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i nvention provides a process for reducing the netal ion content of a
filmformng resin with good |ithographic performance in |ight sensitive
phot oresi st conpositions, and for using such a filmformng resin in such
| i ght-sensitive conpositions. The present invention also provides a
process for preparing these filmformng resins by 10 conti nuous
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such resins ~fTor makimng a nmrgm quarity 11 git-Sensttive phot or st St

conposi tion (including botlSIpBESALIQSIDATOUIDIEN YRIFMGHEI ng phot or esi st
conpositions). Further, the present invention provides a process for
coating a substrate with these light-sensitive conpositions, as well as a

processg fgég@m%@ﬁmﬂﬁﬁﬁa oping these |light-sensitive mxtures
on suchi a X t=conposi tions are used in
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such as in_the fabrication of Conputer chips and Integrated circuits.
Gener al | y, filmfarmésg resio cesls egpod alithhgraplioaperfigmebeeaid ilight eénsitivehphaomsistst
conposition is first |ied to,a substrate material, such as silicon
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pol ymeric binder 1n posit iquid toresi s i ons. ese Tesins
are typi caminjatnfrioei eRdtrbyic rddiiponents such as in the fabrication of computer chips and

integrated circuits. Generally, in these processes, a thin coating of a film of a photoresist
composition is first applied to a subsirate material, such as silicon wafers used for making
integrated circuits. The coated substrate is then baked to evaporate any. solvent in the

20 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 exposed areas of
the coated surface. Visible light, ultraviolet (UV) light, electron beam and X-ray radiant
energy are radiation types commonly used today in microlithographic processes. After this

25  image-wise exposure, the coated substrate is treated with a developer solution to dissolve
and remove either the radiation-exposed (in the case of positive photoresist) or the

unexposed (in the case of negative photoresist) areas of the coated surface of the substrate.



condensati on reaction between fornal dehyde and one or nore

mul ti-substituted 5 phenols, in the presence of an acid catal yst, such as
oxalic acid, naleic acid, or nuleic anhydride. In producing sophpst regtoas
sem conductor devices, it has becone increasingly inportant to provide a
filmformng novol ak resin of superior quality in terns of dissolution
rate, better binding properties wwth a diazonaphthoqui none, and heat
resistance. It is further inperative that these 10 materials contain | ow
metal contam nants since these inpurities can adversely affect electrica
circuitry in advanced mcrolithographic electronic devices. Metal |evels
of <50 ppb or lower are commonly required for comrercial resists sold on
the market today. ANohdelyhesusgartei frequesdy sisedc asrimspdlimasc dirglermid@ofitiom fi | m
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forming resins different from novolak resins, the same quality issues and
15 requirement for low metal resins still apply.

There are two types of photoresist compositions, negative-working and
positive-working. When negative-working photoresist compositions are exposed
image-wise to radiation, the arcas of the resist composition exposed to the
radiation become less soluble to a developer solution (e.g. a cross-linking reaction

20 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
coating and the creation of a negative image in the coating thereby uncovering a
desired portion of the underlying substrate surface on which the photoresist

25  composition was deposited.

On the other hand, when positive-working photoresist compositions are
exposed image-wise to radiation, 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

30  insoluble to the developer solution. Thus, treatment of an exposed positive-



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 devel opnment operation, the now partially unprotected sgquQQE@_
5 may be treated with a substrate-etchant solution or plasnma gase é
| i ke. The etchant solution or plasnma gases etch that portion of the
substrate where the photoresist coating was renoved during devel opnent.
The areas of the substrate where the photoresist coating still remains are
protected and, thus, an etched pattern is created in the substrate
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or any mineral s@gi th iRA&hsé Sts3adhesion to the underlymg substrate and its resistance to
15  etching solutions.

Positive working photoresist compositions are currently favored over
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

20  photomask to the substrate with a high degree of image edge acuity after exposure
and development. In many manufacturing applications today, resist 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

25  the resist coating translate into accurate pattern transfer of the mask image onto
the substrate.

In recent years there has been significant progress in novolak resin
synthesis and methods of removing metal impurities. In a typical novolak
reaction, a reactor is charged with phenolic compounds, an acid catalyst such as

30  oxalic acid, maleic acid, p-toluene sulphonic acid or any mineral acid, and is



2 1 FEB 2005 heated to 95 to 100C. Fornal dehyde is slowy added and the

m xture is heated at reflux for 6 hours. At the end of the condensation
period, the reactor is converted to distillation, and the tenperature is
raised to 200C. At this point vacuumis slowy drawn, the tenperdal it8 1085
raised to 220C, and the pressure is reduced to 5 below 20 nm Hg. After the
vol atil es have been distilled off, the vacuumis released and the nolten
resin collected and allowed to cool. In spite of using fairly pure
starting materials and preventing contam nation during synthesis, resin
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15 5,521,052, US 5,543,263, US5,565,496, US 5,594,098, US 5,686,561, US
5,858,627 and US 5,955,570, Rahman et. al. describes metal ion reduction
techniques utilizing sequential treatment with cationic and anionic resins and the
means of preparing these lon exchange media. This series of patents also teaches
the advantages of utilizing ion exchange processes in polar solvents and the use of
20 a specially constructed container filled with activated ion exchange resin. In
addition, water washing with low conductivity de-ionized water has also been

used to remove metals.
All of the aforementioned metal removal methods are time consuming and
are essentially batch processes. Furthermore, introduction of acids or bases from
25  the ion exchange media can affect photospeeds of the resists using resins prepared
in this way. In some instances, changes in the resin (such as changes in molecular
welght due to fractionation) are observed as a result of the carryover of small
amounts of solubilized low molecular weight components of the resin into the
aqueous phase of the ion-exchange media. The present invention overcomes these

30  difficulties. The present invention also lends itself to a



30 difficulties. The present invention also lends itself to a 4 2 1 FEB
2005 sem conti nuous/ conti nuous process and reduces the tinme needed to nake
low netals ion resins for photoresists. By using a senicontinuoq?1¢@82m5
continuous liquid/liquid centrifuge where a resin solution can be

I ntroduced through one inlet port of the centrifuge while an agueous
solution of a netal ion chelating material 5 is introduced through a second
port, an efficient nmethod of reducing netals ions in filmformng resins

I s achi eved. SUMVARY OF THE | NVENTI ON The present invention provides a
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sol ution frd’f‘n'&'}" HIDG seSIP Brad¥evadbm 10/ 90 to 90/10, at a tenperature of

fromOC up to a maxi wmtememmme boi l i ng point of
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entrif
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water-soluble metal ion chelating agent;
c) feeding the solutions from a) and b) through two separate inlet ports into a

15 liquid/liquid centrifuge, one of said inlet ports feeding solution froma), the second
inlet port feeding the solution from b) into said liquid/liquid centrifuge at a feed
rate ratio of the solution from a) to that from b) from 10/90 to 90/10, at a
temperature of from 0°C up to a maximum temperature that is less than the
boiling point of the lowest boiling water-immiscible solvent in the water-

20  immiscible solvent system:;
d) rotating the mixture from step ¢) inside said liquid/liquid centrifuge at a
rotational speed sufficient to separate the mixture from step c) into two separate
phases, and then collecting the two separate phases, each through a separate
outiet port, into two separate containers, wherein the heavier phase (H)

25 comprises the film-forming resin having a reduced metal ion content in the water-
immiscible solvent system, with a minor amount of water; and the lighter phase
(L) comprises: 1) an aqueous solution of metal ions and a minor amount of a

mixture of 2) the water-immiscible solvent system, and 3} the film-forming resin.

30 The present invention also provides a method for reducing the metal ion

content of a film-forming resin, said method comprising the steps of:



m xture of 2) the water-imm scible solvent system and 3) the filmformng
resin. 30 The present invention also provides a nethod for reducing the
metal ion content of a filmformng resin, said nmethod conprising t REB 2005
steps of 5 2 1 FEB 2005 a) providing a solution of the filmformng resin

in a water-immscible solvent systemconprising at |east one

wat er-i mm sci bl e solvent; b) providing a washi ng sol uti on conpri sing water
or a dilute solution of a water- soluble netal ion chelating agent; 5 c)

feedi ng the solutj ro . an rtion.of the solution fromb) through
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coll ecting the,two. se at e, phases, each through a separate out]et 15 port,
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fromb) to the lighter phase ( a new m xture of
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15  port, into two separate containers, wherein the heavier phase (H) contains the
film-forming resin having a reduced metal ion content in the water-immiscible
solvent system, with a minor amount of water, and the lighter phase (L)
comprises: 1) an aqueous solution of metal ions and a minor amount of a mixture
of 2) the water-immiscible solvent system and 3) the film-forming resin; and

20  iteratively performing a cycle of steps ¢) and f) in the following order:
e} adding another portion of the solution from b) to the lighter phase (L) in step d)
to form a new mixture of lighter phase (L), and feeding said new mixture of
lighter phase (L) and the heavier phase (H) in step d) through the two separate
inlet ports, one of said inlet ports feeding the heavier phase (H), the second inlet

25 vport feeding the new mixture of the lighter phase (L), into the liquid/liquid
centrifuge at a feed rate ratio of the new mixture of lighter phase (L) to the heavier
phase (H) from 10/90 to 90/10, at a temperature of from 0°C up to a maximum
temperature that is less than the boiling point of the lowest boiling water-

imrmiscible solvent in the water-immiscible solvent system; and



centrifuge at a feed rate ratio of the new m xture of |ighter phase (L) to
the heavier phase (H from 10/90 to 90/10, at a tenperature of from OC up
to a maxi mrum tenperature that is |l ess than the boiling point of 5Qe %gwest
boiling water- inmscible solvent in the water-inmm scible sol vent yg 05
and 6 2 1 FEB 2005 f) rotating the mxture fromstep d) inside said
liquid/liquid centrifuge at a rotational speed sufficient to separate the
m xture of step e) into two separate phases, and then collecting the two
phases, each through a separate outlet port, into two separate containers,
wherein the hegvigfaiRRaRe thidurt GrRisp & Eside! G LQfaMdigh Leriifigbaying a
reduced net al igon con?ent iln 1!trhe vvatsgb?-imlssgi%}e : o{ve t csystgm vﬁipth a
m nor anount ofotai@helr spead duffivdent itg lseguratpths enigtuye obwEpieddato fijo saparaggueous
solution of netal ions and m.nor anount of a m xture of 2) the water-
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metal ion contfrhingaesiandying dedided nidtalriemesiteRne thowitbohmByibRy PWedi Ng an
adm xture of: 1) a photosensitive conponent in an amount sufficient to
phot osensi t i zeSY5lCBh Gty E1RAT ampwpbal Vaten ang thetlightariphasef(b) pempriseesihat n 15

a); and optiongl]| Lt | _phot.oresi st .solvent: to.form
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producing a ninghidelbacdol @t Systay arke3)ae fiRi-MrAgn@fesinnege on a substrate,
said method conprising: 20 a) providing the aforenentioned photoresi st
conposi tion; b) theFeapresent igyentionalsp pigividgd meetleash rrraeduocinig & phpvieresist

Coat ed suntt r atB st s BRI SRefer o ‘the vt er- i mmi sci b e ol vent
systemis renoyed; pioRidiengMaS €il@XBARINGIrekMe heAaAs €4 reduced metal ion content
according to the aforementioned method;
b) providing an admixture of: 1} a photosensitive component in an amount
sufficient to photosensitize a photoresist composition; 2) the film-forming resin in
15 a); and optionally, 3) an additional photoresist solvent, to form a photoresist
composition.

