
EP 0 118 291 B1 Description The present invention relates to a positive
type photoresist composition containing a novolak resin and a quinone
diazide as photo-sensitive photoresist component. The composition has a
good optical 5  resolution: this is referred to herein as gamma (y)-value.
A photosensitive resin composition containing a compound having a
quinodiazido group (such as nanhthoquinonediazido or benzoquinonediazido
group) has been found useful I as a positive type photoresist, because,
upon exposure to light having a wavelength of 300 to 500 um, the
quinonediazido group decomposes to form a carboxyl group whereby the
composition changes from alkali-insoluble to 10 alkali-soluble. Such a
resin composition usually contains a novolak resin, which gives a uniform,
tough resist file. The positive type photoresist is incomparably superior
in resolving power to a negative type photoresist. Because of this high
resolving power, the positive type photoresist is used as a protective film
for photographic etching which is used for producing copper-clad
printed-circuit boards and integrated circuits such as are known as IC and
LSI. 15    With the evolution of the integrated circuit, the degree of
integration has reached such a level that patterns as thin as 1 um are
required. According to the conventional processes for the production of
integrated circuits, light exposure has been accomplished by placing a mask
in intimate contact with the substrate. It is said that this process cannot
make patterns thinner than 2 um. Instead of the conventional processes, the
reduction projection exposure system has come into use. 20    According to
this new system, the pattern of a master mask (reticle) is projected with
reduction by a lens system, whereby exposure is accomplished. This system
realizes a resolving power of about 1 pm. With the improvement of this
system, a high-performance photoresist has come to be required. One of the
important items of performance is a y-value. Assuming that when the
exposure energy changes from [err] to E2, the rate of development in the
exposed area changes from [err] and [err] (provided that the exposure 25
energies [err] and [err] and the rates of developments [err] and [err] are
taken within the range where a logarithm of the rate of development is in
proportion to a logarithm of the exposure energy), the y-value will be a
value as defined by the following equation: y = (log [err] - log
[err])/log[err] - log [err]) 30 The y-value is an index representing
resolving power, and the greater the y-value, the greater the rate of
development changes in response to the changes of the exposure energy. As
the result, the pattern becomes sharper. Hitherto, a few efforts have been
made to improve the y-value of positive type photoresist 35 compositions
through the modfication of quinonediazide. However, the results were not
satisfactory to meet the recent requirements for high resolving power; Thus
the present inventors paid their attention to improving the y-value through
modification of the novolak resin which has so far been neglected. Novolak
resin hds long been Known as a general-purpose molding resin, and a large
variety of attempts have been made for its improvement. However,
moldipg-grade novolak resin cannot be used as 40 such for positive type
photoresists. For example, novolak resin for molding has a weight average
molecular weight (Mw) lower than 2000, whereas novolak resin for
photoresist should have one in excess of 3000. In addition, their raw
materials such as phenol should be selected according to different
standards. The production of molding-grade novolak resin is disclosed in
West Germany Patent No. 1,022,005. According to this patent, novolak resin
is produced by using as a catalyst an organic acid salt of a divalent 45
metal having a greater ionization tendency that hydrogen. The novolak resin
thus produced contains more ortho-ortho linkages than that produced by
using an acid catalyst. Such a novolak resin is called high-ortho novolak
resin. The same catalysts are used in the present anplication. It has an
advantage of curing faster than an acid-catalyzed resin when molded in
combination with an amine hardener. The curing rate is not necessarily an
important property for positive type photoresists. Moreover, the
above-cited patent neither 50 describes nor suggests anything about
positive type photoresists. EP-A--0 070 624 claims a cresol-formaldehyde
novolak resin produced by condensing a mixture of creso! 3 with
formaldehyde in the presence of an acid, e.g. oxalic acid, the mixture of
cresol isomers being in a specified ratio as shown in a triangular graph.
