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Description  BACKGROUND OF THE INVENTION      The present invention relates
to a process for reducing metals ion in raw materials such as cresols,
formaldehyde, and oxalic acid and for producing novolak resin of consistent
molecular weight having a very low level of metal ions, especially sodium
and iron, and for using such novolak resin in light-sensitive compositions.
The present invention also relates to a process for making light-sensitive
compositions useful in positive-working photoresist 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 substrates.     Photoresist compositions are
used in microlithography processes for making 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
silicon wafers used formaking integrated circuits. The coated substrate is
then baked to evaporate any solvent in the photoresist composition and to
fix the coating onto the substrate. The baked coated surface of the
substrate is next subjected to an image-wise exposure to radiation.
This radiation exposure causes a chemical transformation in the exposed
areas of the coated surface. Visible light, ultraviolet (UV) light,
electron beam and X-ray radiant energy are radiation types commonly used
today in microlitho- graphic processes. After this image-wise exposure, the
coated substrate is treated with a developer solution to dissolve 



and remove either the radiation-exposed or the unexposed areas of the
coated surface of the substrate.     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
sodium and iron, when they are present in photoresists, can cause
contamination especially during plasma stripping. However, these problems
have been overcome to a substantial extent during the fabrication process.
For example, by utilizing HCL gettering of the contaminants during a high
temperature anneal cycle.     As semiconductor devices have become more
sophisticated, these problems have become much more difficult to overcome.
When silicon wafers are coated with a liquid positive photoresist and
subsequently stripped off, such as with oxygen microwave plasma, the
performance and stability of the semiconductor device is often seen to
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 contamination in the
photoresist, particularly sodium and iron ions. Metal levels of less than
1.0 ppm in the photoresist have been found to adversely affect the
properties of such semi- conductor devices.     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. In producing
sophisticated semiconductor devices, it has become increasingly important
to provide novolak resin having a substantially consistent molecular weight
and a metal contamination level well below 1.0 ppm. During raw materials
purification to remove metals a minor amount of Lewis base is also removed.
It was surprisingly discovered that when the level of Lewis base is too low
the production of novolak resin failed because of the depolymerisation of
resin at a 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 radiation, the areas of the resist composition
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 coating. Thereby uncovering a desired
portion of the underlying substrate surface on which the photoresist
composition was deposited.     On the other hand, when positive-working
photoresist compositions are exposed image-wise to radiation, those areas
of the photoresist composition exposed to the radiation become more soluble
to the developer solution (e.g. a rearrangement reaction occurs) while
those areas not exposed remain relatively insoluble to the developer
solution. 



Thus, treatment of an exposed positive-working photoresist with the
developer causes removal of the exposed areas of the coating and the
creation of a positive image in the photoresist coating. Again, a desired
portion of the underlying substrate surface is uncovered.     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 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  
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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.     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 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 near 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.     JP-A-4-65415 discloses (cf Example 1) a
method for preparing a novolak resin for the preparation of photoresist
compositions which differs from the oresent invention notably in the nature
and amount of the Lewis base which is essential to the present invention.
The present invention relates to a process for producing novolak resins
having a substantially consistent molecular weight and containing very low
levels of metal ions, especially sodium and iron. The invention also
relates to a process for producing a photoresist containing such novolak
resins. The invention further relates to the control of the amount of Lewis
base in a process of producing such novolak resins having a substantially
consistent molecular weight. The invention further relates to a process for
producing semiconductor devices using such photoresists containing these
novolak resin and photosensitizer. 



The process of the subject invention provides a water insoluble, aqueous
alkali soluble novolak resin obtained by condensing with formaldehyde one
or more phenolic compounds, such as meta-cresol, para-cresol,
3,5-dimethylphenol or 2,4-dimethylphenol.     The novolak resins obtained
have very low levels of metal ions such as iron, sodium, potassium,
calcium, mag- nesium, copper and zinc. The total metal ion level is
preferably less than 1 ppm, more preferably less than 500 ppb. Sodium and
iron are the most common metal ion 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 respectively, less
than 100 ppb and 400 ppb, preferably less than 75 ppb and 300 ppb, more
preferably less than 50 ppb and 200 ppb. even more preferably less than 30
ppb and 130 ppb and most preferably less than 10 ppb and 10 ppb.     Water
insoluble, aqueous alkali soluble 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
reaction is pref- erably carried out in the presence of a catalyst, such as
oxalic acid. In a preferred embodiment of the process of the present
invention, the oxalic acid also has a very low level of metal ions.     In
the process of the present invention it is necessary to adjust the amount
of Lewis base present before or after the condensation, to stabilize the
molecular weight.  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The present invention provides a process for producing novolak resin having
a substantially consistent molecular 



weight and containing a very low level of metal ions, particularly sodium
and iron. The subject process utilizes an acidic ion exchange resin to
purify the formaldehyde and, in a preferred embodiment, uses the same type
of ion exchange resin to purify the catalyst, e.g. oxalic acid. In a
preferred embodiment, the process uses the same type of ion exchange resin
to purify the cresol raw materials, e.g. methylphenol, dimethylphenol, or
mixtures of them. The subject process comprises:      a) treating an acidic
ion exchange resin with water, preferably deionized water, followed by a
mineral acid solution     (e.g. a 5-98% solution of sulfuric, nitric or
hydrochloric acid) to reduce the level of sodium and iron ions in the ion
exchange resin to less than 500 ppb each, preferably less than 100 ppb,
more preferably less than 50 ppb and     most preferably no more than 20
ppb; 



b) passing a water/formaldehyde solution through the ion exchange resin and
reducing the level of sodium and     iron ions in the solution to less than
500 ppb each, preferably less than 375 ppb, more preferably less than 250
ppb, even more preferably less than 100 ppb and most preferably less than
40 ppb;     c) producing one or more phenolic compounds having a level of
sodium and iron ion content of less than 400 ppb     each, preferably less
than 200 ppb, more preferably less than 50 ppb and most preferably less
than 30 ppb;     d) condensing the formaldehyde with one or more of the
phenolic compounds, preferably in the presence of a     catalyst,
preferably an acid catalyst, more preferably oxalic acid, adjusting the
Lewis base concentration before     and/or after the condensation to at
level of from about 10 to about 1000 ppm, preferably 20 to 500 ppm, most
preferably 30 to 300 ppm, and distilling off unreacted raw materials,
thereby producing a water insoluble, aqueous     alkali soluble novolak
resin having a desired and substantially consistent molecular weight and a
sodium and iron 