The present invention also provides a method for producing a

microelectronic device by forming an image on a substrate, said method

comprising:
20 a) providing the aforementioned photoresist composition;
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
water-immiscible solvent system is removed; image-wise exposing the coated
25  substrate; and then removing the imagewise exposed areas, or alternatively the

unexposed areas of the coated substrate with a suitable developer.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

30 a) Providing a solution of film-forming resin




25 substrate; and then renoving the i magew se exposed areas, or
alternatively the unexposed areas of the coated substrate with a suitable
devel oper. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 30 a) Provi diérigFhB 2005
solution of filmformng resin 7 2 1 F E B 2005 One step of the present

met hod for reducing the netal content of a film formng resin involves
providing a solution of the filmformng resin in a water- inmm scible

sol vent system conprising at | east one water-inmm scible solvent system 5
Preferably, the filmformng resin is a polyner is useful in making

Vi nybphenol *pol yror S ARSP Sor drrgand oA R A RO R

vi nyl phenol pol yners an resi ns have been
comonly used fonmidperesititinwflveaposddiag e solutten of aetikhefoaning X&irini af weaer-by
"Chemi stry and. Appljcation of Phenolic Resins”, Knop A and Scheib, W; 10
Springer Ver | agmNehlegplyent Sptem commiring atreast oneatopimsnissipieisebedl e sol vent
preferably co S'[e%as t hose solvents used in photoresist conpositions.
Sui t abl e exanpl’es of water-inmm scible solvents include wthout [imtation

propyl ene ¢ ycol nePhfdralsiy e fiaggbatife re3m B apmes i9®ehY in mikihanol ,
2- hept anone (methyl anyl ketone), ethylene glycol nononethyl. ether, 15
et hyl ene gl ycoPhaipissistshNonkitrhieng exdmples pif switabis rgsios aigmnvelakigsingt her

et hyl ene gl ycol -nget hyl et acet at.e | e . ycol nonet hyl
acetate, or a "I %@8&@@8%%? %r@i{fﬁvﬁtl‘éeéitﬂbdrg’?t 2%,"0@%5%1%&&%%?%% oxyacet at e,
et hyl oxyacet ag@nmoRMiukd 21868 bapRotorBikMhnUTRItN@ Y BeRhAIRd bt hy |

nmet hoxyacetate, butyl nmethoxyace.tate, nethyl ethoxyacetatc, ethyl

et hoxyacet at c, "Erdmisyy enchypplxatipn ofPlematie Resios hithog AosydahelboMét e, et hyl
P SR T BRATER AR, = ) T oy oplonat e,
s oha o Ty MABRPLORA R L LS gt Ty
photoresist compositions. Suitable examples of water-immiscible solvents include
without limitation propylene glycol methyl ether acetate, 3-methoxy-3-methyl
butanol, 2-heptanone (methyl amyl ketone), ethylene glycol monomethyl ether,
15 ethylene glycol monoethyl ether, diethylene glycol monoethyl ether, ethylene
glycol monoethyl ether acetate, ethylene glycol monomethyl acetate, or a
monooxymonocarboxylic acid ester, such as methyl oxyacetate, ethyl oxyacetate,
butyl oxyacetate, methyl methoxyacetate, ethyl methoxyacetate, butyl
methoxyacetate, methyl ethoxyacetate, ethyl ethoxyacetate, ethoxy ethyl
20 propionate, methyl 3-oxypropionate, ethyl 3-oxypropionate, methyl 3-
methoxypropionate, ethyl 3-methoxypropionate, methyl 2-oxypropionate, ethyl 2-
oxypropionate, ethyl 2-hydroxypropionate (ethyl lactate), ethyl 3-
hydroxypropionate, propyl 2-oxypropionate, methyl 2-cthoxypropionate, propyl 2-
methoxy propionate, and mixtures thereof.
25 In one embodiment, the concentration of the film-forming resin in the
water-immiscible solvent ranges from 10 to 50% by weight, more preferably 15 to

45% by weight, and most preferably 20 to 40% by weight.

b) Providing the washing solution




25 I n one enbodi nent, the concentration of the filmformng resin in the
wat er -i mm sci bl e solvent ranges from 10 to 5 0% by wei ght, nore preferably
15 to 45% by weight, and nost preferably 20 to 40% by wei ght. ﬁr555dﬁ%g
the washing solution 8 2 1 FEB 2005 Anot her step of the present nethod

i nvol ves providing a washing solution conprising water or a dilute
solution of a water-soluble netal ion chelating agent. Preferably the water
used is deionized water that does not have appreciable conductivity
(typically 18 nmega-ohmor |ess npl es of suitable nmetal ion 5

chel ating agents i rfehatles stiptdd Pqei;%t m&tmémm@ﬂwy Pevvidiag awagking qlptieracet i ¢

acid (EDTA), Ko e i t t tric
acid. In one en%ﬂ %%ﬁ@ﬂ(ﬁe %lgﬁ%@*t?@ﬁf@ﬁ@ﬁ? W%Fes%%uﬁ%gﬁﬁg tl&%e@%t al ion
chel ati ng agent r argeferdblyoiie Qv08XstdisQicRUiAN waki Gt dodtaio® hi gfeaiabw from
0.1% to 0.4%by weight, and nost preferably fromO0.15%to 0.30% by wei ght.
H gher 10 conceeRfvamiEhapisallyds segh-ohmatdtsal | Hypragjenef syitablaimstalien used, but
resi dues of th hel at i n ent af fect -t |es of the resist
formil ati orls. rdalatiE pimidoRF M SRR i PRt iRk luhgsisdsil, The

| evel of the a@DTVe, ﬁﬁh@hlm@Ehlpckfaéﬂ@ﬁer{émlﬁﬁﬁeEetﬁeztdc&aterﬁ%ﬁﬁk Jti@ t he
filmformng resin ranges fromO0.0I %to 5 % by weight, nore 15 preferably
fromO0.15%to 3% bylnwag ghmbodigenkdeei¢angesfatisn bfithe spkutibn ofthetregia ie) and b)

f h hod I d h
Sol uton of ¢ RESTE RPTIRERY L] o R1 SVl e e R BB D evahi ng

solution (i.e.t M%%?Wﬁghtfin@%ni&gréf&ﬁﬂy%n{ U‘@S%Q@@rﬁ%&'{ efht POhs I nto a
liquid/liquid centrifuge, one of 20 said inlet port fee t he solutlon

froma), tite s@@omﬂratlmlsecbf rpdakloﬁ@bdamgg dgent cascalsutblecmaect bumebl)iuesmfcbhcs aid

liquid/liquid rifu feed rate. ra he solutl om a)
that fromb) cTSRHPBASHY nijg it e Phishal bRps neSSpsea ?8“%5?%5 at a
temmrﬂureoﬁmim&@%&gﬂo a maxi numtenperature that is less than the
boiling point of the 'owest boiling water-inm scible solvent in the water

In one embodiment, the level of the active metal ion chelating agent with

respect to the film-forming resin ranges from 0.01% to 5% by weight, more
15  preferably from 0.15% to 3% by weight.

¢} Feeding of solutions from steps a) and b) into centrifuge

Another step of the present method involves feeding the solution of the
film-forming resin (i.e. solation from a)) and the washing solution (i.e., solution
from b)) through two separate inlet ports into a liquid/liquid centrifuge, one of

20 said inlet port feeding the solution from a), the second inlet port feeding the
solution from b) into said liquid/liquid centrifuge at a feed rate ratio of the
solution from a) to that from b) of 10/90 to 90/10, and in one embodiment 65/35
to 35/65, at a temperature of from 0°C up to a maximum temperature that is less
than the boiling point of the lowest boiling water-immiscible solvent in the water-

25  immiscible solvent system. In one embodiment, the temperature ranges from 10°
to 20° less than the boiling point of the lowest boiling water-immisicible solvent.
In one embodiment, the actual temperature of feeding is 70-80°C.