The dried coating can be used as a photoresist. With the foregoing in mind,
the present inventors carried out a series of researches on the 55
improvement of novolak resin. As the result, it was unexpectedly found that
the positive type photoresist is greatly improved in y-value when it is
produced from a specific novolak resin and a quinonediazide 



compound, the novolak resin being synthesized from a specially selected
phenol by using as a catalyst an organic acid salt of a metal which is more
electropositive than hydrogen. The present invention was completed on the
basis of this finding. 60     Accordingly, in one embodiment this invention
provides a positive type photoresist composition which comprises a novolak
resin and a quinonediazide compound, the novolak resin being one which is
obtained by the addition condensation reaction (referred to as one-stage
process hereinafter) of a phenol and formaldehyde which is performed at pH
4 to 7 by using as a catalyst an organic acid salt of a divalent metal 65
EP 0 118 291 B1 which is more electropositive than hydrogen, the phenol
being at least one compound represented by the formula: OH R wherein R is
hydrogen or an alkyl group of carbon number 1 to 4, the compound being such
that the average carbon number in the subsuent per one phenol nucelus is
0.5 to 1.5 and the ones with the substituent at the ortho- or para-position
with respect to the hydroxyl group account for less than 50 mol%. In
another embodiment this invention provides a positive type photoresist
composition which 15 comprises a novolak resin and a quinonediazide
compound, the novolal resin being one which is obtained by the partial
addition condensation reaction of a phenol and formaldehyde which is
performed at pH 4 to 7 as described above and by the subsequent addition
condensation reaction which is performed at pH 4 or below by using an acid
catalyst (referred to as two-stages process hereinafter). In the
accompanying drawings: b    Figs. 1 to 3 are [err]-NMR spectra of the
novolak resins prepared according to this invention and the conventional
process. The preferred embodiments of this invention are described in the
following. The phenol used as a raw material for the novolak resin is at
least one compound represented by the formula: 25 OH 30 wherein R is
hydrogen or an alkyl group of carbon number 1 to 4, and R may be bonded at
any of the ortho-, mete- and para-positions with respect to the hydroxyl
group. Examples of the phenol which can be used include phenol, o-cresol,
m-cresol, p-cresol, o-ethylphenol, 35 m-ethylphenol, p-ethylphenol, each
isomer of propylphenol, and each isomer of butylphenol. They are used
individually or in admixture with one another under such a condition that
the average carbon number in the substituent per one phenol nucleus is 0.5
to 1.5 and the ones with the substituent at the ortho- or para-position
with respect to the hydroxyl group account for less than 50 mol%. With
respect to the first condition, if the average carbon number in the
substituent per one phenol 10  nucleus is less than 0.5, the resulting
novolak resin dissolves excessively fast in a developing solution (alkaline
aqueous solution), whereby the film thickness retention in the unexposed
area to be retained reduces. Conversely, if the averag carbon number in the
substituent exceeds 1.5, the resulting novolak resin dissolves excessively
slowly in the developing solution, whereby it takes a long time for the
development of the exposed area. 45     With respect to the second
condition, if the ones with the substituent at the ortho- or para-position
with respect to the hydroxyl group account for more than 50 mol%, the
resulting photoresist composition is not improved in the y-value as
intended. The above-described two conditions are described in more detail
with reference to examples. In the case where a mixture of m-cresol and
p-cresol is used, the average carbon number in the substituent per so one
phenol nucleus is 1, and thus the first condition is satisfied. In order
for the second condition to be satisfied, m-cresol and p-cresol can be
mixed in a molar ratio of m-cresol/p-cresol [err] 1. In the case where a
mixture of phenol and m-ethylphenol is used, the second condition is
satisfied because there are no compounds having the substituent at the
ortho- or para-position. In order for the first condition to be 



satisfied, phenol and m-ethyl phenol can be mixed in a molar ratio of 1/3
[err]pheno/m-ethylphenol [err] 3. In 55  another case where a mixture of
phenol and p-ethylphenol is used, the molar ratio for the two compounds is
1/3 [err] phenol/p-ethylphenol [err] 3 to meet the first condition and
phenol/pethylphenol [err] 1 to meet the second condition, respectively.
Thus the two compounds can be used in a molar ratio of 1 [err] phenol/p-
ethylphenol [err] 3. Where only one compound is selected as the phenol,
only m-cresol can meet both the first and second 60 conditions. In addition
to the above described combination, the combination of three or more
phenols is possible. In such cases the mixing ratio can be selected so that
the two conditions are satisfied; A mixture of phenols containing more than
95 mol% of m-cresol is preferable. Such a mixture is similar to m-cresol
alone, and it permits accurate control over the addition condensation
reaction with formaldehyde, which leads to the production of novolak resin
of uniform quality. 65     The formaldehyde which undergoes addition
condensation reaction with phenols can be used in the    EP 0 118 291 B1
aqueous solution of formaldehyde (formalin) or para-formaldehyde which is
an oligomer of formaldehyde. Particularly, 37% formalin which is
commercially available in large quantities is suitably used. The catalyst
used in this invention is an organic acid salt of a divalent metal which is
more 5 electropositive than hydrogen. The metal as defined above includee
barium, strontium, calcium, magnesium. manganese. zinc, cadmium, cobalt and
lead, which appear to the left side of hydrogen in the ionization series
such as shown below. K>Ca>Na>Mg>Zn>Fe>Co>Pb>H>Cu>Ag>Hg>Au 10 Preferable
among these metals are magnesium. manganese. zinc, cadmium, cobalt, and
lead. Iron, chromium, nickel, and tin can also be used, but are not useful
because of their poor-stability. The above- described divalent metal is
used in the form of an organic acid salt. The organic acid salt should be
soluble in the reaction mixture and should be one which keeps the reaction
mixture in the pH range 4 to 7. 15 Examples of the organic acid salt
include acetates, formates, lactates and benznates. Preferable among them
are acetates. The divalent metal salt as the catalyst can be used in an
amount of 0.1 to 5 wt% based on the phenol. If the quantity is less than
0.1 wt%, the catalytic effect is not sufficient; and if the quantity is in
excess of 5 wt%, the catalytic effect does not significntly increase. 20
The addition condensation reaction of the phenol and formaldehyde in the
presence of the divalent metal salt can be carried 6ut in the known way.
