of devel opnent is the overriding consi der at i on,

even though danaiuTegcorPeh  POIYEHISRR. RYJaBIESs RIHMNUTHEOPAS, (ThHXRELS, nst ances,
whil e the F{{é‘ﬂﬁﬂn arseARicUnd SiRePORINAE BRbIfINCRMpdHAY | | be dissol ved nore

qui ckly by 20 the devel oper, the speed enhancers wll also cause a |arger
| oss of phot oresi §'thedli'@tt¢fﬁ§l5\‘ FeRhnOR @redusg yelie eserdedTirocptigedresi st

sol venyymay bgaawl&ﬁ éu a%E f&vﬁpgilclaltngnof]ortﬁérh%ﬁ Y %p@f%'n c'oméllicpnan CUUEUL

of up to 95% wel ght o e so COMposI
Sol vent s, of crbwiéecoahed Mﬂﬁ@‘lsanssuczml lag raemvx&kﬂzeZiS iaf ther wodtctivgp aff t he

photoreS|st sol ution on ate_.an equent . drying. Non-ionic
surfactants tHB&crqp&@c%sgo[Fsga t@?u&'@ma u&zeg 'Q%Ir%?d ﬂﬁ%i}l g%‘ﬁ%?yt
pol y( et hyl eneo«;y)almlh@ﬂdlummomyaxmewaﬁey cah haspdbe BsedIPTH®substrate may
also comprise various polymeric resins, especially transparent polymers
15 such as polyesters. The substrate may have an adhesion promoted layer
of a suitable composition, such as one containing hexa-alkyl disilazane.
The photoresist composition solution is then coated onto the
substrate, and the substrate is treated at a temperature from about 70°C
to about 110°C for from about 30 seconds to about 180 seconds on a hot
20 plate or for from about 15 to about 90 minutes in a convection oven. This
temperature treatment is selected in order to reduce the concentration of
residual solvents in the photoresist, 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
25 conducted until 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 about 85°C to about 95°C. The treatment is
conducted until the rate of change of solvent removal becomes relatively
30 insignificant. The temperature and time selection depends on the

photoresist properties desired by the user, as well as the equipment used
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about 10% wei ght | evels, based on the conbi ned wei ght of novol ak and
sensitizer. 30 The prepared photoresist solution can be applied to a
substrate by any conventional method used in the photoresist art,

i ncl udi ng di ppiongp14sSUBSTI TUTE SHEET ( RULE 26) WO 00/ 01487 PEEERDM304430
-15- spraying, whirling and spin coating. Wen spin coating, for exanple,
the resist solution can be adjusted wi téh-respect to the percentage of
solids content, in order to provide coating of the desired thickness,
given the type of spinning equipnent utilized and the amount of tine

al l owed for thfd SorfidkritiyHd¥ires &estindUieabhesstitihg alBstratacdand@esi | | con,
al um num polyneric resins, silicon dioxide, doped silicon dioxide,

si licon nitri &8 SXROZREAP @RYinie GaRiRtion. gel-y uiteviolH radiatiemia ¢ wavelangtini copper
mi xtures; galdripém aﬁaﬁryo@emﬁwaem%gsarm,hx-g ,%réckrbhgle%mmweé*% ofhe
d db escri

phot oresi st coatings produce y the d procedure’are
particul arly daserdpdi@tionrin gppidesised paitaro, produced by use ofwsuitabld masksi i con

di oxi degcoat eq‘e@%{if%ﬁ%ﬁéﬁp-tgﬁ‘gfartee& lé{cy ized in the production of

m cr oprocessors "an mniaturrzed integrated circuit conponents. An
al um nunt al um num Ghiedphatefeaist danhah ptibeallys etbjedtbe ts ub HoshterpsBye al SO

conprise various eric . resins, especially transparent polyngers 15 such
as pol yesters.sefﬁggi)ég'z‘groétr\?a 93%@93’?\9%&%@ In? c?r?d?@ﬂﬁ]e erneof a

sui tabl e conpasiatingnemputiiuras reAeraRRt fedrAigbeuhos & kipbudi siccazaie. The
phot oresi st co f%?iti on solution is then coated onto the substrate, and the

substrate is tABEIRYY o8 2Pt Gr & FAPeHS 438k 700e Pert@Somay1Rec f or

from ahout 30 @re0nds fbofréRBbul 8O ss@FRRAS 288U hatute2 OnBleat@iRhpfor from
about 15 to about 90 nminutes in a convection oven. This tenperature

treatnent is SEAREPEH! §hsSeEafEs tp GOPUH aeeanels o BAL Plats omalsiut 3Pdsi dual
solvents in thgpRAEOKiRSShy MlEQicAYeqaUSi Ng substantial thernal
, | :

degradati on of the photosensSitizer. In general, one desires to mnimze
t he concentration dihes@xpesrd phwtorebiskcdatedt syhstaersatare edevedaperernd i s

remove the image-wise exposed areas by immersion in an alkaline
15 developing solution or developed by 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 areas. Developers may include aqueous solutions of ammonium
20 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-
25 development heat treatment can comprise the oven 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, hydrofiuoric acid base etching solution. The

30 photoresist compositions of the present invention are resistant to acid-
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25 conducted until substantially all of the solvents have evaporated and a
thin“"coati hg of photoresist conposition, on the order of one micron in

t hi ckness, remains on the substrate. In a preferred enbodi nent the -.

