WD 98/ 27128

PCT/ EP97/ 07053 DESCRI PTI ON | SOLATI ON OF NOVOLAK RESI N W THOUT HI GH
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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 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.
20 This radiation exposure causes a chemical transformation in the exposed areas
of the coated surface. Visible light, ultraviolet (UV) light, electron beam and X-ray
radiant energy are radiation types commonly used today in microlithographic processes.
After this 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
25 the coated surface of the substrate.

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

30 producing sophisticated semiconductor devices, it has become increasingly important to

provide
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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.



before the etching step, to increase its adhesion to the underlying
substrate and its 30 resi stance to etching sol utions. WO 98/ 27128
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better resolution capabilities and pattern transfer characteristics.

Phot oresi st resolution is defined as the smallest feature which the resi st
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Novol ak Resin present ed at | E conference, 1994; K
nature and De¥eberofleshpaert vertioal mitive taght subiat. alSsch defardations] Betideh

Spect roscopy” conf nce, ~1993. typi cal novol ak
reaction, a rg?a‘}c% gﬁg%gg‘ﬁ'g%vﬁg &/iafeﬁls pqﬁéﬁ%lr?sés‘ 58%“?1%5?“%#&8&"8“@@ pattern
catal §6t suchtramsf@efithemadk ithagd'Bhtitke sibk@ateP- t 0l uene sul phonic acid or any
m neral acid, and heated to about 95 to 100[err]C. Fornal dehyde is slowy

added and the m xture is heated at reflux for about 6 hours. At the end of
t he condensatbggcmﬁtgggd%%%%converted to distillation, and the
tenperature i . At this point vacuumis slowy
drawn, the tenper ahiﬂlerec%nﬂﬁmaﬂerkmaﬁb@ntsxmmr prbfresPMchovBRKRESS §}}>Htﬁ'eslsz 25

reduced to beh% gbout Zoé‘gm After the volatiles have been distill
off, the vaculifas besn-repgeed;theh indesvigaspuesynthetic sorditiprscibe stratire of omeelak o

cool . 1BuUring {58 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. Fomialdehyde 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 drawn, 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
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a mxture 'Ofadjusting 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 soluble 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 can be fractionated into different
fractions according to molecular weight and it was also found that some of these
30 fractions are not suitable for use in photoresists of superior quality. This can be

accomplished by dissolving solid novolak resin in a water soluble organic polar solvent,
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phenol i c nononmers with an al dehyde source. Such novol ak resin synthesis
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di fferent nol ecul ar wei I ons rese nven I On o rer es to
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as a positive-working 15 hot qgr.esi Further, the present invention
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these light-sensitive mxtures on suc trates. The 1 nvention turther
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oyl ehy de. Tosgnaking o Wpch by iy i€ sOPpOHGH pethul SF Phabufworkiae
with gse or Wﬁ&o%ﬁﬂ%’bﬁh&?fﬁé%@&ﬁt invention relates to a process for coating substrates

with these light-sensitive compositions, as well as the process of coating, imaging and

developing these light-sensitive mixtures on such substrates. The invention further
relates to a process for using such photoresists in producing semiconductor devices.

Film forming novolak resins may be obtained by condensing formaldehyde,

20 preferably having a very low level of metal ions, with one or more phenolic compounds,
such as m-~cresol, p-cresol, 2,4 and 2,5 -dimethylphenol, 3,5 -dimethylphenol, and 2,3,5-
trimethylphenol, having a very low level of metal ions. The condensation reaction is
preferably carried out in the presence of an acid catalyst, such as oxalic acid, maleic
acid, maleic anhydride, p-toluene sulphonic acid or sulfuric acid. The condensation

25 products may then be distilled under atmospheric pressure.

In the process of the present invention, the novolak resin precipitate may be
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 (no significant depolymerization) with superior lithographic

30 performance in photoresist compositions. The precipitate may also be dried, such as in a

vacuum oven, to remove residual solvent to obtain such a novolak resin.



such as mcresol, p-cresol, 2,4 and 2,5 -dinethyl phenol, 3,5
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novollak resin a suitable novolak resin solvent ,and removing the residual water, such as by low

temperature vacuum distillation, thereby producing a film forming novolak resin
fraction;
d) adding more water to the novolak resin solution of step (c), and repeating the
process of step (c); repeating the process of step (c) from about 2 to 10
20 additional times to obtain from about 2 to 10 novolak resin fractions, preferably
from about 3 to 8 fractions, most preferably from about 5 to 7 fractions; and

thereby obtaining a fractionated film forming novolak resin.

The present invention further provides a process for producing a positive

25 photoresist composition having a superior performance. 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,
removing solvents, such as water, and unreacted phenolic compounds, such as
30 by distilling the reaction mixture, preferably first under atmospheric pressure and

then under vacuum pressure, isolating the novolak resin as a solid;



fraction; d) adding nore water to the novol ak resin solution of step
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of the total solution, &referabl y from about 5 percen
preferably from absguitabe nayolak resn salvent, anddembéng the residuadl water, archeis by lawe;

renovispg the remaiping lLiquid, syc s by decanting, diss@lving th )
preci pllra)t ate in a sf]ﬁ"ipgbﬂ“é’%ﬁ&e‘%ﬂ"éalsglé@ﬂ: é‘&‘{‘%@ﬁf‘?‘i“&ﬂ@ ar@ﬁb&"ﬁ‘ﬁ‘gﬂ?é“)ﬁé‘s"%{)al
wat er, such as by fastiohd tenperature vacuumdi stillation,

thereby producing a filmformng novolak resin fraction;, d) addi ng nore
wat er to the Abvol adding §o5e yter foothe rvolakerssincyolutiampeeft stag (Ch arepeatiog sthe of

step (c) from abouf)ro%egsooflsQeﬁ i(éfeﬁ'o&loab%m 316 ?irrnne%btgu(gbta%nttgonlloabout 2 to 10

novolak resin fractions, preferably from about 3 to 8 fractions, most preferably

15 from about 5 to 7 fractions, and thereby obtaining a fractionated film forming
novolak resin;

e) providing an admixture oft 1) a photosensitive component in an amount

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

novolak resin from step (d); and 3) a suitable photoresist solvent, and thereby

20 forming a photoresist composition.

