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iron, by using an acidic ion exchange resin as a catalyst in the production of such a
10 novolak resin and to a process for using such a novolak resin in light-sensitive
- compositions, Further, the present 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 a substrate.
Photoresist compositions are used in microlithography processes for making
15 miniaturized electronic components, such as in the fabrication of computer chips and
integrated circuits. Generally, in these processes, a thin coating of film of a photoresist
composition is first applied to a substrate material, such as a silicon wafer, 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
20 coated surface of the substrate is next subjected to an image-wise exposure to radiation.
This radiation exposure causes a chemical transformation in the exposed areas of
the coated surface. Visible light, ultraviolet (UV) light, electron beam and X-ray radiant
energy are radiation types commonly used today in microlithographic processes. After
this image-wise exposure, the coated substrate is treated with a developer solution to
25 dissolve and remove either the radiation-exposed or the unexposed areas of the coated
surface of the substrate.
Metal contamination has been a problem for a long time in the fabrication of high
density integrated circuits and computer chips, often leading to increased defects, yield
losses, degradation and decreased performance. In plasma processes, metals such as-

30 sodium and iron, when they are present in photoresists, can cause contamination,
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decrease. As the plasma stripping process is repeated, more degradation of the device
frequently occurs. A primary cause of such problems has been found to be the metal ion
10 contamination in the photoresist, particularly sodium and iron ions. Metal levels of less
| than 1.0 ppmin the phdtoresist have been found to adversely affect the properties of
such semiconductor devices. _
" Novolak resins are frequently used as a polymeric binder in liquid photoresist
formulations. These resins are typlcally produced by conducting a condensation reaction
15  between formaldehyde and one or more multi-substituted phenols, in the presence of an
acid catalyst, such as oxalic acid or maleic anhydride. In producing sophisticated
semiconductor devices, it has become increasingly important to provide novolak resin
having metal contamination levels well below 1.0 ppm. During raw materials purification
to remove metals, a very minor amount of nitrogen base is frequently also removed. In
20 the absence of such d&ogen base, the production of novolak resin often failed because
of the depolymerisation of resin that occured during the high temperature distillation step
of the process.
There are two types of photoresist compositions, negative-working and positive-
working. When negative-working photoresist compositions are exposed image-wise to
25 radiation, the areas of the resist combosition exposed to the radiation become less
soluble to a developer solution (e.g. a cross-linking reaction occurs) while the unexposed
areas of the photoresist coating remain relatively soluble to such a solution. Thus,
treatment of an exposed negative~-working resist with a developer causes removal of the
non-exposed areas of the photoresist coating and the creation of a negative image in the
30 coating, thereby uncovering a desired portion of the underlying substrate surface on
which the photoresist composition was deposited.
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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

: material which corresponds to the photomask used for the image-wise exposure of the

15 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, itis
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

resistance to etching solutions.
20 Positive working photoresist compositions are currently favored over negative

working resists because the former generally have better resolution capabilities and
pattern transfer characteristics. Photoresist resolution is defined as the smallest feature
which the resist composition can transfer from the photomask to the substrate with a
high degree of image edge acuity after exposure and development. In many

25 manufacturing applications today, resist resolution on the order of less than one micron
are necessary. In addition, it is almost always desirable that the developed photoresist
wall profiles be nearly vertical relative to the substrate. Such demarcations between
developed and undeveloped areas of the resist coating translate into accurate pattern
transfer of the mask image onto the substrate,
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thus, an etched pattern is created in the substrate material which

corresponds to Y994; Khadin stal KTheNatureandDegree of Substitution Patteras indNeyolaks by
Carbon-13 NMR Spectroscopy™, presented at SPIE conference, 1993. In a typical

novolak reaction, a reactor is charged with phenolic compounds, an acid catalyst such as
oxalic acid, maleic acid (maleic anhydride), p-toluene sulphonic acid or any mineral acid,

10 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 this 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 tempersture is raised to sbout 220°C, and the pressure is
reduced to below about 20 mm Hg. After the volatiles have been distilled off, the

15 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 using GPC (Gas Phase Chromotography). It was found that
there was a decrease of the weight average molecular weight of the polymer, especially
in the temperature range between 160-190°C( Rahman et al, “The Effect of Lewis Bases

20 onthe Molecular Weight of Novolak Resins”, presented at Ellenville Conference, 1994).
The molecular weight decrease was not observed unless the methyl phenol was
extremely pure. If the methyl phenol contained a trace amount of nitrogen base, the
molecular weight decrease during the distillation process was not observed. In
copending U.S. patent applications Serial No. 997,942, filed 12/29/1992 (WO 94/14862)

25 and Serial No. 999,500, filed 12/29/1992 (WO 94/14863), assigned to the same assignee
as the subject application and incorporated herein by reference, an improved process is
disclosed to control molecular weight by adjusting the amount of Lewis base in phenolic
compounds before or after the condensation. It was disclosed that during the purification
process of phenolic compounds using an ion exchange resin, distillation, and/or a solvent

30 extraction process, to remove metal ions, the minor amount of base present was also
removed. Due to the absence of these bases, the novolak resin was partially
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progress in novol ak r
1994, assigned to the same assignee as the subject apphcatton and incorporated herein 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

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

15 SUMMARY OF THE INVENTION

It has now been found that the novolak resin synthesis process can be further
improved by utilizing a solid acid catalyst, which can act as a catalyst for the
condensation reaction as well as removing metal ions. The solid catalyst will be removed -
after condensation, such as by filtration, so that it will not cause any depolymerization

20 during a high temperature distillation process.

The present invention relates to a process for producing a novolak resin having a
consistent molecular weight, and a low level of metal ions, especially sodium and iron,
and for using such a novolak resin in light-sensitive compositions. The invention also
relates to a photoresist composition containing such a novolak resin and to a process for

25 producing such photoresists compositions. The invention further relates to the process
of removing solid acid catalyst from the phenolic compounds-formaldehyde condensation
products prior to high temperature distillation process, to produce a novolak resin having
a substantially consistent weight average molecular weight (i.e. varying by +/- 10% or
less). The invention further relates to process for producing semiconductor devices using

30 such photoresists containing such a novolak resin and a photosensitizer.
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Water insoluble, aqueous alkali soluble, film forming novolak resin having a very
low levels of metal ions may be obtained by condensing formaldehyde, 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, having a very low level of metal ions. The condensation

15 reaction is carried out in the presence of a solid acid catalyst, such as oxalic acid, maleic
acid, maleic anhydride or p-toluene sulphonic acid. In a preferred embodiment of the
process of the present invention, the solid acid catalyst is removed, such as by filtration,
prior to high temperature distillation to obtain a novolak resin having a very consistent
weight average molecular weight and a very low level of metal ions. In the absence of a

20 statement to the contrary, molecular weight shall mean weight average molecular weight.

The present invention provides a process for producing a novolak resin having a
consistent molecular weight and a with very low level of metal ions, particularly sodium
and iron. The subject process comprises:

a) condensing formaldehyde with one or more phenolic compounds, in the presence

25 of a solid acid catalyst, such as an acidic ion exchange resin, more preferably a

strongly acidic ion exchange resin, such as Amberlyst® A-15 resin, and most
preferably a mixture of a strongly acidic ion exchange resin such as Amberlyst®

A-15 resin and a chelating ion exchange resin (an ion exchange resin having one

or more chelating sites to which may be attracted and bonded metals such as

30 iron), such as Amberlyst® IRC-718 in its acidic form;

b) after the eondénsation removing the catalyst, such as by filtration; and
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di scl osed for isolatin @ a.,novol ak resin at a tenperature | ess than about
140[err] C by using s ce forced steamdistillation to avoid high

t enper at ure The present invention further provides a process for producing a positive
photoresist composition having a vety low level of total sodium and ironions. The
subject process comprises:

10 a) condensing formaldehyde with one or more phenolic compounds, in the presence
of a solid acid catalyst, such as an acidic ion exchange resin, more preferably a
strongly acidic ion exchange resin such as Amberlyst® A-15 resin, and most
preferably a mixture of strongly acidic ion exchange resin such as Amberlyst® A-
15 resin and a chelating ion exchange resin such as Amberlyst® IRC-718 in its

15 acidic form;

b) after the condensation removing the catalyst, such as by filtration; and

c) removing the unreacted phenolic compounds, such as by distillation, and thereby
producing a water insoluble, aqueous alkali soluble, film forming novolak resin
having a consistent molecular weight and a sodium and iron ion level of less than

20 200 ppb each, preferably less than 100 ppb, more preferably less than 50 ppb,
even more preferably less than 20 ppb, and most preferably less than about 10
ppb each; .

d) providing an admixture of: 1) a photosensitive component in an amount
sufficient to photosensitize the photoresist composition; 2) the water insoluble,

25 aqueous alkali soluble, film forming novolak resin and 3) a suitable photoresist
solvent, and thereby 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 sultable substrate with a positive
working photoresist composition by:

30 a) condensing formaldehyde with one or more phenolic compounds, in the presence
of a solid acid catalyst, such as an acidic ion exchang_e resin, more preferably a
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of phenolic nononers with an al dehyde source. Such novol ak resin synthesis
processes are disclosed in U S. Patent No. 5,346,799. 15 SUMVARY OF THE

| NVENTI ON | t yaggr4398 been found that the novol ak resin synt peshsogiopssess
can be further inproved by utilizing a solid acid catal yst, which can act
as a catalyst for the condensation reaction8as well as renoving netal ions.
The solid catalyst will be renoved 20 after condensation, such as by
filtration, so that it will not cause any depol ynerization during a high
tenperature distillation process. The present inventiagn rel ates

0 a
process for produci MWGFQPW_S‘WPH@Q@B _ Tlsrfﬁ’t“ééﬂ‘lsﬁ'Ps'V\@i ght,
and a low | evel of hrisrably QibufPdiiibmtly Koiie Stn Rofid e resibuctidiAdibirtyt® A0

I'n ght-sensitive

such a novol ak resi conpositionS. The invention also 25
rel ates to a phot or d§iresin awskachelatingion cxchangaiesin sucha Ambedyd®JIRC-BSiinitand t o
a process for produ%iﬁ@% ﬁ_@h phot oresi sts conpositions. The invention
further relates to t p}ﬁ ess of removing solid acid catalyst fromthe

phenol i c cenpous)ds- faterihk ¢ariiersation Fafiving!thOcatalyst,uck &s by fildtionpadd gh
tenperature distillation process, to prgduce a novol ak resin having a
subst anti al | y c®@nsi Jemeving e ynreactod phenalic compounds, sughias by distil .w&#ﬁr Yby

Jem
;/r 8d32;%n8r S 2?n congﬁﬁdruc@\%w éﬂjceh phot %@%ﬁ%&?ﬁ%h a
novol ak resin and a haviog esomsistent molecular weight and a sodium and iron ion level of less than
| 200 ppb each, preferably less than 100 ppb, more preferably less than 50 ppb,
10 even more preferably less than 20 ppb, and most preferably less than about 10
ppb each;

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 and 3) a suitable photoresist

15 solvent and thereby forming a photoresist composition;

e) coating a suitable substrate with the photoresist composition;

) heat treating the coated substrate 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 with a suitable developer, such as

20 an aqueous alkalme developer. Optionally one may also perform a baking of the
substrate either immediately before or after the removing step.

DESCRIPTION OF THE PREFERRED EMBODIMENT
An acidic ion exchange resin, such as a styrene/divinylbenzene cation exchange
25 resin can be utilized in the present process. Such ion exchange resins are available from
Rohm and Haas Company, e.g. AMBERLYST® 15 ion exchange resin,

The formaldehyde is preferably passed, as a solution, through a column
containing the acidic ion exchange resin, e.g. a solution of about 38 percent
formaldehyde in water and methanol. Such solutions typically contain from at least 250

30 to 1000 ppb each of sodium and iron ions. During the process of the present invention,
these levels are each reduced to as low as less than about 10 ppb each.
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The present invention provides a novolak resin, a photoresist composition

10 containing such a novolak resin and a process for producing semiconductor devices using
such a photoresist composition. The photoresist composition is formed by providing an
admixture of a photosensitizer, the subject water insoluble, aqueous alkali soluble
novolak resin and a suitable photoresist solvent. Suitable solvents for such photoresists

_ and for novolak resins may include propylene glycol mono-alkyl ether, propylene glycol

15 alkyl (e.g. methyl) ether acetate, 2-heptanone, ethyl-3-ethoxypropionate, ethy! lactate,
mixtures of ethyl-3-ethoxypropionate and ethyl lactate, butyl acetate, xylene, diglyme,
cthylene glycol monoethyl ether acetate. The preferred solvents are propylene glycol
methyl ether acetate (P(‘ﬂ\M), 2-heptanone, ethyl lactate and ethyl-3-ethoxypropionate
(EEP).

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

25 invention include Methyl Violet 2B (C.L No. 42535), Crystal Violet (C.1 42555).
Malachite Green (C.1. No. 42000), Victoria Blue B (C.1. No. 44045) and Neutral Red
(C1. 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.

30 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 used



having a very consi stent wei ght average nol ecul ar wei ght and a very | ow

| evel of metal ions. In the absence of a statement to the contrary,

nol ecul ar wei ght shall nmean wei ght 20 average nol ecul ar wei ght. The
prsesent invention provides a process for producing a novol ak resin having a
consi stent nRy&eidsake Wei ght and a with very low | evel of netprnis9ésoies
particularly sodiumand iron. The subject process conpri ses: a?j

condensi ng fornal dehyde with one or nore phgpolic conpounds, in the
presence 25 of a solid acid catal yst, such as an acidic ion
exchange resin, nore preferably a strongly acidic ion exchange resin, such
as Anberlyst[err] A- 15 resin, and nost preferably a m xture of_ a strongly
aci di ¢ i on excHinglude, for sxsmple,phosphoripacid tr-(hetacohlgrogthyl}-esters stearigagida chel at i ng

Sites fo nhi ch decoehah phproRyiehs dHRals iy bl Y3uE ind Mo bl i 1o
iron), such as témpercéns sweight kejels, h@ed oh thercanbined oweight of noveolakiand sensitizérc Thehe
condensati on T SR siilheshirovd the Gl ASpiRled b thd AbleS and Bktisgty 0165
-7- €)1 8MDVigdlidalign U AMEhEEis BREOH IahS o EHIBAN BldmeR' 6 theRibiidhte.
distillation, and thereby producing a water 1nsoluble, aqueous al kal
sol ubl e, film form dylhesion promoters which may be used include, for example, beta-(3,4-epoxy-
cyclohexyl)-ethyltrimethoxysilane; p-methyl-disilane-methyl methacrylate;
vinyltrichlorosilane; and gamma-amino-propyl triethoxysilane up to about a 4 percent
weight level, based on the combined weight of novolak and sensitizer. Development
10 speed enhancers that may be used include, for example, picric acid, nicotinic acid or
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
photoresist coating in both the exposed and unexposed areas, and thus they are used in
applications when speed of development is the overriding consideration even though
15 some degree of contrast may be sacrificed; i.e., while the exposed areas of the
photoresist coating will be dissolved more quickly by the developer, the speed enhances
will also cause a larger loss of photoresist coating from the unexposed areas.
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
20 removed after coating of the photoresist solution on a substrate and drying. Non-ionic
surfactants that may be used include, for example, nonylphenoxy poly(ethylencoxy)
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
25 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
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,
30 polymeric resins, silicon dioxide, doped silicon dioxide, silicon nitride, tantalum, copper,



hayvi ng a consi stent nol ecul ar wei ght and a sodiumand iron ion | evel of

| ess than 200 ppb each, preferably |ess than 100 ppb, nore preferably |ess
than 50 ppb, 5 even nore preferably | ess than 20 ppb, and nost
preferably | ess than about 10 ppb each. The present invention further

provi des a prwoasasiser producing a positive photoresist conpecI/US20I68YiI Ng
a very low level of total sodiumand iron ions. The subject process
conprises: 10 a) condensi ng formal delyde with one or nore phenolic
conpounds, in the presence of a solid acid catalyst, such as an acidic ion
exchange resin, nore preferably a strongly acidic ion exchange resin such

a1 di o 1 on ex By bt aRunRinngt iR sl dkdat oo sock il g

i on exchange reHllfV ¢otgouds. Anberlyst[err] IRCG718 in its 15 acidic
form. b) after the condensation renoving the catalyst, such as b
filtration; and c) TFEMWQStMPMﬁG&YMﬁWmﬂG&PAﬂW{FMS by
ol Ubi ¢, f11m  AtableT6PERIRH e By W s BRI BoriBltiigh it it oy
and a sodi Um andreiutilized io the prodictiod of miceoprocassofstand other miniatutifed imtpgratedch,
Dt of or abl y | 65 SEAFoonRRE” A HlupinBinaniipun nyds e s s bt T o
each; d) Pr Owilsiraeg nidy alsd Tombiisevaribus polynieric heirds épedidlly CRnsRROPSIhers N an
amount such as polyesters. The substrate may have an adhesion promoted layer of a suitable
- composition, such as one containing hexa-alkyl disilazane.
10 The photoresist composition solution is then coated onto the substrate, and the
substrate is treated at a temperature from about 70°C to about 110°C for from about 30
seconds to about 130 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 the
concentration of residual solvents in the photoresist, while not causing substantial
15 thermal degradation of the photosensitizer. In general, one desires to minimize the
concentration of solvents and this first temperature treatment is conducted until -
substantially all of the solvents have evaporated and a thin coating of photoresist
composition, on the order of one micron in thickness, remains on the substrate. Ina
preferred embodiment the temperature is from about 85°C to about 95°C. The treatment
20 is conducted until the rate of change of solvent removal becomes relatively insignificant.
Theummummnnmdﬁnwsdaﬁmndqwmkonﬂprmednpmunnksdamedbyﬂw
user, as well as the equipment used and commercially desired coating times. The coated
substrate can then be exposed to actinic radiation, e.g., vltraviolet radiation, at a
wavelength of from about 300 nm to about 450 nm, x-ray, electron beam, ion beam or
25 laser radiation, in any desired pattern, produced by use of suitable masks, negatives,
stencils, templates, etc.