-3-       ion level of less than 500 ppb each, preferably less than 375
ppb, more preferably less than 250 ppb, even more      preferably less than
100 ppb and most preferably less than 40 ppb.       The present invention
further provides a process for producing a positive photoresist composition
having a very  low level of total sodium and iron ions. The subject process
comprises:       a) treating an acidic ion exchange resin with water,
preferably deionized water, followed by a mineral acid solution 



(e.g. sulfuric, nitric or hydrochloric acid) to reduce the level of sodium
and iron ions in the ion exchange resin to      less than 500 ppb each,
preferably less than 100 ppb, more preferably less than 50 ppb and most
preferably no      more than 20 ppb;      b) passing a water/formaldehyde
solution through the ion exchange resin and reducing the sodium and iron
ion      level to less than 500 ppb each, preferably less than 375 ppb,
more preferably less than 250 ppb, even more      preferably less than 100
ppb and most preferably less than 40 ppb;      c) producing one or more
phenolic compounds having the level of a sodium and iron ion content of
less than 400      ppb each, preferably less than 200 ppb, more preferably
less than 50 ppb and most preferably less than 30 ppb;      d) condensing
the formaldehyde with one or more of the phenolic compounds, in the
presence of a catalyst, pref-      erably an acid catalyst, more preferably
oxalic acid, adjusting the Lewis base concentration before and/or after 



the condensation to a level of from about 10 to about 1000 ppm, preferably
20 to 500 ppm, most preferably 30 to      300 ppm, and distilling off
unreacted raw materials, thereby producing a water insoluble, aqueous
alkali soluble      novolak resin having a desired and substantially
consistent molecular weight and a sodium and iron ion level of      less
than 500 ppb each, preferably less than 375 ppb, more preferably less than
250 ppb, even more preferably      less than 100 ppb and most preferably
less than 40 ppb;      e) providing an admixture of 1) a photosensitive
component in an amount sufficient to photosensitize the photore-      sist
composition; 2) the water insoluble, aqueous alkali soluble novolak resin
having a low level of total sodium      and iron ions, and a dersired and
substantially consistent molecular weight, and 3) a suitable solvent.
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 composition by:      a) treating an acidic ion exchange resin
with water, preferably deionized water, followed by a mineral acid solution
(e.g. sulfuric, nitric or hydrochloric acid) to reduce the sodium and iron
ions in the ion exchange resin to less than     500 ppb each, preferably
less than 100 ppb, more preferably less than 50 ppb and most preferably no
more than     20 ppb;     b) passing a water/formaldehyde solution through
the ion exchange resin and reducing the sodium and iron ion     level to
less than 500 ppb each, preferably less than 375 ppb, more preferably less
than 250 ppb, even more     preferably less than 100 ppb and most
preferably less than 40 ppb;     c) producing one or more phenolic
compounds and reducing the level of a sodium and iron ions to less than 400



ppb each, preferably less than 200 ppb, more preferably less than 50 ppb
and most preferably less than 30 ppb:     d) condensing the formaldehyde
with one or more of the phenolic compounds in the presence of a catalyst,
pref-     erably an acid catalyst, more preferably oxalic acid, adjusting
the Lewis base concentration before and/or after     the condensation to a
level of from about 10 to about 1000 ppm, preferably from about 20 to 500
ppm, most     preferably from about 30 to 300 ppm, and distilllng off
unreacted raw materials, thereby producing a water insoluble,     aqueous
alkali soluble novolak resin having a desired and substantially consistent
molecular weight and a sodium     and iron ion level of less than 500 ppb
each, preferably less than 375 ppb, more preferably less than 250 ppb,
even more preferably less than 100 ppb and most preferably less than 40
ppb.     e) providing an admixture of: 1) a photosensitive component in an
amount sufficient to photosensitize the photore-     sist composition; 2)
the water insoluble, aqueous alkali soluble novolak resin having a desired
and substantially 



consistent molecular weight and a low level of total sodium and iron ions
and 3) a suitable solvent;     f) heat treating the coated substrate until
substantially all of the solvent is removed; image-wise exposing the
photosensitive composition and removing the image-wise exposed areas of
such composition with a suitable de-     veloper, such as an aqueous
alkaline developer. Optionally one may perform a baking of the substrate
either     immediately before or after the removing step.      It has been
surprisingly found that a novolak resin containing very low levels of metal
ion contamination as well as desired molecular weight cannot be obtained by
condensing formaldehyde with one or more phenolic compounds, in the
presence of catalyst, unless one either: 1) adjusts the concentration of
Lewis base before condensation, 2) adjusts the concentration of Lewis base
after the condensation or 3) adjusts the concentration of Lewis base both 



before and after condensation or 4) adjusts the concentration of Lewis base
in the raw materials, such as cresols, by          