The invention further provides a method for producing a semiconductor device
by producing a photo-image on a substrate by coating a suitable substrate with a
positive working photoresist. The subject process comprises:

25 a) condensing formaldehyde with one or more phenolic compounds, in the
presence of an acid catalyst, and after the condensation reaction is complete,
removing solvents, such as water, and unreacted phenolic compounds, such as
by distilling the reaction mixture, preferably first under atmospheric pressure and
then under vacuum pressure, thereby producing a film forming novolak resin

30 fraction;



novol ak resin fractions, preferably fromabout 3 to 8 fractions, nost
preferably 15 fromabout 5 to 7 fractions, and thereby
obtaining a fractionated filmform ng novol ak resin; e) provi di ng an
admi xt ur eV 98127138 3 phot osensitive conponent in an anount BCE/EPY7ioeess t O
phot osensitize a photoresi st conposition;.g2) the filmformng novol ak resin
fromstep (d); and 3) a suitable photoresist solvent, and thereby 20

form ng a photoresi st conposition. The invention further provides a nethod
for producing a sem conductor device by producing a photo-inage on a
substrat e byb)oat disivings thet sdlidenovdlald resincini twatar polablel vigaiiar falid solvent,

phot oresi st. The subj ect process. co condensi ng
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f Iy f t by welght of

organi ¢ pol ar sol vent,” preferably from about to 80 percen
the solid novol akprefesdbly fropr ebgutel® tadRy perCent,0 aBD theselye forming iadprecipitats; nor e

preferably 15 to 40 percent sol.i .most, pr.ef er abl 0 tq 3Q percent

Sol i ds: 5 (BB e BB g vk g ng therpeciotie ot
fromabout 2 to 1psi@bleRBiolbl radhi BienDhnd Réndvitigthe sldvhi Wiber, RuBE & BPbW from
about 5 to 13 percent, nost preferably fromabout 10 to 12 percent,” and

t her @By forni ng atepperatyse vaquam digtillatipmherpley produging a dilmifoqumiing novelkk mesinby
decanting, di ssolgécggat he precipitate in a suitable novol ak resin solvent,

and renoving the ual water, such as by low 10 t enperature
vacuum di st i g) at i sidling! MerecRpteP t@ HeChdidlak rebih rgbfuﬁbmomwpo?é lagk ré&%ﬁﬁ% the
fraction d) adding nore water to the novol ak resin solution of s

ep (c
and repeating theprocess of step (c) from about 2 to 10 times to obtain from about 2 to 1% (¢)

novolak resin fractions, preferably from about 3 to 8 fractions, most preferably

15 from about 5 to 7 fractions, and thereby obtaining a fractionated film forming
novolak resin;
e) providing an admixture of: 1) a photosensitive component in an amount

sufficient to photosensitize a photoresist composition; 2) the film forming
novolak resin from step (d); and 3) a suitable photoresist solvent, and thereby
20 forming a photoresist composition;

f) coating a suitable substrate with the photoresist composition from step (e);

g) heat treating the coated substrate of step (f) until substantially all of the
photoresist solvent is removed, image-wise exposing the photoresist
composition and removing the image-wise exposed areas of such composition

25 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
30 Novolak resins have been commonly used in the art of photoresist manufacture

as exemplified by "Chemistry and Application of Phenolic Resins”, Knop A. And



process of step (c) fromabout 2 to 10 tines to obtain fromabout 2 to 10
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g;i Ng such gropfIehe ighob lallgPIRES inidtkyl) efiite RRAYT &RYIST-eHBRRRSHLhAR, Iethyl OF med
lactate, mixtures of ethyl-3-ethoxypropionate and ethyl lactate, butyl acetate, xylene,
15 diglyme, ethylene glycol monoethyl ether acetate. The preferred solvents are propylene
glycol methyl ether acetate (PGMEA), ethyl lactate, 2-heptanone, and ethyl-3-
ethoxypropionate (EEP).
Other optional ingredients such as colorants, dyes, anti-striation agents, leveling
agents, plasticizers, adheston promoters, speed enhancers, solvents and such surfactants
20 as non-ionic surfactants may be added to the solution of novolak resin, sensitizer and
solvent before the photoresist composition is coated onto a substrate. Examples of dye
additives that may be used together with the photoresist compositions of the present
invention include Methyl Violet 2B (C.I. No. 42535), Crystal Violet (C.I. 42555).
Malachite Green (C.I. No. 42000), Victoria Blue B (C.I. No. 44045) and Neutral Red
25 (C.1. 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

30 used include, for example, phosphoric acid tri-(beta-chloroethyl)-ester; stearic acid,

dicamphor; polypropylene; acetal resins; phenoxy resins; and alkyl resins, at about one
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The solvents may be present in the overall composition in an amount of up to
95% by weight of the solids in the composition. Solvents, of course are substantially
removed after coating of the photoresist solution on a substrate and subsequent drying.
Non-ionic surfactants that may be used include, for example, nonylphenoxy

20 poly(ethyleneoxy) ethanol; octylphenoxy ethanol at up to about 10% weight levels,
based on the combined weight of novolak and sensitizer.

The prepared photoresist solution, can be applied to a substrate by any
conventional method used in the photoresist art, including dipping, spraying, whirling
and spin coating. When spin coating, for example, the resist solution can be adjusted

25 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

30 such Group III/'V compounds.
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preferred embodiment the temperature is from about 859C to about 959C. The
treatment is conducted until the rate of change of solvent removal becomes relatively
insignificant. The temperature and time selection depends on the photoresist properties

20 desired by the user, as well as the equipment used and commercially desired coating
times. The coated substrate can then be exposed to actinic radiation, e.g., ultraviolet
radiation, at a wavelength of from about 300 nm to about 450 nm, x-ray, electron beam,
ion beam or laser radiation, in any desired pattern, produced by use of suitable masks,
negatives, stencils, templates, etc.

