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USING A LI QUI D LI QU D CENTRI FUGE 5 BACKGROUND COF THE | NVENTI ON The present
invention provides a process for reducing the metal ion content ofl 3AUG 250
filmformng resin with good |ithographic performance in |ight sensitive
phot oresi st conpositions, and for using such a filmformng resin in such
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substrate |s treated wth a devel oper solution to disso nove
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are typically produced by running a
Integrated circuits. Generally, in these processes, a thin coating of a film of a photoresist

composition is first applied to a substrate 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. Afier 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, maleic acid, or maleic anhydride. In producing sophit8iAlia ems
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
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15 requirenment for low netal resins stil] apply. There are two types of
phot or esi st CQW%@HS@?%@&&?&W@W@WF%Shﬁﬁ@% 95 EreBRIt-FgStitiedn
negat i ve- wos ki BeriIOANRS bitkerkBIB AR dol LORAINC A BEARE1ic hEBIZAIMSEoid Gr

radi ati on, the areas of the resist conpositibon expose £8 NG T atli on
become | ess somadie dnhydridbevdhopreducing whpkistidagedd serficeiidwstr| devldengitrigact i on

20 occurs) while the, unexposed areas of thgsﬁ)hotoresi st coating remain
relatively soPGifme wgreasiagly ampartant toprovide asfilm fosmingnevolsk resin eheyperiat

negat i ve-or ki RIS onts! braalRYRAPSRAEYSER. TRARYE! pobeline DA Gxposed

areas of the p esi st coating e c¢reation O

the coating thdiaebyaphtimguitiohtgarl hele SiesistdndX0r i & figthek NRPLIALRE kit NBese
substrate dfrface on which the photoresist 25 conposition was deposited.

On the ot h&} hEKEENakhsontpBsion pstalseriaminanto sioee these impwitissi canoadyersely

exposed i mage- w - adiat 1-0n. areas..pf e photoresist c sition
exposed to t he%ﬁi etzli%it%%ﬁj Bg%:%ﬁg mn%l)&rlrgﬁg;eg I %F%mﬁ%gr%ﬂjéc glg%qrgcpiﬁm%e& W@'n
(e.g. a rearr vwgBNEH50EACHH 10We0ars doBinoty} FeQuirEPFR cBfBRFciflQtsifX BOARR
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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 areas 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 i s uncovered.
After this devel opnent operation, the now partially unprotected sudb8AU&t 2004
5 may be treated with a substrate-etchant solution or plasna gases and the
| 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
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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 subsirate. 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



13 AU 2004 heated to 95 to 100C. Formal dehyde is slowly added and the

m xture is heated at reflex for 6 hours. At the end of the conde s?'ygn
period, the reactor is converted to distillation, and the tenpera rA j 40
raised to.200C. At this point vacuumis slowy drawn, the tenperature is
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 mat erfeated 108l 1Pt Nt ] ' ' . [ sin
products often contain hi?rfg? Fr?glf&gflagii;%%q%%pa&iﬁdg%%ﬂ%ﬁ%ﬁ%gm%ﬁ?tg‘;ﬁsal e.
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the advantages of utilizing ion exchange ocesses I n polar solvents and
the use of 20 metehimni remoyak priwessas thade boat désotibed ahd atk wichiled Heral@tfed i on
exchange resin..ln i.tion, r hing with | ow conductivity

de-i oni zed nateiries U ks S BaetR Hendw desteben & mothod whererderesist

af orenent i onecofofbnt” BB VedlvedBlid Alated’ Gith ! ﬁﬁoﬁomjaaﬁng@%si%r that are
essentially batch processes. Furthernore, introduction of acids oOr bases

from 25 the isuhsegretibnremoredi by ddimativhf e Stmphdd esdeRilsy each e niglisddsbs USi ng
resins prepared in. this V\% In some_instances, changes in the resin (such
as changes i n [OPEREA5I00S Jamy Aeapigesofusion by sing famp@ifipd apiensrekange desins a

result of the 153V QURE fons T8B! ikized.lo | ecular
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medi a. ThdS5pr e5&HL0520VERt 5043068 UISTRIGS496SEIS 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 ion 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
weight due to fractionation) are observed as a result of the carryover of smuall
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 13 AUG 2004
sem cont i nuous/ conti nuous process and reduces the tine needed to EFi | ow
netals ion resins for photoresists. By using a sem continuous or co ﬁpﬁuwﬁb
liquid/liquid centrifuge where a resin solution can be introduced through
one inlet port of the centrifuge while an aqueous solution of a netal ion
chelating material 5 is introduced through a second port, an efficient

met hod of reducing nmetals ions in filmformng resins is achi eved. SUMVARY
OF THE | NVENTI ON The present invention provides a nmethod for reducing the

nmetal ion sanicentinefustcdntintefi® procsss 8Ad TedGedstthelifie thex sl foSinale Idve
steps of: 10ﬁal%provi ing, a solution of the filmformng resinin a
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sol uti ons fpartoajheacehttifugehwiuileghn tagquesap aohiteni of einek idrs cholating makt&rial
liquild/]Ji qiléi'd thntril}‘nlrj e, one of said inlet ports feedi r&g@sol ution fronma),
d

the sec iInirequcss) ?%§coRd post. @n efficiepbrmetod o wdtising metals nsi qui d
centrifuge iatfiR-f 18 r the solution froma) to that fromb)
from 10190 It ol 90??@?‘95{?%?;% I% g?rllﬁlgyg ure of fromOC up to a maxi mum

tenperature that is |ess thaSUMMARYIOF THEINVENDION he | owest boiling
wat er -i mm sci bl e solvent .in the water- 20 inmm scihble sol vent systen . d)
rotating the m xI¥ PEPIH &V&Bﬁeﬁl PioYides éamthqcam/re&eﬁma benfataluge’ at a
rotational gdraest ST filhffRMind Rashe R )Xt tgp c) into two
separate phases, and then %%I I edﬁ%hﬁgﬁmggggﬁég%s@é, each t hrough
a separtt e abut | RFOVidiNG a soltion: efothedpar-tormingores imea svatemhienraiscikid eolkertvi er

hase ' . filmformng resin having a reduced netal ion
(F:)onten'EHi)n Sg waOﬁﬁ'ﬁﬁg@;’ﬁ‘ﬁﬁ%"%84%%%{“@&‘?}5"5@1?3/%% am ﬁor anount l)f
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metal ions and a m nor ampunt of a
water-soluble metal fon chelating agent;

c) feeding the solutions from a) and b) through two separate inlet ports info 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
bolling point of the lowest boiling water-immiscible solvent in the water-
20 immiscible solvent system;
d) rotating the mixture from step c¢) 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 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
netal ion content of a filmformng resin, said nethod conprisin AHEG 2004
steps of: 5 1 3 AUG 2004 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)
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m nor anount of a mxture of 2) the water-inmscible solvent system and 3)

the film fld nitempeasire; thainis lezp thaeths beding peint of thedowest yeriling fwattreps e)
and f) in the faollow rder,. addi ng.,anot her rtion of the solution
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fromb) to the phase a new ni xture of

lighter phase d)L)rotaig theadidge Sodf HpVcIinside’ Sidliquidieht @ cenidsR 4d and
the heavier phase (H) in step d) through the two separate inlet ports, one
of said inlet jotationalfspeed pufficicat tvcsepirate {hhagisturefront $tep spindmtwo séprate5 port
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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 port 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;

immiscible 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 thé Alsnenst
boiling water- inmscible solvent in the water-inmm scible solvent system
and 6 13 AUG 2004 f) rotating the m xture 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 h viIQ%nBﬁéE‘% rpipgfure JEAmstep Hhélsm w%llﬂaidﬂifwgf cedrifiggAfithg a
reduced netal j.2Ri.a90 B =i ML SGL t. .S [th a
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i mm sci bl e solvent systemand 3) the filmform ng resin. The present
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phot osensitize a photoresist conposition; 2) the filmformng resin in 15
a); and opti on2duequs sutin efgaetel wnsang A crineeahent 96 hweinture 0H2) e rvater-

photoresist ¢ ption The present. ipvention also provides a nmethod for
producing a m&ggl(c%éﬁeec%?vc?m%ysﬁcg'{/?‘ncdg_}ﬁgeﬁ%?'g‘?rﬁﬁn%ws?lnage on a substrate,
said nethod conpri '$hé1?fesé’rﬁ iByentlof\Al$Y PBvides ndiEIR ProAREE: RPAbRI&RL St
conposition; b) thereafter, coating a suitable substrate with the

phot or esi sk0 cotguersisitiosnsaid mgthodtcempaipingc) thereafter, heat treating the

coated substratie until.substantially all. of the water-imiscible solvent
systemis rerm?)ed; Pﬁ%’é& 'aszinhafg’_a'%‘%ﬁgmﬁweii&%}gg oy reduced metal ior confent