t enper at ur e ivgo doame7about 85C to about 95C. The treat ment igcT/EFOYOH4sSE ed
until the rate of change of solvent renoval becones relatively 30 -
insignificant. The tenperature and ting7sel ecti on depends on the

phot oresi st properties desired by the user, as well as the equi pnent used
SUBSTI TUTE SHEET (RULE 26) WO 00/ 01487 PCTIEP99/04430 16- and commercially

desired coat i gkt diBRing sbRioROARH PRoULEHEAIR Srafctibsfor tlﬁ% ?é@éh to
actinic radiation, e.g., ultraviolet radiation, at a wavel eng of from

about 300 nm pheteriesist-Cagting areas of thaysubgiralet r on beam ion beam or | aser
radi ation, in any desired pattern, produced by use of suitable masks, 5
negatives, stencils, tenplates, etc. The photoresist is then optionally
subjected to a posThaeﬁoﬂiowmgeﬁpesiﬁc@ndmb@Isivd{j poovitie detailed dltustratiors bher. bef ore

or aft deve). o rrent ratures range. from about 90C to
about %0 e mefhogs Q,gb?rﬁsgé ﬁB%cF?"aP‘gB% go‘&e PiR*eRbat i ng may
be 10 conduct E\def\wn f mmssbmuew@@ smntfmlﬁ allpari3oatid PerGemids, ardDhe

preferably from abo tﬂl? ?nds to about 90 seconds on a hot plate or
about 30 to WS U130, WRights R1P; \BRISBY a¥eragh dnelepeiae aveight.

phot oresi st-cg ﬁ&é‘é’e%lh@b&%tr@ﬁotam@né@df%%eér tt&nmrt%rr"?é/ﬁn&thﬁe s'EEB?éoW se
exposed areas by immersion in an alkaline 15 devel opi ng solution or

devel oped by Y& dyventioe| iBpaBhtWaYr é@"és%‘ou%éob@leupp@wqeﬂ @5 eproviting
agitated, for gxapgphe. %é}&m@téé QFEFL MY & fucﬁgan?tt bgmm%g?an)i% y? Lgs are

allowed”to remain n'the devel oper unti all, of the
phot or esi st coadérrig phadticditie ptegedt ifivamtionhe exposed areas. Devel opers may

i ncl ude aqueous sol utions of ammoni um 20 or al kali netal hydroxi des. One
preferred hydroxide is tetramethyl ammoni um hydroxide. After renoval of
t:-he coated wafers fromthe Example 1

300 grams of phenolic compounds consisting of 130.3 grams of m-
15 cresol, 104.25 grams of p-cresol, and 65.5 grams of 2,3,5-trimethyl phenol
were transferred to a four necked flask equipped with a condenser, a.
thermometer, and a dropping funnel. 0.9 gram of oxalic acid was added
and the flask was heated to 95°C. 148.4 grams of formaldehyde (molar
ratio of phenols/formaldehyde 1/0.69) was added dropwise over one hour.
20 The reaction was allowed to continue for 6 hours at 95°C. The reaction
mixture was then distilled, initially at atmospheric pressure and then
vacuum was applied to reach a final temperature 200°C and a pressure of
30 mm Hg. The molten resin was collected in a tray, and 260 grams of
solid novolak resin having an RMW of 8.8 was obtained.
25 200 grams of the solid novolak resin was dissolved in 633 grams of
methanol to make 24% (by weight) solution. 231.7 grams of deionized
(Dly water (27.8%, by weight, of the batch) was added with stirring over a
period of ten minutes. Stirring was stopped and a white precipitate settled
to the bottom of the flask. The liquid layer on top was sucked out and
30 discarded. The white precipitate was redissolved in 316.6 grams of

methanol, and 115.8 grams of DI water was added with stirring. Stirring
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devel opi ng sol ution, one may conduct an optional post-devel opnent heat
treatnent or bake to increase the coating' s adhesi on and chem cal

resi stance to etching solutions and ot her substances. The post 25 :

devel opmrent hegtooor4€at ment can conpri se the oven baki ng of p¢BERISM@IBNG and
substrate bel ow the coating's softening point. In industrial applications,
particularly in the manufacture of men@&circuitry units on silicon/silicon
di oxi de-type substrates, the devel oped substrates may be treated with a
buffered, hydrofluoric acid base etching solution. The 30 photoresi st
conposi tions Qfast ieppeLanAta WhE HrefIpitae esattesd & &Y bbRordChftthe SIBRTI TUTE
SHEET (RULE 26) WO 00/01487 PCT/ EP99/ 04430 -17 base etchlng sol utions and
provi de ef f ectTN®eli#dta¥es 6A tBr WaReaMmRYRA03eS disarrdest e3nd DR oMitehg ar eas
of the Substral:%lp.@a@ W he%uosd srpeewl J‘éct%?éa”pﬁr%sré@lédal RRAKEAG sgfail ed
illustrations o 5 the nethods of prioducing and utilizing conpositions of
the present walernwieon. remm/@d;sbyowawwm sdaStﬂlpéomfateM Qldandp 2Pt mmarkty .

ol ocul a1 et GRS UrerhcGE ol BB wPBnE e R PRl SR BN T P05,

restrict the seepeMN, ﬂshﬁoleaMErI’ItMetgmt ibasadh ybornwagighn dvetagel shdetw.bes const rued
as providing 10 condltlon araneter or_ val ues which nust be utilized
excl usi vel y i FOIGRKaI WEIBNS aSer b (HEDGF GYEFROS) Vit MERCUIER SRR &0 300
grans of phengiduitsGRERAGNA Tameistdipg: of 130.3 grans of m 15 cresol,