In one embodiment, the solutions from a) and b) are fed into the centrifuge
by being pumped (such as using a peristaltic or metering pump) through the inlet

30 feed ports. The centrifuge can be any liquid/liquid centrifuge capable of



25 imm sci bl e sol vent system |n one enbodi nent, the tenperature ranges
from1l0 to 20 less than the boiling point of the | owest boiling

wat er-imm sicible solvent. 1In one enbodi ment, the actual tenperature_of
feeding is 70-80C. In one enbodi nent, the solutions froma) and b?1aF%Bﬁ@@
into the centrifuge by being punped (such as using a peristaltic or
nmetering punp) through the inlet 30 feed ports. The centrifuge can be any
liquid/liquid centrifuge capable of 9 2 1 F E B 2005 perform ng the
specified steps. In one enbodinment, the liquid/liquid centrifuge used is a

C ncTh' Model V: QU IO nt.r i i | e . | rson
City, Nevada; %{%%Hg}r@ghgéée;cgfé‘)j % \t/\%%. H%%%Og@ﬁ %t’ tﬁrﬂ@”%ﬁﬁ%dgf Ft%q’ﬁltﬁgg
centrifuge usesdéenCinct agadelfvop ¢iQuMic§1@cDednﬁifﬁ§é (iagiebiblfien CING dSargh

different densities. The 5 unit is conprised of a netal housing and stand,
with inlet andCéudYevedsysrebsiteahitpdhaear-gmeicesom-nBlidliqeidismet cepfifygon! v

novi ng part), ] r ted to th FOL Or Vi a:ﬁiex'.bl di rect
coupl T an' AL sehaTRER 200 SERE: bilsr Bl i ot BBt e Tost rof o
the rotor sgpeeghit Fhemplitddds aaheahiREGAhd SiEind, it inRD B &btlet Pbetd, B9 zone, and
then directed by bottom vanes towards a rotor inlet. For 10 applications,

wher e preni xi nePspeyatien whwlawet aeotar (itsaomly maeng prdeon] zmotdyeonmesteditb 8¢ whi ch
limts contact_of the.fl.uids with the rotating rotor (i,e. two.different
i ng - heads EUFPELEBRIPSGTES B INEEe AR AReRr DR ENen PTG 7 o
this unit). Cﬁ_@&igé {18 of BB ¢&18r kel NehE ARES R hodBe MO @ a8 ahAMale
generated by this centrifuge. d) Rotating the m xture in the centrifuge 15
The fourth stepiohg tdne, prddbemdirentechipobdtiouolanes tomardstd notprtihlet. fiott ure from

step c) ingjde said.liquid/liquid centrifuge at .a rotational speed

surTi o ent 1 o erpepions avhdie PhPRheds Torcism e oy Pndrls S e BRATEY phases,
and ther eaf t er wheflinf&lcofict dfané NMRidRRAGERe rRAMH3 rbBF ALIRvAdTRAM AliginUt | et
port, into two separate contalners, wherein the heavier phase (H) contains

the fil mforn hepds egraspordmniy diff2@nt sdacfoctesatcalvailable ootitiennit n t he

wat er -i mm sci bl.e sol vent system wt 1L Nor mount o ter; d the
[ Taht er phase (o BibRresE i pogt ordoBall BErebe Binesred motia e and
m nor amount ofy RoMadsWhe niiktidk ih e WRALSHieM SCi bl e sol vent

15 The fourth step of the present method involves rotating the mixture from

step c) inside said liquid/liquid centrifuge at a rotational speed sufficient to
separate the mixture from step ¢) into two separate phases, and thereafter
collecting the two phases, each through a separate outlet port, into two separate
containers, wherein the heavier phase (H) contains the film-forming resin having a
20  reduced metal ion content in the water-immiscible solvent system, with a minor
amount of water; and the lighter phase (L) comprises: 1) an aqueous solution of
metal ions and a minor amount of a mixture of 2) the water-immiscible solvent
system and 3) the film-forming resin. It is understood that the aforementioned
"aqueous solution of metal ions" includes both metal ions complexed to the metal
25  ion chelating agent as well as uncomplexed metal ions.

In one embodiment, the amount of water in the heavier phase (IH)
comprises less than 10%, and in one embodiment, less than 5% water. In one
embodiment, the lighter phase (L) comprises less than 5%, and in one
embodiment, less than 3% of the water-immiscible solvent system and less than

30 5%, and in one embodiment, less than 2% of the film-forming resin.

10



systemand 3) the filmformng resin. It is understood that the

af orenenti oned "aqueous solution of netal ions" includes both netal ions
conpl exed to the netal 25 ion chelating agent as well as unconpl exed net al
ions. In one enbodinent, the anount of water in the heavier phase {HfEB 2005
conprises |less than 10% and in one enbodi ment, |less than 5% water. In one
enbodi nent, the |ighter phase (L) conprises |less than 5% and in one
enbodi ment, |ess than 3% of the water-imm scible solvent systemand | ess
than 30 5% and in one enbodi nent, |ess than 2% of the filmformng resin.
10 2 1 FEB 2005 |In copembnihodiniyeing mittine isotdted & aispegdoifat &dstafi00apmapeed of
at | east 500 r(gm (trevol utjon pe{e m nute), preferably from 500 tq 50, 000
rpm nost pr efEFQBIIPNE PeFIM R} gECeRbROTOnE 0P s 0000 Hrb nashBisRY ITem ¢ he
present inventj t tion of the film 5 formng resin solution and
t he washi ng so1’gdtthé)n3‘@£?q-hfgrecycl ed through the «centrifuge, such that

metal ions can be rlanmeemhbodintnedf He presehtiniytion, Ceddl AW thedfilm-
sem conti nuous_process. Thus, the present invention also provides, that in

addition to stiopaingyesimpelugen and the mashing sdukior eantbhascyclsdpirovgsthiet er at i vel y

performng a c and (f) belo 10 i i ng the heavier
Phase (H) and SREsRERT mEk B i s R Bp T mye bR F Pt aut g
centrifuge threughidohgniom & afigss thk PresBRNidventi ANBsOprovaied, thatthet port

feeding the heavier phase (H), and the second i nl et port feeding the

li ghter phase ddjtiondp sigps altbirqughal)rthe process fettier hemprisss ifptadigely(H) to the

L nter phase Ll A S0 R 30hA00 B2 Lorperature of from oC up (o a
pol g vaer | apkimgeabvaBil riSTINALet TSCHRLE (BPEagPcSYP! o
at a rotationafo hedumidliqyid ceetnfugeothsmghrtbe tva baparite inleteprispomsolegide) i nt o
two separate inlet port feeding the heavier phase (H), and the second inlet port feeding the
highter phase (L), at a feed rate ratio of the heavier phase (H) to the lighter phase
(L) from 10/90 to 90/10, at a temperature of from 0°C up to a maximum
15 temperature that is less than the boiling point of the lowest boiling water-

immiscible solvent in the water-immiscible solvent system;

(f) rotating the mixture from step €) inside said liquid/liquid centrifuge ata
rotational speed sufficient to separate the mixture from step e) into two separate
phases, cach through a separate outlet port, into two separate containers, wherein

20  the heavier phase (H) contains the film-forming resin in the water-immiscible
solvent system, with a minor amount of water; and the lighter phase (L)
comprises: 1) an aqueous solution of metal ions and a minor amount of a mixture
of 2) the water-immiscible solvent system and 3) the film-forming resin.

As used herein, the phrase "iteratively performing a cycle of steps €) and

25 )" means the repetitive performance of a cycle comprising one-time performance
of step ¢) followed by one-time performance of step f). Said cycle of steps €) and
f) can be iteratively performed until the heavier phase (H) in step f) has a metal

ion concentration that is substantially unchanged, i.e. further performance of said

cycle does not lower the concentration of the metal ions in the film forming resin.

11



phases, each through a separate outlet port, into two separate containers,

wherein 20 the heavier phase (H) contains the filmformng resin in the

wat er-i mm sci ble solvent system with a mnor anount of water; and the

| i ghter phase (L) conprises: 1) an aqueous sol ution of metal ion&1dfEB 2005

m nor anount of a mxture of 2) the water-inmscible solvent system and 3)
the filmformng resin. As used herein, the phrase "iteratively performng

a cycle of steps e€) and 25 f)" neans the repetitive performance of a cycle
conprising one-tinme performance of step e) followed by one-tine

performance of step, f). Said.cycle of ste e)..and f) can be iteratively
performed unti| thgl.“ﬁ}é'ﬁ\?ir@rog%%’i’etﬁfﬁﬂlup?f‘ gf@5f4r)lr} nérm@recy‘c ﬁmﬁl
concentration £A&tsdrforaWRhARhidld Yorit 't@r&g%uohslg redubé El'{é%ron%'h_faﬁégﬂﬁf%e_ of
said cycle does not |ower the concentration of the netal ions in the film

form ng resin.méhl pnt ifER A0 Fordnnng nesire iothdi lowedt potditde $odetst | Biuspin dikee

filmformng rest%,n.i s recycled with, fresh portions of the washi nglj_sol ution
to conti nuous| §PMER: tSPTESSHE BIYERUAT BRevies 2 mesthad fop padupingthe metal 395 or ni ng

resin tot I i1 : . ' - j.ent, the present
i nvention g"rsow gesttgpgr)rgtﬁhgégﬂ}%gyeﬁa%a%gﬁé%?ﬁe&g@?gﬂng?@rzﬁ%@bnt ent of a
filmform ng r@siprovidiagd sshitiad fotepilnsionginkesis e psvaér-innisgbRvdotiicng a

solution of the filmform nag resin in a water-inmscible solvent system
conprising at $YE&S cOEpREisiig B leastepestatpr-ammistibleselves) provi di ng a washi ng

luti \S1L.NG.; . e l.ut i f t S0l ubl t al
on-chel at i ng SpBhtctie oyShind sPhith EasBaithe AP b Bl S o Bdn o

the sol ution fgohbi®metdiaugBlating agagparate inlet ports into a liquid/liquid
centrifuge, one of said inlet ports feeding the solution froma), the
second i nl ¥t por feelBgdhasolutien E‘éma)cﬁﬂd@fpoﬂw efgheisoltior frem b)ghrough Hvxai d

liquid/liquid i .a feed.rate rat of the.sqlution fr .a) to
that of by fr e osE §oBb o iR @bl ot S P T 8RR e mum
15 tenper at ur etheRalutios flo@ss), tHearcddveink® pbit fedRRI (hé petioh BE tHed@RIontTRIM | NY

wat er- inm scible solvent in the water-immscible solvent system d)

rotating the nbkinig exid ligwddiquid egniiifuge @b adedddratei ighie @f theggaleigefiomid ige at a

that of b) from 10/90 to 90/10, at a temperature of from 0°C up to a maximum

I5 temperature that is less than the boiling point of the lowest boiling water-
immiscible solvent in the water-immiscible solvent system;
d) rotating the mixture from step ¢) inside said liquid/liquid centrifuge at a
rotational speed sufficient to separate the mixture from step c) into two separate
phases, and then collecting the two separate phases, each through a separate outlet