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 120°C, more preferably from about 100°C to about 110°C.

30 The heating may be conducted for from about 30 seconds to about 2 minutes, more



sufficient to photosensitize the photoresist conposition; 2) the water

i nsol ubl e, 25 aqueous al kali soluble, filmform ng novol ak resin
and 3)- a suitable photoresist solvent, and thereby form ng a photoresi st
cenposition. The invention further provides a nethod for producing a

sem conduct oy@e¥isa& by produci ng a photo-image on a substr gicgnlsyeseied i N0 a
suitabl e substrate with a positive working photoresist conposition by: 30

a) condensi ng formal dehyde with one or #ie phenolic conpounds, in the
presence of a solid acid catal yst, such as an acidic ion exchange resin,
nore preferably a WO 97/ 25359

PCT/ US96/ 20165 - 8- strongl y acidic n exchange resin such as
Anber|yst[err] mefwblaf mny, aboyt, §0 PA&}PM%I W%W@W%Wﬁ@qsp aci di c

i on exchange r g ly, @%ﬁm‘“ﬁ% aves!] A 15 resin and a chelating ion
exchange resin such as erl err] IRC-718 in its acidic form 5 b)
after the condensat iThe exposed p! m-mtedlsymmﬂe&domwmme)mag&nd c)
renovi ng the unr.eacted phe SU S. b Sstillkatjon,, and

t her eby produm Wﬁ!&ﬁﬂﬁﬁ@%&@%ﬂ?%ﬂ“@%ﬂ%‘éwwm ng
novol ak resin hipwiytdveélopieht pfdcess! TP belGtidnis prferabil agiated 3o eximpe, By dittogen

ion | evel of |eSs than
burst agitation. The substrates are allowed to remain in the developer until all, or

substantially all, of the photoresist coating has dissolved from the exposed areas.
Developers may include aqueous solutions of ammonium or alkali metal hydroxides.
One preferred hydroxide is tetramethyl ammonium hydroxide. After removal of the

10 coated wafers from the developing solution, one may conduct an optional post-
development heat treatment or bake to increase the coating's adhesion and chemical
resistance to etching solutions and other substances. The post-development heat
treatment can comprise the oven baking of the coating and substrate below the coating's
softening point. In industrial applications, particularly in the manufacture of

15  microcircuitry units on silicon/silicon dioxide-type substrates, the developed substrates
may be treated with a buffered, hydrofluoric acid base etching solution. The photoresist
compositions of the present invention are resistant to acid-base etching solutions and
provide effective protection for the unexposed photoresist-coating areas of the substrate.

The following specific examples will provide detailed illustrations of the methods

20 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
- 150 grams of cresols consisting of 6.3 moles of m-cresol and 3.0 moles of 3,5-
xylenol was transferred to a four necked flask equipped with a condenser; a
thermometer, and a dropping funnel. Three grams of Amberlyst® A-15 Wet Resin (2%
by weight of the cresols) was added and the flask was heated to 95°C. 84.24 g of
30 formaldehyde (molar ratio of cresol/formaldehyde 1/0.78) was added dropwise over one
and a half hours. The reaction was allowed to continue for 12 hours at 95°C. Propylene



200 ppb each, preferably |l ess than 100 ppb, nore preferably | ess than 50
ppb, 10 even nore preferably |l ess than 20 ppb, and nobst
preferably | ess than about 10 ppb each; d) provi di ng an adm xture of: 1)
azphot osensi tive conponent in an anount sufficient to photosensitize the
phot or esi st cH@&8¥®on; 2) the water insoluble, aqueous al kBETUEW20185¢,
filmformng novol ak resin and 3) a suitabl e photoresist 15

sol vent and thereby form ng a photoresi st Céﬁposition; e) coating a

sui tabl e substrate with the photoresist conposition; f) heat treating

t he coated substrate until substantially all of the photoresist solvent is

renoved; i mage- W "H@ﬁ’ 'P@"Laﬁ &gm‘g ' WEHB Lat Vi t he

| mage-w se expo are sédg suc @onpo ieltslbglﬁ')vvl %stﬁﬂlggiﬁga&g:g}? éa%és,
such as 20 were separated by Shtratiora | Rl unneacidd vaw ogesols, watdr] sdahe solveneweiey al so
perform a baki ng of e,S tr ei.t her, i diately before or aft the
removing step. M%%%M@%@ﬁ%&“@@mmﬁ %E\"GPC
exchange resin, mvlellarweightSias Touid/te bl 2716, TR Sciian it iréH Tof Yevbie Wfe, 25

resin can be utilized in the present process. Such ion exchange resins are
avai | abl e ¥ om Fespestisely; 22080 awbheply, eg. AMBERLYST[err] 15 ion exchange
-~ resin. The formal dehyde is preferably passed, as a solution, through a
colum containing the acidic ion exchange resin, e.g. a solution of about
38 percent formal dehyde in water and net Bzample2Such sol utions typically

contain fromat |eas}_ 250 30 o 1Q00 p eagh of sodium and iron ions.
During the process Oisqqgnbpgcg s mpgggmoesofm-crmland3.0molaof3,5-

xylenol was transferred to a four necked flask equipped with a condenser, a

10 thermometer, and a dropping funnel. Six grams of Amberlyst® A-15 Wet Resin (4% by
weight of the cresols) and 100 grams of dipropylene glycol methyl ether (DPGME) were
added and the flask was heated to 95°C. 84.67 g of formaldehyde (molar ratio of
cresol/formaldehyde 1/0.78) was added dropwise over one and a half hours. The
reaction was allowed to continue for 12 hours at 95°C. DPGME (100 ml.)was added and

15 the ion exchange beads were separated by filtration. The unreacted raw cresols, water,
and the solvent were removed by distillation. The resin was isolated in its molten form in
an aluminum tray. GPC molecular weight was found to be 3091. The sodium and iron
ion content in the resin was 29 ppb and 23 ppb, respectively.

20 Example 3

150 grams of cresols consisting of 5.0 mole of m-cresol and 3.0 mole of 3,5-

xylenol was transferred to a four necked flask equipped with a condenser, a
thermometer, and a dropping funnel. Four grams of Amberlyst® A-15 Wet Resin
(2.66% by weight of the cresols) and 2.0 grams of Amberlyst® IRC-718 acid form

25 (1.33%) were added. 100 grams of 3-methoxy-3-methyl butanol (MMB) were added
and the flask was heated to 95°C. 84.41 g of formaldehyde (molar ratio of
cresol/formaldehyde 1/0.80) was added dropwise over one and a half hours. The
reaction was allowed to continue for 6 hours at 95°C. 100 ml. of MMB was added and
the ion exchange beads were separated by filtration. The unreacted raw cresols, water,'

30 and the solvent were removed by distillation. The resin was isolated as molten to an



these | evel s are each reduced to as |ow as | ess than about 10 ppb each.

WO 97/ 25359 PCT/ US96/ 20165
-9- The phenolic conpounds condensed with the purified fornmal dehyde mnust
akso have a |low I evel of netal ions. Such |low |levels may be achi eved by
distilling sb@b.,gg%gol I ¢ conpounds so that the sodi um and i pefyussshefeant ent
Is as low as 50 ppb each or less. Such Iow levels may al so be obtained by
passi ng the phenolic conpounds through 5 -14-he acidic ion exchange resin
columm, so that the sodiumand iron ion content is as |low as 30 ppb each,
or less. Another nethod to obtain such low |l evels is by solvent extraction,
e.g. phenolic conpounds can be extracted with 10% acid Sﬁ)lgution in,water to

I

remove netal i @huninm tray.cGRC mojequiagweightwasfound tobe 3,644. | The odiymand iron lony

i nvention provi V.qle ' @t}%‘, | onposition 10

cont ai ni ng sucr?ggéﬁée%ar&hﬁégﬁég%@ lpr c’g{s?s orel)firoduci ng sem conduct or
devi ces using such a photoresi st conposition. The photoresist conposition

~is forned by providing an admi xture ofga Bﬁoéosggsitizer, t he subj ect water

i nsol ubl e, aqueous al kali sol ubl e nov ' nd a suitable photoresist

sol vent. Sgitabl e sq|36péa phdtorssist PesPiatiply way rdinghotie!followifigi NS My

I ncl ude propyl ene 3cho nono- al kyl et her, propyl ene glycol 15 al kyl

(e.g. nethyl) de etate, 2-heptanone, ethyl-3-ethoxypropi onae, ethyl

lactate, RI-292 (mixed ester of trihydroxyphenylethane 70% 2.51gm
2,1,4- and 30% 2,1,5- diazonaphthoquinone
sulfonyl chloride)
10 Resin from Example 1 . 11.46gm
PGMEA 36.00 gm
10% FC-430 (fluoroaliphatic polymeric ester (98.5%) 0.13 gm
Toluene (1.5%) available from 3M Corp.) as a
PGMEA solution
15 The resist sample from Example 1 was coated on a hexamethyldisilazane

(HMDS) primed silicon wafer to 1.29 mm thickness using a soft bake at 110°C for 60
seconds on an I-line hot plate (SVG® 8100). The resin sample from Example 2 was also
coated to 1.29 mm thickness on such a silicon wafer by the same procedure. The
exposure matrix was printed on the coated wafers using 2 0.54 NA NIKON® i-line

20 stepper and a NIKON® resolution reticle. The exposed wafers were PEB (post
exposure baked) at 110°C for 60 seconds on a in line hot plate. The wafers were then
developed using AZ® 300 MIF TMAH (tetramethy! 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

25 the best focus, the dose required to precisely replicate a given feature. DTP, resolution
and depth of focus (DOF) were measured and are shown in Table 1 below.