Proper conditions can be selected according to the reaction system, because
the reaction rate varies depending on the kinds of the phenol and catalyst
used. The pH of the reaction system is important; the desired novolak is
obtained in the pH range 4 to 7. The reaction call be performed in the
absence or presence of a solvent. 25    In the case where the two-stage
process is employed, the partial addition condensation reaction of the
phenol and formaldehyde, which is carried out in the presence of the
divalent metal salt as a catalyst, is followed by the subsequent addition
condensation reaction, which is carried out it the presence of an acid
catalyst. The acid can be either an inorganic acid or an organic acid.
Examples of such acids include hydrochloric acid, sulfuric acid, phosphoric
acid, p-toluenesulphonic acid, oxalic acid, and trichloroacetic 30 acid.
After the first addition condensation reaction has been carried out for a
prescribed period of time in the presence of a divalent metal salt, the
second reaction is carried out by adding an acid to the reaction system. By
adjusting the proportion between the time of the first reaction and that of
the second reaction, it is possible to control the y-value of the resulting
photoresist composition. If the first reaction is extended, the y-value
becomes high but the sensitivity tends to decrease. A novolak resin having
a balanced y-value 35 and sensitivity can be produced by adjusting the
proportion in the reaction time. After the addition of an acid, the
reaction system should be adjusted to pH 4 or below. The lower the pH, the
higher the reaction rate. The catalyst and pH should be properly selected
because the reaction rate varies depending upoi the kind of phenol. The
reaction can be performed in the absence or presence of a solvent. 40
The novolak resin used for the photoresist composition of this invention
should have a weight average 



molecular weight (Mw) of 3000 to 800 in the case of the one-stage process
and 3000 to 20000 in the case of two-stage process, an optimum value of
which varies depending upon the kind of phenol, the kind of catalyst, and
the reaction condition, however. The molecular weight can be adjusted by
changing the molar ratio of formaldehyde to the phenol. The weight average
molecular weight was calculated from the GPC 45 chromatogram and the
calibration curve of mono-dispersed polystyrene. GPC was carried out by
using a preparative liquid chromatography apparatus, Model LC-08 and a
column formed by connecting one each of JAIGEL-LS255 and JAIGEL-2H in
series, both made by Nippon Bunseki Kogyo Co., Ltd. and tetrahydrofuran (as
a carrier solvent) at a flow rate of about 2.5 ml/min. The novolak resin
used for the photoresist composition of this invention differs in structure
from that 50 used for conventional positive type photoresists which is
synthesized by using an acid catalyst. The difference is described below
with reference to m-cresol-formaldehyde novolak resin. The structural
difference is distinctly shown by [err]-NMR spectra. In the spectra shown
in Figs. 1 to 3, the significant difference between the two novolak resins
is noticed by the peaks that appear in the range of 110 to 120 ppm
(proportion of shift in nuclear magnetic resonance). 55     N = d/(a + b +
c) calculated for the novolak resin of this invention is greater than that
of the novolak resin used for conventional positive type photoresists which
is synthesized by using an acid catalyst, wherein a, b, c, and d represent
the respective areas of the peaks at about 112.5 ppm, about 115.5 ppm.
about 116.7 ppm, and about 119.6 ppm. There is a tendency that the greater
the value N, the higher the y- value. The [err]-NMR spectra were obtained
under the following conditions. The novolak resin sample was 60   dissolved
in deutero dimethyl sulfoxide. A Fourier transform NMR apparatus (22.50
MHz), Model FX-90Q, made by Nippon Electron Optics Laboratory Co., Ltd.,
was used. Temperature: 25 to [err], pulse width: 8.5 psec (about [err]),
wiating period: 2 seconds, reference peak: central peak (39.5 ppm ) at the
center of the heptaple line of deutero dimethyl sulfoxide, window function:
EX-3, apodization function: trapezoidal, T, [err]  0, [err]= 3800, T, =
4095 (parameter of FX-90Q), data point: double precision accumulation 16K,
and 65  number of times of accumulation: more than 20000 times. A    EP 0
118 291  BI The quinonediazide compound, which is the photosensitive
material in the photoresist composition of this invention, can be obtained
by condensing naphthoquinonediazidosulfonyl chloride or
benzoquinonediazidosulfonyl chloride with a compound having hydroxyl groups
in the presence of a weak alkali. The compound having hydroxyl groups
includes, for example, hydroquinone, resorcin, phloroglucin, 5
2,4-dihydroxybenzophenone; 2,3,4-trihydroxybeniophenone, and alkyl gaiates.