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 vmth a suitable
devel oper. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 30 a) Provi diingAlG 2084
solution of filmformng resin 7 13 AUG 2004 One step of the present nethod
for reducing the netal content of a film formng resin involves providing
a solution of the filmformng resin in a water- inmscible solvent system
conprising at | east one water-imm scible solvent system 5 Preferably, the
[ i n, mpki ot oresi.s

Nonl | m 11 ng-exanpl <ORoReREl mr@%%éﬁsetﬁéé’%qrée%%ltﬁaﬂmpéﬂment St¥ Hiphenol

pol ymers and dgjn ﬁ@t&g&ﬁ&,}dj\gﬁr qirw%} y used
in the art of photoresi st mar% é?%é@é@hgég%@%t]ﬂa%ﬁ%ﬁg?&&em S fglly and
Appl i cation of inthsnibld le\Rasi;ysth cdémmsiny atdewdt Geheatbr-imiviscibl} sBehnger

Verl ag, New York, 1979 in Chapter 4. The water-inm scible sol vent
preferably coniylsfe%s t hose sol vents used in photoreS| st conpositions.

Sui t abl e exanpl es I Y limtation
propyl ene )g(]slaycol Oﬁ%nﬁgﬁ?ﬁgr acgif’}&%lﬁg?e%in QQED%QH% ﬂllmﬁlgﬂﬁ nol ,

2- hept anone (nﬁidmyrlemmyNohhmﬁm@exaﬁmMIo@@@mnmﬁhs ﬁerm@mbmesmet her, 15

et hyl ene gl ycol, nonoet hyl ether, diethyl ene ﬁ/col nonoet hyl et her,

ethyl ene gl ycHnywasisd pAlymegy ﬁfélrde&é’étﬂ%@ﬁ@lfh ﬂ'@k@%dlavﬁb?mh Imet hyI
t at t at
scalale: of & RUEINIGRE IS ASNES g  oacet e

et hyl oxyacet af aceta

met hoxyacet at e"CHeiiytry artieA i@ﬁﬁ@@bﬁ?lﬁbnoHERBMhs“eKﬁép()&aﬁﬁi Sdheib, @.! yI
et hoxyacet at e et hox?/{ et h 20 progl onat e, yl "3- oxypr opi onate, et hyl
¥

3- oxypr opi bhat @pringst ﬂa% ave¥hbs B @Fﬁ@t@“ et hyl 3- met hoxypr opi onat e,
e 2 oo i PR SB SR, FrEIBLT
2- et hoxypr opi Oplﬂit@',es@lfdbﬂ)ﬁosﬁrouﬂ@uﬁtﬁw eREAPlOBBY Ser-AisBibld sohratstinan@of -
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-ethoxypropionate, 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 sol vent ranges from 10 to 50% by wei ght, nore preferably
15 to 45% by weight, and nost preferably 20 to 40% by wei ght. b)3RrAlif cdaeg
t he washing solution 8 13 AUG 2004 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

Lo L, e A e S T Bk
(EDTA), anmon aiylde PhioeS WARASslidiH 615 WAL &1 MERRLEIABloGliR henl - 11

one enbodi nent, the concentration of the solution o e neta
chel ating agent rangreferdhlytheOvébstdisQicifided watdrghdt doesicd hpvedppratidbje f r om

0.1 % to 0.4% by wei.ght, . apd nost preferably fromO0.15%to 0.30%Db
wei ght. Hi ghercoféuitﬁ’ﬁ‘g’gﬁ’ﬂ’?‘“‘&ﬁy6%%‘1"@?‘%@(&11%%% Expraplss Pf\ijﬂt&@ér?ﬂet%ldﬁ?i‘} al>/so be
used, but 1! Gesing beldiinc B A BOLARGYY R diffihe B RERPEIY! ©S OF the

resi st formul ations e w orm°ng resin. I'n onée emnbodi nent,

the level of t{EDRLY amenombinakalt ofethyletcadiimtheagericertd dhd digizpelt to the
filmformng resin ranges fromO0.01%to 5% by weight, nore 15 preferably

. ( ht )
fromO0.15%to 3% bymeEFgmbodisyent.dheicongeniratiopiof thegalition efihsiagial iay and b)

into centrifu { Nels B h i nvol ves, .f eedi t he

sol ution of t%gleﬁg%ﬁg'%%?m Sgﬁ];néjs(?'ﬁspit&és éynﬁ%ﬁggﬂqof%meg?gblﬁﬁr&n}(ﬂg%washi ng
sol ution (i. e.tp (4% blyivesightf &n@nmést prdferablyGFont 1A 5K L bY Mefdht. PRIghsr | Nt 0 a
liquid/liquid centrifuge, one of 20 said inlet port feeding the solution

froma), tHe s¥wseriratisneef mefal ionshelpiing ageat canalsothieaned, butresidueseidhe ai d
l'i qui d/1iquid rif f te. ratj,0 of th | utian_f t
that trom by oERIEALHE Bty Ak CEE pldbkRich B s o iR el i B 1 o

a tenperature film-forfimdfesiap to 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. solution 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 35/63, 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 beihg pumped (such as using a penstaltic 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-i mm sicible solvent. 1In one enbodi nent, the actual tenperatﬂnaeAUﬁ 2004
feeding is 70-80C. In one enbodinent, the solutions froma) and b) are fed
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
l'iquid/liquid centri fuge capable of 9 13 AUG 2004 perform ng the specified

steps. In one I i U G ncT™M
Model V-2 Liquid/lig Es%éﬁi}%df% 3 ?’gva%‘qu?‘g\gﬁt "hgt‘k&'ﬁé’hq@h‘:ﬂ%"ﬁ‘ iy,
Nevada; web sitsedidu cch‘/Mmmlc,\mqmwnqam centifuge (A €hilaBle |fioit CINC 8O4rkdnf Uge
uses centri fug(aj force to separate inm scible uids of different

densi ties. ThetBY:Q¥vedaveboutsr h%&wwamwapnﬂoﬂmsﬁ@udﬂm@dmﬂmth i nl et

and outl et por .TOVi part),

and a not or co%%ec%ﬁgﬁ%mg % SotpicxjérlgIe Vi %‘glmﬁlbieflé Oef(d Ig? ccte%@go g. An AC
i nverter driveudioiicogiptiedd dffombEERodsRIz anBkRRE &ﬂtlﬁﬁl&ﬁﬁioﬂiet?@ﬁs LRt or speed.
The fluids are honogenized in an annular m xi ng zone, and fhen directed by

bot t om vanes t Qkarv@som winsloss, airefiopfits cmdnrmmngppﬂt) ewd & DI0EQr ophegceedgod xing i s

not beneficial, . an.in alled which Ijmts con act of
The Trur ds v vt @is F BB SRS piine” ARG Snesfer inronplifmsoviieta