-4-  adding or removing a Lewis base.     An acidic ion exchange resin,
such as a styrene/divinylbenzene cation exchange resin is utilized in the
present process. Such ion exchange resins are available from Rohm and Haas
Company, e.g. AMBERLYST 15 resin. These resins typically contain as much as
80,000 to 200,000 ppb of sodium and iron. Before being utilized in the
process of the invention, the ion exchange resin must be treated with water
and then a mineral acid solution to reduce the metal ion level. Preferably
the ion exchange resin is initially rinsed with deionized water, followed
by a mineral acid solution 



such as a 10 percent sulfuric acid solution, rinsed again with deionized
water, treated again with the mineral acid solution and once more rinsed
with deionized water.     The formaldehyde is preferably passed through a
column containing the ion exchange resin as a solution, e.g. a solution of
about 38 percent formaldehyde in water and methanol Such solutions
typically contain from 250 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 10 ppb.     The phenolic compounds condensed with the purified
formaldehyde must also have a low level of metal ions. Such low levels may
be achieved by distilling such phenolic compounds so that the total sodium
and iron ion content is as low as 50 ppb or less. Such low levels may also
be obtained by passing through the contamination free ion exchange resin
column so that the total sodium and iron ion content is as low as 30 ppb or
less. Another method to obtain such 



low levels is by solvent extraction. Phenolic compounds can be extracted
with 10% acid solution in water to remove metals to a level as low as 30
ppb or less each.     It was surprisingly discovered that during the
purification process of phenolic compounds by ion exchange, distil- lation,
and/or solvent extraction process to remove metal ions, a minor amount of
Lewis base was also removed. Due to the absence or too low a concentration
of the Lewis base, the novolak resin was partially depolymerized during the
manufacturing process. The physical properties of the depolymerized resin
change due to degradation and it is in an undesirable way for photoresist
compositions. This problem can be substantially avoided by adjusting the
amount of Lewis base before and/or after the condensation step of novolak
manufacturing process. The Lewis bases can be present in the range of from
about 10-1000 ppm, preferably from about 20 to 500 ppm, most preferably
from about 30 to 300 ppm. The Lewis bases used are hydroxides of organic
counterions such as tetra-substituted ammonium hy- 



droxide (Formula 1), or other organic bases (Formulas 2 to 4), added to the
reaction mixture either neat a: a solid or liquid or used either as a salt
or a solution either in water or a suitable organic solvent, or a mixture
of an organic solvent and water.
[err]   



where the substituents A, B, C and D may be C1-Cl0 alkyl or alkenyl (both
straight-chain and branched), particularly preferred are C1-C2 alky, the
alkyl chains may optionally be heteroatom substituted, with one or more of
N or O; C3- C10 cycloalkyl, preferably 5-6, with optional heteroatom
substitution, with one or more of N or O; C6-C12 aryl or alkylaryl ( C1-CI0
alkyl, C6-C12 aryl) substituents; C1-C10 alkyloxy or C3-C10 cycloalkyloxy,
C6-C12 aryloxy; C1-Cl0 alkyl or C6- C12 aryl carboxylic acid or ester -COOR
and keto-substitutents -C(=O)R, where R is H, C1 -C10 alkyl or C6-Cl2 aryl,
in particular methyl as alky, and including heteroatom-substituted C6-C12
aryl residues, substituted with one or more of 



N or 0. in particular aza and oxa-substitution; amino, C1 -C10 alkyl- and
dialkylamino, preferably C1 to C5 alkyl, most preferably C1 to C2; C3-C10
cycloalkylamino and dicycloalkylamino, preferably C5-C6 cycloalkyl; C3-Cl0
cycloalkyl where two or more of the substituents A to D are part of a
cyclic or polycylic ring system which optionally may be heteroatom
substituted with one or more of N or O. Most preferred is
tetramethylammonium hydroxide as an aqueous solution.     Other Lewis bases
are shown in formulas 2 to 4:     
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[err]                [err]                              Formula 2
Formula  3                        formula 4  



where X = N or CR6, provided that there is at least one basic center in the
molecule if X = CR6 and where in formula 2 X can be P; where R1 to R6 may
be any of the following: hydrogen, C1-C10 alkyl (both straight-chain and
branched), preferably C1-C5 alkyl, most preferred C1-C2 alkyl, and where
the alkyl chains may optionally be heteroatom substituted with one or more
of N or O; C3-C10 cycloalkyl, preferably C5-C6, with optional heteroatom
substitution with one or more of N or O, where in the case of
aza-cycloalkyl substituents, attachment to the aryl ring is preferably
effected via the aza site; hydroxy, C1 -C10 alkyloxy or C3-C10
cycloalkyloxy, C6-C12 aryloxy; C1 -C10 alkyl or C6-C12 aryl carboxylic acid
or ester -COOR and keto-subsitutent -C(=O)R, where R is H, C1-C10 alkyl or
C6-C12 aryl, in particular methyl as alkyl, and including
heteroatom-substituted C6-C12 aryl residues substituted with one or more of
N or O. in particular aza and oxa-substitution; halogen ornitro; amino,
C1-C10 alkyl- and dialkylamino, preferably C, to C5 alkyl, most preferably 