25 The photoresist is then optionally subjected to a post exposure second baking or
heat treatment either before or after development. The heating temperatures may range
from about 90°C to about 1209C, more preferably from about 100°C to about 110°C.
The heating may be conducted for from about 30 seconds to about 2 minutes, more
preferably from about 60 seconds to about 90 seconds on a hot plate or about 30 to

30 about 45 minutes by convection oven.



circuit conponents. Anszb&hrrtrtusrB&hmaﬂlﬁam oxi de wafer can al so be used. The

5 substrate may a rious polyneric resins, especially
t ranspar ent olyners qu

S. The substrate may have an adhesi on
pr onot ed W& ‘a suitable corrp03| on, such as one conP@FEPNYPTHBxa- al Kyl
di silaza e
TEhe

. conposition _slql ution is then coated onto the
substrat TH}§1 é m*e Is treated at a tenperature from about
tq adfiRLABERO[ err)C for from about 10 30 seconds to about
on a hot plate or for fromabout 15 to about 90 mnutes in a
convection oven. Th8 legpdsedphotatasise coared bubiirhtes aresddveliped to Refibtethe imageduce
the concentration of residual so|vents in the photoresist, while not
causi ng sub?’t’sﬁrﬁ’ﬁpalsedt peahy ﬂa@gﬁwam@nalgﬂmerp@v ABiNg Sofution; Q"e‘i’e"elqne@é’Meral

one desir es gliy Medbbrent' HocERNCARE! R B pedrt] ualtd (Bt kbRl by

t enperature reatrre unti tantial 'y a
sol vent s hanitrogeaporshagititiamdThe subistrates atei atigwed t hamhain &Slhetdeoaamsunhl gif), on

brer o red oRbSUSHENALY AL PrlbEaarTEst doshris e BaIvash FORY fhe Ppostshateas.
95[err] C. Tb%véla E'?ﬁd}tmblﬁdé QGckat R81UBEY bf bighonfin® of falltd 'ﬂaﬂg@ ﬂ?drﬁﬁd‘é?”t

renoval becones re ati'vely insignificant. The tenperature a
sel ecti on d€mermteferad thbréropldotlsrte&sametthﬁrmpmmumshydﬁoxlde Aftbe semedalhyf thee

user, as well ‘? {}e e& ﬁgna ed an% COMTEr Ci aIIX si red coat % tinmes.
The coated SPASET raters Bemy ‘b"«? OR0 SLYUOD NG MY COTHCh (3R o APtiQnay post-

ul travi ol et devipiidn® heattireAAméRVEr BAG! mreﬁieomea&auﬁg'ﬁﬁehésmnt &n@a%hcéﬁo
nm X-ray, electron beam ion beamor |aser radiation, in any desired

pat tlé)r n pr tasistande B9 etskingfsobitionnishé otherk substaogest i e, pestaievelopmente hpdtat es,
etc. ed to a post

expos u r e selSHEBLEANTY "&Wg hed le S g Kl é%?ﬂ% At thg %fr)]ﬂ&%t aﬂgfsa{’%yaﬁg%“f’ébe coating's

devel oprment soffdningh gintng Ineﬁmsﬁiaur@@héﬂﬁbnﬁ apgRichiaglin abalé fRhehéthfe tof
about 120[err]C, nmpre preferably fromabout 100[err]|C to_about 110C. The

heati ng may THEOBENE BRI ?‘b?‘h‘fqﬂéﬂl\‘c@ﬂcﬁﬁx‘%ﬁ@ééa tase therdnyelopedrisuhitiates nor e

Bbout 50 oo Heat xith PRIRREE Mo ARGKE acdvAEERRAR lufin’ TgBilehodd o

PCT/EP97/ 070&@pdsitions of the present invention are resistant to acid-base etching solutions and

provide effective protection for the unexposed photoresist-coating areas of the

substrate.

The following specific examples will provide detailed illustrations of the

20 methods of producing and utilizing compositions of the present invention. These
examples are not intended, however, to limit or restrict the scope of the invention in any

way and should not be construed as providing conditions, parameters or values which

must be utilized exclusively in order to practice the present invention.

25 Example 1
600 grams of phenolic compounds consisting of 46.1% m-cresol, 40.5% p-

cresol, 7.0% 2,4-dimethylphenol, and 5.6% 2,5-dimethyl phenol were transferred to a
four necked flask equipped with a condenser, a thermometer, and a dropping funnel.
6.0 grams of oxalic acid (1% by weight of the phenols) was added and the flask was
30 heated to 95°C. 304.45 grams of formaldehyde (molar ratio of phenolic
compounds/formaldehyde 1/0.69) was added dropwise over one and a half hours. The
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analyzed The analytical results are shown in Table 1 below.

Table 1

Fractions % Water GPC MW, |PD

A 11.6 8970 5.55
B 14.0 10872 6.42
Cc 16.3 11171 6.24
D 18.7 7554 4.64
E 21.0 5413 3.61
F 233 4102 3.06
G 25.6 3258 2.65
H 279 1130 2.02

Example 2
20 543.60 grams of phenolic compounds consisting of 324 grams of m-cresol, and

219 grams of 3, 5-dimethyl phenol (molar ratio 5:3) were transferred to a four necked

flask equipped with a condenser, a thermometer, and a dropping funnel. 4.08 grams of



and the above process was repeated 3 additional tinmes. The reaction m xture
was then 5 distilled, initially at atnospheric pressure and then
under vacuu when the final tenperature as 220[err]C and pressure 20 mm
the ol ter‘fvnhWﬂézf( resin was collected in a tray and it soPCBEPIHISES
granms of the solid novol ak resin was di sséfved in 912 granms of nethanol to
make 24% by wei ght solution. 140 grans of DI water (11.6% by weight, of

t he batch) was added vvith stirring over a period of ten mnutes. Stirring

}A?Zsio The r@ﬁ& §$§.54r? Anod suc‘ﬁfé'% 8&?}1‘?5@8& e(?ﬁllfl e;g)}’elépveeégg‘i‘igrﬁﬁagith%g E
i nto which tﬂ&)doweeheat&catt@%us MHmngraIiseofprommﬂbﬂy@EE(mm fadb! STHRACHS

fraction A in-a beaker and dri in a vacuum oven. 14 grans of DI water
were added t eommnds/&rmlﬁehyqehléo §9):waaa¢de§§|zorawae PreicnEsnd B halfshonepalthe ed
in the sane 0 T G&R’pt ddi t i onal
15 U nEREARwAS ot to°forfid 5t @HOGESE o1, T30 S br Brow il et
thesesfract i sddedaind themixtaredtifrbd farrIal minutes) ?he%ti}rlng Ms%t@ﬁm\dﬁhnﬂftw-ﬁélbi'e@s 1
bel ow. Table_1 Fractions % Wt er GPC MW PD A