correspondi ng frecigk ¢ é&rﬁfo@ﬂf the hewRf sﬂe@ﬂc?ﬁe ﬁﬁi%s E¥HohdRbfizd O a!l'lmllﬁlélg.ﬂl t)
Centrifugal forces in the range of 10 0 g's can"be generate y this

centrifuge. dipixees sarengnd then dﬂmttdbyboﬁMmrmemardsmtdrﬁnIEh§drourt h step
of the pr od invaolves .rotating th xture from step c nsi de
said |iquidll i%"f?ﬁagb"é]ﬁt‘ﬁ“ffﬁgéewmg 1 B?tgle ?ﬁ%ﬂ] SL‘?.‘H’? £ lé"n‘tmtla@ d separ at e
the nixture fr@fickligftsChniabt &mwuﬁﬁmm%@rdm %vor P&@S{ﬂ%?énft Hixin

collecting the two phases, each through a sepa ate t port mt% t wo
separ at e cont ahgads sorreshendingtot dl&‘emashearfo;deam a@bilabdmfmt dinanitihe

filmforni hay 20 r edy tent in the
i o7 - St b BEBRRGL TS L Funee ot Ol e an BT B] DYANRASRTINE o

l'ighter phase §) Ro&f{HY the ffixturk iRkt solution of netal ions and a
m nor am)unt of Q#Wh—ﬁmfrgﬁrmn sci bl e sol vent

The fourth step of the present method involves 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 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 (H)
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 syétem and fess 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 exedAugtg
ions. In one enbodi ment, the amount of water in the heavier phase (H)
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 gne enhodi nent, |ess than 2% of th il mformng resin.
10 13 AUG 2004 In o e°n8ﬁgﬁ’8a}%‘?{i",th?ﬁ’éxw{%éﬁm@e Et%ﬁ?ﬁﬁf%éﬂtéﬁas WJeBd of at

| east 500 rpm (AW bR prel fie L 00 rpm
nost preferabl (y ‘¥ romng%ooo u?%, %g%%%ﬁiﬁg%%@gsgg@bgﬁ%ﬁﬁbﬁ%ﬁ%@@@%&pr esent
i nvention, thel,§00ta300000fpnthe film 5 fornming resin solution and the

washi ng solution c be recycled through the centrifuge, such that netal
i ons can be renovegﬂ'rﬁﬂeé’ngpég’é?qt\‘?gﬂ&?Péﬁﬁe&tlémlpﬁn}bﬁ@hﬂéﬁn%féhﬁébﬁ‘ti nuous

D ooesss LS e aR St IR Wb BB QoG LR re ity chfbuBidel | 07 0

steps a) throu rocess rises reerative perform ng

a cycle of st egmtffageanch mﬁbmbﬁlinwscéxﬁbd@)nofv@&dlbf&kﬁebﬂvé]fiﬁy hebnifese (H
and the lighter phase (L) fromstep d) . into the |iquid/liquid centrifuge

through the t v SBRNEROYsHredeshoFkus, 2h@rpé@sslmf igeangion plip providsst thitdadi ng t he
heavi er phase éﬁtioﬂgq%#gg%&%%l tlﬂle$I‘Oce§)sri{lrﬂf1§%%ﬂ?)ﬁ%ets?%éatljlv:e ht er phase

(L), at a feed rate ra eavier phase ht er phase

(L) from 10/ 90pdrfortitigldcychd ofastdps PRmdi(BtRlow: from OC up to a maxi num 15
tenperature that is |less than the boiling point of the |owest boiling

wat er- i mi&ci bl e s6) veading Hhetheavign phasei (fyiandithe Hgktor phase (&Y Soanstep )

rotating the m . e e inside,said liquid/Liquid centripfuge at a
rotati ogal spgiéjﬁ; g{?fel ﬁu%?%@ﬁtc%n@ﬁl Yt %'{%ugph@e SX’?(P%"’@&? U RYrEsp OB 0* D two
separate phasfet pacheligatg hleavislegﬁdsat(ﬂ{iom& file Redrd. inldttgort YRAMGPAE at e

containers, wherein 20 the heavi er phase contains the filmform ng
resin in the whghier phess G Bl & 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;

(D) rotating the mixture from step e) inside said liquid/liquid centrifuge at a
rotational speed sufficient to separate the mixture from step €) into two separate
phases, each 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 pbrase "iteratively performing a cycle of steps e) 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



solvent system wth a mnor anmount of water; and the |ighter phase (L)
conprises: 1) an aqueous solution of nmetal ions and a m nor anmount of a
mxture of 2) the water-imm scible solvent systemand 3) the filgnaf Qs g
resin. As used herein, the phrase "iteratively performng a cycle of sqné@
e) and 25 f)" nmeans the repetitive performance of a cycle conprising
one-tinme performance of step e) followed by one-tine performance of step
f). Said cycle of steps e€) and f) can be iteratively performed until the

Substant Lary unthaltydls qbclime, fedshion ob it iRaomRn ar Ry BB ot
| over the concaadh Ridio o¥fthd HesHiEs Sluiic® &oﬂtihﬂ%sl}r:r{e&rﬂc% ML edthifibRlof 11 13

AUG 2004~ In one enbodi nent, the Solution of t ormng resinis
recycl ed with metabsinsporthé Girs-fofminp eresim $ditheglosest ossitle tievet NThiny) o Shey
reduce the conce t{.atito ofgs metal jons ipn the filmformng resin to the

| owest possi bl &2 : enf ivsAlon prayiies dansthod g reflusmerthe mpjalren on
provi des a gret it OF a HRAYSIHAY E&f‘h @Eh%et#lé)d]co)nﬁ)rﬁ&\gﬁgﬁte fofd filmform ng
v of .~ a) “providi ngé‘)s

resin, said nmethod conprising e steps a solution of the
filmform ng ra&siproviding avenleion ofivhe dilhl-formbigviesih in 2Y\WAteMneBi¥BibieSidieenat

| east one water-inmm scible solvent; b) providing a washing sol ution

conpri si ng wat $/5te5t COMRIISRE 3 least ong waepmmisgileselves| ubl e metal i on

chel ati ng agengy : & | ; Lon_from nd a, porti.on of the
sol ution from B) Mt rlcglﬁ E%\ﬁ%ﬂggé%g@? éﬁ’h?@ WS%F £ nglﬂ{l% Sﬁlﬁﬁoalﬂf&waﬁahi d
centrifuge, onsolaifle amtalidndhetatingagentf eeding the solution froma), the

second inlet part feeding the portion of the solution from b) into said

; g th )
liqui d/1i gl d Deffedinedheselutien flemp)ande natimoighe selutiernfrom rthfougnteg t o

that of b) fro 20/ 1.0, - Ty erature of from. up, t maxi mum
15 terrperatureéplp%%éeg?%ét%gg[g Ll-t!tngn é“ﬁgﬂ%m ‘ieﬁgl 5t RPC 8? Satlﬂé&%to%%&féﬁﬁpﬁ ng
wat er - i mm sci thegokeby @&din 4)) tHeh@covat ialet pOAITERIn (Re BOHVA BF {RYSNRMN £bmn
rotating the mxture fromstep c) inside said liquid/liquid centrifuge at a

rotational spe®dinkysad dneidiliquyl exymfuge ot ifecdwate tatie of thensadutem fymiato t wo
se gg:}:ﬁ e epﬁﬁf\‘ﬁa of B bRCTb/SRd 86110 4 B lRud BREA GoR1B5E% nEofim N ough
15  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 c) 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 (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
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 separate
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/tiquid

