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present invention relates to a process for producing a novol ak resin having
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solution to dissolve and renove ‘e er the radiation-e
unexposed areas adiniaturized electrohio comperieats, mchfaametlmffabﬂmwd‘smmm chips and

integrated circuits. Generally, in these processes, a thin coating of a film of a photoresist

15 composition is first applied to a substrate maten'ai, such as silicon wafers used for
making integrated circuits. The coated substrate is then baked to evaporate any solvent
in the photoresist composition and to fix the coating onto the substrate. The baked
coated surface of the substrate is next subjected to an image-wise exposure to radiation.

This radiation exposure causes a chemical transformation in the exposed areas

20 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 image-wise exposure, the coated substrate is treated with a developer
solution to dissolve and remove either the radiation-exposed or the unexposed areas of
the coated surface of the substrate.

25 Novolak resins are frequently used a polymeric binder in liquid photoresist
formulations. These resins are typically produced by conducting a condensation
reaction between formaldehyde and one or more multi-substituted phenols, in the
presence of an acid catalyst, such as oxalic acid, maleic acid, or maleic anhydride. In
producing sophisticated semiconductor devices, it has become increasingly important to

30 provide
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the radiation become more soluble to the developer solution (e.g. a rearrangement

15 reaction occurs) while those areas not exposed remain relatively insoluble to the
developer solution. Thus, treatment of an exposed positive-working photoresist with
the developer causes removal of the exposed areas of the coating and the creation of a
positive image in the photoresist coating. Again, a desired portion of the underlying
substrate surface is uncovered. | | '

20 After this development operation, the now partially unprotected substrate may
be treated with a substrate-etchant solution or plasma gases and the like. The etchant
solution or plasma gases etch that portion of the substrate where the photoresist coating
was removed during development. The areas of the substrate where the photoresist
coating still remains are protected and, thus, an etched pattern is created in the substrate

25 material which corresponds to the photomask used for the image-wise exposure of the
radiation. Later, the remaining areas of the photoresist coating may be removed during
a stripping operation, leaving a clean etched substrate surface. In some instances, it is
desirable to heat treat the remaining photoresist layer, after the development step and
before the etching step, to increase its adhesion to the underlying substrate and its

30 resistance to etching solutions. '
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areas of the resist c ccurate pa
15 resin changes, especially when high concentration of acid catalyst and high temperature

is used, Rahman et al, “Rearrangement of Novolak Resin”, presented at SPIE
conference, 1994; Khadim et al “The nature and Degree of Substitution Patterns in
Novolaks by Carbon-13 NMR Spectroscopy”, presented at SPIE conference, 1993. In
a typical novolak reaction, a reactor is charged with phenolic compounds, an acid

20 catalyst such as oxalic acid, maleic acid, p-toluene sulphonic acid or any mineral acid,
and heated to about 95 to 100°C. Formaldehyde is slowly added and the mixture is
heated at reflux for about 6 hours. At the end of the condensation period, the reactor is
converted to distillation, and the temperature is raised to about 200°C. At this point
vacuum is slowly drawh, the temperature is raised to about 220°C, and the pressure is

25 reduced to below about 20 mm Hg. After the volatiles have been distilled off, the
vacuum is released and the molten resin collected and allowed to cool. During the
course of the above resin synthesis sequence, samples were taken at various
temperatures and inspected by GPC (Gas Phase Chromotography). It was found that
there was a decrease of the weight average molecular weight (all molecular weights are

30 weight average unless otherwise specified) of the polymer, especially in the temperature
range between about 160-190°C ( Rahman et al, “The Effect of Lewis Bases on the



10 transfer of the mask inmage onto the substrate.

DESCRI PTI ON OF THE PRI OR ART In the recent years there
has been significant progress in novolak resin synthesis. It has
been repor%,,;zgg% under vigorous synthetic conditions t@ai,%gﬁg;#re of
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\Ié\gr? 6/832?1378 1 minor amount of base present was also removed. Due to the absence of this ba§e4 the
novolak resin was partially depolymerized during the manufacturing process. The

physical properties of the depolymerized resin changed due to degradation and it was

15  not useful for photoresist compositions. This problem can be substantially avoided by

adjusting the level of Lewis base before or after the condensation step of the novolak

manufacturing process.

In copending U.S. patent application Serial No. 366,634, filed on December 30,.

1994, assigned to the same assignee as the subject application and incorporated herein

20 by reference, an improved process is disclosed for isolating a novolak resin at a
temperature less than about 140°C by using subsurface forced steam distillation to

avoid high temperature molecular weight breakdown of the resin. It is known that an

alkali sohible novolak resin can be made by the condensation reaction of a mixture of

phenolic monomers with an aldehyde source. Such novolak resin synthesis processes

25 are disclosed in U.S. Patent No. 5,346,799, incorporated herein by reference.

SUMMARY OF THE INVENTION
It has now been found that the novolak resin synthesis process can be further
improved by isolating the phenol formaldehyde condensation product at room
30 temperature without any high temperature distillatibn. This can be accomplished by
adding a water soluble organic solvent, such as acetone or a C,-C; alkyl alcohol, such
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acconpl i shed by addi ng a water sol ubl e organic sol vent, . such, as
acetone or a (C erdiqxethy;plwnquandaz,géﬁgmpthglg@thl, having a very low level of metal ions. The

condensation reaction is preferably carried out in the presence of an acid catalyst, such
20 as oxalic acid, maleic acid, maleic anhydride, p-toluene sulphonic acid or sufuric acid.

In the process of the present invention, the precipitate is either dissolved in a
novolak resin solvent and the residual water is removed, such as by low temperature
vacuum distillation, to obtain a novolak resin having a very consistent molecular weight
with superior performance in photoresist compositions. The precipitate may also be

25 dried, such as in a vacuum oven, to remove residual water and obtain such a novolak
resin.

The present invention provides a process which comprises:

a) condensing formaldehyde with one or more phenolic compounds, in the
| presénce of an acid catalyst, and after the condensation reaction i§ complete,
30 adding a water soluble solvent, such as acetone or a C,-C; alkyl alcohol, such as

methanol;
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as net hanol, to the phenol -forml dehyde condensati on product, followed by
addi tion of water, preferably DI (deionized) her eby
precipitat P R%Bndensat i on product, | eavi ngmﬁ'ﬁcﬁ?%aslfﬂé'

unreact ed phenols, and useless oligonmers in t¢he water soluble

sol vent/water solution. This precipitate can then be dissolved in a

sui tabl e novol ak 5 resin solvent such as PGQVEA (propyl ene glycol

met hyl et her acetate) 2- hept anone or ethyl lactate, or it can be

dried, such as ipp a paReipitafing the condensation product by addmgThﬁtep rppeferably | DIV &aket, ON
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mol ecul ar wei ght hav ARreTioyingHae idridremiet as by decaptings andthereby also feeyingtheesi n
in light-sensitive cgmmégﬁmccmgoﬁdagent ion also relates to a

phot oresi st conposition 10 B ntal ni ng such a novolak resin and to a
process for proadci ndissnkdhg ﬂiﬂmwsn a suitable novolakgrgim solvend ;rnd rdheving the