20  port, into two separate containers, wherein the heavier phase (1) contains the
film-forming resin having a reduced metal ion content in the water-immiscible
solvent system, with a minor amount of water; and the lighter phase (L)
comprises: 1) an aqueous solution of metal ions and a minor amount of a mixture
of 2) the water-immiscible solvent system and 3) the film-forming resin; and

25 further performing iteratively the steps €) and f) below in the following order:
e) adding another portion of the solution from b) to the lighter phase (L) in step d)
to form a new mixture of lighter phase (L), and feeding said new mixture of
lighter phase (L) and the heavier phase (H) in step d) through the two scparate
inlet ports, one of said inlet ports feeding the heavier phase (H), the second inlet

30 port feeding the new mixture of the lighter phase (L), into the liquid/liquid
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rotational speed sufficient to separate the m xture fromstep ¢c) into two
separate phases, and then collecting the two separate phases, each through
a separate outlet 20 port, into two separate containers, wherein PHeFEE 205
heavi er phase (H) contains the filmformng resin having a reduced netal
ion content in the water-inmm scible solvent system wth a m nor anount of
water; and the |ighter phase (L) conprises: 1) an aqueous sol ution of

nmetal ions and a mnor anpunt of a mxture of 2) the water-inmm scible
solvent systemand 3) the filmformng resin; and 25 further perform ng

iteratively th : e d.f) -bel.ow in the foll.owi ng order; .e), addi ng
anot her porti Oﬁen%él%?%%t a?s%%ﬁt%ﬁuf)ro(gﬁ?enﬁew gmftﬁrg qf:lloh%‘éﬁ‘aﬁ%&ééo E}L%hefiwerst ep d)
to forma new phasé A fiefn |0/90ke00ADARE: (dlperAthd Jrarsth DEC $Pitd an@wkifduyt ur e of
| i ghter phase (L) and the heavier phase (I% in step d) through the two
separate i nl etemperature thate isofess dhah ithd dioilpyy peinf e€dhedovest Urebng evatgphase
(H), the second inlﬁj 3‘{?5 rt.feeding th nevi/ m xture of the |ighter phase
(L), into the YgiF elﬁog inqthe yaierEEpssle s0lue s 8dat a feed rate
ratio of the ”gv‘fo'ﬁlti’ﬁ%lﬂﬁ@mﬁftuﬂe'fgﬂﬁ Step BNBSRle Ghili 1f Qidylﬂﬁlicf'@&‘t’ﬁfﬁge afthase (H
from 10/90 to 90/10, "at a tenperature of from up to a maXi num

t enper at ur e t hetational spsed fulfficicttite sémirdte tg it obdtert ddnfoawestpdrate! | ng’

wat er- inm scihle sol¥§g¥3ﬂci n the water-inm scjhle solvent system and 5 f)

rotating the nP3EH &M ellecting yhe Gy R!l’éS@a‘i’aﬁl_l FreRADd JoPgfatePehReTh:f uge at” a
rotational spegg, gitf %b&%’é‘e’l%on% ‘B‘fé?@ RAfALS hﬁehﬁaﬂkﬁlﬂdgeeg-ﬁfcoﬁ{aﬁﬁt d filgt © two
t ases, t

separate phases, an en colledting the two eac rough a
separ at e out | eformorg resinihatiag bwedusep aread orcovnteat Mehs watshangiistiilbsolba@nvi er
phase (H) contains thei film forrrir}g resin having a reduced netal _ion

content in% heSXRR I} Bmoualgttveier; awst Wy Sehiay Phase H)eompRises: dhdlint  of
water; and t heacgiegﬁ'st &ﬁutmﬁa(ﬁ%%ét%l)'ox?soe{mu Mo %I?l))‘ﬂ’?%{ ﬁ%ﬁ%’t\g&u@f ﬁ%%ﬁt%p- of

netal ions and m nor anoun a mxture er-"‘immsclble

sol vent syst enimnicible doiveent systant andd tpe Ggsiformidhesinnst ant i nventi on
illustrates that using a sem continuous or continuous nethod for renoving
metal ions from fil hf$ BEknhgverionidusiatesiat ygisg @ FermiceBLNYOYE PHFQTLGUP

centrifuge is fefiioli%oSRiohe AT o RN ok e il fyARLLATF £5T NS

15 hquid/liquid centrifuge is a time saving means for preparing film-forming resins
with lower metal ion content. Such resins are useful in formulating photoresist
composttions.

Method for producing a photoresist composition

The present invention also provides a method for producing a photoresist

20 composition, said method comprising:

(2) providing a film-forming resin having a reduced metal ion content according

to the aforementioned methods;

(b) providing an admixture comprising: 1) a photosensitive component in an

amount sufficient to photosensitize a photoresist composition; 2) the film-forming
25  resin in a); and optionally, 3) additional photoresist solvent; to form a photoresist

composition.

The photosensitive component is well known to those of ordinary skill in
the art, Suitable photosensitive compounds include o-quinone diazides, as
demonstrated by "Light Sensitive Systems", Kosar, J.; John Wiley & Sons, New

30 York, 1965 Chapter 7.4. Other examples of photosensitive compounds include
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with lower netal ion content. Such resins are useful in fornulating

phot oresi st conpositions. Method for producing a photoresist conposition
The present invention also provides a nmethod for producing a pho?loi] EGBSt
20 conposition, said method conmprising: (a) providing a fil mfor#i g 4%
havi ng a reduced netal ion content according to the aforenentioned

nmet hods; (b) providing an adm xture conprising: 1) a photosensitive
conponent in an anount sufficient to photosensitize a photoresist
conposition; 2) the filmformng 25 resinin a); and optionally, 3)

addi ti onal phoplstesiid pereedtoreRiich dsonhinh RAles, PRBbOESdiRde tEOMROSHE | On. The
phot osensi tive conponent is well known to those of ordinary skill in the
art. Suitabl e Pr&vEeRSE|fenajes. ddwpbaivaesist selvertsamcauprirsnay af hesalkisied as
denonstrated by, - Li I tens” . Kosar, J.; John Wley & Sons,
New 30 York, 1%%@@&2%%@9§§%&%%—%§158@e 1‘5‘ §Sof phot osensi tive conpounds
i nclude 13 2 10pERnad rédienteaci d generators such as oniumsalts,
hydroxymal ei mde triflates and diazonium sul fonates. The photoresi st

sol vent can’® conpri sEptpgel ofgradissits Ifors ttksd phatoossist awmpesitiphefothe present

wat er - i mm sci bln% stol ventf. QOtf'Por}ﬁl I ngr edients .5 tional i ﬁgé edients for
the photoresi st" conposi't U8 s cBPT i Ve e ART-SIRY Mt fé‘?‘ll_tsl’néffvﬁ c88Bant s,
dyes, anti-strjpabii@nraa8idston preMeldr) Sp@deRhmcersPd IsGinAQLch sRAPERED.
pronoters, speed enhancers, solvents and such surfactants as non-ionic

surfactants, whorctonimpuiiectanisedhich mine bsoddded do thé sohwiohakd nesilak resin,
sensitizer and sol vent efgretth ]{éh toresi st. conposi.tion is coated onto a
10 substrate. EXSHEFeE{sSoRyRR albeg? i hes PRp{gtesish PolBOYUNY 18 (i PR £h t he
phot or esi sto cogpAghie! OMEXafipldsNEf RIYESKRtiveIVBR LAY bOGkMG MV didy gL et 2B
(C.I. No. 42535), Crystal p\ﬁ ol et IEV( Cl. 12255%. E/a?ac Sél’tgeo%ﬁeen t% . No.
42000), Vi ct ophetoRbgecdngaGitions N thedd@4s) imvedtiddeinchae MRethyl(\Golet 2Bo(C.50040)

at one to ten .
No. 42535), Crystal Violet (C.I. 42555). Malachite Green (C.I. No. 42000),
Victoria Blue B (C.1. No. 44045) and Neutral Red (C.I. No. 50040) at one to ten

percent weight levels, based on the combined weight of novolak and sensitizer.

15 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 a five percent weight level,
based on the combined weight of novolak and sensitizer. Plasticizers which may
be used include, for example, phosphoric acid tri-(beta-chloroethyl)-ester; stearic

20 acid; dicamphor; polypropylene; acetal resins; phenoxy resins; and alkyl resins, at
one to ten percent weight levels, based on the combined weight of novolak and
sensitizer. The plasticizer additives improve the coating properties of the material
and enable the application of a film that is smooth and of uniform thickness to the
substrate,

25 Adhesion promoters which may be used include, for example, Ibeta—(3,4—
epoxy-cyclohexyl)-ethyltrimethoxysilane; p-methyl-disilane-methyl methacrylate;
vinyl trichlorosilane; and gamma-amino-propyl triethoxysilane, up to a 4 percent
weight level, based on the combined weight of novolak and sensitizer.
Development speed enhancers that may be used include, for example, picric acid,