12



20 port, into two separate containers, wherein the heavier phase (H)
contains the filmformng resin having a reduced netal ion content in the
wat er-i mm sci ble solvent system wth a mnor anount of water; m

| i ghter phase (L) conprises: 1) an aqueous solution of netal |ons a 2004
m nor anount of a mxture of 2) the water-inmscible solvent system and 3)
the filmformng resin; and 25 further performng iteratively the steps e)
and f) belowin the follow ng order: e) adding another portion of the

solution from i e new m xture
of 1 ghter ohehirifiel B fcbOMELABIFR dio) midtudiol Reftke otafe (13t sistia’™ 1)

and the heavi ephasb @} fiohl) 10/90 36 99/10) aft &) EdMiBRatbi DI in HAOAPAbA mikikfin POT LS,
one of said inlet ports feeding the heavier phase (H), the second inlet 30

port feeding tiSEDEEANITEI thetuiselass there the doiling phiat of (the lowest chailig water-
liquid/liquid 12 1 at afeegrat rati o of the new

t f
m xture of |i grrt'mls‘%%ﬁe Sgleveflénqﬁ% églh?gg’ﬂe@? solyet Systeniand om 10/ 90 to 90/ 10,
at a tenpersat Ui)&o@itm@ﬁl@é‘?n%ﬂéﬁoﬁ@st@? amsmergaldtlamaﬂ c@w%eﬁteﬁftslg‘% aflsS | €SS than

the boiling point of “the |owest b ing water- vent in the
wat er - i mm sci bltOéatmakﬁ@ned sfB¢ientito acp;hrzﬁe fhe miatume ofnj;ept ¢eéntoitwbsearitecom st ep d)

inside said I|i d/I| rlfu rot ati onal speed sufficient to
separate the nl? CEP@EG"@?S fhr‘?t c't eéei?ﬁ]i‘ﬁ'{‘ ghfrgpaate ogtgt I?‘H'_bn
collecting t hemtmcpskbﬁ&%& cofitdierd, WieHaD 1R E\H@JW@ bﬁ‘trauﬂ Jnto two
separate containers, wherein t he "heavi er ase nt al ns e ilm

formng resin Mmmg;eanheﬂugededmecbjnetad)mmnteﬁmm thewhies indmiselbl¢e solveati bl e
sol vent 10 syste h a.m nor anmpunt of water; and the |ighter phase (L)

conpri ses: 10) %i"ﬁ{nnhdﬂ inop PRI Staterpang the falterphase(nicRmpriser Un@n of a
m xture of 2) édﬁ%oﬂﬁoﬂtmn'm&@l&{semﬁ%lrﬁﬁa Yt 5P At of A fud Yhegh.f or m ng

resin. The instant 1nvention illustrates ttmﬁ using a sem cjg?}h nuous or
continuous  neinnmicibbr sobenbsyistet aret Blthe filns-féridig fesinm f or mi ng resins by the
use of a 15 |iqui d/ﬂqu'd centrlfuﬁe is atinme saving nmeans for preparing
filmformng resins- PN pYntiopdtiugiraies that ysing A semicHRENUOES PHEONENBOUSS ef Ul

in formul ati ngypfeh 9552 dYing ARG £ Film-forming resins by the use of a
15  liquid/liquid centrifuge is a time saving means for preparing film-forming resins
with lower metal ion content. Such resins are useful in formulating photoresist
compositions.

Method for producing a photoresist composition

The present invention also provides a method for producing a photoresist

20 composition, said method comprising:

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

to the aforementioned methods;

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

amount sufficient to photosensitize a photoresist composition; 2) the film-forming
25  resinin a); and optionaily, 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

13



Met hod for producing a photoresist conposition The present invention also
provi des a nethod for producing a photoresist 20 conposition, said method
conprising: (a) providing a filmformng resin having a reduced nqtaahuhqn
content according to the aforenentioned nethods; (b) providing an ik
adm xture conprising: 1) a photosensitive conponent in an anount
sufficient to photosensitize a photoresist conposition; 2) the filmformng
25 resin in a); and optionally, 3) additional photoresist solvent; to form

a photoresi st phomasRlgeh@itorsieh BAGKRRRARL iR xGAMRARAD kiflfesiGh! Known to
those of ordinary skill in the art. Suitabl'e photosensitive conpounds

i ncl ude o- qui nékrZoBiuaY swifepates sThejghmborstistabbentyan chinghite HenFithdsetis@Yst ems”

Kosar, J.; JohngI%y & Sﬁans New,30,York, 1965 Chapter 7.4. O her exanples
of phot osensi t i08 CHTFBURES of Walerdmmissiblasolugsts. us phot oaci d generators such
as oni um sal t s, QWP XdRdieRtsT de triflates and diazoni umsul fanates. The

phot oresi st solvVent can co se any of those |isted above as exanpl es of

wat er - i mmi s&i bl e solQpegional. ingpedianal fot rige eliotdtbsstScéMpdsaia oM aKeJr@nks for

the photoresist conpositions of the present invention include colorants,
dyes, anti-strMYSBAR aficinde  qolarants.n flvage rang:strigtions tagents.erlsvelingh exgews,

pronoters, spe : such surfact ant on-ionlic
surfactants, wﬁ’ ?agﬁ&%%rggﬁgé%?}ggﬂg Mfog&g’ﬁgg%o uETSh> 8?“’%%)‘?‘%9%3 é‘é"??ﬁtants as
sensitizer andnsplimeatsutfadtatts, WhRhpIAY Beeaddd ROMROSIMHRNOT SosMat §eiQNt 0 a

10 substrate. Exanples of dye additives that may be used together wth the
phot or esi st cofpFdiaer Ad slveniebefpres dha phateeesist coninositioueisMbedtigd odimlaet 2B

(C.I. No.1g425 y olet, (C1..42555). Malachite G.een (C. 1. No.
42000) , \nl?:lt o%?%mﬁﬁjes%%{%s Oﬁoéygﬁ%ﬂ%\gesaﬁl@? NS slusﬁéof"%ﬁﬁ 3 W&Ig th$0040)
at one to ten phetocsist compgsitiordsifahs prdiai afvadion M IERMIEMRSHVIRLYHE 8@&.
novol ak and sepnsitizer. 15 The dée additives hel p provide’increase

resol ution by tiitArerhdCaiek Helst (€l 48555). Malachite Green (C.I No. 42000),
Victona Blue B (C.I. 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, beta-(3,4-
epoxy-cyclohexyl)-ethyltrimethoxysilane; p-methyl-disilane-methyl methacrylate;
vinyl trichlorosilane; and gamma-amino-propy] 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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of light off the substrate. Anti-striation agents may be used at up to a
five percent weight |evel, based on the conmbined weight of novol ak and
sensitizer. Plasticizers which nay be used include, for exanple,d3Aug 2004
phosphoric acid tri-(beta-chloroethyl)-ester; stearic 20 acid; dicanphor,
pol ypropyl ene; acetal resins; phenoxy resins; and al kyl resins, at one to
ten percent weight |evels, based on the conbi ned wei ght of novol ak and
sensitizer. The plasticizer additives inprove the coating properties of the
materi al and enalihed WMaRheePhdvoRik : il i

uni form t hi ckness to th%gh substrafg@E%gmgﬁ%ég?%%n%%gk%?§%§P§ﬁP§%Qﬁ§%abe
used incl ude, $odvbibifyaefghephdetesis @ating in both the exposed and unexposed areas, and

epoxy-cycl ohexyl )-et hyl trimet hoxysi.l ane; p-nethyl -disilane-nmethyl

met hacryl at e; %\‘7‘% r‘i@‘f‘ly Pi“éﬁfg’r @gﬁf‘/’%@}s when @&ﬁ%}(éﬁﬁmﬂé@ﬂle overriding
tricthoxysi| angynsiiardia Laht el d.on-t he. conpi ned
wei ght of novol artll? alﬁdl Islg:r‘{glll tﬂfl%?g?%mg\g\%ﬁ%gﬁ%ﬁ t?%tp‘éﬂgg%é%ﬁﬁ%{m"gasl-?h‘g l?my be
used incl ude, therexposdptaas optherphotoresisl co@theniitiHel diss6lves nthre quitk b RGhoInan c
acid up to a 2$apfrcent wei ght | evel , based on the 14 3 AUG 2004 conbi ned
wei ght of novolSYfIoRRY Resreed eokancesTidl alse sruse @dparger lossiof phatoresistaeoatingie