:oﬂ\cl)tegﬁ :aglnéigrf:gﬁ{ alrﬁle%}deu@hese n vologij%S’tegoﬁvnqglxnwrﬁhgfcgg'gnglsﬁ?@’ &gﬁ?yto a

process for prddatmam&hmpdﬂaﬁlqraquslkalhsomb!bdﬁlmfdgnﬁgﬁbmkd‘dﬁﬁ or
devi ces. VWt er | nsfgmtltﬂl ueous al kali soluble, fjlm
form ng novol ak resi H8e PAGCHmyents PrO%} §t1§ﬁ‘fes§r6?"e8{ﬂdﬂ‘|‘m&\él b‘?ﬂ“"ﬁnd
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having a very | of "netal 1ons one or nore phenoli

conpounds, such comprisesr esol, p-cresol, 2,4 and 2,5 -dinethyl phenol, 3,5 -
di et hyl phenol , _.and [ ;m“a e » nl1@ I f pet al
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di ssolved in a methanol’0VOl ak resin sol vent and the residual water is
renoved, such as_by | ow terrperat ure vacuum di still ati on to
obtain a novol ab)r esPreciRiatingthe cordepsation, produet by sdcingcWatsr. RRefeighly DI water,
15 and removing the liquid, such as by decanting, and thereby also removing the
unreacted phenolic compounds;
c) dissolving the precipitate in a suitable novolak resin solvent, and removing the

residual water, such as by low temperature vacuum distillation, thereby
producing a water insoluble, aqueous alkali soluble, film forming novolak resin.
20 d) providing an admixture of: 1) a photosensitive component in an amount
sufficient to photosensitize the photoresist composition; 2) the water insoluble,
aqueous alkali soluble, film forming novolak resin from step c); and 3) a suitable
photoresist solvent, and thereby forming a photoresist composition.
The invention further provides a method for producing a semiconductor device
25 by producing a photo-image on a substrate by coating a suitable substrate with a
_positive working photorestst The subject process comprises:
a) condensing formaldehyde with one or more phenolic compounds in the
presence of an acid catalyst, and after the condensation reaction is complete,
adding a water soluble solvent, such as acetone or a C,-Cs alkyl alcohol, such as

30 methanol;



wi th superior performance in photoresist conpositions. The precipitate may

al so be 25 dried, such as in a vacuum oven, to renove residual water
and obtain such a novol ak resin. The present
i pventi on piayygkegrsa process which conpri ses: ;rT/USIGARFENST NG

f ormal dehyde with one or nore phenolic conpounds, in the
presence of an acid catalyst, and after the-.gendensation reaction is

conpl ete, 30 addi ng a water sol uble solvent, such as acetone
or a (Jerr]-C3 al kyl al cohol, such as met hanol ;
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b) pr eci pi tating tﬁ&&gﬁ%eé}gﬁéde%ﬁ%%g&ﬁea%& c?i’sg%;ﬂﬁw}gﬁ%;}mfgéctgénﬁﬁﬁ%y aEld

wat ers VI ng suc I'ng,
thereby al so renovi ngedigounds; unr eact ed phenolic conpounds;

Cemoving the 509 okl € pcpfind i Amaic uiipitk e, pivesh spCrmpevae dhe

vacuum digtillation, resid@dl ©Miter, such as by low tempefhi?él Uakiiin 2didiBhifn, thereby
i nsol ubl e, aqueous al kali soluble, filmformng novol ak resin.

The present inventi onpmodyainges watepinselebe, agusoys alkali salubls; fily feriming rovplakiresin/ e

phot or esi st conposi ti fQ:.3aVv SRS per. ] . JThe subj ect process
conprises: 10 %%J&%éggﬁﬁ%rﬁy ng %or néﬁgﬁecﬁyﬂe Wﬁjﬁh%ne or nore
phenol i ¢ conpound}y, iprotviding an admixture of 1) a photwsensitiee Gdmpomenr ird an adnshuyist |,

and after the condensation reaction.is conplete o . ing a
wat er sol ubl e sol vent ™ cﬂﬁ%{oaého(%\%s&’%‘%r%tﬁsg Fmposition; 2) thﬁlvmfﬁb‘fssﬂ ch
as 10 dfuktiiuliali soluble, film forming novolak resin and 3) a suitable photoresist

solvent and thereby forming a photoresist composition;
e) coating a suitable substrate with the photoresist composition;
f) heat treating the coated substrate until substantially all of the photoresist solvent
is removed; image-wise exposing the photosensitive composition and removing
15 the image-wise exposed areas of such composition with a suitable developer,
such as an aqueous alkaline developer. Optionally one may also perform a
baking of the substrate either immediately before or after the removing step.

DESCRIPTION OF THE PREFERRED EMBODIMENT
20 Novolak resins have been commonly used in the art of photoresist manufacture
as exemplified by "Chemistry and Application of Phenolic Resins", Knop A. And
Scheib, W.; Springer Verlag, New York, 1979 in Chapter 4. Similarly, o-quinone |
diazides are well known to the skilled artisan as demonstrated by "Light Sensitive
Systems", Kosar, J.; John Wiley & Sons, New York, 1965 Chapter 7.4. However, the
25 instant invention has found that the use of particular resins isolated without high
temperature distillation, as opposed to those taught in the prior art, produces a
photoresist having a superior resolution and depth of focus.
The present invention provides a novolak resin, a photoresist composition
containing such a novolak resin and a process for producing semiconductor devices
30 using such a photoresist composition. The photoresist composition is formed by

providing an admixture of a photosensitizer, the subject water insoluble, aqueous alkali



b) precipitating the condensati on product by adding water, preferably D

wat er, 15 and renoving the |liquid, such as by decanting, and
t hereby al so renoving the unreact ed phenolic conpounds;

c) di ssQl vij he precipitate in a suitable novolak r Ivent and
renovi ng t °$%§hﬁ resi dual water, such as, §§ﬁﬂ§ eratUre
vacuum di still ation, thereby prodUC|ng a mater I nsol ubl e,
aqueous al kali soluble, filmformng novolak Tesin. 20 d)

provi ding an adm xture of: 1) a photosensitive conmponent in an anount
sufficient to photosensitize the photoresist conposition; 2) the water

i nsol ubl e, soluble novolak resinodiide wisitable kphotorésitt Wblvént. fSuithblé QoIvende forOsaet ak
resin fromstep c¢); and 3) a suitable phot or esj st

sol vent, and t heh@esps'ﬁferw ﬁrgr aow%t rpins may inclydsprppylens . glycol mono-alkyl ether,