30  nicotinic acid or nitrocinnamic acid up to a 20 percent weight level, based on the
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percent weight |evels, based on the conbi ned wei ght of novol ak and
sensitizer. 15 The dye additives hel p provide increased resol ution, by

i nhibiting back scattering of light off the substrate. Anti-st@?@&%ﬁgw%
agents may be used at up to a five percent weight |evel, based on

conbi ned wei ght of novol ak and sensitizer. Plasticizers which may be used
i nclude, for exanple, phosphoric acid tri-(beta-chloroethyl)-ester; stearic
20 aci d; di canmphor; pol ypropyl ene; acetal resins; phenoxy resins; and al kyl
resins, at one to ten percent weight levels, based on the conbi ned wei ght
of novol ak andcoraiped peiwht of nonelak andsepsifienr. Jdaseqnharcersiprdipdnergasedbat i ng

ti f . i : -t | icati f filmth i
Srooth and of iy NBrec h? BhorBREsfRARRE i BERTRF Qe8® e AN feiotd oottt or <
which may be uted théicirddRed L0 bplicaiPhsewh@e bitel 3f Uevelopment is the overriding

epoxy-cycl ohexyl ) -ethyl trinmethoxysil ane; p-nethyl-disilane-nethyl
net hacryl at e; Cansigrationjeyan dravghisame;degree of montsastmay depaopided; i.e., while
triethoxysidang, up tq a 4 rcen rei ght | evel , ..based on the nbj ned
wei ght of - rovolticBasd afked of HecloresfPfineii i e e o B my be
used include, 8&Veldp¥ANRY Spechichhite@ il alsd QafeGOitddt fos@ 6t Phtbrelist Efghanani ¢
acid up to a 20 pe@?ent \%\}P;eeieght IeSeI ,1 ggseg gn trgé% 12 2 thErBe co%:ﬁngd
wei ght of novofrak thatnsensididreasr . These enhancers tend to increase the
solubility of the pi toqesist cgatin i.n both Hhe exposed and unexposed
areas, and thus th ﬁeﬁ%ﬁmﬁ%ﬁﬁy ﬁpﬁﬁ%ﬂﬂﬁgFﬂﬁﬁg{Mﬁ§W°§E@%Hl@¥HH@VEP PRrent is
the overri di ngto o9MShEler@Liios BXERHIIIHMe SIHBoURH © r be
sacrificed; i .eO. , vvhife egét he exposled ar e%s gﬁotﬁg{'pﬁs&qﬂepgsg{bgt&ggsg?iﬁ%g will
be di ssol vEH naibstagtialkiemdygd tafier cabting lodples phdtdresisipebdioanihanadstrite lahd al so
cause a larger loss of hotq&eslst coatin fromihe unexposed areas. The
t

sol vents rmay b&OSFREBRAYITE: t HenRpas stirfactagfribal minhe pesdancludes deft ©6mpPlsy  t o
95% by wei ght i i it 0 sgpare 10
substant’ a1y TemSIoR pEDURREGEIRARL @RinEke tins Ch ER46TRE8
substrate and wwighthmelntbaded/omthe chimbinedweigls of haelsknirg sehdtizetay be used

i nclude, for e l e .
Mer%ﬁod for producing a microelectronic device

15 The present invention also provides a method for producing a

microelectronic device by forming an image on a substrate, said method

comprising:

a) providing the aforementioned photoresist composition,

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

c) thereafter, heat treating the coated substrate until substantially all of the

water-immiscible solvent system is removed; image-wise exposing the
coated substrate; and then removing the imagewise exposed areas of the
coated substrate with a suitable developer.

25 Substrates suitable for the present invention include silicon, aluminum,
polymeric resins, silicon dioxide, doped silicon dioxide, silicon nitride, tantalum,
copper, polysilicon, ceramics, aluminum/copper mixtures; gallium arsenide and
other such Group III/V compounds.

The photoresist compositions produced by the described procedure are

30 particularly suitable for application to thermally grown silicon/silicon dioxide-
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nonyl phenoxy pol y(et hyl eneoxy) ethanol; octyl phenoxy ethanol at up to 10%
wei ght | evels, based on the conbi ned wei ght of novol ak and sensitizer.

Met hod for producing a mcroelectronic device 15 The present invgﬁtg al so
provi des a nmethod for producing a mcroelectronic device by for 'néﬁgﬂmS

i mage on a substrate, said nethod conprising: a) providing the

af orenenti oned photoresi st conposition; b) thereafter, coating a suitable
substrate with the photoresist conposition 20 fromstep a); c) thereafter,
heat treating the coated substrate until substantially all of the

wat er-i mm sci beSPhYRRL sSohShe Ll QMR YR 'roh%%ﬁ&\f‘g;ﬁgrggg(oggs%{)ﬁ%%n& 0, coat ed

substrate; and then rendving the I nagew se" expose &"“ Co4t ed

substrate wi t hmaniswiizebintcggsve tioar condfonSues hail@ainaih/dladlrenf Sfidé Refepr esent
invention include silicon, alumnum polyneric resins, silicon dioxide,

doped silicon E#bRisade vsedi chbe sulbsipigemay Aroagammrise cioppes polymiesis irpsieson,
ceram cs, alum ] %t .gall I um.arseni an ther .such G oup
NREAY corrpoun%&g%gygﬁg%pggggiplsd!}%?:%shg%csl} t5 B‘H?"%’F%d&@%&“ﬁ ra?%@aaélggff Mhed
procedure & e adf¥sipargromuleaniyer 98hatsalthife tomnpaidd, GadH AoretohREiABhLY%- gr own
silicon/silicon dioxide 15 2 1 FEB 2005 coated wafers, such as are utilized

in the product Méul Gsilazres, ppfegblyderamethi ditilagane (MIDEY uri zed i nt egrat ed
oLt L comenent . 760 ST AMTANT 8 0o 8L GRTSBLIG P s T
transparent potytiRAGorRYGHetBSd RO §5 B DhotbRRist YRS tiﬁ&ﬁcﬁng‘f&ﬂpﬂ?ﬁg{escp@ér}d&, .
adhesi on pronoted | ayer of a suitable conposition, such as oné corital ni ng
hexa- al kyl di gfhirﬁgg‘g@d SR e@@halehana}ﬁyg, fdr etdngie ke (ekivOS)utichiven
Do Sl PR 3R AR et DE SRS DY
f 2 ; :axs/ It ngbl u¥v|r1:) ﬁd)déigg OBt ERIred ARANERI iR (Y &F spRAT S Fuign¥nt BsRl84 the
the amount of time allowed for the spinning process. Suitable substrates include
silicon, aluminum, polymeric resins, silicon dioxide, doped silicon dioxide, silicon
nitride, tantalum, copper, polysilicon, ceramics, aluminum/copper mixtures;
15 gallium arsenide and other such Group II/V compounds.

The photoresist composition is coated onto the substrate, and the coated
substrate is heat treated until substantially all of the water-immiscible solvent is
removed. In one embodiment, heat treatment of the coated substrate involves
heating the coated substrate at a temperature from 70°C to 110°C for from 30

20 seconds to 180 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

25  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 85°C to 950C. The

treatment is conducted until the rate of change of solvent removal becomes

relatively insignificant. The temperature and time selection depends on the
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10 be adjusted with respect to the percentage of solids content, in order
to provide a coating of the desired thickness, given the type of spinning
equi prent utilized and the anpunt of tine allowed for the spinnhAgegp 2005
process. Suitable substrates include silicon, alum num polymeric resins,
silicon dioxide, doped silicon dioxide, silicon nitride, tantalum copper,
polysilicon, ceram cs, alum nunfcopper m xtures; 15 gallium arsenide and
ot her such Group Il UV conpounds. The photoresi st conposition is coated onto
t he substrate, and the coated substrate is heat treated until
subst anti al | y hidtorgsist; prepevéiee desiradi biithd asesohs/eetl dssthe regnipneut ubed ande
enbodi nent, heat treai rr@nt. eﬁf t{i'e coated substrate involves heating the
coat ed subst r ay SRyl desired GoaunE ¥MESn 70C to 110C for from 30 20 seconds
to 180 seconds on arioicombcdt fibGath Wanf fHRM B ekfosd @1 AULES rhdlaforC Ay ect i on
oven. This tenperature treatnment is selected inh order to reduce the
concentrat i on ulthvipks raiiatlons of ¥ entvslengthtdfdramn 30 nestostsOcanposayt eleotronnhi | e
not causi n& suﬁstanti %I t her nal g{%ﬁradati on_of the photo sensjtizer, In
general, ome d&&f 480 (0528 Of Y erediahanciinebndssed Gattyn. BEdYest &Y adot hi s
first tenperatyigpleheakiBRbatves Cs%gﬂgttgrg?lgés q_:?tti | substantially all of the
sol vents have evaporated a c} a thin coating of photoresist conposition, on
the order of one ni Thosbstratehicatedesh thepRotaesistncdni@sitiouhs tthat eptionallya
preferred enbodi nment the tenperature is from850C to 95C. The treatnent is
conduct ed unt i fubjasiedriapdostexpRsing second baine ax heabierimentyeithsrbelore @ afer vel y
i nsignificant. e (= i I n 1 FE
B 2005 photore%%%p%fr%gge??%glgﬁggfé?@lg%§$h1§§hg%%,g(grgegvb\gﬁl %alséo?ﬁé;ngoa%i prment
used and Yonmmeefirally frodedDo®T t6 AA0PQY Thensitind heryCiat@llusKBSHF &bm S@N t hen
be exposed to actinic radiation, e.g., _ultraviolet radiation, at a
wavel engt h of TEEORASIOD AHNYIES ABere insiesablyaffomellosacers tos?teegands emadebm or
| aser radiatio [ ' duced by use of suitable

2t SO 4 B P A Bl e :

masks, negatives, s c.” The substrate coated with the

phot or esi st conposi Thobxpaed photoR@idteoatd ¥ubsttilts 68t Advilopadl ROEMAB¥RASUT €
second baking or heat treatnent, either before or after
Image-wise eXposed areas (positive photoresists), or the unexposed areas

15 (negative photoresists), by immersion 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 arcas. Developers may 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

17



devel opment. The heating tenperatures may range from90C to 120C, nore 10
preferably from 100C to 110C. The heating may be conducted for from 30
seconds to 2 mnutes, nore preferably from 60 seconds to 90 seconds on a
hot plate or 30 to 45 minutes by convection oven. The exposed 21 FEB Z005
phot or esi st-coated substrates are devel oped to renove the inage-w se
exposed areas (positive photoresists), or the unexposed areas 15 (negative
photoresists), by imersion in an al kal i ne devel opi ng sol uti on or devel oped
by a spray devel opnent process. The solution is preferably agitated, for
exanple, by nitrogen burst agitation. The substrates are allowed to remain

in the devgiPprividt bitbctik! pro@éctﬁihbﬁ}ratgéhﬁ{éxﬁo@éd gh@foréé\@t-&% r%%'bgof
th or u elo

coating has dissolved fromthe expose exposed areas. De pers nmay
i ncl ude aqubewssbsisatet i ons 20 of ammoni um or al kali netal hydroxi des. One
preferred hydroxide is tetranmethyl ammoni um hydroxide. After renoval of
the coated wafers fromthe devel oping solution, one nmay conduct an
optional post-devel opment heat treatgrAMPregake to increase the coating's
adhesi on and chem cal resistance to etching solutions and other

subst anées. The Hsfollgwing spesiic examplesealinpovideadetadeprillgsiratings midhe25

baki ng of t ti n strate bel ow t.he coating s softenin int. In
“naustr i al aEPAR g AR TR SRl AT R E VNS RS 1y
units on sadangsied aird helintshdad, BoweyBE t6 WRt siveefrict thesetpeebPpednadiishr at es
may be treated wth a buffered, hydrofluoric acid base etching sol ution.