104. 25 grans of p-cresol, and 65.5 grans of 2,3,5-trinethyl phenol were
transferred to a four necked flask eql@®®dd with a condenser, a .

t hernoneter, and a{@roppLmg fuommet—0-9gr WX a T =T d s added and
the flask was heat ¢ gié)%ﬁ C. _148.4 grans Mm hy&@’(rml ar ratio of
phenol s/ f or mal dehx}%@aﬁér& RE@)n was added dt opwzse2over; o8& hout. 20 The

reacti on was al | owvpd—te—continye—for—6 héurs at—95C-—Thereadtion m xture
was then distilled

First ?Tegl‘q'@?“%? at nosphéri c‘%pgssur e 40 thén

Second Precipitation 4876 3.7
Low MW Fraction Discarded 955 1.7
10
Example 2
Procedure:
1. A CTG Kiean® lon Exchange Pack, as shown in Figure 1,
15 containing a solid polypropylene tube and a 1-1/2 inch long 10-um
polypropylene filter cartridge, was filled with 547 grams of a mixed bed of
anion exchange resin and cation exchange resin beads from Barnstead®
cartridge D8911-X001. The Pack was set up in a filtering system for
constant recirculation.
Sample Bottle » Pump
CTGKlear® ==
lon Exchange Pack
20
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vacuum was applied to reach a final tenperature 200C and a pressure of 30
nm Hj. The nolten resin was collected in a tray, and 260 grans of solid
novol ak resin having an RMNV of 8.8 was obtai ned. 25 200 grans of the solid
novol ak resi nwaasnflisssol ved in 633 grans of nethanol to nalperzZ#dérdakng

wei ght) solution. 231.7 granms of deionized (D) water (27.8% by weight,
of the batch) was added wth stirring ov@r a period of ten m nutes.
Stirring was stopped and a white precipitate settled to the bottom of the
flask. The liquid layer on top was sucked out and 30 discarded. The white
preci pi t at e Wasrigradipuzsingafle iphotbksibt SHrAplB (Ake T&idPRBlored&tdavkiiapi®@ gr ams of
DI water was added with stirring. Stirring SUBSTI TUTE SHEET (RULE 26) WO
00/ 0 1487 PCTIfrmodoRhtgresists, agart Gppedhrenghdheviiacle theden grekangeset t | ed
to the bottomQf. .t I L O I nd
di scar ded, ancrg%llqegb\%ndlgtvgésrgE)Iru g@%&%ﬂtgﬁ’éﬁ tﬂabi&éﬁégg{k\?‘eagmp\é}ﬁé?hﬁgﬂ%ac gte. The
resi dual net hdhelPawkdat anfiowe rateeofel 26embwiadfdoyl Svmtu tionsdbstantialbt reonovet 75C and

20 mMm 5 pressure. GP ul wei gh D, (,rol ydi rsit y=MW MM,
ahers oy PC AL Tty MeaPafte b aladlt oA Rsr T et SR Snpcata

mol ecul ar wei gddiutivaswds pOmpediteough Bicien)exoRatydRIFbesH Ak flow rateesul ts
are shown in Table 1 below. Table 1 Fractions GPC MW PD Parent Resin 2992

3.6 First Preditatmiimigafonddmin. to regere Agthanetirpinthe bsadss7e 3.7 Low MW
Fraction Discarded 955 1.7 10 Exanple 2 Procedure: 1. A CTG Klean(r) lon
Exchange Pack, as shown in Figure 1,

A sample of photoresist was taken as a control-BW2. The

10 photoresist solution was then added to the Pack and the pump was
started so to control the fiow rate at 126ml/min. and to keep it constant for
the entire run. A second sample was taken immediately from the outlet,
which sample was very light in color which signifies dillution-BW1. More
samples were taken: after 20 minutes of recirculation and filtration-BW3;

15 after 50 minutes of recirculation and filtration-BW4:; and a final sample
after 1 hour and 20 minutes of recirculation and filtration-BWS5. All

samples were submitted for metal ion analysis. Results are shown below

in Table 2.
Table 2

Metals (ppb) BW2(Control) | BW1 BW3 BW4 BWS

Na 98 8 8 9 22

K 24 7 3 2 6

Fe 48 22 54 55 57

Ca 4 17 3 <1 5
20

Example 3
Performance Procedure: A 50 gram photoresist solution to be used

as a reference was prepared according to the following formulation:

25
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15 containing a solid pol ypropyl ene tube and a 1-1/2 inch |long 10-pm

pol ypropylene filter cartridge, was filled with 547 grans of a m xéd bed of
ani on exchange resin and cation exchange resin beads from Barnstead(r)
cartridge D39wD-oX0(87 The Pack was set up in a filtering sSyBCERPIOH430
constant recirculation. Sanple Bottle Punp CTG Klean(r) bn Exchange Pack
20 SUBSTI TUTE SHEET (RULE 26) WD 00/ 01487 PCTI EP99/04430 -19 Prior to
passing the photoresi st sarrpl e (AZ(r) 7908 Photoresist available from AZ
Phot or esi st s, CI ariant Corp.) through the Pack, the ion exchange resin
beads were fI lg met hanol through the
Pack at a flow rate é#&gé}%ﬁ}ﬁﬂq %?%Z;Oﬁ%gﬁtﬁ‘lwﬂ&%@@substant| ally renove 5
wat er fromthesddfmdlschl&%@basedﬂ@n}s&izeftﬁmyrh NipptraZesmCbyt yl aZe2ghe sol ution
was punped th he ian e ange reS| beads at a flow rate of