solubility of i oating in both the exposed and unexposed
fr tﬁ &6&538%%}%8

areas, and thus they are used i n applications when speed of devel opnent is

the overriding conFhelsledntnmapbeprebdinudheRBRIEBAHEALHOH inCAMhARM: ofRY De
sacrificed; i.e., while 5 the exposed areas of the photoresist coati'ng wll
be di ssol ved nr 25°Qubx: Riejetbyoft the solids én dhe comporition e Solventsan€ esumsk | 4re al s0
cause a | agger - I st coat | from.the unexposed areas, The
col vent s nay pubRaRfly RSV B oalRF of D el R SoaR SRrouvenar bt
95% by wei ght atbséduentsdryings Non-iohfe S@HBRSIs!th MmayIR ¥eBifoludd fHULESEar e 10
substantially renpved after coating of the photoresist solufion on'a
substrate and RUBYbsneHt paly(atndenensy) chaid; satylphenaxyt sthtavdt atney thel 0% ed

et hanol at _up ooy dre e SRR KRN SR Pt gnt of

novol ak and semEthiddfi 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-

15



Met hod for producing a mcroelectronic device 15 The present invention al so
provides a nethod for producing a mcroelectronic device by formng an

i mage on a substrate, said nethod conprising: a) providing the %3AuUg 2004
af orenenti oned phot oresi 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 bl e sol vent systemis renoved; inage-w se exposing the coated
substrate; andedatewafers)vichGs tafeutiliFRE SNk IRE BIRABE Of HiGBFIo0dssbGnd 68RE €d
substrate with a suitable devel oper. 25 Substrates suitable for the present
i nvent i on i ncl Wialriedisieeraiedipirquiimomponentae Ancalundsimélursinhinowdideaiwaber de,

d d sili | OX4l | Li L,trid t ant al ) : | ysili, :
coram cs,  ar unyHued oty B, PG rey kb GocErnating bubRER SR, G oup
I1'1/V conmpoundespediiiRy Bafdpareds pSlynfefRRM 4 ?esfé&é?dqﬁg‘gu%afe{"ﬁgf%ﬁ’ %}ped

procedure are O particularly suitable for application to gr own
si li con/ si |13 cosdhgbioniptenatsd layenofla @uikiblel capdsittbnyaichr 5, ong wohtaftn gihiexa-
utilized in th roduction af mcroprocessors and other mniaturized
integrated cirg (ﬂ%‘ BW???@??%@E%&WQMW%@W% de wafer can also
be used. The substrahe JHBradis O S MARLOUS +DOI Li '

especi ally transparent FJE)Iigl §mers_ S chm(fl)g1 (f)o ygst ng Qﬁ@%ﬁ%@?&%@ ﬁa%){/ have
an 5 adhesi on prmorntien] nxleed osedairs thet phbteresiviaas iiddlwing ﬂgﬁngg?lsspﬁujzﬁlg,

cont ai ni ng hexa;. al k%llgdf di.si | azamé}gh pr ef erabl y hexanet hyl disilazane (HVDS).
The phot or esi s‘f"h{f@'ﬁ% IR FOAURE. YEneRSPIN €iting fomexample; theredstpplusion can
conventiongl ned h@dstEd GGkhi B St | di ng,di.ppi n

spraying, whirl ig'élr?gS and sr{i ?%’teglgté’ﬁ?‘%g&r°§@%§e %fgsfoﬁlldsc%éa@}ﬁ%ng’glfl %?r tgyé??%ﬁiee? t he
resi st sol uti orpatiag of thelilesiael] thixkeaeksygivén the spRUf shidning@qhiphianit@sedahd sol i ds

content, in order to provide a coating of the desired thickness, given the
type of spinni ngpgﬁgﬂlpe@!lpwp%&; the, gpinning 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 genefal, 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 95°C. 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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the amount of tinme allowed for the spinning process. Suitable substrates
include silicon, alum num polyneric resins, silicon dioxide, doped
silicon dioxide, silicon nitride, tantalum copper, polysilicon, ggrﬁ{ﬂ'/ CS,
al um nunf copper m xtures; 15 gallium arsenide and other such G oup | Xpo+
conpounds. The photoresi st conposition is coated onto the substrate, and
the coated substrate is heat treated until substantially all of the

wat er-i mm sci ble solvent is renoved. In one enbodi ment, heat treatnent of

the coated subsidiab§st ﬁ%?éﬂ’i% dediRAL By”ﬂé%ﬂge&c Qé%ﬁﬁu}lﬂgterﬂ%ﬁ“eﬂ used and

tenperature from70C to 110C for from secon secon on a hot
pl ate or for feoommérsially d@€iredicoutigstimes.a convecti on oven. This tenperature
treatment is selected in order to reduce the concentration of residual

sol vents in the phol®F €8st WREIS| @notienvibs Icpesed earinigy radigfiamare -al
e e it BOL RGO o) B5HDon, B

m ninmze the concentration S an

treatment i% cloadycdbededn éinlabdr RUREDANN @y Yesatd paiterhBrodféadeRy ssdrare
evaporated and a thin coating of photoresist conposition, on the order of

one mcron i n fHekleqaasks, negaivienstenails, femplatehstaate. 1 n a preferred

enbodi nent the te re s fragm3sC t 5C.. The treat.nent is.conducted
until the rate of ngﬁlgeﬁéﬁebsﬁ?eesco {\’?gn"t" _ g'f‘?o@l?ﬂ%orﬁgﬁto OS}né’Pdgi%%eé’l gptionally

i nsi gni ficant -squ@tdd&Hﬁ?fo@ﬁé#’pﬁs@@%cbh@Ealéﬁé slcﬁéapﬂeéiﬁlal@tp@k&lei?eefo@oﬂa@tml 3 AUG

2W phot oresi st _properties desired by the user, as we as the equi pnent
used and conméavelopment. ddbe heefingoteniparphtresresy rdige TantPICsbEAPE, eccan t hen

be expose o] inhc radiation , wultraviolet radiation, at a

wavel engt glot)f ﬁ%%rrn@bgo%lﬁé)d(g% l‘ripr%gc‘x-%yl}ea ROV © dB%tS&]r}OW _g'ﬂmo%%m or
| aser radi ati ofecondd 9 nflfsky, SorB Préferably REARCEL o SR feondlbd %%ﬁ
masks, negatives, stencils, tenplates, étc. The substrate coated wth the

phot or esi st cartper B0ém45 minttenbopmvettmnioyensubj ected to a post exposure
second baking or h treat(i're efore or after evel o rrenil. The

t eitther é)
heati ng tenper at ur eS"WEPFEHS oforsintgeried SEbsimtsp @re dgyelons BRY from
1000C to 110C. inmfdye-wisal dxpPsdi®iardd GRIBANE! BRbthREisty, 0B 3fe 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 areas. 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
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seconds to 2 mnutes, nore preferably from 60 seconds to 90 seconds on a
hot plate or 30 to 45 m nutes by convection oven. The exposed

phot or esi st -coated substrates are devel oped to renmove the inmage4vg ggg :
exposed areas (positive photoresists), or the unexposed areas 15 (negézpq ve
photoresists), by imrersion in an al kali ne devel opi ng sol uti on or devel oped
by a spray devel opnent process. The solution is preferably agitated, for
exanpl e, by nitrogen burst agitation. The substrates are allowed to remain
in the developer until all, or substantially all, of the photoresist