8970 sfosmeg, The top layer wag siphoned off. 65Q gmams of DI wa@r@as@dded and the
16. 3 4. 64
E a'tz?]val- énz&cess was re@eﬁjﬂlgaddmonal gmgi iﬁe feaction rmxturfé’-&}%ﬂen distilled,
4102 Buﬂﬁdl@ at atmospheric i}&sﬁxre and then unde83&a8uum, when?tiﬁSﬁrHI temperature
27.9 grans of

phenol i ¢ conwaﬁaa?c‘ca%p@swrg%fn@zt @Oitﬁﬁ ngyolak ggsirs wps c@!mtezlllg girayandf 3,
5-di [yt hyl Fl t fy | ask
o f0ed wi | AT (o R 280! ks BF WEAGRA IRARL TGN Sk bidloly 1n 390 S °0
of VO 98/ @igt@8ol to make a 23 3% by weight solution. 140 grams of DI water (11.6%, by

PCT/ EP97/ 07053, - . . . . . . .
weight, ol%' the batch) was added with stirring over a period of ten minutes. Stirring was

stopped and a white precipitate settled to the bottom of the flask. The liquid was
sucked out from the top of a second flask into which the precipitate was placed. The
15 precipitate was collected as fraction A in a beaker and dried in a vacuum oven. 14
grams of DI water were added to the liquid in the second flask and fraction B was
separated in the same manner as fraction A. The process was continued five additional
times and the fractions C, D, E, F, and G were obtained. All these fractions were

analyzed The analytical results are shown in Table 2 below.

20 Table 2

Fractions % Water Weight (g) | GRC MW, |PD

A 11.6 40.0 10896 461
B 14.0 400 8038 3.66
C 163 26.0 6055 3.01
D 18.7 18.0 4700 2.59
E 21.0 9.0 3835 2.30
F 233 6.6 3128 2.08
G 256 48 1324 1.93




mal ei ¢ anhydri de and 363 grans of dipropyl ene glycol nethyl ether were
added and the flask was heated to 95[err]C 277.70 grams of formaldehyde
(ol ar r at W sgi27pieenol i ¢ conmpounds/ f or mal dehyde 1/ 0. 70) wasy @‘C}Qﬁ#j,m?& pwi se
over one and a half hours. The reaction was allowed to continué hour s
at 95[err]C. 650 grans of DI water were 515- added and the m xture
stirred for 15 mnutes. The stirring was stopped and two | ayers forned. The
top | ayer was siphoned off. 650 grams of DI water was added and the above
process was repeated 3 additional times. The reaction mxture was then
distilled, initially at atnospheric prﬁxm_and t hen under vacuum when

the final tenperature S5lerr]C. essur t he_nol ten novol ak
resin was col | ect mwf’vtaﬁépﬁﬁtah A o‘?%éﬁ'cf%ngé‘l’ Pdpfiymethplphenals

of the solid gfa®l:ako rt@&hdke\’\@%dnsﬁah‘é%fs! nd%Q Bk 3

23.3% by wei ght solution. 140 grans of DI ovvatero 11. 69ma%y we%rak'% %"??hhe

batch) was ad@selaknesinsway ﬂlSB@VQ’Sl/@‘r 268p a8 |g)'alm5)foft wrthanolusres theS'solufmmgwwas

st opp and reci ed to.the bottam of e f a_sk The
li qui d was 33‘{: %ﬁ gﬁfaﬁ‘ 'rno ﬁfgezt oghé#esﬁ fagtionsvere 208755 o . pleresults
preci pi tate vwaeshowadadablkiBebeldw. precipitate was collected as fraction

A in a beaker and dried in a vacuumoven. 14 grans of DI water were added
to the liquid in the second flask and fdZabledon B was separated in the same

manner as fractl'm s L Oontnget g etehrii-oRal—i--Aps and
the fractions C,|ERSES jm 1ght : /&'T'd. ef—rQ\ctlons h\er e
anal yzed The anafutical re$gblyys are $HQYF, 1 N 1dBye, 2 Der quy 3 20
Tabl e 2 Fractiong % \MAt er Vi gint (g) GI(LC MMy PD A
11.6 40. pB | 3886 120684 B 6193 14.306 40. 0
8038 3. 66 fé 162 260 60485 3.01 D
18.7 18.p 1384 63.689 £ |4524 21.2%P 9.0
3835 2.30p 3043 3 6 6.0 3128 2.08 G
25. 6 4.8 1322 9135~ W53k 27124 27
PCT/ EP97/ 07053 |E 35.2 82.32 2730 2.1
Example 4
10 Example 3 was repeated with a molar ratio of m-cresol, to 3, S-dimethyl phenol

of 5.4 : 3.0 to make 290.56 grams of solid novolak resin. 290.56 grams of novolak
resin was dissolved in 920.10 grams of methanol and the solution was fractionated as in

example 3. All these fractions were analyzed. The analytical results are shown in Table

4 below.
15 Table 4
Fractions % Water Weight (g) | GPRCMW, |PD
A 14.0 8.0 5256 3.7
B 16.3 39.01 8013 4.1
C 18.7 41.04 6588 3.7
D 21.0 23.4 5710 3.1
E 234 11.6 3983 25
D 28.6 14.6 2882 2.1




- 15 - Exanple 3 Exanple 2 was repeated with a nolar ratio of mcresol, to
3, 5-dinmethyl phenol of 6.3: 3.0 to make 816.82 grans of solid novol ak
resin. 816.82 grans of such novol ak resin was dissolved in 2685.18 grans of
met hanol ﬁ’l%Psfzﬁézssol ution was 5 fractionated as in BGRERN07053 A |

t hese fractions were anal yzed. The anal ytigal

results are shown in Table 3

bel ow. Table 3 Fractions % Wat er Wei ght () GPC MMWv PD A

23. 4 115.72 7474 4.3 B 25.8 130. 36
6193 . 3.6 C 28. 63. 65 4524 2.9 D
30.5 60. 12 3651 2.5 E 35.2 82. 32
2730 2.1 Exanple 4 10 anple 3 was repeated with a .
mol ar ratio of mcresol, to 3, 5-di netmﬁméﬂ%nol of 5.4: 3.0 to make 290. 56
gram of sol i d nogpliite §&Hsepcafld wih 8L rafo BoiMAalo) 16, B-dieus] by e
in 920.10 grans of nethanol and the solution was fractionated as”1h exanple-