The quinonediazide compound should be blended with novolak resin in the
weight ratio of 1:1 to 1:6. The photoresist solution can be prepared by
dissolving the quinonediazide compound and the novolak resin together in a
solvent which evaporates at a proper drying rate to give a uniform, smooth
film. Examples of the solvent include ethyl cellosolve acetate, methyl
cellosolve acetate, ethyl cellosolve, methyl 10 cellosolve, butyl acetate,
methyl isobutyl ketone and xylene. The positive type photoresist
composition of this invention can additionally incorporate a small amount
of another resin, a plastizer, a dye, etc. A preferred additional resin is
an epoxy resin. The adhesion property of the photoresist composition is
improved by the addition of the epoxy resin. An epoxy resin is a
low-molecular weight or high-molecular weight compound having two or more
epoxy gropups in 15 one molecule; one having a molecular weight of 200 to
20,000 is preferred It is industrially produced by the reaction of
epichlorohydrin and an active hydrogen compound or by the oxidation of
olefins. Resin produced by the former method includes, for example, a
reaction product of bisphenol A and epichlorohydrin, a reaction product of
tetrabromobisphenol A and epichlorohydrin, a reaction product of resorcin
and epichlorohydrin, a 'reaction product of phenol-formaldehyde novolak
resin and 20 epichlorohydrin, a reaction product of cresol-formaldehyde
novolak resin and epichlorohydrin, a reaction product of p-aminophenol and
epichlorohydrin, and a reaction product of aniline and epichlbrohydrin.
Resin produced by the latter method includes, for example, epoxidized
polybutadiene and epoxidized soybean oil. The epoxy resin can be added in
such an amount that does not greatly change the photosensitive
characteristics of the photoresist composition; the amount varies depending
on the type 25 and molecular weight of the epoxy resin used. The epoxy
resin is suitably added in an amount of 1 to 20 



wt% based on the total weight of the novolak resin and quinonediazide
compound. The invention is described in more detail with reference to the
following exa.aples, which should not be construed as limiting the scope of
the invention. In the examples, all parts, ratios and percents are by
weight, unless otherwise indicated. 30 Reference Example 1 (One-stage
process) Into a 500-ml separable flask were charged 66.3 g of m-cresol
(purity: 99.4%),42.5 g of formalin (37.0% aqueous solution), and 0.66 g of
zinc acetate dihydrate. The pH of the reaction system was about 6. The 35
reactants were heated with stirring in an oil bath at 115C for 4 hours.
After neutralization, washing with water, and drying under reduced
pressure, there was obtained novolak resin. The weight average molecular
weight measured by the GPC chromatograph was 4420. The [err]-NMR spectrum
is shown in Fig. 1. (The value of N is 0.41). 40
Reference Examples 2 and 3 (Two-stage process) Into a 500-ml separable
flask were charged 66.3 g of m-cresol (purity: 99.4%),47.3 g of formalin
(37.0% aqueous solution), and 0.66 g of zinc acetate dihydrate. The pH of
the reaction system was about 6. The reactants were heated with stirring in
an oil bath at [err] for 30 minutes. To the flask were further charged 45
1.02 g of oxalic acid dihydrate, 6 g of deionized water, and 60 g of ethyl
cellosolve acetate. The pH of the reaction system was about 1. The reaction
was continued with heating and stirring for 4 hours or 6.5 hours. After
neutralization, washing with water, and dehydration, there was obtained
novolak resin in the form of ethyl cellosolve aceate solution. The weight
average molecular weight measured by the GPC chromatograph was as follows.
The [err]-NMR spectrum is shown in Fig. 2. 50 Reaction         Value time
(h)    Mw    of N Reference Example 2             4       4460   0.23 55
Reference Example 3             6.5    7280   0.23 Reference Example 4
(Two-stage process) 60    Into a 500-ml separable flask were charged 66.3 g
of m-cresol (purity: 99.4%), 0.66 g of zinc acetate dihydrate, and 6.6 g of
deionized water. While heating the reactants with stirring in an oil bath
at 115C, 45.0 g of formalin (37.0% aqueous solution) was added dropwise
thereto over 40 minutes. The reaction was continued with heating and
stirring for 2 hours. Then, 60 g of ethyl cellosolve acetate and 12.5 g of
5% aqueous solution of oxalic acid were charged. The reaction was further
continued with heating and stirring 65 in an oil bath at [err] for 7 hours.