The invention f é’]re,;, ) fe Wc 1-Rethf

devi ce 25 Bﬁ%’gﬁ CI ng a pho Emﬁmaggron a su trate coa

suit abl e subst rwtatezmmﬂ!tuses of ethyl-3-ethopypsopionate anst ethyldagiatet bnt}dsncetnte fﬁme

subj ect pyocess condensi n ehyde h one
or nore p?genoll BB%FFD lﬁﬁﬁ%e glycol goethyﬂther ackide’ epr&wegggl?{gg péﬂ?

catal yst, and aglyesl eyl ethée abatite (PGMIBAY, | @hyli lactate"2liRpRanone, and ethyl-3-
addi ng a water soluble solvent, such as acetone or a Cerr]-Cerr] alkyl

al cohol , such a&thoyypropionate (EEP). | 1p¢ hanol : WO 97/ 20873

b) precipitating t og‘grgohodennsl%t |lg¢1s?)urcoatg?o%§saggﬁ’r?3 i onagrens cw&lmg

renovi ng the  agents, plasticizers, adhewqmomotesq,umeésrﬂbpcemedmmd sughcsurfactantd)y
also re |ng the G n
ngs ?ﬁﬂ]{oﬁﬁ o pn@li{ ng# hg adc!seﬁlt? atlttl)el solutxon B vcﬁ&mgxg, eﬁ

ol vi ng reci novo resin so ver?f and

r em)w ng the 5solvent before the photoresistdomposititinds coatedaintes subgtritaExanplasrofidye e

vacuum distill a&dmves rt]%a%q}é used together with the photoresist compositions of the present
invention include Methyl Violet 2B (C.I. No. 42535), Crystal Violet (CI. 42555).
Malachite Green (C.I. No. 42000), Victoria Biue B (C.I. No. 44045) and Neutral Red

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

Anti-striation agents may be used at up to about a five percent weight level,
based on the combined weight of novolak and sensitizer. Plasticizers which may be

20 used include, for example, phosphoric acid tri-(beta-chloroethyl)-ester; stearic acid;
dicamphor; polypropylene; acetal resins, phenoxy resins; and alkyl resins, at about 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-propyl triethoxysilane, up to about 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, nicotinic acid or

30 nitrocinnamic acid up to about a 20 percent weight level, based on the combined weight

of novolak and sensitizer. These enhancers tend to increase the solubility of the



produci ng a water insoluble, aqueous alkali soluble, filmform ng novol ak
resin - havi ng a consi stent nol ecul ar wei ght and superi or
qual ity; d) provi di ng an adm xture of 1) a.photosensitive

conponent i @B memuUNt , sufficient to phaicaasedistsize t he
phot oresi st conposition; 2) the water insoluble, 10 aqueous
al kali soluble, filmform ng novol ak resin amd 3) a suitable photoresist.
sol vent- and thereby form ng a photoresist composition; e)
coating a suitable substrate with the photoresi st conposition;

f) heat treating the coated substrate until substantially all of the
phot or esi st sol v@fptoresist coating in both the expoged. andpexposed areas. dsﬁg“sékﬂbﬁ'ﬁﬂgfdtlhe

phot osensitive c j: £ FEEBQWN" 1t ; ‘g0 '!ﬂﬁ i HBRE: i
exposed areas of q@@ca (;cﬂgqrrgloegi% on W tﬂgpa shfstgiglogelgg’\?glcggge'r, ol "6l Yodgh
such as an aqueosemeldegtee nef chmtredt opay be @acnifiwed)| 1./, while by eporal prad @f rtha

baki ng of the substrate eifher._.i di,.atel y befar r after the re I n
Step. Phojodi 2 e ancr e Bl e b sped enhancds
Novol ak resins hailtalbecsephirgenioys 6fphotordlist dvating froM th s6tbdréds.

manuf act ure as exenplified by "Chem stry and Application_of
Phenol i ¢ Resins", KnoB‘hNd‘N‘PEFn‘B“Y be present indhe, gyesall cgmpositien inyan ameunt g up ke w
York, 1979 in Ohaiihy deipthl dfithéioliis indhélbrfifiiftion. s, of (g afle ialfff! |
known to the skilled yar%llggan.as dgesrrll!lnstrate 1% "Sl?llvéﬁtt" oge%gﬁ%ia&e&bﬁmlw
Systens", Kosar, rémoved afier conting)of thephotoresige splivtinonkon 21 9dSrabharpt smbsequeht drying.

However, the 25 L i | oR h f Qu that the use of

particul ar resi nyﬁnggql%t%?agm'ﬂ%tﬁo{l}%‘tewah% Bied' Tch erfSEr SRIPE: J1o0yiphengyy on,
a?] ;)ppos _ed(t)t(r)] t hpely(etiplenidxy) thai; ﬁdﬁt%'l_phenﬁi}t dethmd db;iﬁﬁhgf&o?gguts 10% weight levels,
phot or esi st havi superi or teso|ution and de us.

The present i nveﬁ%@ﬁ“ﬂ%ﬁf”g@mlnaw ﬁ‘?'ﬂ&’zﬁ‘hot oresi st conposition
contai ni ng such a noveohelprépafel Nplidkstedst PIoRAIRES cird be PABRLEC td'S SEHHicse 6!

devi ces 30 usi ng such a photoresi st conposition. The photoresi st r
conposi tion is f&prveptiasgl method used in ghecphotiiresist art, inchiling Wippings spraying, whirling
phot osensitizer, aﬁ&gpn?%ynﬁgt Mﬁh%ﬁmicmh,“&}%mﬂﬂéﬁﬂé‘?esﬁi éﬁ\ltion can be adjusted
' 15 with respect to the percentage of solids content, in order to provide coating of the
desired thickness, given the type of spinning equipment utilized and 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; gallium arsenide and other

20 such Group III/V compounds.

The photoresist coatings produced by the described procedure are particularly
suitable for application to thermally grown silicon/silicon dioxide-coated wafers, such as
are utilized in the production of microprocessors and other miniaturized integrated
circuit components. An aluminum/aluminum oxide wafer can also be used. The

25 substrate may also comprise various polymeric resins, especially transparent polymers
' such as polyesters. The substrate may have an adhesion promoted layer of a suitable
composition, such as one containing hexa-alkyl disilazane.