3. Al theseof6.3c 3ibtesmaler 220:0 gramseaf. solith sovolak sesinc £120r(egams of snech sovmlak i n
-Ilz_?gl:? 5 gngel Oxyg%n\%ga[séﬁssolved in\@s&p[ gr(agx)s o&gEtW and the soh,gEgnAwas a:gct%{o%at%d ai;p_ 0
8.0 ediple 3. All these fradtidhs were analyzed. The gnalytical resul%ré $hown in TabR013
4.1 C 18.7 41. 6588 3.7 D
21.0 5 below. 5710 3.1 E 23. 4 11. 6
3983 2.5 D 28. Table 514. 6 2882 2.1
WO 98/ 27128 SR PCT/ EP97/ 07053

Fractions % Water Weight (g) | GRCMW, |PD

A 11.7 1253 12846 53

B 14.0 87.9 8273 3.8

C 16.3 55.5 5543 29

D 18. 22.8 4193 2.4

E 21.0 17.6 3418 22

F 233 15.9 2726 1.9

G 25.5 18.32 2206 1.7

10 Example 6

Example 5 was repeated with a molar ratio of m-cresol, to 3, S-dimethyl phenol
of 5 : 3 to make 720.0 grams of solid novolak resin. 720.0 grams of such novolak resin
was dissolved in 2280.0 grams of methanol and the solution was fractionated as in
example 5. All these fractions were analyzed. The analytical results are shown in Table

15 6 below.



- 16 - Exanple 5 Exanple 3 was repeated with a nolar ratio of mcresol, to
3, 5-dinethyl phenol of 6.3: 3.0 to make 720.0 grans of solid novol ak
resin. 72@:@ogi7ags of such novol ak 5 80.0

grans of met hanol

resin was di ssoi,g,g,%ﬁ_;gn -

and the solution was fractionated as in ex

t hese fractions were anal yzed. The anal ytital

Al

results are shown in Table 5

bel ow. Table 5 Fractions % Wat er Wei ght () GPC MMWv PD A
11.7 125. 3 12846 5.3 B 14.0 87.9
8273 - 3.8 C 16. 3 55.5 5543 2.9 D
18. 22.8 4193 Table 6 21.0 17.6
3418 2. pofF— T I : 5 pagproe, 1.9 G
e & 15 | Esactions éé@g Weight (g} "] GRC MW, “|'PU
Exanpl e 6 Exanplfa 5 was r¢pgat ed w tilpgaq nol ar [regsgo of f$8esol, th 3,
5-di net hyl phen&l of 5 3 tlo make 720. 0 grans of solid novolak resih. 720.0
grans of such n¢®ol ak resijddllas di sqARMed i n 228880 grang3.4f net hapol and
t he sol uti on waj—f+aet+onrgtectd—as—+riexanpte—5- —t+-hese-fraeti-ons] were
anal yzed. The alzg yti cal re@a ts arqg wn in T@ e 15 3. 6 bel pw. WO
98/ 27128 D 18 31 080 EFCI7TEPY7] 07053 -
17 - Table 6 Fractions % Wt er Viei ght (Q% GPC M\/ PD_A
11.7 241 & 2830 23.8.3 B |3330 12040 85.0
5848 3.4C 16--3 861 3 3.1
F 233 49.6 3029 22 :
G 27.8 38.1 2347 1.9
Example 7
Example 5 was repeated with a molar ratio of m-cresol, to 3, 5-dimethyl phenol
5 of 3 : 1 to make 720.0 grams of solid novolak resin. 720.0 grams of resin was
dissolved in 2280.0 grams of methanol and the solution was fractionated as in example
5. All these fractions were analyzed. The analytical results are shown in Table 7 below.
Table 7
Fractions % Water Weight (g) | GPCMW, |PD
A 16.3 20.7 30690 15.2
B 18.6 61.2 39151 173
C 21.0 140.0 42507 17.5
D 233 79.3 29261 123 -
E 25.5 35.6 21273 9.5
3 27.8 24.6 14692 6.9
G 34.0 572 5039 4.6
10 Example 8

Example 5 was repeated with a molar ratio of m-cresol, p-cresol and 2, 3, 5-

trimethyl phenol of 5:4:2 to make 720.0 grams of solid novolak resin. 720.0 grams of

such novolak resin was dissolved in 2280.0 grams of methanol and the solution was



D - 18. 73.1 4080 2.6 E 21.0

23.8 3330 2.4 F 23. 3 49.6 3029
2.2 G - 27.8 38.1 2347 1.9 Exanple 7
Exanpl e 5 WQRYIBated with a nol ar ratio_?% mcresol, to FCTEPr/MNMEsHy!
phenol 5 of 3 1 to make 720.0 grans of solid novolak resin. 720.0

grans of resin was dissolved in 2280.0 grans of nethanol and the solution
was' fractionated as in exanple 5. Al these fractions were anal yzed. The

anal ytical r eﬁgédékma @s ﬁhamggie;s.TmI fBest xp&liig}_%?)wﬁﬁéoirﬁ1yie£f23ﬁg aRMrical e e’

Wi ght (9g) / 0
15.2 B are showigingT'able 8 belowg 1. 2 39151 17.3 C

21.0 140. 0 42507 WP 23. 3 79. 3
29261 12.3 E 25.5 e &5 5 21273 9.5 F
27. 8 24.|%Fractions 148 Wat W MW, “['PE °7.2 -
9039 4.4 10 -2 er | Weght(} | GRCMW, 2D, oo b

Exanpl e 5 was réreﬂat ed with 183l ar rl@283 of micessgol, p-rgesol andjf2, 3,
5- trinethyl phenpel—e+—6—442—to—rake- of .solidl novaolak resin.
720.0 grans of sy&h novol alf 2P&si n wad HAdsol ved 41292280. 0] 3Pans of fret hanol

and the sol ution MWIZS
PCT/ EP97/ 07053 leact ionated as in exans&ze 5. A Iquﬁese fra%'?i ons wefe

anal yzed. The anil[ytical resdlts are ga@w in Tajgos 8 belloyyy Tabl'e B

b -

Fracti ons % s PD 16. 3
223.5 656 F 45P B 130.3 20. 4 944 11.6. 4 4129

3.0

5 : Example 9
Example 5 was repeated with a molar ratio of m-cresol, 3,5 xylenol, and 2, 3, 5-

trimethyl phenol of 6:2.5:0.5 to make 352.4 grams of solid novolak resin. 352.4 grams
of such novolak resin was dissolved in 1115.9 grams of methanol and the solution was

fractionated as in example 5. All these fractions were analyzed. The analytical results