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

xyl ene, diglyme, ethyl en@h.gghyaq;lasmm dagdl et her acetate. The preferred
sol vents are propyl ene gI ier acetate (PGVEA), 2-heptanone,
etthyl | actate and ethyl - Q te (EEP). 20 O her
optional i ngrewoemsssuch orant S, dyes, anti-striati on HRUS96/20165

| evel i ng agents, plasticizers, adheS|on prompters, speed enhancers,

sol vents and such surfactants as non-ionic sddfactants may be added to the
sol ution of novolak resin, sensitizer and solvent before the photoresist
conposition is coated onto a substrate. Exanples of dye additives that may
be used together with the photoresist corrp ,ttons of the present 25

i nvention include Methyl Violet 2B (C . 35) Crystal Violet (CI.
42555) . Mol achi {Bdmaes [Wesh Froly DIC(Dbs | DTF PRedikion [ DOP.J4045)
and Neutral Red](C.I. . 50040) at ong to ten percenf wei ght |l evel s|] based

on the conbi nedjwei ght cf novoI ak and én&lﬂl')zer The| dye addltives el p

provi de i ncreas¢gTesorT bt reck—$ t mg—of—tohi—9ff the
substrate. 30 2 M"@trl ?lson agents nm ‘I@ Jgéd at Lpg"'?/oé)a)out a
five percent wefght | evd |Exbﬁ§ﬁ(i ophg.7he Icmbl ned 835Nl 0.95 NOV( I(@&g;ni
sensitizer. Plasticizerd which oal be i1lsed AL 97/ 2R359

PCT/ US96/ 20165 - 10-

The viscosity sohmon was prepared by dissolving 7 grams resin in a 100 ml.

5 volumetric flask using cyclohexanone solvent. The solution was filtered using a 5 micron
pressure syringe filter. The viscosity was measured using a Cannon-Fenske® #200
viscometer at 25°C. The relative molecular weight (RMW) was determined using the
following equation:

10 RMW= {log(n/no)/c)?
where ¢ = concentration of resin in g/mi.
n = viscosity of resin in cyclohexanone
no = viscosity of cyclohexanone

15 Spin Speed Determinations for 1.6um Films:
For each sample, spin one wafer at the following speeds: 2000, 4000 and 6000
rpm/30 sec. Bake all wafers at 90°C/30 minutes. Measure film thickness at n=1.64 and

interpolate the speed required to obtain 1.6um by logarithmic (base 10) regression.

20 Molecular Weight Data (Mw and Mn):
' The molecular weight of the polymers, whether weight average molecular weight
Mw, or number average molecular weight Mn, were measured by gel permeation
chromatography (GPC) performed on dilute solutions of the polymer in tetrahydrofuran
(THF). The actual apparatus employed consisted of a Waters (Millipore Corp.)

25 programmable automatic sampler, vacuum pump, chromatography columns with heater,
and a differential refractometer connected to a Shimadzu® CR 30A data reduction
system with accompanying software (version 1.1, Shimadzu® part No. T/N 22301309-
91). The refractometer used was a Waters® model 410 and four chromatography
columns, 500 Angstrom, 1000 Angstrom, 10,000 Angstrom and 100,000 Angstrom

30 (available from Waters) were connected in series. The system was calibrated using
multiple available polystyrene standards ranging in molecular weight as follows:



include, for exanple, phosphoric acid tri-(beta-chloroethyl)-ester; stearic
aci d; di canphor; polypropyl ene; acetal resins; phenoxy resins; and al kyl
resins, at about one to ten percent weight |evels, based on the conbined
wei ght of novol ak and sensitizer. The plasticizer additives inprove the
coating prop@igdesssef the material and enable the 5 appl pcpussrons a
filmthat is smooth and of uniformthickness to the substrate. Adhesion
pronoters whi ch may be used include, for el&mple, beta-(3,4-epoxy-

cycl ohexyl)-ethyl trinet hoxsil ane; p-nethyl-disilane-nmethyl nethacryl ate;
vinyltrichlorosilane; and ganma- am no-propyl triethoxysiane up to about a 4
percent wei ght |evel, based on the conbi ned wei ght of novol ak and
sensitizer. Devel opnent 10 speed enhancers that pmay be used include, for
exanpl e, picric acid, nicotinic aci (gEt CALIBRATIORM ¢ acid up to about a 20
per cent wei ght n.the conpi wei ght of novol ak and
sensitizer. TheSdRIgHQRaREaass Meipiet®in the solubility of the

phot oresi st coating in both the exposed and unexposed areas, and thus they
are used igleunﬂicalions yhen speed of devel opnent i sgfghgygover riding

consi derat1 on even though_15 some degree of contrast’ nmay be sacrificed;
i.e., while the exposed aleas of the phot or esi st coat 110P% 11 be di ssol ved
nore qui ckly by the devel gper, the speed enhances wil 688080 cause a | arger

| oss of photoresi st coatiqg from the unexposed areas. gilaggsol vents may be
present in the overall conposition in an ambunt of up’t® %596by wei ght of
the solids in the conposi & on. Solvents, of course arélgﬂbstantially 20
renoved afg er coating of ®he photoresist solution on &3,38pstrate and
drying. Non-ionic surfactgnts that may be used includelzﬁpr exanpl e,

nonyl phenoxy pol y(et hyl eneoxy) ”

The standards are essentially monodisperse, consisting substantially of a single
molecular weight. With the system thus calibrated the weight average molecular weight
15 Mw, the mumber average molecular weight Mn, and polydispersity. Mw/Mn, were
‘obtained for polymers produced in accordance with the examples given hereinafter.




et hanol ; octyl phenoxy ethanol at up to about 10% wei ght |evels, based on

t he conbi ned wei ght of novol ak and sensitizer. The prepared photoresi st

sol uti.on, can be applied to a substrate by any 25  conventional nethod
used in the photoresist art, including dipping, spraying, whirling and spin
coati ng. Whenwsgyxurnsmgati ng, for exanple, the resist sol uti onPCHIISIB20165
adjusted with respect to the percentage of solids content,_in order to
provi de coating of the desired thickness, gilden the type of spinning

Sui tabl e substrates include silicon, alumnum 30 pol y

equi pment utilized and the anount of tine allowed for thBisSheet HagReemReplaesls .
TN
PCT/ US96/ 20165

silicon dioxide d silicon dioxide, silicon nitride,
W0 091 25350 CLATHIEE

- 11 - polysilicon, ceramcs, alum num copper m xtures; gallium arsenide
and other such Goup, I11/V conpounds. The, photoresist coatings produced by
t he descri bed piocedWéﬁdef%WPW&W%?lPﬂblﬂ&“m%Wl ¢ poyolak yesin

thermal |y grownsharsia/ Si | i con di oxi de-coated wafers, such as 5 are

utilized in the pr oducat'io.n of mcroprocessors and other mniaturized
integrated circe}t cmeMm|mmmW$mmm be

used. The substrate Lsa.,conprise various polyneric resins, especially
transparent pol ymer S&aa}'soﬁdacldca

b) after the condensation, removing the solid catalyst; and

c) removing the unreacted phenolic compounds and thereby producing a water
insoluble, aqueous alkali soluble, film forming novolak resin having a sodium and
iron ion level of less than 200 ppb each.

2 The method of claim 1 where in said catalyst is a solid acid catalyst which can be
separated by filtration after the condensation reaction.

3. The method of claim 2 wherein said acid catalyst is an acidic ion exchange resin
which is insoluble in substituted phenols, formaldehyde, PGMEA, DPGME, and MMB.

4, The method of claim 3 where in the sodium and iron ion level is reduced to less
than 100 ppb each.

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

2) condensing formaldehyde with one or more phenolic compounds, in the presence
of an acid catalyst;

b) after the condensation, removing the catalyst; and

c) removing the unreacted phenolic compounds and thereby producing a water -
insoluble, aqueous alkali soluble, film forming novolak resin having a sodium and

. iron ion level of less than 200 ppb each;

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 and 3) a suitable photoresist solvent and
thereby forming a photo_resist composition.