The photoresist composition solution is then coated onto the substrate, and the
substrate is treated at a temperature from about 70°C to about 110°C for from about

30 30 seconds to about 180 seconds on a hot plate or for from about 15 to about 90

minutes in a convection oven. This temperature treatment is selected in order to reduce
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sol ubl e novol ak resin and a suitable photoresist solvent. Suitable solvents
for such phot oresi sts and for novol ak resins

propyl ene gPy n?”rmno al kyl et her, propyl ene g ycosigﬁa;fdgyl (e.g.
met hyl ) ether acetate, ethyl-3-ethoxypropi_ q}r?at e, ethyl | act at e,

m xtures of ethyl-3-ethoxypropi onate and et | actate, butyl acetate,

xyl ene, 5 di gl yme, ethylene glycol nonoethyl ether acetate. The
preferred solvents are propyl ene gl ycol nmethyl ether acetate

(PGVEA), ethyl {hacbhdeitration vfpésidiansolventsdn ﬂfel”plbto?esnst, while not causing substantial
et hoxypr opi onat e r optional |ngredjents such

L e
as colorants, E%“‘FQW%‘PP jof ithe, photepensitizer. | 2‘%/6?‘? one desires to gipimige; the
pl astici zers, a@ﬁ@éﬁﬁﬁo@%@%ﬁv@ﬁﬁ mﬂpﬁlﬁdﬁﬁf‘hélﬁfe‘?:{tﬁne GOIMERT R Andudelr ntil

surfactants 10 as non-ionic surfactant's nmay be added to the sol ution
of novol ak r esisubstansially iall ofrthesdlvents have evaporatedcand t)élilor@amseOf)thtmesstl st
conposition is coated ont rate, es of ditives
that may>be useFPHPSFEOHSP O'\'Rff’ﬁ*é tmﬂﬁf&cﬁ r@f“'@f?nﬁ%’éﬁl the spbsirafe. gf’@sent

i nvention incl ustefeived hﬁ'bodﬂrﬁhthheZEmbﬁaﬁxre NOfronﬁZzﬁﬁﬁt) 859C \t6t dboutVost@t THe. | .
42555) . Mal achi te g I : 20006 Victoria Blue B, (C I.

No. 44045) and Weamens s ?@G"‘f of sotyans)rempval becamss elativelyr cent
vei ght |evels, Rasffcafi) Tﬂ%@eﬁﬁ?ﬁhﬁeﬂd ‘ﬁﬁiegaéctﬁfl depends on the pﬂ&%@sﬁﬁr%@tws
sensitizer. The dye additi ves help provi de increased resolution

i nhi bi ting backdesied byethengerops pielhjos ﬂzﬁfrqumngmétan@tcemmermaﬂy deslfed coatmg

Anti - strjs.at i on @ﬂ%” bes E?Bkl ey
| evel 1'0 as e?%‘é co%o%é’émmb%%a novoﬁ eegén"é;w | zer
Pl astici zers V\/mad:htwmyt Ma%ngth of fromuabeut 300 alitd about 450 mna:ncrdyeeleqnhnbmmrl C

acid tri-(beta-chloroet st er

ol yor opyl one. 198 e of Bler radisiofn sby SR pefert srodyond by pee.ft bl i,
one t@gsmswﬁﬁnkmmmml evel s, based on the conbi ned wei ght of
novol ak and sensiti zer. he Iast|C|zer addi tives |nprove t he

coating properties dﬁhe@hetomwr*&noam%hmeete#wpost exposure S%Fﬁf)‘ﬂ’ ®n of
fil
a filmuygat is W&Gn&ﬂ@nt&?bﬁ%ié&&ﬁbﬁ&‘v%ﬂﬁéﬁ The heafin H%Téhﬁv ks ('%%e oxy-

Adhesi on pronoters which used I nclude, for exa

cycl ohexyl ) - et Hyorn ﬂ%?ﬁ?&}%moah&0°cpmmm9fpﬂuv§mﬂaﬂh@uhﬂmw ah@ﬁﬁé@?@cl ate;
Vi nyl r 0 0, [ e, up
o about a 4 petiedieRlbe’ll be S8it,cf S ORI IpA 10 ieBRY, ahbuh % AT AR,
of novol ak and p‘reﬁamblylm abdm\ﬁelsewmmo about 90 secondsmedhmﬁaameraboutmattorray

be used i ncl ude, ex ICIIC acid, nicotinic acid or 30
ni t roci nnamic aﬁ!’f’ ‘{ﬂf“'f‘ﬁtngbbfﬂ SUIBOPEr cent wei ght |evel, based on the
conbi negowei ght The exposed photoresist-coated substrates are developed to remove the image-
wise exposed areas by immersion in an alkaline developing solution or developed by
spray development process. The solution is preferably agitated, for example, by
nitrogen burst agitation. The substrates are allowed to remain in the developer until all,
or substantially all, of the photoresist coating has dissolved from the exposed areas.
25 Developers may include aqueous solutions 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
30 treatment can comprise the oven baking of the coating and substrate below the coating's
softening point. In industrial applications, particularly in the manufacture of



of novol ak and sensitizer. These enhancers tend to increase the solubility
of the . WD 97/ 20873
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phot or esi st v&?@ﬂoﬁ'ﬂ in both the exposed and unexposed areagrnRbdhsidius t hey
are used in appl i cati ons when speed of devel opnent is the
overriding consideration even though -11- sone degree of contrast may
be sacrificed; i.e., while the exposed areas of the phot or esi st
coating will be dissolved nore quickly by the devel oper, the speed enhances
5 wi |l also cause a larger |oss of photoresist coating fromthe

unexposed areas. microcircuitry units on silicon/silicon disixidertyns subsirates, the slsesiaped §ulstrates
overal | conposition.in an,agpunt .o S 9 'lﬂf}}h Jdef1€
solids in the corﬂ%&f’t"i"%ﬁqw%?%ﬁ?&’%g?& uotic agid base °§u§§t%ﬁ l?%ﬂy ofdrests!

removed after CogbinPakitiths b ehepjiedent nodntibn am resistam tomcid-tmstetthing eohativgls and
subsequent drying. ) Non-i oni c surfact ants}@%hat may. be_used

i ncl ude, for exampivide sEegiveRIpSSton fo5 the unexposed  phofofesist-adiing, arses, of fe
octyl pheno§y et h%ﬁé&m?t up to about 10% wei ght | evel s, - based on
t he conbi néd wei ght of novol ak and sensiti zer, . . . The
prepared phot oresi st Fbe Ubllawing cspecifise examnlescwilt prayidey deteiled; Hluggatigns, of the
conventi onal netho sed in,t o, [ 0y PP ' WeleTRalo
spraying, whirli ﬁﬁ‘%“’ so produchgngﬂs p'lﬁ;r?ﬁgoa |p§é¥m‘7\h%{hg |rﬁﬁrcl€g't9|8{r%9' f'([)‘lrle‘se
exanpl e, the resiegimgied dté hotiintested Iowedir totlindt drivestrict the scupedf theciayention inany he
percentage of solids content, .in order to %vi de.coati

f th .
desired t hi cknessvaygng should,pot e congtfued 35 pro geﬁﬂ*ﬂ?@n?%%ﬁs;ég’ﬂgﬁﬁw?‘ﬁ]é

amount of \bi M gt pe ytilizedrcRNREy InUrdér46 pBiicdihd eRhitifREEon. SUi t abl e
substrates incl ud‘c‘é“ stl1con, alumnum polyneric resins, silicon