C1 to C2; C3-C10 cycloalkylamino and dicycloalkylamino, preferentially
C5-C6 cycloalkyl; C3-C10 cycloalkyl where two or more of the substituents
R1 to R5 are part of a cyclic or polycylic ring system which optionally may
be heteroatom substituted with one or more of N or O, wherein adjacent R
group can part of a C5-C12 cyclic group, preferably C5-C7.     The
consistency of the molecular weight is determined by measuring the Void
Viscosity ("V.V'), the GPC Molecular Weight of the final novolak resin and
the GPC Molecular Weight of the novolak resin before distillation. A
novolak resin having a desired and consistent molecular weight produced
according to the process of the present invention will have a V.V from more
than 10.0 to less than 40.0. preferably from about 12 to about 32.0, more
preferably from about 14.0 to about 24.0. most preferably from about 16.0
to about 22.0 and a ratio of final molecular weight ("MW") to molecular
weight before distillation ["MW(BD)"] [Ratio = MW/MW(BD)] from about
greater than 0.6 to less than about 1.7, pref- erably from about 0.7 to
about 1.5, more preferably from about 0.8 to about 1.3, most preferably
from about 0.9 to 



about 1.1.     Void Viscosity and GPC Molecular Weight are measured using
the following procedures:  Void Viscosity Procedure:      Make a 26%
solution of the resin (6.50 grams of resin in 100 ml jar equipped with
magnetic stir bar and cap) add up to 25.00 grams of AZ Thinner Solvent.
Filter the solution through a 5 micron membrane syringefilter. Fill
viscometers (size #200) in the inverse position to the second line. Place
the viscometer in viscosity bath at 25[err]C (constant temper- ature) for
15-20 minutes. Take flow time of resin solution (seconds) and repeat till
two consistant readings are obtained. Calculation: Void Viscosity = flow
time (in seconds) x constant in centistokes per second at 25[err]C. 



Molecular Weight (MW):      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 Corporation) 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 refractormeter used was a Waters model 410 and four
chromatography columns, 50 nm (500 Angstrom), 100 nm (1000 Angstrom), 1,000
nm (10,000 Angstrom) and 10,000 nm (100,000 Angstrom) (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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Calibration Standard (Polystyrene)  Molecular Weight
1                         470,000
2                         170,000
3                          68,000 



4                          34,500
5                           9,200
6                           3,200
7                            1,250       The standards are essentially
monodisperse, consisting substantially of a single molecular weight. With
the system thus claibrated the weight average molecular weight MW, was
obtained for polymers produced in accordance with the examples given
hereinafter.      In a particularly preferred embodiment of this invention
the acid catalyst, e.g. maleic anhydride or oxalic acid, is also passed in
solution (e.g. in water) through an acidic ion exchange resin. Untreated
oxalic acid typically has metal 



ion levels of about 1000 to 2000 ppb or higher of each of sodium and iron.
After treatment by passing through the ion exchange resin, metal levels are
reduced to as low as 10 ppb or less in a 10 percent solution of oxalic acid
in deionized water. Even though only about 1 percent of oxalic acid is
typically utilized as a catalytic amount in the preferred em- bodiment of
the present process, its contribution of the metal ion concentration could
be high.     The present invention relates to a process for producing a
novolak resin, a process for producing a photoresist composition containing
such a novolak resin and a process for producing semiconductor devices
using such a pho- toresist composition. The photoresist composition is
formed by providing an admixure of a photosensitizer, the subject water
insoluble, aqueous alkali soluble novolak resin and a suitable solvent.
Suitable solvents for such photoresists and for novolak resins may include
propylene glycol mono-alkyl ether, propylene glycol alkyl (e.g. methyl)
ether acetate, ethyl-3-ethoxypropionate, ethyl lactate, mixtures of
ethyl-3-ethoxypropionate and ethyl lactate, butyl acetate, xylene, 



diglyme, ethylene glycol monoethyl ether acetate. The preferred solvents
are propylene glycol methyl ether acetate (PG MEA) and
ethyl-3-ethoxypropionate (EEP).     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 invention include Methyl Volet 2B
(C.l. No. 42535), Crystal Violet (C.l. 42555). Malachite Green (C.l. No.
42000), Victoria Blue B (C.l. No. 44045) and Neutral Red (C.l. No. 50040)
at one to ten percent weight levels, based on the combined weight of
novolak and sen- sitizer. 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 used include, for
example, phosphoric acid tri-(beta-chloroethyl)- ester, stearic acid;
dicamphor, polypropylene; acetal resins; phenoxy resins; and alkyl resins,
at about one to ten percent weight levels, based on the combined weight of
novolak and sensitizer. The plasticizer additives improve the coating
properties of the material and enable the application of a film that is
smooth and of uniform thickness to the substrate.     Adhesion 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 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 pho-
toresist 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 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 removed after coating of
the photoresist solution on a substrate and drying. Non-ionic surfactants
that may be used include, for example, nonylphenoxy poly(ethyleneoxy)
ethanol; octyl- phenoxy 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   
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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, polymeric resins, silicon dioxide, doped silicon
dioxide, silicon nitride, tantalum, copper, polysilicon, ceramics,
aluminum/copper mixtures; gallium arsenide and other such Group IIIN
compounds.     The photoresist coatings produced by the described procedure
are particularly suitable for application to thermally grown
silicon/silicon dioxide-coated wafers, such as are utilized in the
production of microprocessors and other mini- aturized integrated circuit
components. An aluminum/aluminum oxide wafer can also be used. The
substrate may also omprise various polymeric resins, especially transparent
polymers such as polyesters. The substrate may have an adhesion promoted
layer of a suitable composition, such as one containing hexa-alkyl
disilazane. 



