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(57) ABSTRACT 

A liquid or a solid positive type photosensitive resin com 
position is herein disclosed Which is used under the irradia 
tion circumstance of a safelight having a maximum Wave 
length Within the range of 500 to 620 nm; Wherein an 
absorbancy of an unexposed ?lm formed from this compo 
sition is 0.5 or less Within the range of the maximum 
wavelength 130 nm selected from the range of the maximum 
Wavelength of the safelight; and a method for forming a 
resist pattern is also disclosed Which comprises (1) a step of 
applying a positive type photosensitive resin composition 
onto a substrate to form a photosensitive ?lm thereon; (2) a 
step of exposing the photosensitive ?lm so as to obtain a 
desired pattern; and (3) a step of performing a developing 
treatment to form a resist pattern; Wherein at least one step 
of the steps (1) to (3) is carried out under the irradiation 
circumstance of the safelight having a high spectral lumi 
nous ef?ciency in Which the maximum Wavelength of an 
emission spectrum of a light source is Within the range of 
500 to 620 nm. 
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POSITIVE TYPE PHOTOSENSITIVE RESIN 
COMPOSITION AND METHOD FOR FORMING 

RESIST PATTERN 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a novel positive 
type photosensitive resin composition and a method for 
forming a resist pattern. 

[0003] 2. Description of the Related Art 

[0004] A positive type photosensitive resin composition 
has excellent characteristics in points of no environmental 
pollution, the saving of resources and energy, high produc 
tion ef?ciency and the like, and for this reason, the compo 
sition has heretofore been used as a coating composition, an 
ink and an adhesive in many ?elds. This kind of photosen 
sitive resin composition has been applied to use purposes in 
Which circuit boards, plastics, lumbers, metals, papers, 
glasses, ?bers and the like are used as materials. 

[0005] HoWever, When such a positive type photosensitive 
resin composition is industrially produced and applied to a 
practical line, the folloWing problems are present. 

[0006] The positive type photosensitive resin composition 
intends to utiliZe a difference of solubility betWeen an 
exposed portion and an unexposed portion. 

[0007] With regard to an emission spectrum Wavelength of 
a visible light Which has heretofore been used for the 
exposure, for example, activated lights of 488 nm, 532 nm 
and the like have been usually used. In the case that such a 
photosensitive resin composition is handled, an electric 
lamp such as a ?uorescent lamp colored by coating an outer 
tube thereof With a dark red colorant or by Winding a dark 
red ?lm around the outer tube is used as a safelight (a 
Working lamp). Under the surroundings of such a dark red 
safelight, hoWever, some problems are present. For example, 
it is dif?cult to inspect the state of a coating ?lm after the 
coating, and it is not easy to check a coating apparatus, an 
irradiation apparatus, a conveying apparatus and the like. In 
consequence, safe Working properties, a Working ef?ciency, 
the quality stability of products and the like are poor. 

SUMMARY OF THE INVENTION 

[0008] The present invention has been developed for the 
purpose of developing a novel positive type photosensitive 
resin composition Which can be handled under conditions of 
a bright safelight, and a method for forming a resist pattern 
by the use of this composition. 

[0009] The present inventors have intensively researched 
With the intention of solving the above problems, and as a 
result, it has been found that combining a speci?c positive 
type photosensitive resin composition and a speci?c safe 
light can solve the conventional problems. In consequence, 
the present invention has been completed. 

[0010] That is to say, the aspects of the present invention 
are as folloWs: 

[0011] 1. A liquid or a solid positive type photosensitive 
resin composition Which is used under the irradiation cir 
cumstance of a safelight having a maximum Wavelength 
Within the range of 500 to 620 nm, Wherein an absorbancy 
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of an unexposed ?lm formed from this composition is 0.5 or 
less Within the range of the maximum wavelength 130 nm 
selected from the range of the maximum Wavelength of the 
safelight. 