di oxi de, doped silicon dioxide, silicon nitride, tantalum

copper, polysilicon, ceram cs, alum nunf fe M Xtures; gallium arsenide
and ot her 20 such Goup 111/V corrpogu!%n si. The

phot or esi st coati ngs [R50gnesafphenohe coprundseasigingod .0 molgs of magresoband3.9 y
suitanie for apnl LG8l drds-tyientl i Bahalerla 00 el nbiQF Al cy B it EfibRe,
15 a thermometer, and a dropping funnel. 2.5 grams of oxalic acid (1% by weight of the
phenols) was added and the flask was heated to 95°C. 123.0 g of formaldehyde (molar
ratio of phenols/formaldehyde 1/0.685) was added dropwise over one and a half hours.
The reaction was allowed to continue for 6 hours at 95°C. 600 grams of methanol was
added and stirred for 10 minutes. 92 .7 grams of DI water (11.1%, by weight, of the
20 batch) was added with stirring over a period of ten minutes. Stirring was stopped and a
white precipitate settled to the bottom of the flask. The liquid was sucked out from the
top of a second flask into which the precipitate was placed. The precipitate was
collected as fraction A in a beaker and dried in a vacuum oven. 80 grams of water was
added to the liquid in the second flask and fraction B was separated in the same manner
25 as fraction A. The process was continued and the fractions C and D were separated in
the same manner. All the fractions were then dried in a vacuum drier. The unreacted
phenols and very low molecular weight oligomers remained in the methanol water

solution. The analytical results are shown in Table 1 below.

Table 1
Fractions Weight (g) | GPCMW PD %m-Cresol | % 3,5-Xyl

B 24.87 8733 5.5 23 <0.1




~are utilized in the production of m croprocessors and other mniaturized

ﬂ I nt egr at-ed circuit conponents. An al um num al um num oxi de waf er

| can al so be used. The 25 substrate nmay al so conprise vari ous
pol ynmeric resins, especially transparent polyners

‘ . pol yesters. EYﬁ'éfz"é'b’bstrate may have an adhesi on pronoted I Sﬁ%f %i‘ sw tabl e
conposi tion, such as one containing hexa-al kyl disilazane.

- The photoresi st conposition solution is then coated onto the substrate, and
~the substrate is treated at a tenperature from about 70[err]C to
~about 110[err]C for from about 30 30 seconds to about 180 seconds on
a hot plate or 35 1o (p7@gout 9(38 2.1 nutes |idp. R
convection 0V€JE€EE[£§EZEE§?aturP reatnent {is selected in orddr to rpd“Le
WD 97/ 20873 D 23.49 3162 1.9 1.7 <0.1
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the concentrati|dh of resi|dddl sol vemoé I n tré'sphot ores?‘gt , Whi lje 0r‘llot
causi ng substantT al thermal degradation of the photosensitizer.
In general, one desires to mninmze the : concentration of

solvents and this first tenperature treaBxample2s conducted until

substantially all of ltSHe gan Xfp%%oh@ \(‘ﬁ@g)é‘gﬁwgﬂsﬁ InBied o?%k}e%ﬂcgness _

phOt or esi st 5 e or one m cron
remai ns on the subles 6@3 S—xylbﬁblandOSmoles of 2,3)5-aflesiol evbretrimstrmed to atfonr necked

f C 95 . Th
terrperature is from ahout, § %F@Jd t 0 agout %Lgei?l{}’é'}%tﬁ‘%e;e\?sﬁ@%nes

treat ment 5i s corfiAsk CQRIPREH Y fOSEL 2 Jpe

relatively of oxalic (091324 by Wweiight of e PHRAGIS) vas 48 dedand uid ik ak B&TtddQB
depends on the photoresis gr opertires desired t he user
wel | as the equi9i€nt70.Agaf naﬂmwﬁmtwqfewwowlﬂeh 14Q66 )Wa“aded

times. The coat e&oﬁwﬂg%eghl % bdeuhe -ﬁfégﬁéﬁ&%ﬁ We@'t& ,ﬁﬂﬁ@fbh—@f].ouﬁ g.

ul travi ol et at a wav from a out 300 nmto
about 450 nm x- at&j°CeBZ£bgnannoﬁmﬁmolwas added an sm%@ahﬂmmtgsselrﬁmﬂ on,

in any d‘;ﬁ)i red t 1 ngﬁgf 2dg€ﬁg use ao@f(defﬂém tgflﬁllﬁﬁltes and stirred for 30

negat i ves, st en
mmutes Stirring was stopped and a white precipitate was settled at the bottom of the

flask. The liquid was sucked out from the top and discarded. The precipitate was

collected in a beaker and dried in a vacuum oven.

15 Example 4
A 50 gram photoresist test sample was prepared according to the following

formulation:

NK-280 (a proprietary 2,1,5- diazonaphthoquinone

sulfonyl chloride based sensitizer from Nippon Zeon Co) 2.0218 gm
20 NK-240 ( a proprietary 2,1,4-diazonaphthoquinone
sulphonyl chloride based sensitizer from Nippon Zeon Co.) 0.8382 gm
Novolak Resin fraction C from example 1 13545 gm
Novolak Resin fraction D from example 1 1.35345gm
Novolak Resin fraction E from example 1 4.0634 gm
25 Pyrogallol from Aldrich Co. 0.1630 gm

BI26X-SA ( a proprietary speed enhancer from Nippon Zeon Co.) 1.203 gm
KP-341, a striantion free surfactant
from Shinetsue Chem. Co.(2% in Ethyl Lactate} 0.004 gm



The photoresist is then optionally subjected to a post exposure second
bakt ng ar 15 heat treatnment either before or after devel opnent. The
heati ng tenperatures may range from about 90[err]C to about
120[err] C, WS & grferably fromabout 100[err]C to about p&Pfusseripis -
The heating may be conducted for from about 30 seconds to about 2 m nutes,
nor e preferably from about 60 secgnds to about 90 seconds on a
hot plate or about 30 to + about 45 mnutes by convection oven. 20
The exposed photoresi st-coated substrates are devel oped to renove the

| mage- W se exposed areas by imersion in an al kaline devel opi ng
sol ution or develEupdilaétyte spray devel opnment proce§%1¢ﬁﬁﬁ sol ution

is preferably agitated, for exanple, by ni t rogen
agitation. The s%@?tylaé’éga?%re allowed to remain in the deve?%géeé‘huntil all,
or substantially all, of the photoresist coating has dissolved fromthe
exposed areas. 25 Devel opers may . i ncl ude eQus s LONS of ..
ammoni um or al kal i mefTAp resistisagpleguas coated °ﬂahm%§@‘8ﬁ?’é%%khw%a“ﬁ8“i s
tetramet hyl ammoni #erp tgﬁq{ﬁﬁhﬁo&nﬁg ﬂsrmg £ 500 Bdice &f 969 SFor 60 seconds on &CBfirRthot