After neutralization, washing with water, and dehydration, there was    EP
0 118 291 B1 obtained novolak resin in the form of ethyl cellosolve acetate
solution. The weight average molecular weight measured by the GPC
chromatograph was 7430. Reference Examples 5 to 7 5
(Two-stage process) Into a 500-ml separable flask were charged 66.3 g of
m-cresol (purity: 99.4%), 0.66 g of zinc acetate dihydrate, and 6.6 g of
deionized water. While heating the reactants with stirring in an oil bath
at [err], 47.3 g of formalin (37.0% aqueous solution) was added dropwise
thereto over 40 minutes. The reaction was continued with heating and
stirring for 40 minutes. Then, 60 g of ethyl cellosolve acetate and 12.5 g
of 5% 10 aqueous solution of oxalic acid were successively charged. The
reaction was further continued with heating and stirring for a varied
period of time as shown below. After neutralization, washing with water,
and dehydration, there was obtained novolak resin in the form of ethyl
cellosolve acetate solution. The weight average molecular weight measured
by the GPC chromatograph was as follows. Reaction time (h)    Mw 



Reference Example 5              7.5      8101 20
Reference Example 6               8      10890 Reference Example 7        .
9       13200 Reference Example 8 Into a 500-ml separable flask were
charged 66.3 g of m-cresol (purity: 99.4%), 47.3 g of formalin (37.0% 25
aqueous solution), 1.02 of oxalic acid dihydrate, 6 g of deionized water,
and 60 g of ethyl cellosolve acetate. The reactants were heated with
stirring in an oil bath at 115C for 5 hours. After neutralization, washing
with water, and dehydration, there was obtained novolak resin in the torm
of ethyl cellosolve acetate solution. The weight average molecular weight
measured by the GPC chromatograph was 8220. The [err]-NMR spectrum is shown
in Fig. 3. (The value of N is Q.09.) 30 Reference Example 9 (Two-stage
process) Into a 500-ml separable flask were charged 66.3 g of a 6:4 mixture
of m-cresol and p-cresol, 45.0 g of 35 formalin (37.0% aqueous solution),
and 0.66 g of zinc acetate dihydrate. The reactants were heated with
stirring in an oil bath at 115C for 0.5 hour. Then, 1.02 g of oxalic acid
dihydrate, 6 g of deionized water, and 60 g of ethyl cellosolve acetate
were charged. The reaction was  continued with heating and stirring for 3.5
hours. After neutralization, washing with water, and denydratien, there was
obtained novolak resin in the form of ethyl cellosolve acetate solution.
The weight average molecular weight measured by the GPC 40 chromatograph
was 5010. Reference Example 10 Into a 500-ml separable flask were charged
66.3 g of a 6:4 mixture of m-cresol and p-cresol, 45.0 g of formalin (37.0%
aqueous solution), 1.02 of oxalic acid dihydrate, 6 g of deionized water,
and 60 g of ethyl 45 cellosolve acetate. The reactants were heated with
stirring in an oil bath at 115C for 3 hours. After neutralization, washing
with water, and dehydration, there was obtained novolak resin in the form
of ethyl cellosolve acetate solution. The weight average molecular weight
measured by the GPC chromatograph was 5280. 50
Reference Example 11 (Two-stage process) Into a 500-ml separable flask were
charged 28.9 g of phenol, 37.5 g of m-ethylphenol, 45.0 g of formalin
(37.0% aqueous solution), and 0.66 g of zinc acetate dihydrate. The
reactants were heated with stirring in an oil bath at [err for 0.5 hour. To
the flask were further charged 1.02 g of oxalic acid dihydrate, 6 g of 55
deionized water, and 60 g of ethyl cellosolve acetate. The reaction was
further continued with heating and stirring for 8 hours. Afer
neutralization, washing with water, and dehydration, there was obtained
novolak resin in the form of ethyl cellosolve acetate solution. The weight
average molecular weight measured by the GPC chromatograph was 4830. 60
Reference Example 12 Into a 500-ml separable flask were charged 28.9 g of
phenol, 37.5 g of m-ethylphenol, 47.5 g of formalin (37.0% aqueous
solution), 1.02 g of oxalic acid dihydrate, 6 g of deionized water, and 20
g of ethyl cellosolve acetate. The reactants were heated with stirring in
an oil bath at [err] for 30 minutes. To the flask was further charged 40 g
of ethyl cellosolve acetate. The reaction was further continued with
heating 65 and stirring for 3 hours. After neutralization, washing with
water, and dehydration, there was obtained 6    EP 0 118 291 B1 novolak
resin in the form of ethyl cellosolve acetate solution. The weight average
molecular weight measured by the GPC chromatograph was 5570. Reference
Examples 13 to 19 (One-stage process) Into a 500-ml separable flask were
charged 66.3 g of m-cresol (purity: 99.4%),42.5 g of formalin (37.0%
aqueous solution), and 0.66 g of the following metal salt. The pH of the
reaction system was about 4 to 7. The reactants were heated with stirring
in an oil bath at [err] for 4 hours. After neutralization, washing with
water, and drying under reduced pressure, there was obtained novolak resin.