o i 1o rop iR g ) B R A P Beae 2 A sanpl e of
pEot oresi Zt Waet;:bﬂdf@bim gersitirer 6bmBWBpord Beon ﬂ:&(.j)phot oresi sto.si»lgu’?]i Ofnl was

t hen added to, the Pac was arte so to contrql the flow
rate at® 126m ?‘Wﬂ'aﬁg‘?& tgorpeé;ﬁgnf)pren&(,%@gﬂlg or the entire $8R9™ second
sanpl e was t apgdandEfiRbdienfcom the outlet, which sanppaessegnvery |ight
in color which signifies dillution-BW. Mre sanples were taken: after 20
nm nut es of re@i%@%ﬁét(l%ﬁoﬁﬁﬂtaf')f PRGOS ENBRNBHETOMS5 after 50 m nutes of
recircul ation Rl]ﬂ)fwiécfnaé on-BW; and a final sanple aftef dshgpr and 20

m nutes of recirculation and f||trat|on BWo. Al sanples were submtted
for metal ionKErdY S driatResinge sudfactard frownShietar in Table 2. Table 2 Metal s

(ppb) RY2(Cont paby, BYL (FY%, BY BYBate) 0.004 gm
Ethyl Lactate 33.147 gm
n-Butyl Acetate 5.849 gm

A sample of the treated photoresist solution from Exampie 2 (BW5)
15 was compared to the reference.

The photoresist resist solutions were coated onto a
hexamethyldisilazane (HMDS) primed silicon wafer to a 1.083 um film
thickness, and a soft bake at 90°C for 60 seconds on an SVG® 8100 I-line
hot plate was used. The exposure matrix was printed on the coated

20 wafers using a 0.54 NA NIKON® i-line stepper and a NIKON® resolution
reticle. The exposed wafers were PEB (post exposure baked) at 110°C
for 70 seconds on an in line hot plate. The wafers were then developed
using AZ® 300 MIF TMAH (tetramethyl ammonium hydroxide - 2.38%)
developer. The developed wafers were examined using a HITACHI® S-

25 400 SEM (scanning electron microscope). A nominal dose (Dose to Print,
“DTP" or photospeed) was measured at the best focus, the dose required
to precisely replicate a given feature. Resolution and depth of focus

(DOF) were measured and are shown in Table 3 below.
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Na 98 8 8 9 22 K247 326 Fe 48 22 54 5557 Ca 4 17 3 <1 5 20 Exanple
3 Performance Procedure: A 50 gram photoresist solution to be used as a
reference was prepared according to the follow ng formulation: 25 -
SUBSTI TUTE SHmbhoehfR$LE 26) WO 00/ 01487 PCT/ EP99/ 04430 -20- MN&r/2Bdohaso
proprietary 2,1,5- di azonapht hoqui none sul fonyl chloride based sensitizer
from N ppon Zeon Co.) 2.02 gm NK-240 (z proprietary

2, 1, 4- di azonapht hoqui none sul fonyl chloride based sensitizer from N ppon
Zeon Co.) 0.84 gm 5 Novvlak Resin fromExanple 1 (as a solid) 6.80 gm
Pyrogal lol fromAldrich Co. 0.1630 gnmrpfld26X-SA ( a proprietary speed
enhancer from N ppon Zeon Co.) 1.203 gm KP-341, a striation free
surfactant fr&angien- Et sy 1BhathemmedCo. |REEelutionty) |IRapthate) FRaEe4 gm

Et hyl Lactateg 33.147 gm {n- | 5.849 gm A t he [treat ed
phot or esi st dol uti on froﬂhqgﬁﬁé%llegsggé&\ﬁ) 15 was cciggﬂggwﬁg t he

r ef er ence. Trq;cphm]oresi qt1enesi st sol ut}icogs were codteegl onto a
hexanet hy| di 4ilazane. (HMDS) nrl{j}grl silicon—wafer tola-1 083 nm'Fl Hm

IR =A~A4

thi ckness, ardreatadfampledd8% 90C for §@-3%2conds on 69188VG(r) 810Q I-line

hot pl ate vvas[\(&m The gxposure matrix was printed |on the coated|20 wafers
using a 0.54 NIKON(r) li-line stepperl and a NIKON(Ir) resolution

Example 4
Procedure:
5 1. A CTG Klean® Pack, as shown in Figure 1, containing a solid

polypropylene tube and a 1-1/2 inch long 10 um polypropylene filter
cartridge, was filled with 547 grams of a mixed bed of anion exchange
resin and cation exchange resin beads from Barnstead® cartridge D8911-

X001. The Pack was set up in a filtering system for constant recirculation.

Sample Bottle » Pump

CTGKleanr® =
lon Exchange Pack
10 '

Prior to passing the novolak resin solution in ethyl lactate through the
Pack, the ion exchange resin beads were flushed with acetone by
recirculating acetone through the Pack at a flow rate of 126ml/min. for 15
min. to substantially remove water from the beads.
15
2. A sample of 600 grams of fractionated MPT novolak resin in EL
obtained by the procedure as described in example 1 was further
diluted with 600 grams of acetone novolak resin solution in ethyl
lactate and acetone (50/50) was then added to the Pack and the
20 pump was started so to control the flow rate at 126ml/min. and to

keep it substantially constant for the entire run. A sample was
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reticle. The exposed wafers were PEB (post exposure baked) at 110C for 70
seconds on an in line hot plate. The wafers were then devel oped using
AZ(r) 300 MF TMAH (tetramet hyl amoni um hydroxi de - 2.38% devel oper. The
devel oped wafweo gi/ams’e exam ned using a H TACHI (r) S 25 400 esAMPAO$e@mi ng

el ectron m croscope). A nom nal dose (Dose to Print, "DIP" or photospeed)
was neasured at the best focus, the dod@-required to precisely replicate a
given feature. Resolution and depth of focus (DOF) were neasured and are
shown in Table 3 bel ow. SUBSTI TUTE SHEET ( RULE 26) WO 00/ 01487