The photoresist composition solution is then coated onto the substrate, and
the substrate is treated at a temperature from about 70[err] about
110[err]C from about 30 seconds to about 180 seconds on a hot plate or for
from about 15 to about 90 minutes in a convection oven. This temperature
treatment is selected in order to reduce the concentration of residual
solvents in the photoresist, while not causing substantial thermal
degradation of the photosensitizer. In general, one desires to minimize the
concentration of solvents and this first temperature treatment is conducted
until substantially all of the solvents have evaporated and a thin coating
of photoresist composition, on the order of one micron in thickness,
remains on the substrate. In a preferred embodiment the temperature is from
about 85[err]C to about 95[err]C. 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
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.     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[err]C to about 120[err]C, more
preferably from about 100[err]C to about 110[err] 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
about 45 minutes by convection oven.     The exposed photoresist-coated
substrates are developed to remove the image-wise exposed areas by
immersion in an alkaline developing solution or developed by spray
development process. The solution is preferably agitated, for example, by
nitrogen burst agitation. The substrates are allowed to remain in the
developer until all, or substantially all, of the photoresist coating has
dissolved from the exposed areas. Developers may include aqueous solutions
of 



ammonium or alkali metal hydroxides. One preferred hydroxide is tetramethyl
ammonium hydroxide. After removal of the coated wafers from the developing
solution, one may conduct an optional post-development heat treatment or
bake to increase the coating's adhesion and chemical resistance to etching
solutions and other substances. The post-de- velopment 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 microcircuitry units on silicon/silicon dioxide-type
substrates, the developed substrates may be treated with a buffered,
hydrofluoric acid based etching solution. The photoresist compositions of
the present invention are resistant to acid-based 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 of producing and utilizing com- positions 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. The following Examoles 1 to 7 show how the
raw materials were purified, and hence show only a part of the process of
the present invention, whereas Examples 8 to 24 illustrate the complete
method of the present invention.  Example 1      30 grams of dry AMBERLYST
15 ion exchange resin beads were placed in a conical flask and deionized
(Dl) water was added so that all of the resin beads were under water. The
flask was sealed and allowed to stand overnight to swell the resin beads.
The next morning the water was decanted, deionized water added to cover the
resin beads and 



the flask was shaken slowly. The water was again decanted. The rinsing with
deionized water and decanting steps were repeated three more times. The
resulting slurry of ion exchange resin was poured into a 22 cm. long glass
column having a diameter of 2 cm. and equipped with a porous disk and a
stopcock. The resin was allowed to settle to the bottom and the column was
back flushed with deionized water for 25 minutes. The resin was again
allowed to settle to the bottom.     The bed length was measured and the
bed volume was calculated as 72 ml. A 10 percent sulfuric acid solution was
passed down through the resin bed at a rate of about 16 ml./min (14.1 bed
volumes/hour). 6 bed volumes ofthe acid solution were passed through the
resin bed. 60 bed volumes of deionized water were then passed down throgh



-8-  



the resin bed at about the same flow rate. The pH of the effluent water was
measured to assure that it matched the pH of 6 for fresh deionized water.
500 grams of Ca-28 cresol mixture (cresylic acid) containing about 1000 ppb
of sodium and about 500 ppb of iron and 30 ppm of nitrogen base, was passed
down through the resin bed at the same flow rate. The cresylic acid
obtained had a very low level of metal ions as follows: sodium - <10 ppb,
iron - <20 ppb and nitrogen base less than the detectable limit.  Example 2
200 grams of cresylic acid (Ca 28) containing 1000 ppm of sodium and 500
ppb of iron and 200 ppm of nitrogen 



base was distilled under a vacuum of 20 mm pressure. The cresylic acid
obtained had a very low level of metal ions and nitrogen bases as follows:
Sodium <10 ppb, iron <10 ppb and nitrogen base less than the detection
limit.  Examole 3      100 grams of cresylic acid (Ca 28) containing 10 ppb
of sodium and 150 ppb of iron and 100 ppm of nitrogen base was extracted
with 10% HCI solution (4 X 100 mL). The cresylic acid was washed with DI
water (2 X 100 mL) to remove HCI. The cresylic acid obtained was tested for
metals and nitrogen base as follows: Sodium <10 ppb, Iron 80 ppb and
nitrogen base less than the detection limit.  



Example 4      21.8 kg (48 Ibs.) of wet AMBERLYST 15 ion exchange resin
beads (17.2 kg = 38 lbs. dry) were placed in a 34 1 (1.2 ft.3) resin
canister, having a pressure rating of 27.6 N/cm2 (40 psig). Into a
1,9001(500 gal.) glass-lined feed kettle, having a pressure rating of 69
N/cm2 (100 psig), an agitator and a 7.6 cm 69.4 N/cm2 (3 inch 101 psig)
rupture disk, was fed 378.51(100.0 gal.) of Dl water. The feed kettle was
pressurized to 13.8 N/cm2 (20 psig) using nitrogen and water was slowly
transferred through a bottom outlet valve through the resin canister
through a feed valve into a glass- lined product kettle, having a pressure
rating of 103.4 N/cm2 (150 psig) and a 5.08 cm (2 inch) 69/69 N/cm2
(100/100 psig) double rupture disk. Both kettles were then drained. With
all valves closed, 208 1 (55 gal.) of Dl water and then 25 kg (55 lbs.) of
98 percent sulfuric acid were charged to the feed kettle. The agitator was
set at 60 rpm and the 



temperature was maintained at 20-30 C. The feed kettle was pressurized to
13.8 N/cm2 (20 psig) using nitrogen and the bottom outlet valve was opened
to slowly transfer the sulfuric acid solution through the resin canister
through the open inlet valve to the product kettle. The inlet valve was
opened so as to obtain a liquid flow rate of about 1.32 1/min (0.35
gal./min). The feed kettle and product kettle were then drained, the feed
kettle outlet valve to the resin canister was closed and the feed kettle
was rinsed with Dl water.     1,7001(450 gal.) of Dl water was charged to
the feed kettle; the temperature was maintained at 20-30[err]C and the
agitator was set at 60 rpm. The feed kettle was pressurized to 13.8 N/cm2
(20 psig) using nitrogen and the bottom outlet valve opened to slowly
transfer the water through the resin canister through the inlet valve to
the product canister at a liquid flow rate of about 6.8 1/min (1.8
gal./min). The pH of the water in the product kettle was tested to assure
that it matched the pH of fresh Dl water. The contents of the feed and
product canisters were completely drained after 