0 I on,

I
wafers from the el oping solu ne may conduct an optional post -
devel opnent heat glite¢SVie®t 8100). hThe exposura magrs was pranteshon theccosted ayafass ysingamd

chemi cal esj e.Lo etching,s LO8S . Ot S t :
The post - devel oprfeift NACHIKGHE i Reiegt a3 KB ool G MBS dfed
of the coating angyeyhetd PHE (Jo8! &poiuiebaked)iat 190°C for 70 seconds onads fisehot plate.
point. In industrial applicatiogns, parti c%rl XNllﬂ' Wnuf a(i1t re of,

WO 97/ 20873 The wafers were then developed using 30 tetramethyl ammonum

PCT/ US96/ 18781 pudroxide - _%.38%) )ievelo_per. The developed wafers were examined -usi} a
mcrocircuitry unrts on silicon/silicon dioxide-type substrates, the

devel oped subst r SHEACHI® S-400 SEM:y(scsaning elegtens mictoscape) A aomainal dose)Aseio i ¢

aci d base etching,solytion. The hesl l,ﬁ.'lgd”rpp oLl e
present inventi o%’ﬁ\aeﬂmﬁs&?ﬁ‘fm?gpghgi%?bfgé‘g’ teec ols%éeqso uti g}ﬁgk%?iepﬁ&té_b
provi de effecti vegipndestare] Resslation: dnd depth)of Goas! (POE) were measuredhandi arg shovads of

the Table 2 below.
15
Examples 5
A 50 gram photoresist test sample was prepared according to the following
formulation:
| NK-280 (a proprietary 2,1,5- diazonaphthoquinone
20 sulfohyl chloride based sensitizer from Nippon Zeon Co) 2.0218 gm
NK-240 ( a proprietary 2,1,4-diazonaphthoquinone
sulphonyl chloride based sensitizer from Nippon Zeon Co.) 0.8382 gm
Novolak Resin fraction D from example 1 1.437 gm
Novolak Resin fraction E from example 1 5.336 gm
25 Pyrogallol from Aldrich Co. 0.1630 gm

BI26X-SA ( a proprietary speed enhancer from Nippon Zeon Co.) 1.203 gm
KP-341, a striantion free surfactant
from Shinetsue Chem. Co. (2% in Ethyl Lactate) 0.004 gm
Ethyl Lactate 33.147gm
30 n-Butyl Acetate 5.849 gm



5 substrate. The followi ng specific exanples wll

provide ‘detailed illustrations of the nmet hods of produci ng and
utilizing conpositions of the present invention. These : exanpl es
ar.e not inten owever, to limt or restrict the SCOPGAQJ g Lnvention
I n any ‘90(3%968\7/£y and shoul d not be construed as proviPi r"dég 'gwmtioné,
paraneters or val ues which 10 nmust Qq4qtilized exclusively in order
to practice the present invention.

Exanple 1 250 grans of phenolic conpounds consisting of
5.0 noles of mcresol and 3.0 nol es of 3, 5-xylenol were

transferred to a fourriReshetstesist aésist Sahhpld Ras cudtéd) ot adRRslRdAdisilaidne (HMDS) 2

thernmonmeter, and a dropping funnel. 2.5 granms of oxalic acid (1% by wei ght

of the prishesisificon wafes toy b8 nmythirkness using,a Roflhake gt 89°Cafor 60 sesprdsyanC,
123. 0 ff | depyd | '
0tk N B 35505100 Tk B Ok pAALTEA

1/ 0. 685) was add®d rone
reaction was al | wifes$ using @ Or54iNoA DK ON®G-iine steppex tand 5 NEK ON® reSdlGtioprreticle. GThe

met hanol was dded tirred for .10 m .92 .7 .grams of DI
wat er (1131% bye’WB?"Q}ﬂ"‘?‘fo" &"’“""pmﬁéﬂ@%“\/ﬁb&ggﬁgg sﬁﬁ"t"ﬂgg’fh"’r_ g
over a period th&?&t&n THé Rifersvért iheRUeVa@Sped WSiBR AZEBOL MIF TMAH (tetraifeihyle
precipitate settled to the bottomof the flask. The |iquid was sucked_ out

fromthe ammenjpm bydrgxide c 3A8%%) developert Thedeyeloped mafessy were sxamined yging

I d. Th | P . [ - A
Pnd dred i vhEHACRIEA A0 SEM (soamni efonSfiefiicapk °Al il he TPRGAES!
liquid in the sePimdDIPHiskmeasored atthei st focusn shesdgsa reduirdd ito ptecisely aepicataaner
25 f ti A Th ti d and th ti C._and
I g e e R

dried in a vacuupapl 2 Bglow.The unreact ed phenol s and very | ow
nol ecul ar wei ght ol igoners renmained in thﬁ E hanol wat er
solution. The analytical results are sho Tabl e 1 bel ow.
Table 1 _ REBICF VETgNT (0) | DTP 9 Rebbluti
O esol %3, JERFPET ‘ TF, [dsolution " {DOF 5.5
2.3 <0. 1] 4 Example 1; fractions C,D, | 105 0.36 (-6/.4)
&E
5 Example 1; fractions D &E | 80 0.36 (--6/.4)

Comparative Example 1

15 250 grams of phenolic compounds consisting of 5.0 moles of m-cresol and 3.0
moles of 3,5-xylenol were transferred to a four necked flask equipped with a condenser,
a thermometer, and a dropping funnel. 2.5 grams of oxalic acid (1% by weight of the
phenols) was added and the flask was heated to 95°C. 123.0 g of formaldehyde (molar
ratio of phenols/formaldehyde 1/0.685) was added dropwise over one and a half hours.

20 The reaction was allowed to continue for 6 hours at 95°C. The reaction mixture was
distitled up to 190°C to remove water and solvent, and then distilled under vacuum to
210°C to remove unreacted phenols. The molted resin was collected in an aluminum
tray. A photoresist formﬁlation was made exactly as in example #4, except novolak
resin is used from comparative example # 1 and studied as example #4. It was found

25 that the performance of the resist(Table 3) is not good as compare to example #4 and
#5.
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C 72.43 7158 3.8 2.1 <0.1
D. wo o/5hs7s 3162 1.9 1.7 )
E e 1701 1.6 oy PeTuSEfh
Exanple 2 150 grans of phengki.c conpounds consi sting of