PCr/ EP99/ 04430 - 2akerabeéfere3 pSasipy ¢hd”hotasip eexin Resdiootthaughptie daegt h of

Focus (mllijoul es/secg.) ( ( Control 160.0. 0.8 eat ed sanpl e

165 0.32 0.8 (BV\B)aSE‘?(&ﬁqu ! @%br oCHELPE R‘gurlf’flyfcﬁ‘f@%ﬁf"éaﬂﬁ‘(‘r‘;'{rﬁé‘%{k, as shown
in Figure 1, cont@wWRng and aftedtwdabymier sipgkradatisrbanaitratioh=-BWa2ai nch | ong
10 pm pol ypropylene filter cartridge, was filled wth 547 grans of a m xed

bed of anion exchd¥fje takersi fhaRMelssi WeTeexbmilied P gatlnen@N Y _

Barnst gad(r) cart mdgfs BROdHowrB9sw id FapRagck was set up in a filtering
system for constant recirculation. Sanple Bottle Punp CTG Kl ean(r) bn
Exchange Pack 10 Prior to passing tdeb®dvol ak resin solution in ethyl

lactate thro S obr A KB WATE o B W@WWWhed Wi th
acet one by 1l a ) )throuqh the Pack jJat a flow rat¢ of
126m /mn. floNal5 122 10 10

K 13 5 4

Fe 194 11 4

Cr 41 7 3

Ni 52 5 <1

Ca 2 <1 <1

Example 5
Procedure:
10 1. A CTG Kiean® lon Exchange Pack, as shown in Figure 1,

containing a solid polypropylene tube and a 1-1/2 inch long 10 um
polypropylene filter cartridge, was filled with 301 g of Amberlyst® 15 lon
Exchange beads (cleaned with DI water, mineral acid and DI water and
dried). The Pack was set up in a filtering system for constant

15 recirculation.

Sample Bottle » Pump

CTGKieanr® =
lon Exchange Pack

The Pack was filled with novolak resin solution obtained by the procedure
as described in example 1 but was isolated in Methyl Amy! Ketone

(fractionated MPT novolak resin in Methyl Amyl Ketone available from AZ
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mn. to substantially renove water fromthe beads. 15 2. A sanple of 600
grans of fractionated MPT novol ak resin in EL obtained by the procedure as
described in exanple 1 was further diluted with 600 grans of acetone

novol ak resi wealaikgzon in ethyl |actate and acetone (50150cvEr9tdasn added
to the Pack and the 20 punp was started so to control the flow rate "at

126m /mn. and to keep it substantiallg3constant for the entire run. A
sanpl e was SUBSTI TUTE SHEET (RULE 26) WO 00/ 01487 PCTI EP99/ 04430 - 22-

t aken before passing the novol ak resin solution through the pack as a

control (BW) . Pritorsists) CIBRAKR Corp! 8§iar33‘)o%5ii6’§‘sé\%€t\@8r()iéﬁd el Aikp @48 ﬁila“d

after two hours of recirculation and fi Itratl_on- wer e t aken.
sanpl es were stidied sede cortrefdba flowoateaatabGralimin. asd Rekeeép # constashforn bel ow

13 574 Fo 104 1IMTS O A% B4R RSB LhhE Reiietas’® 10 K
Procedure: 1(aHken pefoT&prEging thiougb ihéPahiaageoRtrok#1.affieh @umiriutes—agure 1,
cont ai ning a ' n ube_and 1-1/2 inch |on 0 pm
pol ypr ogyl ene%"‘#ﬁ%?@%%eﬁgég% &ﬁé@?‘? f‘?pe iR Y @F'rﬁﬂﬂé‘?q #of(r) 15
| on  Exchange fiteatit (sahpienid); eitehtwal hours of reciFtiafich aré fikra8bd (Smpyat er and
dried). The Pa,%_ V\ﬁs §%t up in a filteri ng s¥_stem for constant

, anter 3 hours’of recirculation and filtration (sample #5A) were taken.

All samples were analyzed for metal ions. Results are shown below in

Table 5.
10 Table 5
Metals | (Control) | Sample #2 | Sample #3 | Sample #4 | Sample#5
(PPb)
Na 25 27 13 5 8
Fe 51 24 13 16 16
Cr 26 9 6 7 7
Example 6
Procedure:

Example 6 was repeated using the same Pack as example 5 and another
15 gallon of novolak resin solution was processed, as in example 5. Results
are shown below in Table 6.