coating hasargi p&mld@éﬁe&rwrgr&écmwwe%nés@%e@%ﬁ@t&é%ﬁco&ﬁi@%%ro? may

I ncl ude aqueous sol utions of ammoni um or al kali netal hydroXi des. One
preferred HpBsERPURE s tetranet hyl anmoni um hydroxi de. After renoval of
the coated wafers fromthe devel oping solution, one may conduct an
optional post-devel opnent heat treatnent or bake to increase the coating's
adhesi on and chem cal resistance to BEX@AMPBRESo! uti ons and ot her
substances The ost devel oprrent heat treatment can conprise the oven 25
baki ng &f the coHg figfloariag smesificacxameleswillhprayiste datpiledsithasteationg gfoihet . 1 n

i ndustri al | r C itr
units on ﬁ‘?ﬂ?‘%ﬁ’é. i GuciRgl BBl ob b afofi? 8t 1R R Eo L BhGPSHISH, ot L
may be treabamples tne aobintéradert] homevenftb Uit or Asirtt s ecqie bf the iAvéntionon.
The photoresrst a¥g) 0Si ti ns f t he present i nyention are resistant to

aci d- base dP@Y P§ HRstragg %Br%’r@w genditippgt P%‘é‘”’tﬂtéﬁsé?!t | on

for the unexpgse t |

The foll ow ng spg’\érprgﬁcﬁ@ggn%t etgmgmé? n&b‘f‘éﬁ det él% gyb@—% f?r% rat I ons %ﬁst he
met hodsl0of ipventiad. dnlasel otheérniss rsgeuﬁeqb.oail tpiadssarad peheengs eseiby weighhtallon.
These exa not |nt nded to limt or restrict the scope
of the | nvaRTEaRReE ars SSRiRE CRBNRRR areal SiRleRilatNSHS b drsigh
condi ti ons, averaGERIGEEUIaF weliHt UBRe \UnitCHnI/mnt whﬂcéréé lid &R hoBr&lisRUMBIY 6
order to practice the present 10 invention. Unless otherw se specified, all
parts and pBilléereamiauee.by wei ght, all

15 Example 1 (Comparative)

A novolak resin having a meta-creso! to para-cresol ratio of 55% to 45%
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 xylenol phenolic moieties and condensed with
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tenperatures are in degrees Centigrade, and all nol ecul ar wei ghts are

wei ght average nol ecular weight. The unit "m/mn" indicates is an
abbreviated formfor mlliliters/mnute. 15 Exanple 1-(ConparativeRl AUG xp
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 (PGQVEA). This solution was used as one inlet feed stream and was
punped at a rate of 150 m/mn into the CINCH Model V-2 liquid/liquid
centrifuge. 20_Sinultaneously, 75 m/mn of de-ionized water was punped

through the sefwmgldehyfeat atefatpubglituied phengliformaldebyde tetioof atimua i b Sawas

75-80*C, prior b 1 he i,fuge. Sanpl e f the resin

sol ution out | e'tl§e eaggr@eﬁ%htdgkée)s#g%&%ornén%%‘a‘faﬁ CIgY ﬁ?&ﬁ?‘gﬁeﬁ%lﬁ\ei on of
the resin sol uidcond fded gttetin Was coapiidddiora®.08% SIS thdlSmindRivkeshivgt er used
t hroughout the test. Metal ion concentration neasured by 25 atomc

absor ption vs. cthplene dlamingisireaceivassd BEDTRA) it lde-icuralenttent Thematod of then i ons
was reduced. frgm,ahout 677 .parts per. mlli pm .to about 171 pprn while
the chr om'dsum eSW%Sﬂt@ﬁtr?Sé’? F%IHU%E@ W@‘&&&*@W@ﬁ%ﬂeﬁmﬁﬁ (ﬁb&'rfe?cgr%out 27
ppm Exanpl e 2hgf Qo@ﬁl\m{iﬁjg resin having about 40.5% para-cresol, 46.2%
neta-cresol, 6.8% 2,4-xylenol and about 5.6% 2,5 xylenol phenolic noieties
and condensed w t h TBe k3G chmrwasrdatoptitedawhite fresh@DBA bslufibnuivas

h |/ f | dehyd t.q.of abouyt 1/0.65 ) d .a 40% solid [
Cor ut i on i n- pesiniaied 8 e Pibeort ogein eiash ver igasenet FeRliCat oam
was compr i sed SimAcOwRRAA! bikioRiat] ot WA ISALA B mhYfene di amine
|1 ze e ratl (0] e

tetra-acetic acid (EDTA) 1 n de-ion wat er. 0 feed rate
of the reslth seingentoations wehamesstiradheeBind hothistexperimas allow sheaetixfnged rate
bei ng 200 MIn}é%th. The esihn str_ﬁfag%n vvgs recircul ated while fresh EDTA
sol uti on was WA e Ve Sentihes. (The usn ofdhis bead mirpgiass shaanfaresss wer e
mai ntained at g8800he rwaBRARS. 'MRVIE 1 LRGNNSR SRLLY P8 tedhofiSh i NUt €
period and the nmetals ion

metal ion 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]
Metal Jon Concentration vs. Wash Time (Low Shear Mixing Head)
Time (minutes) Iron content (ppm) Chromium content (ppm)

0 170 67

10 145 61
20 105 7 52

30 50 45
45 37 41

60 i6 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
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10 concentrations were neasured over time. In this experinent a | ow shear
m xi ng head was used in the centrifuge. The use of this head m nim zes
shear forces between the two phases. Table 1 bel ow shows the var |.}a§agg i n
the reduction in mnmetal ion concentration of the novolak resin wth 7004
times. In this and the Exanples below, the netal ion concentration was
determ ned by atom c 15 absorption spectroscopy. Table I Metal |on
Concentration vs. Wash Tine (Low Shear M xing Head) Tine (mnutes)lron

content (ppm Chrom.u ont ent 017067 1014561 2010552 305045 453741
601637 Exanpl g‘]"ﬁg 5° Thige ﬁ‘é%ﬁf&‘gf%?ﬂ%%’rﬁff@@-% EDJdespluiion wacdpnzadiat a

hi gh shear mi xingj.c. S@RFmYRE YT felinRbAG - aflin Exanpl e
2. This high shegr m Xi ng heaﬁﬁi r?clrlregglgggnp %6512‘9%“%“%3@?%330 flﬁlﬁ'er shear
f or ces bet weenTebeljtehwestjows tharalddtidn inmnetsl 140 8oreehttAion 9P tetio9plaResthe sanme
resin was used ngpt he ratio of the 19 13AUKR004 feed rate of the resin

sol ution to thHsP RRCY 059 EDTA sol uti on was changed to 4:1 (i.e., 200

m/mn. of §he resin solution to 50 Wﬁﬁ%@ﬁf the EDTA solution. Table Il
bel ow shows the reduction in netal ion tration of the novol ak resin

after 20 ni nut es M&alllahCenédntrivtiodbs. RRBirGMERNTIHALHNh Wear R8EhE Bth@f i on Ti ne
(H gh Shear |\,+i_n.gr__|=|gad% Tine (mnutes)lron confent (ppm rom um cont ent
me

(ppm (minutes) Iron content (ppm) Chromium content {ppm)
0 170 67
20 16 28
Example 4

The method of Example 3 was repeated, 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 I shows the

reduction in metal ion metal ion concentration after 10 minutes.