10 ~ are shown in Table 9 below.
Table 9
Fractions % Water Weight (g) | GPCMW, |PD
A 18.6 12.12 3668 2.8
B 20.9 45.1 3345 25
C 23.2 36.0 2797 22
D 25.5 37.0 2341 2.0
E 27.8 21.76 2051 1.9
F 324 254 1770 1.8
G 39.3 30.8 1426 1.6
Example 10

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

15 formulation:



C 27.8 66. 2 2618 2.3 D 34.7
32.8 1993 2.1 E 45.0 130. 3 944
1.6 5 ; Exanpl e 9 Exanple 5 was
repeat ed Wih & h3lar ratio of mcresol, 3,5 xyl enol , and ?C%?P%@ms-" _
trinmethyl phenol of 6:2.5:0.5 to nmake 352.4fggrans of solid novol ak resin.
352.4 grans of such novol ak resin was dissolved in 1115.9 grans of nethanol
and the solution was fractionated as in exanple 5. Al these fractions were

anal yzed. The anal ytical results 10 are shown in Table 9 below Table
9 Fractions NK9Y230(agtoprietary Y| $hdiazogiphthoquitiondMv ~ PD A 18. 6
12. 12 36?8 . 2.(? B .. . 20.9 45. 1 3345
2 5 C sulfonyl shloride based sgnsigizer from Nippopzepn Co) 2.2.0pi8 gm

2051 HRH0 (a propristary 21, 4 fiazonapihdiulgong “1770 186
39.3 3lphonyl chloride bdsé2 Sensitizer from NifpdixZegm €0.10 A 56.83828m

[ t l. ed according to the follow ng 15
e Set oo SShogp TR RO gl 0 P55
PCT/ EP97/ 070530ddlak R 28Qich®D BbRLALA Y 2. 1, 5- diazonaph i none
sul fonyl chl or(i)de based se:r?si tizer frgm Ni ppon Zeon Co) 218%%l m NK- 240 (
a propri et ar yNovaakiResimfractiap it fioqyexample Sul phonyl chl ori de4.bedegmsensi ti zer

exanpl e 1 T370gadl from AR, o Novol ak Resin 1 ract | GAET BBm exampl ¢
1 BI26X-SA Y apesyftietadfspeed enhancer from Nippon Zeon Co.) 1.203 gm
10 KP-341, a striation free surfactant
from Shinetsue Chem. Co.(2% in Ethyl Lactate) 0.004 gm
Ethyl Lactate 33.147 gm
n-Butyl Acetate 5.849 gm
15 The resist sample was coated on a hexamethyldisilazane (HMDS) primed silicon

wafer to 1.083um thickness using a soft bake at 90°C for 60 seconds on an SVG®
8100 I-line hot plate. The exposure matrix was printed on the coated wafers using a
0.54 NA NIKON® i-line stepper and a NIKON® resolution reticle. The exposed
wafers were PEB (post exposure baked) at 110°C for 70 seconds on an in line hot
20 plate. The wafers were then developed using AZ® 300 MIF TMAH (tetramethyl
ammonium hydroxide - 2.38%) developer. The developed wafers were examined using
a HITACHI® S5-400 SEM (scanning electron microscope). A nominal dose (Dose to
Print, DTP) was measured at the best focus, the dose required to precisely replicate a
given feature. Resolution and depth of focus (DOF) were measured and are shown in
25 Table 10 below.

Examples 11
A 50 gram photoresist test sample was prepared according to the following

formulation:
30 NK-280 (a proprietary 2,1,5- diazonaphthoquinone
sulfonyl chloride based sensitizer from Nippon Zeon Co) 2.0218 gm
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The photoresist resist sample was coated on a hexamethyldisilazane (HMDS)

primed silicon wafer to 1.083pum thickness using a soft bake at 90°C for 60 seconds on

an I-line hot plate (SVG® 8100). The exposure matrix was printed on the coated
wafers using a 0.54 NA NIKON® i-line stepper and a NIKON® resolution reticle. The
exposed wafers were PEB (post exposure baked) at 110°C for 70 seconds on a in line
hot plate. The wafers were then developed using AZ® 300 MIF TMAH (tetramethyl
ammonium hydroxide - 2.38%) developer. The developed wafers were examined using
a HITACHI® S-400 SEM (scanning electron microscope). A nominal dose (Dose to

Print, DTP) is measured at the best focus, the dose required to precisely replicate a

given feature. Resolution and depth of focus (DOF) were measured and are shown in

Table 10 below.

Tabie 10

Example #

Resin From

DTP

Resolution

DOF

10

Example 1; fractions C, D,
&E

105

0.36

(-.6/4)

11

Example 1; fractions D &E

80

0.36

(-.6/.4)

Comparative Example 12
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,



5 Pyrogallol from Al drich Co. 0.1630 gm
Bl 26X-SA ( a proprietary speed enhancer from N ppon Zeon Co.) 1.203 gm

KP- 341, a wbrdsaign free surfactant from Shinetsue Chem Coer@ddyi t hyl
Lact at e) 0. 004 gm Ethyl Lactate ESlofoss

33.147gm 10 n-Butyl Acetate -21-
5.849 gm The photoresi st resist sanple was coated on a hexanet hyl di sil azane
(HVDS) primed silicon wafer to 1.083[err]mthickness using a soft bake at

90[err]C for 6 econds on | -1ipe hot, pl ate VG.err. 00). The

exposut & mat 14 MBS ADRA BoPRiRREnt S s dr Oig ath (o0 iyeikhp o she
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were PEB (post exposure baked) at 1 10[err]C for 70 seconds on a in [ine

hot plate. THermaldehyde fmplar rationofipheapligp eempaindg/foxmakishydd HO8EHwere added
(tetramet hyl anmoni um hydroxi de,- 2. 38% devel qper.. The devel o fers
were exani neouarﬁgﬁvﬁﬁ OXCT#W@I*‘@MBSE@?@E%W& i) %IIO&"? ) HOPH’H%ggEgS‘Q?FS A
nom nag dose #B8SE. tThe 26hction mixtirel Wis disHliRd upSo MOOT kE fentdvel WitePBRE sdlRGYS |
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depth of f ocuand(tharyistikadeundensamum wndl BGEdogumane upresetst whemply e The maltdnl e
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Exanpl e 1; f rfoahuletien Waskmad8R@xactly 43. idGexample #10, ekcepb/noddlal Fesin is used from