Table 6
Metals (ppb) | (Control) Sample #3' Sample #4 | Sample #5
Na 27 3 5 4
Fe 54 20 24 21
Cr 26 7 8 8
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15 recirculation. Sanple Bottle Punp CTG Klean(r) |on Exchange Pack The
Pack was filled with novolak resin solution obtained by the procedure as
described in exanple 1 but was isolated in Methyl Anyl Ketone

(fractionat eavospigrdvol ak resin in Methyl Anyl Ketone avai |[FEATEP/94dit AZ
SUBSTI TUTE SHEET (RULE 26) WO 00/01487 PCT/ EP99/ 04430 -23 Photoresists,
Clariant Corp. as a 33% solids solutioB}-and the punp was started so to
control the flowrate at 50m/mn. and to keep it constant for the entire
run. One gallon of resin solution was circul ated. A sanple was taken

bef ore passing through the Pack as &oamptd 7#1. After 2 mnutes a 5 sanple

fromthe outl et anpl e #2); after one hour of recirculation and
filtration (s UE23): after two hours of recirculation and filtration

(sanpl e #4); Egdrhgle SSwhBWéSedtéd LSRG tisd! barhe Pack s éxalmpr@suam 4rsngr e #5A)
were taken. All sanples were anal yzed for netal |ons H%F%&re shown

bel ow i n Tab9@lon ofrtpvelak resin RN VFSRIRERSISP. Sér‘r‘bfeea ¥3 sanpl e
#4 Sar’rpj e#b émovd}bbaéwgr?'ré&e@ 8 Fe 51 24 13 16 16 Cr 26 96 77

Exanpl e 6 Procedure: Exanple 6 was repeat ed using the same Pack as exanple
5 and another 15 gallon of novol ak ri@&7sol uti on was processed, as in

exanpl e 5. RERIIAT (opB)° T (CORa [SampPle #31 © Sampig#ac 9| Sample #5

Na 28 4 2 4
Fe 51 23 20 20
Cr 23 8 7 6

Unless otherwise specified, all parts and percentages are by weight and

all molecular weights are weight average molecular weight.
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Metal s (ppb) (Control) Sanple #3 Sanple #4. Sanple #5 Na 27 3 5 4 Fe 54
20 24 21 T 26 7 8 8 SUBSTI TUTE SHEET (RULE 26) WO 00/ 01487

PCTI EP99/ 04430 -24- Exanple 7 Procedure: Exanple 5 was repeated using t he
sanme Pack as woeoipphsy 5 and anot her gallon of novol ak resi PPGIERIPNEBO was
processed, as in exanple 5. Results 5 are shown belowin Table 7. Table 7
Metal s (ppb) (Control) Sanple #3 Sanpt@5#4 Sanple #5 Na 28 4 2 4 Fe 51 23
20 20 Cr 23 8 7 6 Unless otherw se specified, all parts and percentages
are by weight and all nol ecul ar wei ghts are wei ght average nol ecul ar

wei ght.  SUBHavihg BeStiiEEn thRuhvEna6n), Wit 0akSitel &7cIBETISEP99/ 04430 - 25 Havi ng
described the invention, what | desire to claimis: CLAIMS: 1 A nethod for
produci ng a water insoluble, aqueous al kali soluble novolak having a very

| ow | evel of @EARIS: ons conprising: a) providing an |Ion Exchange Pack which
| on Exchange Pack conprises: 1) a housing, 2) one or nore cylindrical bags
positioned w thin such housing, 3) a seal near the top of the housi.ng that

(5 | bt e T, S5tk 5B i B b i L e <0 o
: novolak having a very low level of metal ions comprising:

a) providing an lon Exchange Pack which lon Exchange Pack
comprises: 1) a housing, 2) one or more cylindrical bags positioned
within such housing, 3) a seal near the top of the housing that is
effective to seal the lon Exchange Pack; 4) an inlet positioned so
as to allow the introduction of a solution through the seal into the
cylindrical bag(s) positioned within the housing, 5) a support that
extends from the bottom of the housing to the seal positioned near
the top of the housing, and 6) an outlet positioned so as to allow
the exit of the solution from the lon Exchange Pack through the
seal;

b) 1) rinsing a cation exchange resin, e.g. in a column or in a
batch process, with deionized water, followed by rinsing with
a mineral acid solution, again rinsing with deionized water,
and thereby reducing the level of sodium and iron ions in the
ion exchange resin to less than 50 ppb each; or
2) rinsing a chelating ion exchange resin deionized water,
followed by rinsing with a mineral acid solution, again rinsing
with deionized water, followed by rinsing with an ammonium
hydroxide solution, and thereby converting the chelating ion
exchange resin to its ammonium salt, followed by again
rinsing with deionized water, and thereby reducing the level
of sodium and iron ions in the chelating ion exchange resin
to less than 50 ppb each; or
3) rinsing an anion exchange resin with an ammonium

hydroxide solution, followed by rinsing with deionized water,

SUBSTITUTE SHEET (RULE 26)



cylindrical bag(s) positioned within the housing, 5) a support that ‘
extends fromthe bottomof the housing to the seal positioned near the top
of the housing, and 6) an outlet positioned so as to allow the exit of the
sol ution fronwdwolsn Exchange Pack through the seal; b) lpcriensioagoa
cation exchange resin, e.g. in a colum or in a batch process, with

dei oni zed water, followed by rinsing w2h- a mineral acid solution, again
rinsing with deionized water, and thereby reducing the |Ievel of sodium and
iron ions in the ion exchange resin to |ess than 50 ppb each; or 2)
rinsing a chel ating i onaed tieseeradesing tdelevel afesbdiat and irchdbhoinettieby

rinsing wwth a mneral acid solution,. in.[insgn W th deionized water,
fol l owed by rinsing wtA™SA eéﬁ%'}ﬁedﬁs'”ﬂgiﬁsc?%f‘a'égb&%aﬁ% 1 9%and t her eby
converting the chelfti ngnsing a mab@Ngea rtibn dxbharige AMMAhRdArsahibn f ol | owed
by again rinsing with deionized water, and thereby reducing the |evel of
sodi um and iron ions i nSXHE@NGREFSIP MG qedﬂf“@?c‘ﬁ%tﬁbéo'll%%by isIN@Wint han 50