6.0 noles of mcresol; 2.5
2,3,5-xylenol were transferred to

nol es of 3, 5-xy
a four necked 5

| enol and 0.5 nol es of
fl ask equi pped

wi th a condenser, a thernoneter, and a dropping funnel. 1.125 grans
of oxalic acid (0 75% by wei ght of the phenﬁﬂﬁglmas added and the flask was

heated to “r’ﬂ#ﬂ%i e ey = ﬁUf
phenol s/ f or mal dehy dF¥an #’ 66) %E aﬁé@ dro

hal f hours. The r¢gehipafatives| ®o! O
95[err]C. 329 gra of met hgnol W
grans of 10 epimple#er [(43.7

hs added and stirre

’Wﬂu&Pﬂ%ﬁEbﬁWQdﬁﬂm
mmvm t he batch) was| added an

lllIIULED OLIIII

m nutes and sti rr ¢gd—for—30
white precipitatejfwas settléd at

l he bottom of the

i o of
p over fone and a
-BRHEY at
or 10 mfnutes. 175
I during ten
. pped and a
ask. The

i quid was sucked out fromthe top and di scarded. The preciplitate was
collected in a beaker and dried in a vacuum oven.
Exanpl e 4 A 50 gram photoresi st test sanple was prepared

according to the foll ow ng

fornul ati on:

proprietary 2,1,5- diazonapht hoqui none : sul

sensitizer from N ppon Zeon Co)
2, 1, 4- di azonapht hoqui none
from N ppon Zeon Co.) 0.8382 gm

2.0218 gm 20

sul phonyl chl or

15

NK-280 (a
fonyl chloride based
NK-240 ( a proprietary
i de based sensitizer



Novol ak Reei n fraction C fromexanple 1 1. 3545 gm
Novol ak Resin fraction D from exan Jt‘_ . — 1. 35345 gm
Novol ak Resin fraction E from exanpl BIQSHEET HAS BEEN 4.0634 gm 25

Pyrogal I ol from Al drich Co. REPLAGED 0 'gm
B126X- SA ( MOPBT2MBI} et ary speed enhancer Trom N ppon Zeon 'iﬁﬁ‘"js"‘?(“ﬂh gm

KP- 341, a striantion free surfactant , from Shi netsue Chem Co. (2%
in Ethyl Lactate) 0.004 gm - =16y 97/ 20873 -

PCT/ US96/ 18781

ey tactate A R

The resi st sanpl & vvasscoat ed on a hexanet hyl di sil azane (HI\/DS) pri med

silicon 5 wafer to 1.083pmthickness using a soft bake at 90[err]C
for 60 seconds on an J-line _hot

exposure nmatri x has p‘*ﬂ?@‘@gf?fmr?%"'@c?a‘?%ﬁ"ﬁ%?é% S‘S’m ng a Jsoﬁ%@%volﬁgﬁglﬂ NA
NlKON[err] i-1li NGniphisiape’ and a NIKON[err] resolution reticle. The exposed _

waf ers were PEB (post exposure bakex‘) at 110[err]C for 70 secon
line hot plate. a condensing, formpal e, ith Mo OF JBYE| PRy 8‘“’u§P‘H§° ’eF‘r °300

MF TMAH (tetranmet hyl t @yﬁ@pm A& ndentativa fbacHey & et The
devel oped waf ers Wereprexam' r%%]%% %atalys o © Te ACHI [err] $S400 EMe’

(scanni ng el ectron rriaddingetvpt;)'solnblqmivmal dose (Dose to Print,
PZE? i th ge:sur € )at t r1]'('.ec1pl%te ng ftl%c ggﬂdeﬁsgt?ond (BFOQu&egyiaﬁ(ﬁgg R&t&,r gﬁd ?&L&ing the
liquid, and thereby also removing the unreacted phenolic compounds with the

liquid,; | |

¢)  dissolving the precipitate in a novolak resin solvent, and removing the residual

. water, thereby producing a water insoluble, aqueous alkali soluble, film 3quning

novolak resin.

2. The methed of claim 1 where in said acid catalyst is oxalic acid, maleic acid,
maleic anhydride, sulfuric acid or p-toluene sulphonic acid.

3. The method of claim 1 wherein the watér soluble solvent is acetone or a C,-Cs
alkyl atcohol.

4, The method of claim 1 wherein the water soluble solvent is methanol.

5. A method for producing a positive photoresist composition comprising:

a) condensing formaldehyde with one or more phenolic compounds, in the
presence of an acid catalyst and after the condensation reaction is complete
adding a water soluble solvent;

b) precipitating the condensation product by adding water, and removing the
liquid, and thereby removing the unreacted phenolic compounds with the liquid;

c) dissolving the precipitate in a novolak resin solvent, and removing the residual

water, thereby producing a water insbluble, aqueous alkali soluble, film forming

novolak resin;

This Shest FHas Been Reﬂlaced .
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gi ven feature. Resolution and depth of focugw("bdfi—iv\ere nmeasured and are

SEQ-gV”% Ieg S rae = bel ’ d‘ﬁ“““lufulmml “w =test sanpl e was prepared

accordi ng togkﬂﬁ S51 owing *  ormulMat fon? pcNUsstAgst 2 .
proprietary g dlazonaphthoquinone 20 ' sul fonyl chloride based
sensitizer from N ppon Zeon Co) 2.0218 gm .17- NK-240 ( a proprietary
2, 1, 4- di azonapht hoqui none sul phonyl chl ori de based sensitizer
from N ppon Zeon Co.) 0.83 82 gm Novol ak Resin fraction D from
exanple 1 1.437 gm Novol ak Resin fraction E from
exanmpl e 1 d)  providibg aaaadyuxt% of: 1) a photosgasitivel componeny i anc [amopnNt

000, 203 g A gl AT AR 4 e

from Shi net sue Chem Qﬁuec{ug%ldan scﬂﬁlhd |filrh F6rinfiigeiovolak resin arid. K)%Di;ahle photoresist

Et hyl Lactate 33.147 gm 30
n-Butyl Acetate solvent, and thereby forming a photoresist composition. 5.849 gm
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The phot oresi st reési stTlmangtheﬂ uﬁdainoﬁméd‘edm szid lacid coatalystyis ixalid acidh mealgi¢inedd)
prinmed silicon wafer. t m_t hi.Cc t bake at 90[err]C
for 60 seconds onma eic aghy]dng °Iaflﬂ’e ‘t%ﬁ'eﬁ%s% Q’%?@%a‘g 100). The exposure
matri x was printed on the coated
7. The method of claim 5 wherein the photoresist solvent is selected from the
group consisting of propylene glycol methyl ether acetate, 2-heptanone, ethyl lactate

and ethyl-3-ethoxypropionate.

8. The method of claim 5 wherein the water soluble solvent is acetone or a C;-Cs
alkyl alcohol.

9. The method of claim 5 wherein the water soluble solvent is methanol.

10. A method for producing a semiconductor device by producing a photo-image on

a suitable substrate comprising:

a) condensing formaldehyde with one or more phenolic compounds, in the
presence of an acid catalyst and, after the condensation reaction is complete,
adding a water soluble solvent,

b) precipitating the condensation product by adding water, and removing the
liquid, and thereby also removing the unreacted phenolic compounds with the
liquid,

c) dissolving the precipitate in a novolak resin solvent, and removing the residual
water, thereby producing a water insoluble, agueous alkali soluble, film forming
novolak resin;

d) providing an admixture of 1) a photosensitive component in an amount

sufficient to photosensitize the photoresist composition; 2) the water insoluble,

. This Sheet Has Been Re lac

HIIII M I




wafers using a 0.54 NA NIKON i-1ine stepper and a N!KON resolution reticle.