The phot or dBi&YY Way@pesshauhsobbet Grnshiued an pioviding Conrdiipes.r RAREIGIE Qro
el . . o, f C .
aci d-base %&%é‘%ﬂ%ﬁé UhL@ el uuﬁzélq .eféﬁjs!}@elgﬁgf BFcﬁf'eg;g Lﬁé@ﬁ&e 'tH@E@fﬁ%ﬁc I on

for the unexpose to resist-coating area rate. ES 5
The f olMioowi ingergjpecilinlessentinpivise wpédified oxil gpartdetral pedtentd asd batweigbt, &l t he

nmet hods of producing and,. utilizing caompositions of the present invent,ion.
These  exarBIMESTANEERBIC imCBRERRS UROWERS, and 31 moleaiiar betgits @re HEEQope
of the invesidrage mdle@dr WRIGHRThS RAH!"thiRTh" BRIICGRES Id 48 A rBseRARY R or

condi tions, paraneters or
milliliters/minute.

15 Example 1 (Comparative)

A novolak resin having a meta-cresol to para-cresol ratio of 55% to 456%
was prepared as a 30% solids solution in propylene glycol mono-methyl ether
acetate (PGMEA). This solution was used as one inlet feed stream and was
pumped at a rate of 150 ml/min into the CINCH Model V-2 liquid/liquid centrifuge.

20  Simultaneously, 75 ml/min of de-ionized water was pumped through the second
inlet feed. Both solutions were equilibrated at 75-80°C, prior to pumping through
the centrifuge. Samples of the resin solution outlet feed were taken before and
after a15-min recirculation of the resin solution through the centrifuge with fresh
de-ionized water used throughout the test. Metal ion concentration measured by

25  atomic absorption vs. control samples showed that the concentration of iron ions
was reduced from about 677 parts per million {(ppm) to about 171 ppm while the

chromium ion concentration was reduced from about 303 ppm to about 27 ppm.

Example 2
30 A novolak resin having about 40.5% para-cresol, 46.2% meta-cresol, 6.8%

2,4-xylenol and about 5.6% 2,5 xyleno! phenolic moieties and condensed with
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val ues which nmust be utilized exclusively in order to practice the present
10 invention. Unless otherw se specified, all parts and percents are by

wei ght, all tenperatures are in degrees Centigrade, and all nolfﬁu¢@£

wei ghts are wei ght average nol ecul ar weight. The unit "m/mn" di Ca i
is an abbreviated formfor mlliliters/mnute. 15 Exanple 1-(Conparative)
A novol ak resin having a neta-cresol to para-cresol ratio of 55%to 45%
was prepared as a 30% solids solution in propylene glycol nono-nethyl ether
acetate (PGVEA). This solution was used as one inlet feed stream and was

punped at a rate of, 150 m/mn [nto the Cl NCH el V-2 Liquid/liquid
centrifuge. 2008PRYFRANELR LR Su‘?@“l’r’ie;l Hﬁﬁlo Forﬂ’@fl\é%g}’dezré@ S\gﬁ jat %ésgﬁﬁped
through the se iapYedol; - j RYTI T

75-80°C,  prior en s ot RS PRk eI PENERR IR LA FER T

sol uti on out| etecombitedstrent ke cothpfied @f afds5%aidwionafFheammogiair @itlodt i on of

the resin solutjon through the centrjifuge with fresh de-ionized water used
t hr oughout t heCth@gpe digging tefriscalis e EDSA o derigmizedavptery The rations the

T D ond s  EEORKE OF o 3UR S5y RhOUS PR ' PA SONRERMAEL 1R85 B redd a0, | 01

was reduced from about s per mllion (p ppmwhil e
the chrom um beig e@mdniiijat i on was reduced from about 303 ppmto about 27
ppm Exanple 2 30 A novol ak resin having about 40.5% para-cresol, 46.2%
net a- cresol , 6.8% DheesisERan asdedssliedsvighs fresB BRI A pailtighwasl i ¢ noi et i es

and condensed wi.t: . 05 | dehyvde at a.tota bsi.j~t ut ed
phenol / f or mal dXeHﬁltyt/lglé r ; 1I°eél ngtP '%%Jba%% r&%%@ﬁ%gﬁgﬁs‘gﬁe Eéal%a%‘i/&t%r%? resin
sol ution in PGAplaswtitaakeSictiolithly oV ad0shing@Periddend GEeM4ls fred stream
was conprised of a 0.05% solution of the ammnium salt of ethyl ene diam ne

tetra-acetl® agangeqtrbPAy Weere measirsdioretitimat by thisEpenimatnit@ low shérs nExinged rat e
of the resin spl tvér oqlsécpinttﬁag (%f. thea‘./EDTA ‘ﬁ%juhi on_was. 1: éhe%eﬁogh feed rate
being 200 ni/mny. THE teslh P, S Uil Upig fipad BHIRIACE Shepf FEeSEpTA
sol ution was between the two phases. Table 1 below shows the variation in the reduction in

metal 1on concentration of the novolak resin with wash times. In this and the

Examples below, the metal ion concentration was determined by atomic

15  absorption spectroscopy.

Table 1
Metal Ton Concentration vs. Wash Time (Low Shear Mixing Head)
Time (minutes) Iron content (ppm) Chromium content (ppm)
0 170 67
10 145 61
20 105 52
30 50 45
45 37 41
60 16 37
Example 3
20 The method of Example 2 was repeated, except that a high shear mixing

head was used in place of the low shear head in Example 2. This high shear
mixing head increases phase mixing (i.e., higher shear forces between the phases).

In addition, a 40% solids solution of the same resin was used and the ratio of the

19



continuously fed into the other port. Both sol utions were maintained at
75-80C. Sanples were taken periodically over a 60 mnute period and the
nmetals ion 10 concentrations were nmeasured over tine. In this exgefiRBBNIRA
| ow shear m xing head was used in the centrifuge. The use of this head

m nimzes shear forces between the two phases. Table 1 bel ow shows the
variation in the reduction in netal ion concentration of the novolak resin
with wash times. In this and the Exanples below, the netal ion
concentration was determ ned by atom c 15 absorption spectroscopy. Table |
Met al | on Concleed ratd oftthe pesin sdbsion To that 61 e 0FSeaEDVsohgiotiead charigee to
(mnutes)lron %gz_tent (ppm Chrom um cant ent %pprr)_ 017067 1014561 2010552
305045 453741 7208l 1me oBthe gesith goljEerhie P Oagnl rEina pbihe ER Tinsolpépeat ed,
except that a j 1 Xl - d. in e t he .l.ow shear
head in Exanpltﬁbg%]n%ﬁﬁgfﬁ%ﬁ ts g%‘?&%%ﬂﬁ?fﬁeéﬂ?\%ac nF?\rngjrag(gt%%fs)tBﬁHg‘sr(élalﬁ{eﬁlinng
(i.e., higher #eao niinitees between the phases). In addition, a 40% solids
solution of the sane resin was used and the ratio of the 19 2 1 FEB 2005
feed rate 8f the resin solution to thaflablle®he 0. 05% EDTA sol uti on was
changed to 4:1 (}.8- i i, j i

t he %DTA sol uti oMeﬁﬁ

ML L OIICE dALLOIL VS, BRECITCHIZIO]T) 3 LD S NCAr IVIIXARE 1
concentration of triyge nAMRLAK e N 18k E&lterd CopthUT EEhromil@PEGdrt (ppm)

of

0 170 67
20 16 28
Example 4

The method of Example 3 was repcated, except that a 30% solids solution of the
10 same resin was used. The ratio of the feed rate of the resin solution to 0.05%
EDTA solution feed rates was the same as in Example 3. Table 11T shows the

reduction in metal ion metal ion concentration after 10 minutes.

Table 111
15 Metal Ion Concentration vs. Recirculation Time (High Shear Mixing Head)
Time (minutes) Iron content (ppm) Chromium content (ppm)
0 224 85
10 107 63
Example 5

A 40% solids solution of the resin of Example 1 in propylene glycol
methyl ether acetate (PGMEA), a 5% solution of citric acid in dejonized water and
20 a 5% solution of EDTA diammonium salt in deionized water were prepared
separately. The solutions were heated separately to 75 °C. The resin solution was
pumped into the centrifuge from a jacketed flask at 75 °C, 200 ml/minute. The

citric acid solution was pumped into the centrifuge at 75 °C, 50ml/min.
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Metal 1on Concentration vs. Recirculation Tine (H gh Shear M xi ng Head)
Time (mnutes)lron content (ppm Chrom um content (ppm 017067 201628
Exanpl e 4 The nmet hod of Exanple 3 was repeated, except that a SOZasggbds
solution of the 10 sane resin was used. The ratio of the feed rdtke Ake
resin solution to 0.05% EDTA solution feed rates was the sane as in
Exanple 3. Table IIl shows the reduction in netal ion netal ion
concentration after 10 mnutes. Table IlIl 15 Metal |on Concentration vs.
Recirculation Time i h Shear M xing Head) Tine (mnutes)lron content

(ppm Chr omi um cont eThe KdaRTdk phase 28¥BMinkhE 7&d FXa1sR s PeotrcRiITALE B0

solution of the resin of Exanple 1 in propylene glycol nethyl ether
acet at e ( PQVEAbhe feediug igts the fasdingfflagk and egaiwingp tha cerdiibge fedugtatheinleind 20 a

5% sol ut i f EDT. . i | t. in deionized i el d
S0 SOt on ST O TR 0k B GRS S M PEFTR
sol ution was EMERS soMitort NEeGaRt EblltGEwhs RRIRd RS ketRRdfhdak @ 75 C 200

m/mnute. The citric acid solution was punped into the centrifuge at 75
C, 50nm /mirb 2¢npifupgBopdDminmhes Userthsrd: blead eatmorfttiad miingolukien teesiric sol uti on

IR W SRR S R
S % k! AR e e i 4 S sl g, T Tl
m nut es usi ng timwesd: ThefEI¥HA dammomifimtdak solatomwaothah rapiactd withtdeionized
water as the washing solution and the resin was washed in the centrifuge for
10 another 30 minutes.
Samples were removed periodically for measurement of metal ion
concentration. The solvent from the final resin solution was removed by a rotary
evaporator and solid content adjusted with addition PGMEA to 26% solids
content for testing for dissolution rate and lithography. Dissolution rates (DR) are
15  determined for resins to show relative removal in typical resist developers.
Silicon wafers are coated with the resin and the dried coated wafer subjected to
laser interferometric determination of coating thickness versus time.
DR measurement was conducted on a Xinix  Model 2200 Process
Monitor. Silicon wafers, primed with hexamethyldisilizane (HMDS), were coated
20 with 26% solids novolak resin solution at 110°C for 60 seconds at a spin speed
appropriate to give a coated film thickness of 1.60 + 0.1 micrometers, as measured
on a Nano™ 215 device using the 5 point 4-inch wafer program. A wafer was
attached to the Xinix™ probe and was immersed in a bath of AZ® 300 MIF
developer, until the resin was removed. Two wafers were run and averaged to

25  obtain the DR as measured in Angstroms/ second (A/sec.). The results showing

the concentration of metal ions at various times are shown in Table IV below.