turning off the agitator and all valves were closed.     4161(110 gal.) ofa
37 percent formaldehyde solution in Dl water and 7 percent methanol, having
280 ppb sodium and 280 ppb iron was charged to the feed kettle and the
temperature was maintained at 20-30[err]C. The bottom outlet valve was
opened to slowly transfer the formaldehyde solution through the resin
canister. The inlet valve of the product kettle was opened to obtain a
liquid flow rate of about 2.65 l/min (0.7 gal./min) into the product
kettle. The formaldehyde obtained had a very low level of metal ions as
follows: sodium -<20 ppb, iron - <45 ppb.  Example 5      112.5 kg (248
lbs.) of wet AMBERLYST 15 ion exchange resin beads (88.9 kg = 196 lbs. dry)
were placed in a 



176 1(6.2ft.3) resin canister, havinga pressure ratingof 27.6 N/cm2
(40psig.). Intothe resin canister, cleaned according to the cleaning
process set forth in Example 2 was fed 4.310 kg (9500 lbs.) of formaldehyde
as a 37 percent formal- dehyde solution in Dl water and 7 percent methanol,
having about 789 ppb sodium, 547 ppb iron, 118 ppb chromium, and 1487 ppb.
calcium. The formaldehyde solution was slowly transferred through the resin
canister at a flow rate of about 5.1 kg (33.3 lbs.) of solution per minute.
The formaldehyde obtained had a very low level of metal ions as follows:
sodium - 12 ppb, iron - 4 ppb, chromium - 118 ppb, and calcium - 11 ppb.



Example 6  



The procedure of Example 5 was repeated and 1,383 kg (3050 lbs.) of
formaldehyde as a 37 percent solution in D1 water and 7 percent methanol
was passed through the resin canister. The formaldehyde obtained had a very
low level of metal ions as follows: sodium 12 ppb, iron 4 ppb, chromium 118
ppb, and calcium 11 ppb.  Example 7-12      The procedure of Example 5 was
repeated and formaldehyde as a 37 percent solution in Dl water and 7
percent methanol was passed through the resin canister. The formaldehyde
obtained had a very low level of metal ions as shown in the following
Table.  



Table 7:                               Metals  Ex 7  Ex 8  Ex9  Ex10  Ex1l
Ex 12                               Na     9     6     26    6       6
6                               K        <5   <5    <5    <5      <5
<5                               Fe     <5   <5   <5    <5        <5
<5                               Cr     <5    <5    <5    <5      <5
<5                               Cu     <5    <5    <5    <5      <5
<5                               Pb     <5    <5    <5    5       <5
<5 



Mg    23    <5    10    <5       <5     <5                               Zn
19    <5    87    6       7       6                               Ca     22
<5    36    <5      <5      15                               Mn    <5    <5
<5    <5       <5      <5                               Ni     <5    <5
<5    <S      <5  Examples 8 to 32 illustrate the present invention.
Example 8  



100 grams of cresols (Ca-28) from example 1 was placed in a four necked
flask equipped with a condenser, a thermometer, and a dropping funnel. One
gram of oxalic acid (1% of cresols) and 4 grams of Dl water and 0.02 grams
of 3-picoline (0.02% of cresols) were added and the flask was heated to
95[err]C.52.97 g of the formaldehyde (molar ratio of cresolformaldehyde
1/0.72) from example 5 was added dropwise over three hours. The
condensation reaction was allowed to continue for 8 hours at 95[err]C and a
sample was collected for GPC analysis to determine the molecular weight.
The unreacted raw materials were distilled off using stepwise distillation
technique keeping the temperature constant at 140 C for 1 hour, 1 90[err]C
for 2 hours and 21 5C for 1 hour and then the vacuum was applied. When the
flask temperature was 235 C and vacuum pressure was 20 mm, the molten resin
was discharged to an aluminium tray. The void viscosity and dissolution
rate in inorganic and organic solvent were determined and are shown in
Table 1 below. 



Example 9 to 14      The procedure of example 8 was repeated using
different amounts of 3-picoline (added before condensation) and oxalic acid
to make the novolak resins of example 9 to 14, shown in Table 1 below      



-10-                                                Table 1:  Effect of
3-Plcollne and Oxall Acid on Viscosity and GPC Molecular Weight of Novolak
Resin (3-Picoline                                   was Added Before
Condensation). 



Example #            Oxalic (%)           3-Picoline(%)         V.V
MW/MW(BD)*          3                   1.5                  0.02
12.7          6751/13107          9                   0.5
0.08               15.2          7654/5880          10
1.0                  0.05              17.7          11185/9607          11
0.5                   0.02              15.0           9207/5938
12                   1.5                  0.08              20.1
15153113701          13                   1.0                  0.05
17.3          11196/9839          14                   1.0
0.07              18.4          11939/8961      Note: V.V = void viscosity;
MW - molecular weight of the final resin by GPC; MW(BD) = molecular weight
of  resin sample obtained before distillation. 