Conpar ati ve Exanpl e 12 250 grans of phenolic conmpounds consisting of 5.0
nol es of m credgwerative exampleot ek2, And3stydied | asney &10+ afswas rfeund ghat theur
neckegy f | ask ' i : : .
e/ 71 07045 tOpRARA S pRIGRRAEASEIe 11) 15 HEk BB 4 Elmpare o the photgresits
oxal i c acid (cfxixyples#handi#11t he phenolic conpounds) were added and the
flask was heated to 95[err]C 123.0 ngle”

Example # DTP | Resolution DOF

Comparative | 160 | Pattern falling over at 0.38 | (-.6/-0.8)

example #12 micron




formal dehyde (nol ar ratio of phenolic conpounds/fornal dehyde 1/0.685) were
added dr opw se onmﬂ‘ﬂﬂ“ﬂ‘“““i mL hours. The reaction vvas allowed to
continue-for [err] C. The reaction xt ure was

di still eﬁ’qﬂ? 8190[ érr]'C to fenove water and sol vent, ar?&:Tﬁ?éﬂoﬁ’P%tl Il ed
under vacuumto 210[err]C to renove unreagted phenols. The nolten novol ak
resin was collected in an alumnumtray and allowed to solidify. A

phot oresi st formul ati on was nmade exactly as in exanple #10, except novol ak
resin is used fromconparative exanple # 12, and studi ed as exanple #10. It
was found tGhAIMSe 10 performance of the photoresist (Table 11) is
not good as conpare to the photoresists of exanples #10 and #11. Table 11 .
Exanpl e # DTP  Resol ution DOF Conparative 160
Pattern fal ki ng AvRethad fd? ppéducimg Hivatdr %)sol%!%”&i\ﬂoﬁ%lakah soluble nBVdIAIORsin VWO
98/ 27128 PCT/ EP97/ 07053 -22 - -
CLAI M5: 1. compxising:hod for producing a water insoluble, aqueous alkali

| ubl k | S Ngs . f hyd ]
vor o phenol Pt cob RGN et i, orSCPe Ao PRl Zef oty "Eecr ° ne

condensat i on r eagiekénde iof af QA EitalystrdDuftergtha reond@RRIioR t%ﬁctﬁml ié&ibhﬁ;létéld
unreact ed phenolic conpounds, .and isol ati n% t he nqvol ak resin as sol i d;

b) di ssol vi ngremayingo RRY TeMAIBING K Sqleants, ap wwateérpk@pw@nmogm candol ar
sol vent; c) r form ng a precipitate; renoving
the remaining | ?%gflaggg%(g@?gg la@&gmt#ed S%pé’m pitate in a suitable novol ak

resin sol veby , adigsolngihiendlid ﬁtﬂloﬂMeﬁuaia%teEEolublbef@bbc polequkemg a film
form ng noval ak resin fracti on; addi ng nore water to the novoI ak
resin sol utfbon otddingpaten pnd F@ﬁ%baft forging acpregipiate; Temp¥Rg the remainingliquides t o

obtain from aboulisgoilify #fl bl 0Pk sRAH Avoidiclelin [sbRER SRS rerfitVing R S0V

obtaining a fractiona orm ng novo
residual water, thereby producing a film forming novolak resin fraction;

d) adding more water to the novolak resin solution of step (c); repeating step (c)
from about 2 to 10 times to obtain from about 2 to 10 additional novolak resin

fractions, and thereby obtaining a fractionated film forming novolak resin.

2. The method of claim 1 comprising: 1) in step (b) dissolving the solid novolak
resin in from about 5 to 80 percent, by weight of solid novolak resin, of a water soluble
organic polar solvent; and 2) in step (c) adding from about 2 to 15 percent, by weight

of the total solution, of deionized water.

3. The method of claim 1 wherein the water soluble organic polar solvent is

acetone or a C;-C; alky! alcohol.

4. The method of claim 1 wherein the water soluble organic polar 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,



2. The net hod of LWaeng: 1) in step (b) dissolving the solid

novol ak resin in frci B ti Ihmgercent, by wei ght of solid novol ak

resin, ofwggspyes solublce argani< polar solvent; and 2) i Cﬁ%ﬁ?@ saddi ng
n

fromabout 2 to 15 percent, by wei ght of e total solutio elroni zed
water. 3. The met hod of claim 1 whereiff the water sol uble organic polar
sol vent is acetone or a Cl-C3 al kyl al cohol. 4. The nethod of claim1
wherein the water sol ubl e organic polar sol vent i s methanol. 5. A et hod
for producing a e hﬁtng,g %Blv%ﬂt'}p

condensi ng formaﬁg h{nh% v\ﬁt l l§£br nor e eno 8ﬁgg@§)ég§in§%°n@°u%s and

presence of an aqscilamgtthéy&tom:ndsmaﬁasolid;he condensat ion reaction is
conpl et e, WO 98/ 27128
PCT/ EP97/ 07083 - zisssolvmgﬁﬁwwg ngglak &5 itianyateniclehie oraanie pokwr salvertd phenol i ¢

conpounds, d | sQbia F;'»ﬂﬂexi b a@yegyrﬁmhﬁ%h@r@ép@aé %a\gmg}he ren{ih?@m@,g the

solid novoI resin wat er so anic pdlar sofrvent
wat er, and t her eldjssblying the peecjpitatsi ipi & suieplermravolakrgsit Iselvestyrand rergoving) thied,

dISSO|VIn the prec tate sui,t abl e .novyol ak res sol vent,, and
renmovi ng tghe regl Bﬁi‘é} Wﬁfeértherfﬁ%w?ﬂy"‘% ScﬁiﬁE}‘n‘B"ﬁg F?‘qu‘?@?%fﬁﬁt‘?fbvol ak resin
fraction; d)q)  3dinBnéRMRatéiPietthe r3vbiaR rahy Sbiation 88 gegf(tej }e%bmhég ??S% (c)

repeating stéep (c) fromabout 2 to 10 tines to obtain
novol ak resin fr doim ebeyt 2ared19 tisree by obtaimRtond additionat novadake cesin fractfoms,ni ng

novol ak resin; e) r,ovi.di.n hot osensi tive
conponent in an ﬁe@u‘?b? ﬁ%ﬁ?’%°f&ﬁ*‘6‘ltj‘i}§‘e’ﬁ§f‘¥‘$2’)8"§‘ gﬁ%rem st
conposi tion;e)2) tpaevifiingad admixfee "6XY 0l 13Ka rStdedsitid éérﬁfor{eﬁa NG Fhotnt
sui t abl e photoresist solvent, and thereby form ng a photoresist

conposition. 6. suffifient et photossnsidzearnplStersaist icompgsitian; 2 th @bn(i@)rrmng

di ssolving the s res to 8 ent melght
of solid novol akq‘roegl"’ig SIJf @émwgtfégdso uaoénsgllr?%génpcmﬁﬁsgg @ eﬁ?d ﬁé in
step (c) adding ftbﬁmhgb@ubtm?estsocdxﬂpmment, by wei ght

6. The method of claim 5 comprising: 1) in step (b) dissolving the solid novolak
resin in from about S to 80 percent, by weight of solid novolak resin, of a water soluble
organic polar solvent; and 2) in step (c) adding from about 2 to 15 percent, by weight

of the total solution, of deionized water.