70 Reference Example No.        Metal salt 13         Magnesium acetate 15
14         Manganese acetate 15          Cadmium acetate 20
16           Cobalt acetate 17            Zinc acetate 18            Zinc
formate 25 19           Zinc benzoate Examples 1 to 9 and Comparative
Examples 1 to 3 Photoresist solutions were prepared by dissolving the
novolak resin obtained in each of Reference 30  Examples 1 to 12, and a
photosensitiver, an epoxy resin, and a dye in a 8:1:1 mixed solvent of
ethyl cellosolve acetate/n-butyl acetate/xylene. (The quantity of solvent
was so adjusted that a 1.25 um thick film was obtained when the solution
was applied under the following conditions.) The solution was filtered
through a filter having a pore size of 0.2 um for removal of foreign
matters. Using a spinner at 4000 rpm, the solution was applied to a
silicone wafer which had been cleaned in the 35  usual way. The coated
wafer was baked in a clean oven at [err] for 20 minutes. The wafer was
exposed to the light of a 350W super-high pressure mercury vapor lamp using
a contact aligner. The exposure was made through a step tablet mask having
a light transmittance which changes in regular steps from one end to the
other. Development was performed for 75 seconds by using an aqueous
solution (2.38%) of tetramethyl ammonium hydroxide. After rinsing and
drying, the y-value was obtained by plotting the rate of development in
each step against the exposure energy. The results are shown in Table 1. It
is to be noted that the y-value in Examples 1 to 9 was greatly improved as
compared with that in Comparative Examples 1 to 3. 45 50 55 60 65    EP 0
118 291 B1 [err] [err] [err] [err] [err] [err [err] [err] [err] [err] [err]
[err] [err] [err] [err] [err] [err] [err] [err] 



[err] [err] [err]    EP 0 118 291 B1 Notes to Table 1. (1) Sensitizer A:
Condensation reaction product of
naphthoquinone-(1,2)-diazido-(2)-5-sulfonyl chloride and
2,3,4-trihydroxybenzophenone (in molar ratio of 1.2:1) (2) Sensitizer B:
Condensation reaction product of
naphthoquinone-(1,2)-diazido-(2)-5-sulfonyl chloride 5 and
2,3,4-trihydroxybenzophenone (in molar ratio of 1.1:1) (3) Epoxy resin:
"Sumiepoxy ESCN-220F", a product of Sumitomo Chemical Co., Ltd. (4) Dye:
Anthraquinone dye, "Sumiplast Red AS", a product of Sumitomo Chemical Co.,
Ltd. (5) Sensitivity: Minimum exposure time requied for completely removing
the resist film in the exposed area under the development condition 10
(6) Film thickness retention: Percent of the film thickness in the
unexposed area after development based on that before development. Examples
13 to 19 Photoresist solutions were prepared by dissolving 17 parts of the
novolak resin obtained in each of 15 Reference Examples 13 to 19, 7 parts
of the same photosensitizer as used in Example 1, 2.0 parts of the same
epoxy resin as used in Example 1, and 0.15 part of the same dye as used in
Example 1, in a. 7:3 mixed solvent as ethyl cellosolve acetate/n-butyl
acetate. (The quantity of solvent was so adjusted that a 1.25 um thick film
was obtained when the solution was applied by means of a spinner at 4000
rpm.) Filtration, application to silicone wafers, baking, exposure,
development, rinsing, and drying were carried 20 out in the same way as in
Example 1. The y-value was obtained by plotting the rate of development in
each step against the exposure energy. The results are shown in Table 2. It
is to be noted that the y-value was greatly improved in Examples 13 to 19.
Table 2 25 (Novolak Resin and Performance of Photoresist) Example No.
Novolak resin             Y-Value 30                     13
Reference                    2.0 Example 13 14           Reference
2.2 35                                   Example 14 15           Reference
2.0 Example 15 40                    16            Reference
1.9 Example 16 17           Reference                    1.8 Example 17 45
18            Reference                   2.0 Example 18 50
19            Reference                    1.9 Example 19 Claims 55    1. A
positive type photoresist composition comprising a novolak resin and a
quinonediazide compound, said novolak resin being one which is obtained by
the addition condensation reaction of a phenol and formaldehyde which is
performed at pH 4 to 7 by using as a catalyst an organic acid salt of a
divalent metal which is more electropositive than hydrogen said phenol
being at least one compound represented by the formula: 60
OH 65 



EP 0 118 291 B1                    *   C  L  M  S   * Notes to Table 1. (1)
Sensitizer A: Condensation reaction product of
naphthoquinone-(1,2)-diazido-(2)-5-sulfonyl chloride and
2,3,4-trihydroxybenzophenone (in molar ratio of 1.2:1) (2) Sensitizer B:
Condensation reaction product of
naphthoquinone-(1,2)-diazido-(2)-5-sulfonyl chloride 5 and
2,3,4-trihydroxybenzophenone (in molar ratio of 1.1:1) (3) Epoxy resin:
"Sumiepoxy ESCN-220F", a product of Sumitomo Chemical Co., Ltd. (4) Dye:
Anthraquinone dye, "Sumiplast Red AS", a product of Sumitomo Chenical Co.,
Ltd. (5) Sensitivity: Minimum exposure time required for completely
removing the resist film in the exposed area under the development
condition 10    (6) Film thickness retention: Percent of the film thickness
in the unexposed area after development based on that before development.