* - C L M s *



such as polyesters. The substrate nmay have an adhesi on pronoted | ayer of a
sui t abl e conposi tion, S%QS Bedn@RSI1RENI NQ hexa- al kyl disilazane. 10

The photoresi st conpositi then coated onto the substrate, and
the substrate is treated ﬁ&rﬂﬂl re fromabout 70[err]C to about

110[ err] C f oyoforREesgboUL about 180 seconds onpgri§deBiedt € Of
for fromabout 15 to about 90 m nutes in a convection oven. This
tenperature treatnent is selected in order18e reduce the concentration of
residual solvents in the photoresist, while not causing substantial 15

t hermal degradati on of the photosensitizer. In general, one desires to
mnimze the concentration of solvents and this first tenperature treatnent
i s conducted until substantial ly all ofthe solvents have evaporated and a
thin coating og ph of QRROSW neg{ f"\ﬂlﬁ |

t hi ckness, rerrgl nsogﬁét e su strat ehérlaﬂwe re erlgségmg dm’ Htan Be

t enperat ure |ssdpnnmdauy(ﬁktratkﬁﬁftenhabmd=mﬁ{mmg‘.th.The treatment 20 is
conducted until the rate of change of solvent renoval becones relatively
insignificant. The tenperature and tinme sel ection depends on the

phot oresi st proper t TREémeta6d bfelai6 wheteiti 3610 soltPaciibéatalyst istaf Sorbkehddige pésin S €d

and commercially desired coati ng times. The coated substrate can then be

exposed to actinic radiat | on, e.g., ultraviolet radiation, at a wavel ength
of from about go0 nﬂ“],; 5@5 Wiikreik thelsbd oo E@g‘? BPr 25
| aser radiation, in an esl rdé pattern, proﬁ‘ﬁ%gg“{)da sul table masks

negati ves, steﬂmnllé()ppleqnhat es, etc. The photoresist is then optionally
subj ected to a post exposure second baki ng or heat treatnent either before
or after devel opnent. The heating tenperatures nay range

9. The method of claim 5 wherein said photoresist solvent is selected from the
group consisting of propylene glycol methyl ether acetate, ethyl lactate, 2-heptanone, and
ethyl-3-ethoxypropionate.

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;

b) after the condensation, removing the catalyst; and

c) removing the unreacted phenolic compounds and thereby producing a water
insoluble, aqueous alkali soluble, film forming novolak resin having a sodium and
iron ion level of less than 200 ppb each;

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 and 3) a suitable photoresist solvent and
thereby forming a photoresist composition;

€) coating a suitable substrate with the photoresist composition;

) heat treating the coated substrate 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,

such as an agueous alkaline developer.
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fromabout 90[err]C to about 120[err]C, nore preferably from about
100[err] C to about 110[err]C. 30 The heating may be conducted for from
about .30 seconds to about 2 minutes, nore WD 97/ 25359

PCTY US96/ 20165 - 12- preferably from about 60 seconds to about 90 seconds
on a hot pl at ewowredzenit 30 to about 45 m nutes by convecti on RCT@IS96/U165
exposed photoresist-coated substrates are devel oped to renove the inage-

wi se exposed areas by immersion in an al kal 1 H= devel opi ng sol ution or

devel oped by 5 spray devel opnent process. The solution is preferably
agitated, for exanple, by nitrogen burst agitation. The substrates are
allowed to remaip in the veloper pntil.all, ubstant i al | llL..of the
phot or esi st coating fﬁ?'ﬁ@lﬁ?@@ﬂ“#%ﬁ%% s&t’@@é“&”éﬁ%ﬂ@‘?% °

i ncl ude aqueous refloviéd by BitrationufiEPhe ¢oadehsatibi fdabtioht al hydr oxi des. One
preferred hydroxide is tetranethyl ammoni um hydroxi de. After renobval of the
10 coated wafers fromthe devel opi ng solution, one may conduct an

optional post- dpyel opERdthdisHcl Wﬁ@ﬁﬁn m i0c ating's
adhesi on and che?nxcal resi stanceﬁt{lgaetc |ns3{dso ut .“q&ﬁ?’gﬁd‘ ot %Bgu st ances.

The post-devel opnment heat treatnent can conprise the oven baking of the
coating and subs}Jat e.bel ow coaking s softenin oi.nt. In industrial
paF{ oG ok Th o podifin A 35 i6ndovel e redacl ks

appl i cati ons,
than 100 ppb each.

14.  The method of claim 10 wherein said photoresist solvent is selected from the
group consisting of propylene glycol methyl ether acetate, ethyl lactate, 2-heptanone, and
ethyl-3-ethoxypropionate. '

This Sheet Has Been Reﬂlaced .
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TR NG A B O L R O P Y N S L

115, mcrocircuitry units on silicon/silicon dioxide-type substrates, .the
idevel oped substrates may be treated.:with-a buffered, hydrofluoric acid base-
ietching solution. The photoresist conpositions of.the present invention are
iresistant to ‘acid-base etching solutions and pyovide effective protection
for the unexposed photoresist-coating areas of the substrate. The foll ow ng
|specific exanples will provide detailed illustrations of the nmethods 20

‘of producing and utilizing conpositions of the present invention. These
exanpl es are-not DESCRIBPUIONORAWBPRIOR ARTI t or restrict the scope of the
‘invention in any wa d, shoul d not be construed as providing condjtions,
"parameters or VZJ ueg. \%ﬁiﬂ&fe?ﬁ% Y%&‘Eﬁeﬁﬁg@'& i’éﬁ%‘gi@? 9&3?5? f novplak resm synthesis.
practice the preskmhbs fefurtstf th@undéSvigorous synthetic conditions the structure of novolak resin
Exanple 1 150 granms of cresols consisting of 6.3 noles of mcresol and 3.0

nol es” of 3, 5- xyl @asgesygspeqiallyvden o high concentraéon ofasidatalyst andchighytemppratiireist h

Arber ot Lof 71 a ek oyt f S Bpigifd GNRBR nesht Bl B SPle ontienin

the flask was healgsd; Khadkhleeal e Nathr@shdiDexdreS6E SubstitntiomPatedyscie Novelags by

rati o of cresol/fgrpal 1/0.78) -ywas added w se over one and a hal f
"hours. The reacti @ﬂgsﬁggm\%e@@&@mmm@eﬁ& gl&%[)?ﬂﬁ‘?ﬁ"%’“_’&t_l_ggg{ & 2 pypical |
EE?_;) {Jlsgg/eZO 16\5/\0- 9%%@?%5&&10&1, a reactor is charged with phenolic compounds, an acid catalyst such as

. oxalic acid, maleic acid (maleic anhydride), p_-toiuene sulphonic acid or any mineral acid, |
10 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 this conden;f.ation period, the reactor is
converted to distillation, and the temperéture is raised to about 200°C. At this point
vacuum is slowly drawn, the temperaiufe is raised to about 220°C, and the pressure is
reduced to below about 20 mm Hg. After the volatiles have been distilled off, the

15 vat_:ui.\m is released and the molten resin collected and alloiwed to cool. During the
course of the above resin synthesis sequence, samples were taken at various
temperatures and inspected using GPC (Gas Phase Chroﬁlotography). It was found that
there was a decrease of the weight average molecular weight of the polymer, especially
in the temperature range between 160-190°C( Rahman et al, “The Effect of Lewis Bases

20  onthe Molecﬁlat Weight of Novolak Resins”, presented at Ellenville Conference, 1994).

The molecular weight decrease was not observed unless the methyl phenol was |
extremely pure. If the methyl phenol contained a trace amount of nitrogen base, the
molecular weight decrease during the distillation process was not observed. In _
'd:b;'J.'endihg U.S. patent applications Serial No. 997,942, filed 12/29/1992 (WO 94/14862)

25 and Serial No. 999,500, filed 12/29/1992 (WQ 94/14863), assigned to the same assighe_,e
as the subject application, an irixprdved process'is disclosed to control molecular weight
by adjusting the a_moimt of Lewis bése in phenolic compounds before or aﬁér the |
condensation. It was disclosed that dﬁring the purification process of phenolic |
compounds using an ion exchange resin, distillation, and/or a solvent extraction process,

30  toremove metal ions, the minor aziiount of base present was also removed. Due to the

absence of these bases, the_hovolak resin was partially depolymerized during 'the

AMEN&ED SHEET
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glycol met hyl ether acetate (PGQVEA, 150 ml.)" was added and the ion exchange
i beads were. separated by filtration. The unreacted raw cresols, water, and
‘the sélvent were renoved by distillation. The resin was isolated as nolten
ito an alum numtray. The GPC nol ecul ar wei ght-5was found to be 2776. The
|sodium and iron ion level's were, 5 respectively, 22 ppb and 19 ppb.
-Exanple 2 150 granms of cresol's cOnsisting of 6. 3'nDIes of mcresol and 3.0