7. The method of claim 5 wherein the novolak resin solvent and photoresist
solvent each comprises propylene glycol methyl ether acetate, 2-heptanone, ethyl lactate

or ethyl-3-ethoxypropionate.

8. The method of claim 5 wherein the water soluble organic polar solvent is

acetone or a C;-Cs atkyl alcohol.

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

methanol.

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

a suitable substrate comprising:



of the total soluti ﬂm ' llwater. 7. The nethod of claim5

Wnere: n the novol adﬂ!ugtﬂ gh llﬂg!lﬁ;ﬂ* ?d pg?aor?si st sol ;/ﬁn]t each conpri ses

Gt byl - o S D onat e 8. - The method of ol i mn 5 whEATEIN®Shat er
9

sol ubl e organi ¢ polar solvent is acetong2dor a Cl-C3 al kyl al cohol.
The nmethod of claim5 wherein the water soluble organic polar solvent is

met hanol . 10. A net hod for -produci ng a sem conductor device by producing
a photo-i rra_ﬂge on a_sujtable substrate conprising: WD 98/ 27128 |
PCT/ EP97/ 078353 -Copdensing) tformaldghisien, ¥iithy ORg, rqra Meesh Rienqlic Kompeunss, ripr the

phenol i ¢ conpou g:gésemj:enof 86206 LARRGE 2Rd, Hdr Ad gorf&ﬁ@alt%ﬁitrﬁgagn iggzhﬁm?leg%g '

condensation redction I's conplete, rerfoving any renalin sol'v
unr eact ed phenolremoviagpamynckmairdngl sobehtat amiy uhfeected viseaklis esmpoarisp andl i d;

b) di ssolving the solid novol.ak resin in a water sol uble organic polar
sol vent; c) é%ﬂi?tﬁ‘gt&%{‘wm‘éﬁﬂ“@ﬁéﬁ%lﬂc forming a precipitate; renmoving
the remai nifig | i HlhRinedi ' : el | S UL ovol ak
rosin sol el ARbRinghe R foelak PR RE it Srgdu bolad RSl 2 T
form ng now)l ak addmgrwdteraand tharebyl formingoal grecipitate; eemavieg theoretamingdicmidy k

resin solution of, ste c);, repeating.step (c), fromabout 2. to 10 tinmes to
obtain from abod{"‘fs?]t"{"% t&ﬁ)p&’ﬁm”tgfeo’ﬁ{;ﬂ gﬂ%@’ﬁl’ﬁ’&"%s’?ﬁ?’ P&E{E‘Fi’ﬁ‘i‘f’sfc"%ﬁ’(&&ﬁ#@r eby
obtaining a fragkdi@ndivatr, thérdbf produiag BEUR Fernididvdlakerksin fraliidhy! ding an

adm xture of: 1) a photosensitive conponent in an anmount sufficient to
phot osensi td)ze addingtreresyater todhp asvelaloresimsolution dfi step () repeagingosted &) r esi n

fromstep (d) and 3).a | t.abl. e ot,qr.esi st ,sol yent., and.thereby.formng a
phot oresi st co ﬁ%i%p)l nmﬁ%&‘t?ﬁﬂ" °§'hf‘t?°é‘ﬁl\éet°slt9b§{&lﬂéﬂ“§{39ﬂ‘i°¥?ktrﬁ§“
phot or esi st comgngtibn) Bndfhefeb§ Bblafling DlractionM@AElrh F&alihsovolk regat ed
substrate of step (f) until substantially all of the
e) providing an admixture of: 1) a photosensitive component in an amount
sufficient to photosensitize a photoresist composition; 2) the film forming
novolak resin from step (d) and 3) a suitable photoresist solvent, and thereby
forming a photoresist composition.
f) coating a suitable substrate with the photoresist composition of step (e);
g heat treating the coated substrate of step (f) until substantially all of the
photoresist solvent is removed; image-wise exposing the photosensitive
composition and removing the image-wise exposed areas of such composition

with a suitable developer; optionally one may also perform a baking of the

substrate either immediately before or after the removing step.

11.  The method of claim 10 wherein: 1) in step (b) dissolving the solid novolak
resin in from about 5 to 80 percent, by weight of solid novolak resin, of a water soluble
organic polar solvent; and in step (c) adding from about 2 to 15 percent, by weight of

the total solution, of deionized water.

12, The method of claim 10 wherein the novolak resin solvent and photoresist
solvent each comprises propylene glycol methyl ether acetate, 2-heptanone, ethyl

lactate, or ethyl-3-ethoxypropionate.



phot or esi st sol vent e-w se exposing the photosensitive
conposi ti.on and rerH“mBmﬂmcn"&mﬁn se exposed areas of such conposition
w th a swaasizesdevet oger - optidnally one may al so perforrage@afghgss of the
substrate either inmedi ately before or affer the renoving step. 11. The
met hod of claim 10 wherein: 1) in step [ §‘disso|ving t he solid novol ak
resin in fromabout 5 to 80 percent, by weight of solid novolak resin, of a
wat er sol ubl e organic polar solvent; and in step (c) adding from about 2 to
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sol vent eacdikylatgohbkes propyl ene glycol nethyl et her acetate, 2-heptanone,
ethyl lactate, or ethyl-3-ethoxypropionate. WO 98/ 27128

PCT/ EP97/ 07053 - 25 - 13. The net hod of claim 10 wherein the water

sol ubl'e sol yent yfi. AfoRdPciin o frhede ik Waler bE8ATbIvedrls metrHiGr, ™t 100 Of
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