Examples 13 to 19 Photoresist solutions were prepared by dissolving 17
parts of the novolak resin obtained in each of 15 Reference Examples 13 to
19, 7 parts of the same photosensitizer as used in Example 1, 2.0 parts of
the same epoxy resin as used in Example 1, and 0.15 part of the same dye as
used in Example 1, in a. 7:3 mixed solvent as ethyl cellosolve
acetate/n-butyl acetate. (The quantity of solvent was so adjusted that a
1.25.um thick film was obtained when the solution was applied by means of a
spinner at 4000 rpm.) Filtration, application to silicone wafers, baking,
exposure, development, rinsing, and drying were carried 20 out in the same
way as in Example 1. The y-value was obtained by plotting the rate of
development in each step against the exposure energy. The results are shown
in Table 2. It is to be noted that the y-value was greatly improved in
Examples 13 to 19. Table 2 25 (Novolak Resin and Performance of
Photoresist) Example No.        Novolak resin              Y-Value 30
13            Reference                    2.0 Example 13 14
Reference                    2.2 35
Example 14 15            Reference                    2.0 Example 15 40
16            Reference                     1.9 Example 16 17
Reference                    1.8 Example 17 45 18            Reference
2.0 Example 18 50                     19            Reference
1.9 Example 19 Claims 55    1. A positive type photoresist composition
comprising a novolak resin and a quinonediazide compound, said novolak
resin being one which is obtained by the addition condensation reaction of
a phenol and formaldehyde which is performed at pH 4 to 7 by using as a
catalyst an organic acid salt of a divalent metal which is more
electropositive than hydrogen said phenol being at least one compound
represented by the formula: 60                                        OH 65



wherein R is. hydrogen or an alkyl group of carbon number 1 to 4, said
compound being such that the average carbon number in the substituent per
one phenol nucleus is 0.5 to 1.5 and the ones with the substituent at the
ortho- or para-position with respect to the hydroxyl group account for less
than 50 mol%. 2. A positive type photoresist composition according to Claim
1, wherein a further addition 5 condensation reaction is performed
subsequently at pH 4 or below by usinp an acid catalyst. 3. A photoresist
composition as claimed in Claim 1 or 2, wherein the phenol contains more
than 95 mol% of m-cresol. 4. A photoresist composition as claimed in Claim
1, 2 or 3, wherein the divalent metal in the catalyst is barium, strontium,
calcium, magnesium, manganese, zinc, cadmium, cobalt or lead. 10    5. A
photoresist composition as claimed in Claim 4, wherein the divalent metal
is magnesium, manganese, zinc, cadmium, cobalt or lead. 6. A photoresist
composition as claimed in Claim 5, wherein the divalent metal is zinc. 7. A
photoresist composition as claimed in any preceding claim, wherein the
organic acid salt is an acetate, a formate, a lactate or a benzoate. 15
8. A photoresist composition as claimed in Claim 7, wherein the organic
acid salt is an acetate 9. A photoresist composition as claimed in any
preceding claim, wherein the divalent metal salt is used in amount of 0.1
to 5 weight percent of the phenol. 10. A photoresist composition as claimed
in any preceding claim, wherein the novolak resin has a molecular weight of
3000 to 8000 when obtained only according to Claim 1 or 3000 to 20,000 when
obtained according to Claim 2. Patentanspruche 1.
Photoresist-Zusarnmensetzung vom  positiven Typ, umfassend ein Novolakharz
und eine 25 Chinondiazid-Verbindung, wober das Novolakharz ein solches ist,
das erhalten wird durch Additions- Kondensations-Reaktion aus einem Phenol
und Formaldehyd, die durchgefhrt wird bei pH 4 bis 7 unter Verwendung eines
Salzes einer organischen Saure mit einem zweiwertigen Metall, das
elektropositiver als Wasserstoff ist, als Katalysator, wobei das Phenol
mindestens eine Verbindung der Formel 30
OH 35 ist, in der R ein Wasserstoffatom oder einen Alkylrest mit 1 bis 4
Kohlenstoffatomen bedeutet, wobei diese Verbindung derart ist, daB die
durchschnittliche Kohlenstoffzahl in dem Substituenten pro Phenolkern 0,5
bis 1,5 betragt und daB die Verbindungen mit dem Substituenten in ortho-
oder para-Stellung zur . Hydroxylgruppe weniger als 50 Mol-% ausmachen. 2.
Photoresist-Zusammensetzung von positiven Typ nach Anspruch 1, wobei eine
weitere Additions- Kondensations-Reaktion anschlieBend bei pH 4 oder
darunter unter Verwendung eines sauren Katalysators durchgefuhrt wird. 3.