[0012] 2. The above-mentioned positive type photosensi 
tive resin composition Which comprises a resin and a light 
acid generator for generating an acid radical by an active 
energy ray as essential components, the resin and the light 
acid generator being chemically bonded, or the resin and the 
light acid generator being mixed. 

[0013] 3. The above-mentioned positive type photosensi 
tive resin composition Wherein the safelight is given from a 
discharge lamp containing sodium as a main component 
(Which consists mainly of a D-ray having a light Wavelength 
of 589 nm). 

[0014] 4. A method for forming a resist pattern Which 
comprises: 

[0015] (1) a step of applying a positive type photo 
sensitive resin composition onto a substrate to form 
a photosensitive ?lm thereon, 

[0016] (2) a step of exposing the photosensitive ?lm 
formed on the substrate to a laser beam directly or 
through a mask ?lm so that a desired resist pattern 
(an image) may be obtained on the photosensitive 
?lm, and 

[0017] (3) a step of subjecting the resist ?lm to a 
developing treatment to form the resist pattern on the 
substrate, Wherein an absorbancy of an unexposed 
?lm formed from the positive type photosensitive 
resin composition is 0.5 or less Within the range of a 
maximum wavelength 130 nm selected in the range 
of the maximum Wavelength of a safelight; and at 
least one step of the steps (1) to (3) is carried out 
under the irradiation circumstance of the safelight 
having a high spectral luminous ef?ciency in Which 
the maximum Wavelength of an emission spectrum 
of a light source is Within the range of 500 to 620 nm. 

[0018] 5. The method for forming the resist pattern 
Wherein the safelight is given from a discharge lamp con 
taining sodium as a main component (Which consists mainly 
of a D-ray having a light Wavelength of 589 nm). 

[0019] According to the present invention, it is possible to 
form a resist pattern Which is remarkably excellent in safe 
operativity, operational ef?ciency, the quality stability of 
products, and the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a graph shoWing one example of a 
spectral distribution of a discharge lamp for a safelight 
containing sodium as a main component Which can be used 
in the present invention. 

[0021] FIG. 2 is a graph shoWing a spectral distribution of 
the sodium discharge lamp to Which a ?lter is attached. 

[0022] FIG. 3 is a graph shoWing a spectral luminous 
ef?ciency curve. 

[0023] FIG. 4 is a graph shoWing an absorbancy curve of 
an unexposed ?lm used in Example 1. 
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[0024] FIG. 5 is a graph showing a spectral distribution of 
a ?uorescent lamp. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0025] In the present invention, a light having a maximum 
Wavelength in the range of 500 to 620 nm is a safelight 
Which does not bring about a radical polymerization reaction 
of a speci?c positive type photosensitive resin composition, 
and the safelight in this range has a high spectral luminous 
ef?ciency to Workers. Accordingly, at the same illumination 
light intensity, this safelight seems to be much brighter as 
compared With a safelight for use in a conventional method. 
The present invention utiliZes the characteristics of the 
above-mentioned safelight, Whereby safe operativity, opera 
tional ef?ciency, the quality stability of products, and the 
like can be improved. Furthermore, as the safelight for use 
in the conventional method, a ?uorescent lamp Which is 
colored red has been used, but an emission spectrum of the 
?uorescent lamp has a Wavelength range Within a Wide range 
of from an ultraviolet light to a visible light region (FIG. 5). 
Therefore, this ?uorescent lamp exposes even a portion of 
the photosensitive resin coating ?lm Which does not need to 
be sensitiZed, so that no clear resist pattern can be formed by 
a developing treatment. LoWering the intensity of the light, 
Which inconveniently makes a Working circumstance dark, 
compensates this draWback. On the contrary, in the present 
invention, there is employed the safelight, for eXample, a 
sodium lamp having a sharp Wavelength, Whereby the 
above-mentioned problem can be solved. 