Table III
15 Metal Jon 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 deionized water and
20 a5% 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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017067 201628 Exanple 4 The nethod of Exanple 3 was repeated, except that a
30% solids solution of the 10 sane resin was used. The ratio of the feed
rate of the resin solution to 0.05% EDTA solution feed rates vvaqgmges%e
as in Exanple 3. Table Il shows the reduction in netal ion netal ion
concentration after 10 mnutes. Table Il 15 Metal 1on Concentration vs.
Recircul ation Tinme (H gh Shear M xing Head) Tine (mnutes)lron content

(ppm Chrom um content (ppn) 022485 1010763 Exanple 5 A 40% solids sol ution
of the resin of Exanple | in propylene glycol nethyl ether acetate
(PGVEA), a 5% sol ut Tamhearies phase conlgining the trsinelution wastresircalated t2ck intd %

| ut | f EQTAd] i |t in, deioni ter .
Sopar ataly rie SRR e AR, A B4 B b 8 BlriiE BBl eDR: St
sol ution was puHIPE light&@ phag: WaYTsblafed 48d hoaRiulAsKs s thefbaskr e 75 C 200

m/mnute. The citric acid solution was punped into the centrifuge at 75
C, 50m /mn. 28tre@subsolvtionh dheaesin eolutidrawes washed (ive.,mecycled thesgintkeol ut i on

was recircy ated ck in .the feeding jntqg the feeding flask and again
into the cﬁnt r?‘?nﬂ'ﬁﬁg?ﬁrff”b%gwﬂﬁ%* YSt Sq‘piofeie8 rapotithegissi SOkaR & GHE i sol at ed
and not recirca; M.t o f e | ' The resin
sol ution was \/vas(ﬁ}écggt(lqﬂ. e@é%gfgﬁkgi@{?ﬁlougﬁh%h%ﬁlg&gﬁlpﬁh%?&‘];‘&? %trhe45

m nut es usi ng whshingisolutiomegid tla fesinofastweshedinithe mtrifupofortanothet4d ¢ aci d

solution. The citric aci ol.ution was then replaced with the EDTA as the
washi ng sol ut i BHEd ﬁ‘ﬁ«,ﬁ?@%fi}i’%%mwsgﬁléaomﬂoﬁWés@éﬁfqpﬂﬁcﬁéé’lﬂl&el%ﬁ@ﬂher 45

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 jon
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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m nut es.

The EDTA di anmoni um salt solution was then replaced with deionized

wat er as the washing solution and the resin was washed in the centrifuge

f or

10 anot her
neasur enent of netal

30 m nut

i on

es.

solution was renoved by a rotary
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show rel ati ve rermval i
coated with th S8TFAlOR 91 M
interferonetric determ natlon of coat
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solids novol a
appropriate t

measur ed
waf er was

AZ(r) 300 MF

and averaged |
The results s
shown in Tabl
|l ons and Di ss

#Resi nNa ( pp

mn w thl0524

measur enent was conducted on a X ni x' 200 Process Mnitor. Silicon
i WRuA #heXamat iy di b K3 reC dI" el Ribi | 26%
K resin sqglution at|1 or |60 seconds a pi
b gi ve a doadaeshifig | m t hi cknegs of 1.60 0.1 micronRaes, |as
on a NanoTM 21§ dﬁ\“ ce|l using the 5 point [4-inch water .program A
attached to |t STM probe and was i rsed in a@é‘i‘iﬁﬁof
devel opEr jo Miatdih [ NE [@ST N [WaS zfEToVEd. 1§90 fergwere run
0 25 obtgin _the DRlas neasurled in Angstrons/ second1 (A/gec.).
howi ng  t He ¥Bhhttati on of |nmetal ions at varidus times|are
b |V el ow. 20anmlveth] V 21108 3 AUG 28104 Qoncemgratfon af Mef al
Dl uti on Rctemggtce Resi n wash) under various Comnditions Run
Fe (ppnCr (Pp sgolution |WAashingRate ConditijonsA/sec. 110
B1892811 cilt Wmma\clild 46 153 120 -
citric acid
4 45 min with 25 56 58 -
citric acid
5 15 min with 26 14 33 -
EDTA
diammonium
salt
6 30 min with 22 11 33 -
EDTA
diammonium
salt
7 45 min with 24 20 36 "
EDTA
diammonium
salt
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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220 m n with108220176-- citric acid 330 min w th46153120-- citric acid 445
mn wth255658-- citric acid 515 min wth261433-- EDTA di ammoni upm,salt 630
mn wth221133-- EDTA di ammonium salt 745 min with242036 EDTA di il ]
salt 830 m.n wi th142440215 dei oni zed water Total Time220 m nutes As the
results in Table IV indicate, the dissolution rate was constant (the 5
rates being the sane at run 41 and 8 within experinental error), indicating
that no appreci able change in the resi n (such as fractionation) occurred

the. document s rof or 78 R5CesyBenE G Bobates memsAedjereRdtor once 1 n | ts
entirety, for RfdelRYiPRSERircEXforRl phﬂ)o’é&? ExCE5TRA B8R ExQfnpt¥€5r8vhere
otherwise explicitly indicated, alt 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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otherwi se explicitly indicated, all nunmerical quantities in this
description specifying anounts of materials, reaction and proceﬁs%
conditions (such as 5 tenperature, tinme, pressure), feed ratios, r P‘HFi@’ral
speeds of centrifuge, and the Ilike are to be understood to be nodified by
the word "about". 23 13 AUG 2004 WHAT WE DESIRE TO CLAIMIS: 1. A nethod
for reducing the netal ion content of a filmformng resin,-said nethod
conprising the steps of: a) providing a solution of the filmformng resin
in a water inmmscible solvent 5 systemconprising at |east one

wat er - i mm s@iHA W DESIRE PO & Qi §4:ng a washing sol ution conprising a

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

f eedi ng t hel.sol UAingthod fonreducmg thy metabiophcdntentsepa fihdoimingtrepini-ssidi nt o
a liquid/l ig i d, centri.fuge onerO?_f said inlet ports feeding the solution
froma), th® QIRIRING FIEPEBSA f eeding the solution fromb) into said

liquid/liquyd cemblidingds selutn safe s ' Ut i to
that from b))df r?ln‘babor}%j 10/ 90 nt 0 agout Og@d%r,e%g} h?ﬁr%@'&%’ﬁ%?@%@l?%rgm
about 0@ upsSystera ceaxirising aldepstenewatarietmiseibld sdgerithan t he boil i ng poi nt

of the lo t boil] ter-inmmsciple solvent in ,the water-inmisciple
sol vent s\;/f@em @Rgﬁw\%)wpgbiggi ﬁ@bﬁ% Cr?mﬁlﬂ'f@ :arg'ﬁHqgt%ﬁ’e@)usi "?Praﬁr‘ntﬂ%‘ IQ Ad
| i qui d/ i quivdieeeblubld H@&altion Cﬁ@%héta%ehhe m xture fromstep ¢) into two

separate phases,_ and then collecting the two separate phases, each through
a separ at e ®ut | deepipgtiheisplyionadrena g anddb) theughi twer separpierinich porte itle avi er

Cont ent 1 n TRRVIARS ccfibibebng" & FuifRy Parlieelienss ftion FBr L o
vat er ; 1@nd sdvendiiglet portibediag (the solutiphi fisa b) intoasaid igeiaNuidedntiiiuge f
metal ions fangna m nor fl%unt of a mxture of 2) the water-inmscible

sol vent sysfé rate i ) © ??'PH?'F &om Ry e daatrfrom b)risemnghait o 0490 do gbavt

wher ei n t eod/bTaf 21énParGR) O rdnPAbdRTPL 88 % a maliRiitedBRftlRAkE AT L he

group consisting novol ak resi ns,
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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pal yhydr oxystyrenes and derivatives thereof. 3. The nethod of claim1
wherein the water-soluble nmetal ion chelating agent 1is at |east one nenber
sel ected fromthe group consisting of ethylene diamine 30 tetra-3cAIE xnmy
acid (EDTA), anmonium salt of EDTA, and citric acid. 24 13 AUG 2004 4. The
met hod of claiml1 wherein in step a), the water-inmm scible solvent system
conpri ses a nonooxynonocarboxylic acid ester, a propylene glycol nethyl

et her acetate, 2-heptanone, a propylene glycol nethyl ether, or a mxture
of at least two thereof. 5 5. The nethod of claim1l wherein in step c), the

sol utions f4.om sTrepmethodd cldim ar ehbrdn iimtstep 3§, GRMvBIdrUAMISéibR solvent
tenperature of fromahout 0OC to about 10C I|ess than the boiling point of

the | owest HYSIIMNEPMBEESS janmereMiyERsICREmXylie adid esian ea - propyiene bylcol
I t ; L.al ' ' t d { ] xt
From step, oy eyl elhsp ackife FheBk tnet bHrBbiiolE SiElmeted dBetibr auPboler pm -