Photoresist-Zusammensetzung nach Anspruch 1 oder 2, wobei das Phenol mehr
als 95 Mol-% m- 45 Cresol enthilt. 4. Photoresist-Zusammensetzung nach
Anspruch 1, 2 oder 3, wobei das zweiwertige Metall in dem Katalysator
Barium, Strontium, Calcium, Magnesium, Mangan, Zink, Cadmium, Kobalt oder
Blel ist. 5. Photoresist-Zusammensetzung nach Anspruch 4, wobei das
zweiwertige Metall Magnesium, Mangan, Zink, Cadmium, Kobalt oder Blei ist.
50    6. Photoresist-Zusammensetzung nach Anspruch 5, wobei das zweiwertige
Metall Zink ist. 7. Photoresist-Zusammensetzung nach einem der
vorangehenden Anspr0che, wobei das Salz der organischen Siure ein Acetat,
ein Format, ein Lactat oder ein Benzoat ist. 8. Photoresist-Zusammensetzung
nach Anspruch 7, wobei das Salz der organischen Siure ein Acetat ist. 55
9. Photoresist-Zusammensetzung nach einem der vorangehenden Anspruche,
wobei das zweiwertige Metallsalz in einer Menge von 0,1 bis 5 Gew.-% des
Phenols verwendet wird. 10. Photoresist-Zusammensetzung nach einem der
vorangehenden Anspruche, wobei das Novolakharz ein Molekulargewicht von
3000 bis 8000 aufweist, wenn es nur gemig Anspruch 1 erhalten wird, oder
von 3000 bis 20 000, weenn es nach Anspruch 2 erhalten wird. 60
Revendications 1. Composition pour photor6serve du type positif, comprenant
un r6sine "novolaque" et un quinonediazide, ladite resine "novolaque" 6tant
une r6sine que l'on obtient par la r6action de condensation 



65 par addition d'un ph6nol et du formaldehyde, r~action que l'on effectue
a pH 4 a 7 en utilisant, a titre de 10    EP 0 118 291  B1
*  C  L  M  S  * catalyseur un sel d'acide organique d'un m6tal divalent
qui est plus 6lectropositif que l'hydrogbne, ledit ph6nol etant constitue
d'au moins un compose represent6 par la formule: OH 10 dans laquelle'R
repr6sente un atome d'hydrogbne ou un groupe alkyle ayant 1 A 4 atomes de
carbone, ledit compos6 6tant tel que le nombre moyen des atomes de carbone
du substituant, par noyau ph6nol, est de 0,5 a 15. ot les composes dans
lesquels le substituant se trouve en position ortho ou en position para par
rapport au groupe hydroxyle repr6sentant moins de 50 mol%. 2. Composition
pour photor6serve du type positif selon la revendication 1, dans laquelle
(pour l'obtention de la resine), on effectue par la suite une r6action
supplementaire de condensation par addition a un pH egal ou inf6rieur A 4,
en utitilisant un catalyseur acide. 3. Composition pour photor6serve tells
que revendique a la revendication 1 ou 2, dans laquelle le phenol contient
plus de 95 mol% de m-cresol. 20   4. Composition pour photor6serve tells
qye revendiqu6e A la revendication 1, 2 ou 3, dans laqu
lle Is m6tal divalent pr6sent dans le catalyseur est le baryum, le
strontium, le calcium, Is magn6sium, le manganbse, le zinc, le cadmium, le
cobalt ou le plomb. 5. Composition pour photoreserve telle que revendiqu6e
A la revendication 4, dans laquelle le metal divalent est le magn6sium, le
manganbse, le zinc, le cadmium, la cobalt ou le plomb. 25     6.
Composition pour photor6serve telle que revendiqueo a la revendication 5,
dans laquelle le m6tal divalent est le zinc. 7. Composition pour
photoreserve telle que revendiquee dans l'une quelconque des revendications
pr6cedentes, dans laquelle le sel d'acide organique est un acetate, un
formiate, un lactate ou un benzoate. 8. Composition pour photoreserve telle
que revendiquee 3 la revendication 7, dans laquelle le sel 30 d'acide
organique est un acetate. 9. Composition pour photor6serve telle que
revendiquee dans l'une quelconque des revendications precedentes, dans
laquelle on utilise le sel de metal divalent en une quantit6 de 0,1 A 5% du
poids du ph6nol. 10. Composition pour photor6serve telle que revendiqu6e
dans l'une quelconque des revendications 35 pr6c6dentes, dans laquelle la
r6sine "novolaque" a un poids mol6culaire de 3 000 A 8 000 lorsqu'elle est
obtenue selon la revendication 1 ou A un poids de 3 000 a 20 000 quand elle
est obtenue selon la revendication 2. 45 50 55 60 65    