Table IV
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aci d sol ution.

t he

anot her 45 m nutes.

the centrifug
for

e for

measur enent of net al
resin solution was renoved by a rotary

i on

concentration.

The citric acid solution was then replaced with the EDTA as
washi ng solution and the resin was washed in the centrifuge for
The EDTA di anmoni um salt sol ution was then
wi th deionized water as the washing solution and the resin was
10 anot her 30 m nutes.

L EEREGT

Sanpl es were renoved periodically

and solid

cont ent

adj usted w th gegiditRBoREMARL FordoHl FRkdoflRion GO Sk REQR w8 Lha8 vhRbus

di ssolution rafe and Tithography

The solvent fromthe final
evapor at or

ﬁ“‘tTEETWTHTTﬁT‘F§F€§‘tDRT““‘IB‘%‘T@Tn1ned

for resins to show rel ative renoval i nCéondiiimal resist developers. Silicon
waf ers are copted—with *he resth—and-the dried coated wafer subjected to
| aser interfefo c det &einatl A¥a@Pmoht F i 4k r séssely DR
measur enent was conduct/e %E g Xi ni x7MLf IMbdel 220Q Process an@&e
Silicon wafers, prined|w ﬂnethyldisilizane (HVDS), werge c d {20
with 26% sol i ds novol ak ¢eslitibrso] uti on at [110C for |60 seconds ah/sac. spin
speed appropriate to gilve a coatled filmthickness gf 1. 60 01 mcranmgters,
as neasured pn a NanoTM®EB“davi ce ¥8i ng |t he2® poilnt 48 nch| waf®! pr dgr am
A wafer was p@ttached to (hﬂﬁmMinixTM probe¢ and was |i mersed | n a bath}of
AZ(r) 300 M F—-develoeper—untit—the—restnrwas—trenrpved—hwo—wafers—were run
and averaged fo 25 btalﬁlFﬂéﬂ%P as Weasuted 4 Andstrdis/ spcond (A sec.).
The results shomﬁng t he cdc@ntr ati on of [netal iorns at varipus tines|are
shown i n Tabl Hv=betow: J -'i‘ HV—212—1++FEB—26865 kU||\,cib|é| atton l{f et al
lons and Dissplution Rate after [Resin wash undéer vagrious Copditions Run
#Resi nNa (ppnm) Fe (ppm ¢r BmHEDi ssol ution| Washi ngRate Condifions(Al sec.)
4 45 min with 25 56 58 -
citric acid
5 15 min with 26 14 3 --
EDTA
diammonium
salt
6 30 min with 22 11 33 -
EDTA
diammonium
salt
7 45 min with 24 20 36 "
EDTA
diammonium
salf
8 30 min with 14 24 40 215
deionized
water
Total Time 220 minutes

As the results in Table IV indicate, the dissolution rate was constant (the

rates being the same at run #1 and 8 within experimental error), indicating that no

appreciable change in the resin (such as fractionation) occurred during the process

of metal ion reduction/removal.
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110 mn w th105248189211 citric acid 220 mn w th108220176-- citric acid
330 mn wth46153120-- citric acid 445 mn w th255658-- citric acid 515 mn
W t h261433-- EDTA di ammonium salt 630 min with221133-- EDTA di ag‘rrpptgu?jﬁal t
745 mn w th242036 EDTA di anmonium salt 830 min w thl142440215 de€ionlz

wat er Total Tinme220 mnutes As the results in Table IV indicate, the

di ssolution rate was constant (the 5 rates being the sane at run #1 and 8
Wi thin experinental error), i ndi cating that no appreci abl e change in the

:: gzlugt I( zﬁlcre?r;vglr ac%lfﬁ ?%he%% S ref6rre<fit%ra (r)] eltS ?neco ora ec?ﬁerel?lfb metal ion

reference in its entirety, for all purposes. Except in the Examples, or where
otherwise explicitly indicated, all numerical quantities in this description
specifying amounts of materials, reaction and process conditions (such as

5  temperature, time, pressure), feed ratios, rotational speeds of centrifuge, and the

like are to be understood to be modified by the word "about".
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2 1 FEB ?nn~ Each of the docunents referred to above is incorporated herein
by reference in its entirety, for all purposes. Except in the Exanples, or
where otherwi se explicitly indicated, all numerical quantities Hangb%q
description specifying anounts of materials, reaction and process
conditions (such as 5 tenperature, tinme, pressure), feed ratios, rotational
speeds of centrifuge, and the I|ike are to be understood to be nodified by
the word "about". 23 2 1 FEB 2005~ WHAT WE DESIRE TO CLAIMIS: 1. A nethod
for reducing the netal ion content of a filmformng resin,-said nethod

conpri sing : vifding a solution of the filmformng resin
in a wat er-@%ﬁﬁﬁﬁ%ﬁ%ﬂgﬁg}@@tem conprising at |east one

wat er - i mmi sii bl A sedtiedtor RIduRIyYiHd RdtA VAIIEht S A iR R fRP reSih Néhid

di l ute aqueous solution of a water-soluble nmetal ion chelating agent; c)

f eedi ng t héngBiediGommyisindthesstepmal:b) t hrough two separate inlet ports into

fromay, tr 107888k MAfFueR S A6 APy et Boh A nefF it vy o
li qui d/ i qydterebripride @tledstirrdvaRi-SmhdtdiBleolvdme, sol ution froma) to
that fromb) fromabout 10/90 to about 90/10, at a tenperature of from

about 0C ufto Pravdingus vashies alytion gamprising asdiute aquenes selutiongohai nt
of the lo Qi - LALS G olvent in the water-inmscible

sol vent s;@?éetreﬁpggi#g'%@%ﬁé%‘f%ﬁgé ?hgnfh xture fromstep c) inside said
l'iquid/liqu)d cdaedinfgube sblutioas fanatyahid)nhecughewb rsepasdte inle) poid imtd wo
separate pf]aseqﬁ and t?rﬁ‘n collecting, .the two separate phases, each through

a separ at e '"Git '_’équ'%cﬁep Pﬂ?'oo?wfsﬁﬁb‘éﬁ@?&poﬁtﬁr'f?:ﬁijiﬁ@rtg? HHetiqn f‘l’ofrhé)’_ﬁé‘ﬁvi er
phase (1b) GREBRESHSt bbR féédiﬁ%lftl% 3boh 4RI b) Y B ﬁq%ﬁigﬁﬁ%éﬁ?ﬁfﬁ%'&’a

content in the wat er-inmmsc e solvent system wt m nor anount of
wat er; and feaé rategratior ofpthaseoltion onpa) sethat fjorarb)dmpreamut 46/94 toabait

metal ions ﬁgo,aatrg E[]é)nrwpgra lﬁjrrétofof];'or% argoﬁtt Lbr°8 L?J t02?a r%gﬁmvl\ﬁ:[l érﬁbgggtl?r%i t?n!ateis
less than the boiling point of the lowest boiling water-immiscible solvent in the
water-immiscible solvent system; and
15 d) rotating the mixture from step ¢) inside said liquid/liquid centrifuge to
separate the mixture from step c) into two separate phases, and then collecting
the two separate phases, each through a separate outlet port, into two separate
containers, wherein the heavier phase (H) comprises the film-forming resin
having a reduced metal ion content in the water-immiscible solvent system, with
20 a minor amount of water; and the lighter phase (L) comprises: 1) an aqueous
solution of metal ions and a minor amount of a mixture of 2) the water-immiscible
solvent system, and 3) the film-forming resin.

2. The method of claim 1 wherein the film forming resin is at least one
25 member selected from the group consisting of novolak resins,

polyhydroxystyrenes and derivatives thereof.
3. The method of claim 1 wherein the water-soluble metal ion chelating agent

is at least one member selected from the group consisting of ethylene diamine

30  tetra-acetic acid (EDTA), ammonium salt of EDTA, and citric acid.
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solvent system and 3) the filmformng resin. 2. The nethod of claim1
wherein the filmformng resin is at |east one 25 nenber selected fromthe
group consi sting of novol ak resins, polyhydroxystyrenes and derivatives:-
thereof. 3. The nethod of claim1 wherein the water-soluble netall Fidh?2005
chel ating agent 1is at |east one nenber selected fromthe group consisting
of ethylene diamne 30 tetra-acetic acid (EDTA), ammnium salt of EDTA,
and citric acid. 24 2 1 FEB 2005 4. The nmethod of claim 1l wherein in step
a), the water-imm scible solvent system conprises a nonooxynonocarboxylic

acid ester,,a pr | ycol. | .ether acetate - hept.angne, a

pr opyl ene g‘}'ycoIﬂm’ﬁebﬁ%{ﬁocgtcﬁecﬁ%[moge\&n%ﬁ% Llll?éte%]a 'aﬁ'el ‘é{aﬁe{"'ﬂ“ﬁﬁs“t‘ﬁsr%‘f‘?”ts 5.
The met hod sybterh acomprisdrereintondbxghRivoChrbdxific SEliditdtas 4 rmBpyibAESglgdoland
b) are fed into the centrlfu%e at a tenperature of from about OC to about
10C | ess tR&WYt pesGceiale, Fbratanene: Reompviese aivsiol mejhyleateer, omai kiusEe

sol vent in 4he i sci bl e sol vent system 10 6. The nethod of claim
1 wherein in st%é{)@g‘géﬂﬁﬂe f’n’xture fromstep c) is rotated at a speed of

fromabdut 500 to about 50,000 rpm 7. The nethod of claim11, further

conprising iterativel rformng a cycle of 15 steps e) and f) below in
the fol | owithg o?ﬂ?ﬁ' mei'?&feéahaﬁg Tt weerda i slenppladhe splptiangfroRestepgi @ndphase

) " . o ] i e ‘ )
Sbarare 1 aareeti® ieleerhtifidocht d RinBe Rl of 4R ASIR AL BiMhdio-c
(H), and t Hess#wanihe bbiingpooint beddi fgvddtebdilirghtvater-ipinaiseiblelolvant ia theed

rate ratio of, the heavier, K phase to the lighter phase (L) 20 from about
10/ 90 to ab¥UE gpMy lﬁtsoé\})et”gﬁiﬂ%tég%ure of fromabout OC up to a naxinum

tenperaiure that is less than the boiling point of the | owest boiling
wat er-inmm scible solvent in the water-inm scible solvent system
6. The method of claim 1 wherein in step d), the mixture from step ¢) is

rotated at a speed of from about 500 to about 50,000 rpm.