ppb each; or 3) rinsi ng_a%te;nw;am@maarmgg;owaesgdwe\m,téhdamemwmduahahydroxi de
solution, followed by rinsing with deionized water, SUBSTI'TUTE SHEET ( RULE
26) WD 00/ 01487 PCT/ EP9tiredgugef sodiumygied irereioeByo tesd tloarng0 phlk epelviel  of

sodi um and i 1 oty | ORBARANS arf NP LEHENANAS T &5IRihfle| S5Rrf BthadBePpb each:

or 4) rinsing m xture of” a cation ange resin and an ani on “éxchange
resin wi th dei oni zegsinafrem stépb) e by Exchesigedasktftom stepat)er sol ubl e

orgam o poLar 30! vafihe, BUALL SIS EUHN nd 15, Loel cepdlopaTd | ron

m xture of ion exclstepgée) to ebensnfExamasgePdek framt dtep la)n rirxiehathgeioRack from

step a); exchange resin(s) from step b) with an electronic grade organic
polar solvent, followed by rinsing with a photoresist solvent to
substantially remove the polar solvent;

e) passing a solution through the lon Exchange Pack from step d), at
a temperature of from about 30 to about 150°C at a flow rate such
that the residence time in the lon Exchange Pack is from about 2
minutes to about 40 hours and thereby reducing the level of sodium
and iron ions in the solution of the material treated to less than 50

ppb each.

2. The method of claim 1 wherein said ion exchange resin is rinsed to

reduce the sodium and iron ion level to less than 35 ppb each.

3. A process for producing a positive photoresist composition having

a very low level of metal ions, which process comprises:

a) providing an lon Exchange Pack which lon Exchange Pack
comprises: 1) a housing, 2) one or more cylindrical bags positioned
within such housing, 3) a seal near the top of the housing that is
effective to seal the lon Exchange Pack; 4) an inlet positioned so
as to allow the introduction of a solution through the seal into the

cylindrical bag(s) positioned within the housing, 5) a support that
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d) either before or after transferring the ion exchange resin(s) from step
b) td6 the 1on Exchange Pack fromstep a), rinsing the ion exchange
resin(s) fromstep b) with an el ectronic grade organic polar solvent,

foll onwed by rwoseogswi th a photoresi st solvent to substant petkpvonenove the
pol ar solvent; e) passing a solution through the Ion Exchange Pack from
step d), at a tenperature of from abauy7 30 to about 150C at a flow rate
such that the residence tine in the lon Exchange Pack is from about 2

m nutes to about 40 hours and thereby reducing the | evel of sodium and
fronions in the salidhh o thbboudH 6 thelnolEAgltedthd 8 eél?o%utw?@a mr PpD
each. 2. The nethod of claim1l wherein said i0n exc resin is rinsed to
reduce the sodi um thedtoprefithedieusingeland )| ars sutidi nosBBnpgisceas ko aliow A Iorocless
for producing a pogit ' o ti Vi el ow | eve

of rrgt al |ong E‘l? %)\r('ggg?get gé@g?ﬁtsf@gﬁ) %n Egn'a;ﬁ"g B%dfgrr“n Pc{ﬁé ge Pack
whi ch lon Exchangeséhick corrprises 1) a hou5| ng, 2) one or nore

cylindri cal s positioned with near thetop of
t he housi ng tﬁ’gt gf ef 1889 \?e‘:?tl?r%@’é‘? af‘ﬁ@ rfeﬁ'ﬁ‘ %)&h’énﬁec"g%{ﬁ’k OfFf &n inl et
positioned so as to albateh pfezessiwigtdsibhiesd Water, ioweddy fidkimy'@hnt he seal
into the. cylindrical %‘%}1&2 positioned wi thin the housing, a support
that SUBSTI TUTE SHEET @ ab 510 9! et BB BoSINEMGYy deianiged Wateroxt ends
fromthe bottomof the hoyeRthyBabbiRg ¥ilevBOSSoiRAPINAGER ioddi thep of the
housi ng, and 6) an outlet positioned So as to allow e exl of th

solution fromthe lon Eﬂamﬂwga@r@mthﬂwgham ne ppbmch o 1) rinsi ng a
cation exchange re [ or L ce

dei oni zed wat er, %:) ﬁndﬁnb%/ %‘IC%S%%\HW exg“%r@ﬁe?%lm dc %P%%qSLW?tSFn,
rinsing with del oni zed fntlowed by rinsing with a mineral acid solution, again rinsing

again

with deionized water, followed by rinsing with an ammonium
hydroxide solution, and thereby converting the chelating ion
exchange resin to its ammonium salt, followed by again
rinsing with deionized water, and thereby reducing the level
of sodium and iron ions in the chelating ion exchange resin
to less than 50 ppb each; or
3) rinsing an anion exchange resin with an ammonium
hydroxide solution, followed by rinsing with deionized water,
and thereby reducing the level of sodium and iron ions in the
anion exchange resin to less than 50 ppb each; or
4) rinsing a mixture of a cation exchange resin and an anion -
exchange resin with deionized water, followed by rinsing with
a water soluble organic polar solvent, and thereby reducing
the level of sodium and iron ions to less than 50 ppb each;
c) transferring an ion exchange resin or mixture of ion exchange
resins from step b) to the lon Exchange Pack from step a);
d) either before or after transferring the ion exchange resin(s) from
step b) to the lon Exchange Pack from step a), rinsing the ion