"mol es of 3,5- xylenol was transferre t,o.a four n ed fl ask
.a condenser, a 10ManuRqRUInGHIRAess ysica) PERRSTHeS rﬁ’é?dyﬁwegﬁﬁﬂga'ﬁ?ge\% due

Anmber | yst[err] A- ﬁﬁﬂ" f; gts&lc,ﬁ%

of di propyl ene gléc%o#a#e 4 %WW%%*’%&QJ an ﬁlgaﬁ @ﬁs%ﬁi@ﬁ
heat efj/ ]E 0 95|[ err]ﬁn&%ulﬁs?argald}favbukdhydémstd:g therhéwis acidtlevel, sfich as by adding a minor
creso or mal dehyde "1/ 0 ed dr ver ,one angd. a ‘half hours.
The reaction was #Poyhefs f‘%"’\\ggﬁ’tel gﬁe Pbﬁ%@%&ﬁ%ﬂ%‘@%ﬁ?&f‘tm%ﬁ (100
m .)was added andmimufacturig®ro®@es, €xchange beads were separated by
filtration. The unreacted raw cresols, water, and the solvent were renoved

by di stG;D |C | at : on. IThe r Insopending W Sopatensapplication Serinl Non 366,63, flednm Decamber 30,.
tr
Cof]‘%’em Infﬁeefgsfén @Ségg/z‘ﬁ‘gx) g@%ﬁ%:@&respeéxg&%s%&déuggh?&ﬂhéaﬁﬂﬁ, 40N

vel

Exanpl e 3 150 gr aﬂiprﬁed(;fr@é‘e@éﬁ dizelosedsor elatiig Hnévobakl resinbt atepiperanire desgithin 0
mol e of 3,5- xylenol was transferred to a four necked flask, equi pped with a

condenser, a ther Aonbi#3°C byrhsing subsyfpcefgraed sieam d‘-‘l’@ﬁ‘n‘m’gﬁ"a@?{ﬁ‘d@ temperature
.Anb.er lyst [ enpl A m%éin?} ngﬁl HPeakdown of the resin. It is known that an alkali soluble novolak resin

can be made by the condensation reaction of 2 mixture of phenolic monomers with an
aldehyde source. Such novolak resin synthesis processes are disclosed in U.S. Patent
No. 5,346,799.

- 15
SUMMARY OF THE INVENTION L
It has now been found that the novolak resin synthesis procesé can be further
improved by utilizing a solid acid catalyst, which can act as a catalyst for the |
condensation reaction as well as removing metal.idns. The solid 6atalyst will be removed
20 after condensation, such as by ﬁltraﬁdn, so that it will not cause any depolymerization
during a high temperature distillation process. '
The present invention relates to a process for producing a novoiak resin havmg a
| _consistent molecular weight, and a low level of metal ions, especially sodlum and iron,
and for using such a novolak resin in lxght~s_ensmve compositions. The invention also
25 relates to a photoresist composition cdntain_ing such a novolak resin and to a process for
- producing such phot_orésists compo'sitions. The invention further relates to the process
of removing solid acid catalyst from the.phenolicl: compounds-formaldehyde condensation
- products prior to high temﬁerature distillation process, to produce a novolak resin having
a substaniially consistent weight average molecular weight (i.e. varying by +/- 10% or
30 less). The invention further relates to process for producmg semiconductor devxces using

such photoresists contammg such a novolak resin and a photosensitizer.
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(2 66% by wei ght of the cresols) and 2.0 grans of Anberlyst[err] | RC- 718
.aC| d form 25 (1.33% were added. 100 grans of 3-nethoxy-3-nethyl butanol
_'(MVB) ‘wer e added and the flask was heated to 95[err]C. 84.41 g of _
','for mal dehyde (nol.ar ratio of cresol/fornal dehyge 1/0.80) was added dr opwi se.
iover one and a half hours. The reaction was allowed to continue for 6 hours
“at 95[err]C. 100 m. of MVB was added and the ion exchange beads were
separated by filtration. The unreacted raw cresols, water, 30 = and the
sol vent -were renoved bPhetiubjetd ihventiomprovides 4 oaten umhblestdmbwhlm soRblepfilni 0
- an WD 97/ 25359

PCT/ US96/ 20165 - @Ml“&ﬁ?‘%ﬁﬁ?ﬂé%ﬂe@&cﬁﬂ%ﬁ% &F‘h\&?‘&‘ﬂe“ﬁ%&m\e&& mpre phepalic
"3,644. The sodiu (ﬁ,qu, nfedd) r£§i

-respectively. Exg& I egh%)@udh% LR, ﬂaPaExféﬁ‘ol ﬁgrdgxrln ot o?e3| sfmt esl%lmhol

~sanpl e was prepar myobkdestrg: MneﬂéantvaldVdoﬁﬁemnm suéh asiam, fodived -
.ester of triQRQydrox | et.hane 70% o
" di azonapht hogﬁl no?l%gsél'ﬁ“i A ﬁ%‘ﬁs‘&@; cqRper mdsnng%%gtﬂfoyr sg%lﬁf}f’ée 5§ than

11.46 gm 200 ppb each. Sodium and iron are the most common metal jon contaminants and

among the easiest to detect. The level of these metal ions serves as an indicator of the
level of other metal ions. The level of sodium and iron ions, are preferably less than 100
ppb each, more preferably less than 50 ppb each, even more preferabiy less than 20 ppb
10 each, and most preferably less than about 10 ppb. each. - |
Water insblubl_e, aqueous alkali soluble, film forming novolak resin having a very
low levels of metal ions may be obtained by condensing formaldehyde, having a very low |
level of metal ions, with one or more phenolic compounds, such as m-cresol, p-cre_sol,
2,4 and 2,5 -dimethylphenol, having a'very low level of metal ions. The condensation
15 reaction is carried out in the presence of a solid acid catalyst, such as oxalic acid, maleic
acid, maleic anhydride or p-toluene sulphonic acid. Thé soli& acid catalyst is remdved,
such as by filtration, prior to high temperature distillation to obtain a novolak resin
having a very consistent weight average molecular weight and a very low level of metal -
jons. In the absence of a statement to the contrary molecular weight shall mean wexght
20 average molecular weight.
The present invention provides a process for producing a novolak resin having a
consistent molecular weight and a with very low level of metal ions, particularly sodium
-and iron. The subject process comprises: | |
_ i)‘ condensing formaldehyde with one or more phenolic compounds, in the presence
25 of a solid acid catalyst, s@ch as an acidic ion exchange resin, more preferably a
strongly acidic ion exchange resin, such as Axhberlyst@ A-15 resin, an& most
preferably a mixture of a Strongly acidic ion exchange resin such as Amberlyst®
A-15 resin _axid a chelating ion exchange resin (an ion exéhange resin having one
or more chelating sites to which may be attracted and bonded metals such as
30 iron), such as Amberlyst® IRC-718 in its acidic form;
b)  after the condensation removing the catalyst, such as by filtration; and

AMENDED SHEET
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PGVEA o . 36. 00 gm 10% FC- 430
i(fluoroaliphatic polyneric ester (98.5% - '0.13 gm Tol uene (1.5% avail able
ifyom 3M Corp.) as a PGQVEA sol ution 15 The resist sanple from

IExarrpl e 1 was coated on a hexamet hyl di sil azane, { HVDS) primed silicon wafer
.29 mm t hi ckness using a soft bake at 110C1 or 60 seconds on an |-line
'hot plate (SV@err] 8100). The resin sanple from Exanple 2 was al so coated
to 1.29 mmthickness on such a silicon wafer by the same procedure. The
-exposure matrix was printed on the coated WfaBleS) .using a 0.54 NA NI KON err]

i-line 20 ste KON[errl resoluilon reticl The exposed
waf ers were PEB (gExample &Wmmkeém DI0(Dase pDTERecResdhition |DOR | { ne
hot plate.. The fers werle then devyel oped u€i&g§ AZ[ err]| 300 M F|TVAH
(tetramet hyl a ni um hydr oxi de - 2.38% “@per} Thel devel opdd waf el s
‘were exam ned usifgg a H W[J 8-3200] gV (scannlgm e gciron 24/_2)
'm croscope). A n@mnpal _dase ( o Pript, DIP) ik neasured at he
best focus, the {dése reqqAEmhdaﬁ pl & sel ¥8@ epl i caf383% O.98n fedt(u6i2) TP,
resol ution and d épt-h—eii-dets—{Bo—wei-e—Heasti-et—ant—ar-e—showi—Ha—tab-é 1
bel ow. - 15 - TabI e 1: _ '
. Solution Viscosity - Relative fecular Wei
The viscosity solution was prepared by dissolving 7 grams resin'in a 100 ml.
5 volumetric flask using cyclohexanone solvent. The solution was filtered usinga 5

micrometer (micron) pressure syringe filter. ‘The viscosity was measured using a _
Cannon-Fenske® #200 viscometer at 25°C. The relative molecular weight (RMW) was
determined using the following equation: '

10 RMW= {log(n/nc)/c}?
where ¢ = concentration of resin in g/ml.
'n = viscosity of resin in cyclohexanone
no = viscosity of cyclohexanone

15 Spin Speed Determinations for 1.6um Films:
For each sample, spin one wafer at the following speeds: 2000, 4000 and 6000
rpm/30 sec. Bake all wafers at 90°C/30 minutes. Measure film thickness at n=1.64 and
interpolate the speed required to obtain 1.6um by logarithmic (base 10) regression.