Examples 15 to 23     The procedure of example 8 was repeated using
differnt amounts of 3-picoline (added after condensation) and oxalic acid
to make the novolak resins of examples 15 to 23, shown in Table 2 below.
Table 2:  The Effect of Various Amount of 3-Plcoilne on Viscosity, GPC
Molecular Weight (3-Plcoline Is Added After
Condensatlon):       Example #            Oxalic(%)           3-Picoline(%)
V.V          MW/MW(BD) 



15                  1.5                  0.02             18.8
15042/11443           16                  0.5                  0.08
17.1           8794/8121           17                  1.0
0.05             18.7        15675/15770           18                  0.5
0.02             16.4           8374/7255           19                  1.5
0.08             20.1          17200/17121           20
1.0                 0.05             18.9          16790/15751           21
1.0                 0.07             20.9          15733/15528           22
1.0                 0.05             20.6          14695/13706  Examples 23
and 24 



The procedure of example 8 was repeated adding piperidine and pyridine
(before condensation), respectively instead of 3-picoline, to make the
novolak resins of examples 23 to 26, as shown in Table 3 below.
Table 3:                             Other Lewis Bases Added Before
Condensation                         Example #    Base    Amount  V.V
MW/MW(BD)                             23     Piperidine   0.05%   16.1
9932/9838                             24       Pyridine   0.05%   20.0
14133/13651  



Comparative Examples 25 and 26      The procedure of example 8 was repeated
to make novolak resins identical to the resins of examples 17 and 19.



- 11-                                  LIE  No Lewis base was added, to
show that the resins obtained are depolymerized, as shown in Table 4 below.
Table 4:                      Partial Depolymerlzation of Novolak Resin In
Absence of Lewis Base                         Example        Cresols
V.V      MW       (MW(BD)                            25            Example
1     8.4    8310        20835 



26            Example 3     7.3    3616        42025  Examples 27 to 32
Into a 7.5701 (2000 gal.) stainless steel lined reaction kettle, having a
pressure rating of 206 N/cm2 (300 psig) and a 7.62 cm 79.3 N/cm2 (3 inch
115 psig) rupture disk were added: 27.8 kg (61.3 lbs.) of unpurified oxalic
acid as a powder and 5 gal. of D1 water, through a port with a ball valve.
2.780 kg (6131 lbs.) of a mixture of 46.2 percent m- cresol, 40.5 percent
p-cresol, 5.6 percent 2, 5-xylenol and 6.8 percent of 2, 4-xylenol (having
a very low metals content and less than 10 ppm Lewis base) were added.
The reaction kettle agitator was set at about 100 rpm and the temperature
was maintained at 92-[err]C. Over a 3 



hours period, 1,466 kg (3211 lbs.) of the formaldehyde solution of Example
5 was added at a mass flow rate of about 8.16 kg/min (18 Ibs/min). The
temperature was then maintained at 92-96C for 8 hours. 1.36 kg(3 lbs.) of
3-Picoline was added and atmospheric distillation of the solvent was
initiated. The temperature of the reaction mixture was raised over a period
of 6 hours to about 215[err]C. Samples at 120C and 190[err]C were collected
to compare the molecular weight of the resin, by GPC. Additional heat and
vacuum were applied to the reaction kettle until the temperature reached
about 235[err]C and 20 mm Hg vacuum, which was held for about 30 minutes.
The vacuum was then released and the reaction was complete. A sample was
collected and 3,269 kg (7208 lbs.) of PGMEA was added into the reaction
kettle, over a period of about 35 minutes. The product was dissolved in the
PGMEA and the resulting solution of novolak resin was passed through a 0.4
micron Cuno cartridge filter. The resulting solution of 40 percent novolak
in PGMEA contained 64 ppb sodium ions, 28 ppb potassium ions, 47 ppb iron
ions, 43 ppb chromium ions, 47 ppb calcium ions and 30 ppb 



aluminum ions.     Table 5 below shows the properties of the resins
obtained.                                                     Table 5:
Examples 27-32 Resins                           Example#  Formaldehyde
3-Picoline %   Void Viscosity                              27
0.730           0.05            23.0                              28
0.730           0.03            18.2                              29
0.730           0.03            17.9                              30
0.740           0.03            21.5 



31           0.725           0.03            17.5
32           0.725           0.03            17.5  Comparative Example 33
and 34      The procedure of Example 19 was repeated using the same pure
cresols and formaldehyde but no 3-picoline was added. The product was
dissolved in about 3,401 kg (7500 lbs.) of PGMEA. Table 6 shows the
properties of the product.
Table 6:                                Resin Obtained In the Absence of
Lewis Base 



Example                     Cresols                      V.V   MW/MW(BD)
33     Substantially Lewis Base Free/Metal Ion Free  14.6  1011/20420
34     Substantially Lewis Base Free/Metal Ion Free  13.1  8430/16664



- 12-  Example 35      A Photoresist solution was prepared as follows: Into
73.88 grams of PGMEA, 19.58 grams of the novolak resin from Example 13 was
added. A mixture of photosensitizers was added as follows: 3.26 grams of
2,1,5-dlazonaphtho- quinone sulphonic acid ester (40% to 80%
esterification) of 2,3,4,4'-tetrahydroxybenzophenone, 2.61 grams of the
2,1,5- diazonaphthoquinone sulphonic acid ester (40% to 80% esterification)
of 2,3,4-trihydroxybenzophenone and 