The* 5 - exposed wafers were e re baked) at 110[err]C
for 70 seconds on a in line | | ﬂﬁ)!“jmngmmhe waf ers were then
devel oped using AZ 300 MF TMAH (telranethys s a”ﬁ@ﬁf: roxi de -
2.38% deve‘]vﬂﬁgl?".’ml'he devel oped wafers were exami ned using S a
H TACH S-400 SEM (scanning electron m cros_clﬁge). A nom nal dose (Dose to

t

Print, DTP) is neasured at the best focus, e dose required to precisely

replicate a 10 gi ven feature. Resolution and depth of focus (DOF)
were neasured and are shown in Tabl e 2 bel ow. '

Table 2 , Exiqi8au$ alitalRechibile, it Worming novolak resin and 3) a suikéble pleesredistt i on
DOF 4 Example 1; fractions C D, 105 0. 36

(-.6/.4) solgent and thereby forsaing; 3 pbotpresist campogiien,p g 80 0.36
(-.6/4) - : : : iadd:-ve Exanple 1 15
250 grans of phe‘ﬂol i €°%“6'H€§u"‘r‘1%§’ée‘é‘gﬁéﬁ‘%ﬁ‘?@“ﬁ‘“é’fegﬂ%@g&g‘?d’m cresol and 3.0

nmol es of 3, 5-xylfnol hestreatingthe featedonibstratequntibaubstantinkly all of the phatergsishselyenti ¢ h

a condenser, . _a thernonet.er ' . . Of '
oxalic acid (1% by wefHAPYe WM& explii a‘ﬁﬂ%‘ﬁ%%ﬁ@?éﬂ%h e flask
was heated to 95[ er r ki inig-wiseOexpbselicirens of siwicieonipusitian with a suitable devdlopmr, of

phenol s/ f or mal dehyde 1/ 0. 685) was added dropw se oyer one and hal f . hours.
20 The reacti thh/ﬁ@&ﬂ!%ﬂg‘ﬂ’ﬁ‘? 36\@[‘19%81’%%«?60%&?? §f“l"3tl’e bakmg 1o

react| on M Xt Ur e VS ofgwe subtrate bt ikloBikeibekdte - UeP s Kindving @DV et er

and solvent, and then distilled under vacuumto 210[err]Cto
renove unreacted phenols. The nolted resin was collected in an al un num

tray. A photoresjst f%rr?u]g%d 9P SIMQIM%Q%\L/% cg@i;ﬁg;?&?ﬁ@ic?d eiueg&@,pt

novol ak res used Trom conpara 1 and studied as
exanmpl e #4. |t vmaleit anliydridd sulfuric acidf drat-tohiese puphboic aeidce of the resist(Table
3) is not good as conpare to exanple #4 and #5.

12.  The method of claim 10 wherein the photoresist solvent comprises propylene
glycol methyl ether acetate, 2-heptanone, ethyl lactate, or ethyl-3-ethoxypropionate.

13. The method of claim 10 wherein the water soluble solvent is acetone or a C,-Cs

alkyl alcohol.

14. The method of claim 10 wherein the water soluble solvent is methanol.

A
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.Tabte 3 Exanpl e # DTP  Resol ut i on T DoOF——
Conpar ati ve 160 Pattern falling over at 0 38 arrpl e
#1 m con : ,mm ﬂ” u!o!!j,!” ‘i

-16 - CLAI MVS:

producing a mater i nsol ubl e, aqueous al kal i squbIe novolak resin

conpri si ng: . a) . condensing formal dehyde with one or nore
phenolic corrpoﬁd%m[‘?n t he presence of an acid
cat al yst and, after t he cqndens t|on react,loElls conp '
addi ng a wat er lsol utf Brethed \}%Pm ucing a water insoluble, 5§“°°“5@¢‘§|b?‘ﬂ‘i‘til%1f‘?‘ﬁ§al‘(ﬁém
condensati on prgﬁ@ Emg' addi ng water, and renovi ng unreacted '
phenol i ¢ conpoun 'd oligonmers in a water sol uble solvent/water

scﬁl ut : on, a) condensing formaldehyde tvaith adng oe notien ghénolic Lnonmgaandsy in the

enol i ¢ conpound d ol

P P S -a?eset?cel of a0 acid ca catalyst and, after the condensauon reaction is complete,
adding a water soluble solvent;

b) Precipitating the condensation product by adding water, and removing unreacted
phenolic compounds, and oligomers in a water soluble solvent/water solution,
and therel_:y removing the unreacted phenolic compounds and qligomers with
the liquid;

c) dissolving the precipitate._of step (b) in a novolak resin solvent, and removing
the residual water, thereby producing a water insoluble, aqueous alkali soluble,

film forming novolak resin.

2. The method of claim 1 where in said acid catalyst is oxalic -acid, maleic acid,

maleic _ahhydride, sulfuric acid or p-toluene sulphonic acid.

- 3. The method of claim 1 wherein the water soluble solvent is acetone or a2 C;-C;
. alkyi alcohol. '
4, The method of claim 1 where.in' the water soluble solvent is methanol.
5. A method for producing a positive photoresist composition comprising:

a)_ condensing formaldehyde with one or more phenolic compounds, in the
presence of an acid catalyst and after the condensation reaction is complete |
adding a water soluble solvent; '

b)  precipitating the condensation product by adding water, and removi_ng the
liquid, and thereby removing the unreacted phenolic compounds with the liquid;

©) dissolving the precipitate in a novolak resin solvent, and removing the residual
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water, thereby producing a water insoluble, aqueous alkali soluble, film forming

novolak resin;

AMENDED SHeET




I qui d; c) di ssolving the precipitate of step (b) in

the |

a nbvol ak resin solvent, and renoving t he residual
wat er, thereby producing a water insol uble, aqueOus al kal i solubl e,
filmform ng novol ak resin. : The met hdpgs cl ai m |
wher e

mal ei ¢ anhydri

3.

in said 2‘:«10& al yst ydesp 52 defuadbid FM% Al 4

ulfuric acrd or Pretnz@on usneu su onic acid.
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(57) Abstract

The present invention provides a method for producing a water insoluble, aqueous alkali soluble novolak resins having consistent
molecular wexght and superior performance in photoresist composition, by isolating such novolak resin without high temperature distillation.
A method is also provided for producing photoresist composition from such a novolak resin and for producing semiconductor devices using
such a photoresist composition.
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