20 . Molecular Wei wandMn)
The molecular weight of the polymers, whether weight average molecular weight

Mw, or number average molecular weight Mn, were measured by gel permeation
chromatography. (GPC) performed on dilute solutions of the polymer in tetrahydrofuran
(THF). The actual apparatus employed consisted of a Waters (Millipore Corp.)

25 programmable automatic samplei, vacuum pump, chromatography columns with heater,
and a differential refractometer connected to a Shimadzu® CR 30A data reduction
system with accompanying software (version 1.1, Shimadzu® part No. T/N 22301309-
91). The refractometer used was a Waters® model 410 and four chromatography

| columns, 500 Angstrom, 1000 Angstrom, 10,000 Angstrom and 100,000 Angstrom

30 (available from Waters) were connected in series. The system was calibrated using

multiple available polystyrene standards ranging in molecular weight as follows:
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_Exanpl e # Resin From RWW DIC (Dose DTP " Resol uti_é')n DOF to Clear) 4

iExanple 1- 8.8 100 190 0.4 L4/.2) 5 .

‘Exanpl e 2 8.7 180 ' 335 0. 35 : . 6/. 2) Sol uti on

; Visscosity - Relative Ml ecular Wight (RWY:~ scoremst eesHhsrBep

prepared by dissolving 7 grans resin in a 100 m

‘usi ng cycl ohexanone sol vent. The solution was fil tered met er

(mcron) pressure ffo gge filter. The viscosity was measured usr ng a
Cannon- Fenske #200 Vi sconeter at 25[err]C. The rel atrve erI ecul ar wei ght
was determnmi ned using the follow ng equation:

I / / = t f = it
O L T hennch sts 5 e o oy eﬁ%ﬁ@x@%ﬂ@%x&l s SR L
. Det erm nati ons foe,# {ngrr]mFr | ms: For each sanple, spin one wafer at the
“followi ng speeds: 2000, "4000 and 6000 rpnf 30 sec. Bake al|l wafers at
- 90[err] C/30 minut®s. mémgrfmmdrehud@mﬁs@eaqr merq phepoligeompouadphavings sodiym

speed required to obt r%
Vol ccul ar Vi ght _Dat a PRACHRE iRt Bsd AR Offels it bretdins PSRN ARarati
whet her. wei ght aver agewhsati said acid vathigittis ddgcidic ionextimngesesinnge nol ecul ar
wei ght M, were neasured hy gel perneation
b) after the condensation, removing the solid catalyst; and
c) removing the unreacted phenohc compounds and thereby producing a water

insoluble, aqueous alkali soluble, film forming novolak resin.

2. | The method of claim 1 wherein said catalyst can be separated by filtration after

the condensation reaction.

3. The method of claim 1 where in the sodium and iron ion level is reduced to less
than 100 ppb each.
4, A method for producmg a positive photoresist composmon comprising:

a) condensmg formaldehyde with one or more phenolic compounds compounds
" having a sodium and iron ion content of 50 ppb each or less, in the presence of a.
solid acid catalyst wherein said acid catalyst is an acidic ion exchange resin; -

b)  after the condensation, removing the catalyst; and '

c) removing the unreacted phenolic compounds and thereby producxng a water

- insoluble, aqueous alkali soluble, film forming novolak resin;

d) providing an admixture of: 1) a photosensitive component in an amount sufficient
to photesensitize the photoresist cdmposition; 2) the water insoluble, aqueous
alkali soluble, film forming nbvolak resin and 3) a suitable photoreéisi solvent and

 thereby forming a photoresist composition. |

-3 The method of clmm 4 wherein said catalyst can be separated by filtration after

: the condensation reaction.
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«€hr omat ogr aphy (GPC) performed on dilute solutions of the pol ynmer in '
it etrahydrofuran (THF). The actual apparatus enpl oyed consisted-of aVaters—
IMIlipore Corp.) 25 programuabl e aut omati ¢ sanpl er, vacuum punp
ichr omat ogr aphy columms with heater, and a diffiegenti al reﬂ“h! eplaced
;Iconnect ed to a Shimadzu[err] CR 30A data.reduction system WH
"softvvare ‘(version 1.1, Shimadzu part No. T/ N 22301309- 91)

refractoneter used was a Waters[err] model 410 and four chromat ography
col ums, 500 Angstrom 1000 Angstrom 10,000 Angstrom and 100, 000 Angstrom

O O L i 155k s o T T T e

nmol ecul ar wei ght &Iiam‘mdﬁgg\fiach WO 97/ 25359
PCT/ US6/ 21065 - 16- GPC CALI BRATI ON Calibration St andard (Pol ystyrene) Mol.

W. 5 470, 000 2
170, 000 3 e . .
34,500 5. 7. The method of claim 4_ wherein gﬁgglgﬁgreéist solvent i ts. ;elected from the

- group consisting of propylene glycol methyl ether acetate, ethyl lactate, 2-heptanone, and
ethyl-3-ethoxypropionate.

8.  Amethod for producing a semiconductor device by producing a photo-image 6n

a suitable substrate comprising:

a) condensing f’ormaldeqyde with one or more phenohc compounds compounds
having a sodium and iron icn content of S0 ppb each or less, in the presence of a
solid acid catalyst wherein said acid catalyst is an acidic ion exchange resin;.

b) = after the condehsétion, removing the catalyst; and

c) removing the unreacted phenolic compounds and thereby producing a water
insoluble, aqueous 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, aqueous
alkali soluble, film forming novolak resin and 3) a suitable photoresist solvent and

| thereby _t'oﬁning a photoresist composition;

e coaﬁng a suitable substrate with the photoresist composition;

f) . heat treating the coated substrate unti_l'subs'tantially 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..suit.able' developer,

such as an aqueous alkaline developer.

9. The method of claim 8 whetem saxd catalyst can be removed by filtration aﬁer the
condensatmn reaction.. '

10.  The method of claim 8 wherein the sodium and iron ion level is reduced to less
than 100 ppb each. |
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10 ° : . 6 ' . . 3,200 7
1,250 The. standards are essentially nonodi sperse, consisting substantially
- qf* a'single nolecular weight. Wth the systemthus calibrated the wei ght
. average nol ecul ar wei ght 15 Mwv, the nunber avegage nol ecul ar wei ght M, and-
" pol ydi spersity. Mvm Mn, were obtained for polynmers produced in accordance

‘with the exanpl es given hereinafter. - 17 - CLAIMS: 1. A net hod for
produci ng a water insoluble, aqueous-al kali soluble novolak resin
-conprising: a) condensi ng fornmal dehyde with one or nore phenolic

© conmpounds havi ng SOGH lron Lon content, of 50 ppb each or, less, in
~the presence of aﬁéol ?13‘ érpé:elﬁgﬁcdﬁcmgtwr}‘mé’} %a'lcﬂpl'éog?ramata%ge s 5‘?%?‘1 fJF%mZt}?
“acidic ion exchargeup esisistingf propyRiné glycslifet R Scetdte uthyl RERM DdeptafordOhidd
catal yst; and c) removi ng the unreacted phenolic conpounds and thereby
produci ng a wat er® Hrdeft OPRf-€ous al kali soluble,” filmform ng novol ak
resin having a sodiumand iron ion level of |ess than 50 ppb each.

- This Sheet Has Been Reilaced
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2. ., The nmethod of. claim1l wherein said solid acid catal yst can be
separat ed by filtration after the condensat jon reacti
ofé cl ai'm 2 wherein said i on exchange résin is insol uﬁngEMmmFEET

pRenqgl s, fornal dehyde, propyl ene glycol nethyl ether—acetate -0y -ene.

gl ycol nethylether, and 3-net hoxy-3-nethyl butangl, w‘”’ﬁ"ﬁﬁq@‘\lﬁe HEFT Sof SG
claim3 where in the sodiumand iron ion | edér is

ppb each. 5. A method for producing a positive Hd@-@’ﬁ(ébl s‘tPaé:@dTﬂastotﬁa@m 19
conprising: a) condensi ng formal dehyde with opelid¥awingisipinsged 1T to paged ..
conmpounds havi gpAdM®di um and iron ion content o B%qﬁpbcieac@agedl-ess paiged .7
the presence of a solid aci d catal yst wherein sald acid catalyst is an

aci dic ion exchange resin; after the condepspATeNoF RECEIFE Bhe -9

catal yst; and rerm the unr ea ueu Uu1| atret
t her eby produmlhg ag\/ﬁF%PdF ?5? a‘%‘ﬁ’éﬁ’ﬁgl §\[ k%‘# "F”ﬁﬂ}%"\‘f“?lf m ng
novol ak resin B énptis@gei um and iron [evel of less than 50 ppb each, d)

provi ding an adm xture of. 1) a photosensitive conponent in an anount
a) condensing formaldehyde with one or more phenolic compounds having a

sodium and iron ion content of 50 ppb each or less, in the presence of a
solid acid catalyst wherein said acid catalyst is an acidic ion exchange
resin;

b) after the condensation, removing the solid catalyst; and

c) removing the unreacted phenolic comp,eunds and thereby producing a
water insoluble, aqueous alkali soluble, film forming novolak resin_llaﬂ

a sodium and iron ion level of less than 50 ppb each.