exchange resin(s) from step b) with an electronic grade organic
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and thereby reducing the |l evel of sodiumand iron ions in the ion exchange
resin to |l ess than 50 ppb each; or 2) rinsing a chelating ion exchange
resin deionized water, followed by rinsing with a mneral acid sol ution,
agai n rinsi ngvowahsrdei oni zed water, followed by rinsing wRAT/ER/G4FBONI UM
hydr oxi de sol ution, and thereby converting the chelating ion exchange
resin to its ammonium salt, followed hygagain rinsing with deionized

wat er, and thereby reducing the level of sodiumand iron ions in the

chel ating ion exchange resin to |less than 50 ppb each; or 3) rinsing an

h db
ani on exchange respgadoieAn f%rmwea Ucﬁ)enh @53@ e”?@"’ﬁw?‘eé Ehﬂ? y

rinsing with deionized water, ucl sodi um and
iron ions in the wﬂs(ﬁant@)dzln@mgee tfesmiﬁr‘tsml\de@ss t han 50 ppb each or 4)

rinsing a mxgure td xS n C e resin

wi th deionize ywat ééss(ﬂ?% |58%'8ﬁﬁ§%§§ﬁ§’i‘én§ W\ﬁ)t“ﬁ' ngé{kﬁ%ﬂg%%ﬁf?g 8 ganic

pol ar sol vent, anda térapetayure edficimngborit!8® foeatiut 960D di dMoantcité 6ach | onNs to

| ess than 50 ppb each: c ansferrin n exchange resin or m xture of
i on exchange resiﬁ@pmeo%ﬁsé{eé‘ﬁet} mg & elopo%oﬁﬁegl%ﬁ@gkﬂ%@?“ AbPhtst ep a); d)
ei ther before or aﬁwﬁrﬁ.ﬂeéfoaétﬁf&ﬁblh@grslﬂﬂiﬂh@%t@%ﬁ@ﬂﬁ@tﬁ&%bé\(o‘f)soﬁfﬂn step b)
to the lon Exchange Pack fromstep a), rinsing the ion exchange resin(s)

fromstep b) with 2 EPBINDI the soltien &f dammeteralssierUpaess e ¥RULE 26)
WO 00/ 01487 PCTI EP9S4 84430 -28 pol ar solvent, followed by rinsing with a
phot oresi st solvent to substantially renove t he pol ar sol vent; e) passing
a solution t hf)oughP'tON@'fl'Q)@nE&@rhahge dPadk af poptosereitive) s:oraporwrttenpm ature of

from about 30 to aQ Ci- T ﬁt t% gr{?%\%enghlge%'gghoto;&agt copn orseflsolngl(is'lce time

in the lon Exchange omabou
the novolak resin solution from step e) and 3) a suitable photoresist

solvent.

4. The method of claim 3 wherein said ion exchange resin is washed

to reduce the sodium and iron level to less than 35 ppb each.

S. The method of claim 3 wherein said photoresist solvent is selected
from the group consisting of propylene glycol methy! ether acetate, ethyl

lactate and ethyl-3-ethoxypropionate.

6. The method of claim 3 wherein said ion exchange resin is washed

to reduce the total sodium and iron level to less than 20 ppb each.

7. The method of claim 3 wherein the sodium and iron ion level of the

novolak resin is reduced to less than 20 ppb each.

8. The method of claim 3 wherein said ion exchange resin is washed

to reduce the total sodium and iron level to less than 20 ppb each.

9. The method of claim 3 wherein said novolak resin produced has a

sodium and iron ion level of less than 10 ppb each.
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-mnutes to about 40 hours and thereby reducing the I evel of sodium and
iron“ions in the solution of the material treated to |less than 50 ppb
each; f) providing an adm xture of: 1) a photosensitive conponent in an
anount suffi civambordigs7phot osensiti ze t he photoresi st conposi tR@VEPIZI443d he
novol ak resin solution fromstep e) and 3) a suitable photoresi st sol vent.
4. The method of claim3 wherein said o@8xchange resin is washed to
reduce the sodiumand iron level to |l ess than 35 ppb each. 5. The nethod of
claim 3 wherein said photoresist solvent is selected fromthe group

consi sting of propylene glycol nethyl ether acetate, ethyl lactate and

et hyl - 3- et hoxyprop ate. 6 he. d of wher e I

exchange resi n%s vvgg &pthed, 0 E&%{J’Eng} Yvﬁgreﬂ%lﬂéﬁ ”%%?3‘&5?%80 V?Bﬁap%\%ef to | ess
than 20 ppb eagbiverft usBafonwhiifg 8sidibAieRtiangeaesihiars entiesli um and iron ion
| evel of the novolak resin is reduced to | ess than 20 ppb each. 8. The

nmet hod of claim 3 wherein said ion exchange resin is washed to reduce the
total sodium anq ireRe! R¥BbdG LRRR 3 mraﬂ PRONBAANAK r8sinTESvermt fiqel of
claim 3 wherein said novol ak resin produced has a sodiumand iron ion

| evel of |ess snb(ﬁntlmqﬂofprwaawngsa PN RYFERrGeaETin @ hexp)vanbfayaid 487
PCT/ EP99/ 04430 hoéﬁ &&% o b@ggaﬂf tgbp13 wherein the novol ak resin

sol vent and th& 2nt |ng Said ion exchange resin are

i dentical. 11. The met hod of claim 3 wherein the novol ak resin solvent, the
sol vent used for washing said ion exchange resin and the solvent for said
phot oresi st conposition are all identical. SUBSTI TUTE SHEET (RULE 26)

SUBSTITUTE SHEET (RULE 26)