7. The method of claim 1, further comprising iteratively performing a cycle of
15  steps e) and f) below in the following order:

e) feeding the heavier phase (H) and the lighter phase (L) from step d) into
the liquid/liquid centrifuge through the two separate inlet ports, one of said inlet
port feeding the heavier phase (H), and the second inlet port feeding the lighter
phase (L), at a feed rate ratio of the heavier phase (H) to the lighter phase (L)

20 from about 10/90 to about 90/10, at a temperature of from about 0°C up to a
maximum temperature that is less than the boiling point of the lowest boiling
water-immiscible solvent in the water-immiscible solvent system;

f) rotating the mixture from step e) inside said liquid/liquid centrifuge to
separate the mixture from step e) into two separate phases, each through a

25 separate outlet port, into two separate containers, wherein the heavier phase (H)
contains the film-forming resin in the water-immiscible solvent system, with a
minor amount of water; and the lighter phase (L) comprises: 1) an aqueous
solution of metal ions and a minor amount of a mixture of 2) the water-immiscible

solvent system and 3) the film-forming resin.
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f) rotating the mxture fromstep e) inside said liquid/liquid centrifuge
to separate the mxture fromstep e) into two separate phases, each
through a 25 separate outlet port, into two separate containers, wherein

t he heavi er phase (H) contains the filmformng resin in the 21 FEB 2005
wat er-i mm sci bl e solvent system with a mnor anount of water; and the

| i ghter phase (L) conprises: 1) an aqueous solution of netal ions and a

m nor anount of a m xture of 2) the water-immi scible solvent system and 3)
the filmformng resin. 25 2 1 FEB 2005 8. The nethod of claim7 wherein

the cycle of steps e) and f) are perforned iteratively until the heavier
phase (H i% stebhe maihed gf ﬁ‘é*ﬂfaIT" wbﬁrai@rhh%ﬁv¢latqf@ten31@landé)@am@ﬁmem ly

) T oodi ng iy BpiEhBHestler Brilel! G BT ERA T W3R 4 W FEEn e Aaft et
through tvie ssbp@ntitily umdredngedrts | nt oali C]UI d/liquid centrifuge, one of

said inlet ports feeding the solution froma), the second inlet port
feeding the portion of the solution fromb) into said liquid/liquid

centrifuge gt a-fﬁ@%ert@gcpogg%mﬁgorﬁ&%"ﬁpera S;’l?o;'&?’ &g to that of b)

from about 10/90 to about m about OC up to a

maxi mum tenqjer atfeedinghthe scﬁuticafsﬁotrha)ﬁandii@ poitibhnd theisalutioh fidia b)l thregh
boi ling water-imiscible solvent in the water-inmscible solvent systenm d)

rotating PP, ef"ﬂ'slﬂnpélﬁépr'&g 3 Hevigdicqud @epirbvgey Pn@mfdsai@rmlreitfn?@@ to
separate t heHingt tHe sbiLABh STGR &), thBté’eéo%Cﬁ?éihrOUETEQ&ﬁgeﬁle ik

collecting 15 the two separate phases, ea eparat e outlet
port, into anil@'efﬁa'ﬁ‘ab)elntmmldlllneld‘tquuMGeBirnﬁJgdﬁat ehl@ad eate phiics ef tbld)sontmiMal ns

the filmgf d, met al te
vt er 110 AT toha of BY SR aBolf THA Rt SfBacsl s it atyrome
li ght er phaa&)dth)"CClmm:fB?rﬁ&lmlﬂn@é‘mgér%ﬂ'ésthéf)isqbb@ﬂ]éﬂ thenl?ém ind ofihd 2

8
m nor am)umJ of a mxture of 2) the water-inmmscible solvent 928 system and
3) the fil nPYEEhbeiing vater-impigcible selveniarthe watergmmiscible selvgntsysieme of

steps e) ang) T) ReLy e g8 18 L p°LfShsidésaid liquid/liquid centrifuge to

separate the mixture from step c) into two separate phases, and then collecting
15 the two separate phases, each through a separate outlet port, into two separate
containers, wherein the heavier phase (H) contains the film-forming resin having
a reduced metal ion content in the water-immiscible solvent system, with a minor
amount of water; and the lighter phase (L) comprises: 1) an aqueous solution of
metal ions and a minor amount of a mixture of 2) the water-immiscible solvent

20  system and 3) the film-forming resin; and further performing iteratively a cycle of
steps e) and f) below in the following order:

25
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30 26 21 feb 2005 e) addi ng another portion of the solution fromb) to the
| i ghter phase (L) in step d) to forma new m xture of lighter phase (L),
and feeding said new m xture of lighter phase (L) and the heavbe{FEFZ@%
(H in step d) through the two separate inlet ports, one of said

ports feeding the heavier phase (H), the second inlet 5 port feeding the
new m xture of the lighter phase (L), into the liquid/liquid centrifuge at
a feed rate ratio of the new m xture of lighter phase (L) to the heavier
phase (H) from about 10/90 to about 90110, at a tenperature of from about

OCup to a xi mum.tenperature. that js |less than the boilin oi nt qf the
oweat boi 1 $g vRHAIS FRAINES| RATHOR O e sofiorHEo ek oo, b B a2 S (e
system 10stapd)fto &8 athdig rﬁi%r@‘&‘iigﬁ%ryh%% ﬁg%nﬁ)febﬂﬁlgdﬁiéﬁb@ mixture
liquid/liquid centrifuge to separaté the mxture of step e) into two

separ at e phefdighferqiiserbhandthebeavigr phase (H\)jnmue;sd}?thvr\ﬁagrhmemmﬁm@;pawatg
separate out|et port. ipto two,. separate cqptainers, reip the ier
ohase (1) ol RoRS! biw of sfict N HoRS Redind ths ieyes phainien e Sheoms Mieln
content g5 n gdre feedipg- iHETIRew Bhijure! ¥e e %ﬂtc%*bh%é hL§ THtS Othe RYBLIqGH

water; and the |ighter phase (L) conprises: an aqueous solutron of netal
ions and aceftiidgeatpanfiecer rage rmajie wafethef ney mirdurga v lighten peisel @) stol thent

t d - ' i [ 0 _10. th f clali
whor ei nt e itregee [l 1o Melifbmg 15 sEou, SNBSS L el Gelnt fom ne
netal ion cammagCalp enaimakifrinh egviperatimanat sHbsé that B2 Bailihg point of the
substantial | y unchanged. 11. A nethod for producing a photoresi st

conposi t i onoWest Bolpg Huater-immissible; salyent in) ther wetesimpisciblel salventreysemiesi n
having @ r ed netal ion content according to the nethod of claim1l, 7,
8, 9, or 10; b) providing an adm xture of: 1) a photosensitive conponent in
an anount Buffirotaing the phistuwsefisint sp d) ghsiter esid siquidripedi ¢érdrifug?) tat he
filmform'ngeresgntin. . .
parate the mixture of step e) into two separate phases, and then collecting the
two phases, each through a separate outlet port, into two separate containers,
wherein the heavier phase (H) contains the film-forming resin having a reduced
15 metal ion content in the water-immiscible solvent system, with a minor amount of
water; and the lighter phase (L) comprises: 1) an aqueous solution of metal ions
and a minor amount of a mixture of 2) the water-immiscible soivent system and

3) the film-forming resin.

20 10.  The method of claim 11 wherein the cycle of steps €) and f) are performed

iteratively until the metal ion concentration in the heavier phase (H) in step f) is
substantially unchanged.

11. A method for producing a photoresist composition, said method
25 comprising:

a) providing a film-forming resin having a reduced metal ion content

according to the method of claim 1, 7, 8, 9, or 10;

b) providing an admixture of; 1} a photosensitive component in an amount

sufficient to photosensitize a photoresist composition; 2) the film-forming resin in

30 a), and optionally, 3) an additional photoresist solvent; to form a photoresist
composition.
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30 a); and optionally, 3) an additional photoresist solvent; to forma
phot oresi st conposition. 27 21 feb 2005 21 feb 2005 12. A nethod for
produci ng a sem conduct or device by form ng an i mage on a SUbStfiHﬁi i%&d
met hod conprising: a) providing the photoresist conmposition of cfai %_Q'S
b) thereafter, coating a suitable substrate with the photoresi st
conposition fromstep a); c) thereafter, heat treating the coated
substrate until substantially all of the water-inmscible solvent system
is renoved; image-w se exposing the coated substrate; and then renoving
t he i magew se exposed or, alternatively, the 10 unexposed areas of the
coated substrate with a suitable devel oper. 28

12. A method for producing a semiconductor device by forming an image on a
substrate, said method comprising:
a) providing the photoresist composition of claim 11;

5 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
water-immiscible solvent system is removed; image-wise exposing the coated
substrate; and then removing the imagewise exposed or, alternatively, the

10 unexposed areas of the coated substrate with a suitable developer.

28