7. The met hafditddastibhao thdreof.urt her conprising iteratively performing a cycle

of 15 steps e) and f) belowin the followi ng order: e) feeding the heavier
phase ( and the lighter phase (L) fromstep d) into the liquid/liquid

centrifuge g hroug{s FRghddBe Eﬁﬂﬁ;ﬁ\hﬁ{ah&h% st 6);5 mé;?&bj%n§fﬂgﬂ1 53 Stﬂgﬂart

feedi ng the heavier phase ( e second ort edin
| i ghter pHysare(feyl,intat the cerddfugat at a d¢mperdftutehef hemvaoutiiiase abdutti@°Che

| i ghter phase (L 0 from abaqu /90 to abqut 90/1Q, at a tenperature of
fr om about 6\%&5 Erbgq ﬁ“eai)oﬁ‘ﬂigi Fi’ﬂlﬂf Péﬁ?ﬁe?%’%ﬁ@)qﬂﬂg walter-iguaiseinig, spiNenli theng

poi nt of t hgatepWARfisdist!do@nt Wpétehy.! MM sci bl e solvent in the water

i mm sci bl e solvent system f) fotating the mxture fromstep e) inside said

li qui d/10i quid centrifuge to separate the mixture fromstep e) into two

separ ate phases, ough.a . .25 ,separat e, _out]| port, ipto two separate

cont ai ners@mher-lélfeﬁ%égﬁe(ﬁvggw pﬁé{‘g@r%ﬁ)m step é)' Ghe Fixture’ fom Step ©) 13
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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contains the filmformng resin in the water-inmscible solvent system

with a mnor anount of water; and the |ighter phase (L) conprisas3 zig @1
aqueous solution of netal ions and a minor anount of a m xture of 2) t2 é
wat er-i mm sci ble solvent systemand 3) the filmformng resin. 25 13 A UG
2004 8. The nethod of claim7 wherein the cycle of steps e) and 0 are
performed iteratively until the heavier phase (H in step 0 has a netal
ion concentration that 1is substantially unchanged. 5 9. The net hod of
claiml conprising the steps a) and b), and c) feeding the solution from a)

and a porti&n ofTHdmetitddibf BRirh OWhBIeil M@ LJHe df WerRERPaRd peéer%: ;?érro?@(eas

into aliquid/liquid centrifuge, one of said inlet ports ng the
sol ution frisakvely vRll the heaviarihasedbh in stepd) hgs ehwetaien oonasnttation that
sol ution frig uid/liquid centrifuge at a feed rate ratio of

. Cd 1
the sol uti on%gg?bgﬁwa?@%rplﬁgt of b) from about 10/90 to about 90/10, at a

tenperature of from about O0'C up to a maxi numtenperature that is |ess
than the bojling_point of the |owest boiling water-immscible solvent in

the \évat er - i | i scliift metndetglaigy 4 comprising theesteps al Aed b)and e f][om step c)
nto two scar atieodinb e SRR b0 bR 25RT6R e el Soflbniim, S Bt TiHE o<

each t hr oudivoasspgrateatiedporist intrd liquidfliguidvechgibagat 8né Tt dideinft rein
t he heavi er Eaase %Hg canagj ns the filmformng resin _having a reduced
metal ion JERYBA thenSPIHECRrUR. alnihecencadsiplsichart doeding, thai pertianeiribe
amount of wWl@io ' ar: ﬂﬁﬁ? . ' - . OUS: :

sol ution of %%na?&?'oﬂrzgﬁ?n%agmﬁlﬁﬁ@r angéﬁ%lfwém X urraéé(g ! ?‘ﬂtil%eébffutlon

wat er - i19ni Seemia) todhataf bl frosy sbent 466003 albeutf90/10f ar aiteapeesture offiom

ol ool e e e B SundiimfirdtdiBarane it €188 than the Boifing point Of the”

lowest boiling water-immiscible solvent in the water-immiscibie solvent system;
d) rotating the mixture from step c) inside said 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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e) addi ng another portion of the solution fromb) to the |lighter 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 heavier phase (H) in staepugl)gmp
through the two separate inlet ports, one of said inlet ports feedin he
heavi er phase (H), the second inlet 5 port feeding the new m xture of the
| i ghter 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 90/10, at a tenperature of from about OCup to a

ggiX: um t erger até&d@nq Bﬁbtﬂe? ddtisn FotFﬁ‘H%ts'&ﬁ:tBﬂi frd%b PR {Dhlte ﬁim%hgh?é&(@%
gwater-lm"nscbesolvent|ntevvater|m"nSC| e olven sytem
LN 1) FDeRE) e amiow MTxtufe offlighiep pilsé (), dadsiseding|suid Ao iute
I TU ., XTI U S | S Ses,
and t hengco?fﬁ'géfqr%g‘a?ﬁzi_-) ?%%ﬁwé@%‘é‘?r BhRs$e B SHP &) %‘b‘éﬁ@ﬁ'@ ‘M(?t#eé?lafﬁ\iért ,
into two SqARK pbRsCOMY Bt @ﬁasmeé\gggcﬁetigdi@gggﬂ%&bﬁ& gﬁgggﬂ,ﬁh?%ge&ﬁd fhfett NE

filmformng resin having a re lon ¢
wat er - i ®ni erbifeediog vibet news eimiured ofh the rtighter phasmt(Lyf intwether liquddiquite

l'igh h ( | .1 | yti )f | i d
i nor _amourieBiTge AR P8 et rafin StteCRew R uten Pt RebleT ariosey Ay i B o)
the T digHWer pIRRn(HPROKD abBhE 10RIR oBbuE bA1Y, bt JREHBLAIIRCOCHGH® of

steps e) and f) are performed iteratively unti
concent r at i Ut Q°EHP teamadimuina tempedatine thatis 163s than thebsoiling paint ¢f the

h d. d i h ' iti e
ot hod 25 '28est PERhG bRl RIRIAR St S el T R B eaR VS PleRic el
netal i1@n camd ent according to the nmethod of claim1, 7, 8, 9, or 10; b)

provi di ng adm xture of: 1) a photosensitive conponent in an anount
suf fici ent afgo pHetdiegnthe i"i'ég%epﬁ?l@ﬂoﬁ@ﬂ g} ingde oaid i liswid/bguid heertrifugeftor ni ng

resin in 30a)aeaRd n‘ﬁRferQﬁ!slt%(P_ eg?{lt@%\l@@gbra}a(?@%lhaBQQ,téHoeﬁ'ieﬁtco?i%l:t\fﬁ&%;e to

forma photoresist conpositio
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 solvent system and
3) the film-forming resin.

20 10. The method of claim 11 wherein the cycle of steps e) 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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13 AUG 2004 12. A nethod for producing a sem conductor device by form ng an
image on a substrate, said nethod conprising: a) providing the photoresist
conposition of claim1l; 5 b) thereafter, coating a suitabl e substtataaw

t he photoresist conmposition fromstep a); c) thereafter, heat treating e
coated substrate until substantially all of the water-inmscible solvent
systemis renoved; inmage-w se exposing the coated substrate; and then
renovi ng the i magewi 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.
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