0.651 grams of the 2,1,5-diazonaphthoquinone sulphonic acid ester (82% to
91% esterification) of 2,3,4-trihydroxy- benzophenone. The photosensitizers
and 0.020 grams of FC-430 surfactant (fluoroaliphatic polymeric ester
available from 3M Corp.) were dissolved and filtered through a membrane
filter (0.2 um in pore size). The photoresist solutions were spin coated,
using standard techniques, onto quartz plates at a constant speed to obtain
a layer of photoresist having an initial thickness of 1.5 [err]m. The
plates were baked in a circulating air oven at 90[err]C for 30 minutes.
This photoresist was compared with a control photoresist (AZ 6212,
available from the Electronic Products Division of Hoechst Celanese Corp.)
for photospeed, contrast, dark film loss, thermal stability and aging. The
photospeed was 2.6% faster; contrast - no difference; dark film loss was 4%
faster; thermal stability - no difference; aging (5 days at 50[err]C) - no
difference.  
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Claims   1. A method for producing a water insoluble, aqueous alkali
soluble novolak resin having reduced depolymerization      comprising:
a) washing an acidic ion exchange resin with water, washing the ion
exchange resin with a mineral acid solution          and thereby reducing
the sodium and iron ions in the ion exchange resin to less than 500 ppb
each;          b) passing a water/formaldehyde solution through the ion
exchange resin and thereby reducing the sodium 



and iron ion level of the solution to less than 500 ppb each; then either
c) passing one or more phenolic compounds through the ion exchange resin
and thereby reducing the sodium          and iron ion content to less than
200 ppb each; or               distilling one or more phenodic compounds
and thereby reducing the sodium and iron ion content of less
than 200 ppb each; or              extracting metal ions with mineral acid
solution from one or more phenolic compounds and thereby re-
ducing the sodium and iron ion content of less than 200 ppb each; and
d) adjusting the concentration of Lewis base to level of from 10 to 1000
ppm, by either 1) adjusting the con- 



centraton of Lewis base before condensation or 2) adjusting the
concentration of Lewis base after the con-          densation or 3)
adjusting the concentration of Lewis base both before and after
condensation or 4) adjusting          the concentration of Lewis base in
the raw materials by adding or removing a Lewis base, where the Lewis
base is an ammonium hydroxide or an organic compound having one of the
following formulas:
[err]    



Formula 2,          Formula 3,             Formula 4            where X = N
or CR6 provided that there is at least one basic center in the molecules if
X = CR6 and where in          Formula 2, X can be P; where R1 to R6 may be
any of the following:  



1) hydrogen, C1-Cl0 alkyl;              2) C3-C10 cycloaklyl;
3) hydroxy:              4) C1-Cl0 alkyloxy, C3-C10 cycloalkyloxy and
C6-C12 aryloxy;              5) C1-Cl0 alkyl or C6-C12 aryl carboxylic acid
or ester -COOR and keto-substituent -C(=O)R, where R is              H,
C1-C10 alkyl or C6-C12 aryl;              6) halogen or nitro;
7) amino, C1-Cl0 alkyl- or dialkylamino;              8) C3-C10
cycloalkylamino and dicycloalkylamino; and              9) C3-C10
cycloalkyl where at least two of the substitutents R1 to R7 are part of a
cyclic or polycyclic ring 



system;          condensing the formaldehyde with the one or more phenolic
compounds, in the presence of an acid catalyst,         and distilling off
unreacted raw materials, thereby producing a water insoluble, aqueous
alkali soluble novolak         resin having a substantially consistent
molecular weight and a sodium and iron ion level of less than 500 ppb
each.  2. The method of claim 1 wherein the Lewis base concentration is
adjusted only after condensation.   
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3. The method of claim 1 or 2 wherein the Lewis base is a tetra substituted
ammonium hydroxide of an organic     counterion having the formula:
B                                                           [err]
A  -N  -C                                                            D
Formula 1 



where the substitutents A, B, C and D may be:          1) C1-C10 alkyl;
2) C3-C10 cycloalkyl;         3) C8-C12 aryl or alkylaryl (C1-C10 alkyl,
C6-C12 aryl) substituents;         4) C1-C10 alkyloxy or C3-C10
cycloalkyloxy;         5) C6-C12 aryloxy;         6) C1-C10 alkyl or C6-C12
aryl carboxylic acid or ester -COOR and keto-substituents -C(=O)R, where R
is H,         C1-C10 alkyl or C6-C12 aryt; 



7) amino, Cl-C5 alkyl- and dialkylamino;         8) C3-C10 cycloaklylarnino
and dicycloalkylamino;         9) C3-C10 cycloalkyl where at least two of
the substituents A to 0 are part of a C3-C10 cyclic or polycyclic ring
system.  4. A method for producing a positive photoresist composition
comprising a) to d) as set forth in claim 1, and          a) providing an
admixture of 1) a photosensitive component in an amount sufficient to
photosensitize the         photoresist composition, 2) the water insoluble,
aqueous alkali soluble novolak resin and 3) a suitable solvent.  



S. The method of claim 4 wherein the Lewis base concentration is adjusted
after condensation.  6. The method of claim 4 or 5 wherein the Lewis base
is a tetra substituted ammonium hydroxide of an organic     counterion of
formula 1 as set forth in claim 3.  7. The method of any of claims 4 to 6
wherein the solvent is selected from the group consisting of propylene
glycol     methyl ether acetate. ethyl lactate and
ethyl-3-ethoxypropionate.  8. A method for producing a semiconductor device
by producing a photo-image on a suitable substrate comprising     a) to d)
as set forth in claim 1 and 



e) providing an admixture of 1) a photosensitive component in an amount
sufficient to photosensitize the         photoresist composition, 2) the
water insoluble, aqueous alkali soluble novolak resin and 3) a suitable
solvent         and thereby producing a positive working photoresist
composition;         f) coating a suitable substrate with the photoresist
composition;         g) heat treating the coated substrate with the
photoresist composition;         h) image-wise exposing the photoresist
composition; and         i) removing the image-wise exposed areas of the
photoresist composition with a suitable developer.  9. The method of claim
8 wherein the Lewis base concentration is adjusted only after condensation.



10. The method of claim 8 or 9 wherein the solvent is selected from the
group consisting of propylene glycol methyl     ether acetate, ethyl
lactate and ethyl-3-ethoxypropionate.    