2. The method of claim 1 wherein said solid acid catalyst can be separated by

filtration after the condensation reaction.

3. The method of claim 2 wherein said ion exchange resin is insoluble in

substituted phenols, formaldehyde, propylene glycol methyl ether acetate,

dipropylene glycol methylether, and 3-methoxy-3-methyl butanol.

_4.  The method of claim 3 where in the sodium and iron jon level is reduced
to less than 20 ppb each.

S. A method for producing a positive photoresist composition comprising:
a) condensing formaldehyde with one or more phenolic compounds having a

sodium and iron ion content of 50 ppb each or less, in the presence of a
solid acid catalyst wherein said acid catalyst is an acidic ion exchange
resin;

b) after the condensation, removing the catalyst; and

AW



suffi.cient to photosensitize the photoresist conposition; 2) the water

i Nnsol‘ubl e, aqueous al kali 'soluble, filmforpmng nov reey

s@# t abl'e photoresi st solvent and thereby fornmng a %Fﬁg@/@w@ﬁﬁﬂ
6: " . The nmethod of claim5 wherein said solid acid catal yst can be
separated by filtration after the condensation reaction. 7. The net hod

of claim®6 wherein said ion exchange resin-18-i nsol ubl e i n substituted
phenol s, formal dehyde, propyl ene glycol nethyl ether acetate, dipropylene

gl ycol nethylether, and 3-net hoxy-3-nethyl butanol. 8. The met hod of
clai m5 wherei¢) thereapsingthe udreadtediphenolit esmpoursls anditherdytprodueing & han 20
ppb each. 9. The nmethod of claim5 wherein said photoresist solvent is

sel ected fromthe gvaigpinseiublesequegupalkai spiyhle fimyfopming nexekal resin hasfing
acetate, ethyl lactate, 2- tan e |,- 3- ef hoxypr opi onate. 10. A
met hOd for pr oduci n%s%dl‘ggﬁpa%ﬁhiﬁ%nsflﬁ%\%%gﬂép‘?agaﬁﬁgc| ng a phot O- i mage on
a sui tabl e subgy r at gro¢iilf Arbadisixtude of: 15 2 PHEMBSdnSHivE @6MPoitabiti athduntone or

nmore phenolic conpounds having a sodiumand iron ion content of 50 ppb each
or less, in the preswficientdb photostrisitizea thephotoresistsomphsition;2)4bs watgei d

catalyst is an acidic | exchan resin; after e condgnsati on,
rem)viyng the catal yg-:ﬁ?lugﬁdaqueous gﬁall soluble, tld}'nformmg 1S volall Fesks ejtnde a

suitable photoresist solvent and thereby forming a photoresist composition.

6. The method of claim 5 wherein said solid acid catalyst can be separated by

—— -

filtration after the condensation reaction.

7. The method of claim 6 wherein said ion exchange resin is insoluble in

substituted phenols, formaldehyde, propylene glycol methyl ether acetate,

dipropylene glycol methylether, and 3-methoxy-3-methyl butanol.

8. The method of claim S wherein the sodium and iron ion level is reduced to
less than 20 ppb each.

-9.  The method of claim 5 wherein said photoresist solvent is selected from
the group consisting of propylene glycol methyl ether acetate, ethyl lactate, 2-
heptanone, and ethyl-3-ethoxypropionate.

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 having a
sodium and iron ion content of 50 ppb each or less, in the presence of a
solid acid catalyst wherein said acid catalyst is an acidic ion exchange
resin;

b) after the condensation, removing the catalyst; and
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-19- .c) renovi ng the unreacted phenolic conpounds and thereby producing a
wat er* i nsol ubl e, aqueous al kali soluble, fi]mformi nanEOéOI ak resin having
assodi um and iron level of |less than 50 ppb each; d) LAI

adm xture of: 1) a photosensitive conponent in an anount SUQEM%NT'LSHEET
phot osensitize the photoresist conposition; 2) the water insoluble, aqueous
al kali soluble, filmforming novol ak resin-4%d 3) a suitable photoresi st

sol vent and thereby form ng a photoresist conposition; e) coating a

sui tabl e substrate with the photoresist conposition; f) heat treating
the coated subgfrat fentiving the uhfchetdd pRérotic 3binp&indshad Beedty pRedueings®! vent s
renoved; image-w se exposing the photosensitive conposition and renoving

t he i mage-wi se expowatsr inselblepaquequsalkaligaiuble, fm formingmnoyoalak aesie having| oper ,
such as an aqueous al kal i ne dev?l oref. 1&1. Thbe thod of claim 10 wherein
said catal yst can hiSediWhRg 1Ry lgvel o} logs than 39 ppR €3y condensation reacti on.

12. The neth of ﬂ%’"ﬁﬁ ! L B 38b Ahd b ad Smdik30l ubl e
i n substitut ed&gheng S, ‘lfigbr n%%gﬁﬁ%gfqg?§geﬁggbr?§ﬁ§?3§% 0@?&9@ %g{l?llgr:t
acet ate, di propyl ensuffitigntto phetossrisitizedhe plataresistroeiriposiyio;: 2jghérwhtebut anol .

13. The method of claim 10 wherein the sodiumand iron ion level is
reduced insoluble, aqueous alkcall. soluble, fiim onnfang novolak resin an 3)a

suitable photoresist solvent and thereby forming a photoresist composition;
€) coating a suitable substrate with the photoresist composition;
f) heat u'éating the coated substrate 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 witha -

suitable developer, such as an aqueous alkaline developer.

11.  The method of claim 10 wherein said catalyst can be removed by filtration

after the condensation reaction.

12.  The method of claim 10 wherein said ion exchange resin is insoluble in

substituted phenols, formaldehyde, propylene glycol methyl ether acetate,

dipropylene glycol methylether, and 3-methoxy-3-methyl butanol.

13. The method of claim 10 wherein the sodium and iron ion level is reduced

to less than 20 ppb each.

14.  The method of claim 10 wherein said photoresist solvent is selected from
the group consisting of propylene glycol methyl ether acetate, ethyl lactate, 2-
heptanone, and ethyl-3-ethoxypropionate.
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to.l ess than 20 ppb each. 14.
photore5|st sol vent
gl ycal+ net hyl
- 3- et hoxypr opi onat e.

ewhyl

The net hod

et her acetate,  ethyl

PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

of claim 10 mheréﬁl%@ﬁdf)q?'g

Is selected fromthe group consisting of propyl ene
| act at e,

2- hept anone, - and

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6
CO08G 8710, GO3F 7/023 Al

(11) International Publication Number:

(43) International Publication Date:

v'WO 97/25359

17 July 1997 (17.01.97)

(21) International Application Number: v/ PCT/US96/20165

"1 (22) International Filing Date: \/ 17 December 1996 (17.12.96)

(30) Priority Data:
08/587,874 v/ 11 January 1996 (11.01.96) uUs
(71) Applicant: HOECHST CELANESE CORPORATION

fUS/US]; Route 202-206 North, Somerville, NI 08876
(US).

{72) Inventors: RAHMAN, M., Dalil; 62 Concord Ridge Road,
Flemington, NJ 08822 (US). AUBIN, Daniel, P; 202
Congdon Road, Voluntown, CT 06384 (US). KOKINDA,
Elaine, G.; 9 Cumberland Road, Somerville, NJ 08876 (US).
DURHAM, Dana, L.; 41 Copper Penny Road, Flemington,
NJ 08822 (US).

(74) Agents: SAYKO, Andrew, F. Jr. et al; Hoechst Celanese
Corporation, 70 Meister Avenue, Somerville, NJ 08876
(US).

(81) Designated States: CN, JP, KR, SG, European patent (AT, BE,
CH, DE, DK, ES, FI, FR, GB, GR, IB, IT, LU, MC, NL,
PT, SE).

Published
With international search report.
Before the expiration of the time limit for amending the
claims and 10 be republished in the event of the receipt of
amendments.

(54) Title: ACIDIC ION EXCHANGE RESIN AS A CATALYST TO SYNTHESIZE A NOVOLAK RESIN AND PHOTORESIST

COMPOSITION THEREFROM
(57) Abstract

* The present invention provides methods for producing water insoluble, aqueous alkali soluble novolak resins having consistent
molecular weight and a very low level of metal ions, utilizing a solid acid condensation catalyst. A method is also provided for producing
photoresist composition having a very low level of metal ions from such novolak resins and for producing semiconductor devices using

such photoresist compositions.