[0026] The safelight for use in the present invention has a 
maXimum Wavelength Within the range of 500 to 620 nm, 
preferably 510 to 600 nm. This safelight can be obtained, for 
eXample, by using a discharge lamp in Which the light 
having the maXimum Wavelength in the above-mentioned 
range of 500 to 620 nm can be emitted by discharging the 
lamp itself in a gas such as sodium. Of various discharge 
lamps, the sodium lamp is excellent in safety properties, 
Working circumstance properties and the like, because the 
light emitted from the sodium lamp consists mainly of a 
yelloW D-ray having a Wavelength of 589 nm and it is a 
monochromatic light, so that a chromatic aberration of the 
light is loW and hence objects can be sharply displayed. FIG. 
1 shoWs a spectrally distributed Wavelength of the loW 
pressure sodium lamp. 

[0027] As shoWn in FIG. 1 regarding this spectral distri 
bution diagram of the sodium lamp, in addition to the D-ray 
having the maXimum Wavelength of the sodium lamp, the 
safelight may have a high-energy ray (a short-Wavelength 
range) to such a degree as not to adversely affect the 
photosensitive resin composition. 

[0028] Furthermore, a light emitted from the sodium lamp 
equipped With a ?lter to cut the high-energy ray other than 
the D-ray can also be used as the safelight. The spectral 
distribution of the sodium lamp in Which the high-energy ray 
is cut is shoWn in FIG. 2. EXamples of the ?lter include 
“Fantac FD-1081 Scarlet”, “Fantac FC-1431 Sun?oWer Yel 
loW” (both of them are trade marks and made by Kansai 
Paint Co., Ltd.), and “Lintech Lumicool ?lm No. 1905” (a 
trade mark, made by Lintech Co., Ltd.). 

[0029] In addition, the safelight for use in the present 
invention is preferably a sharp monochromatic light of 589 
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nm such as the light from the sodium lamp, but in addition 
to the light having the maXimum Wavelength in the range of 
500 to 620 nm, there may be used a safelight having a 
Wavelength Which is distributed in a Wavelength range of an 
ultraviolet light, a visible light or an infrared light. HoWever, 
When the safelight having such a distribution outside the 
above-mentioned range is used, this distributed light range 
is required to be the range of the safelight Which does not 
have an adverse in?uence (sensitization) on the positive type 
photosensitive resin composition. 

[0030] Such a safe high-energy light range is concerned 
With the distributed energy intensity of the light and the 
absorbancy of the positive type photosensitive resin com 
position in this range. When the energy intensity of the light 
is high, the composition having the loW absorbency can be 
used, and When the energy intensity of the light is loW, the 
composition having a relatively higher absorbency than the 
former can be used. HoWever, a usual ?uorescent lamp 
having a maXimum Wavelength in the range of 500 to 620 
nm cannot be used as the safelight for the positive type 
photosensitive resin composition Which is to be sensitiZed 
by the visible laser having an oscillation line especially at 
488 nm or 532 nm, because this type of ?uorescent lamp has 
the high light energy in less than 500 nm, especially in 400 
to 499 nm. 

[0031] The absorbency de?ned in the present invention is 
represented by the formula of —log (I/IO) Wherein I is an 
intensity of the light transmitted through a coating ?lm 
formed by applying the visible light curable resin compo 
sition onto the surface of a transparent substrate and then 
drying the same (removing the solvent); and I0 is an intensity 
of the light transmitted through a blank {the transparent 
substrate (e.g., a polyethylene terephthalate sheet) onto 
Which the sample (the positive type photosensitive resin 
composition) is applied}. 

[0032] An eXtent of a light brightness Which human eyes 
can perceive can be represented by the spectral luminous 
ef?ciency. As de?ned in JIS Z8113-2005, this spectral 
luminous ef?ciency can be de?ned as the reciprocal of a 
relative value of a radiation luminance of a monochromatic 
light having a wavelength 9» When the brightness of the 
monochromatic light having the wavelength 9» is judged to 
be equal to that of a reference for comparison under prede 
termined observational conditions, and usually, it can be 
de?ned as a value standardiZed so that the maXimum value 
may become 1 When the wavelength 9» is varied. FIG. 3 
shoWs a spectral luminous ef?ciency curve in the range of 
380 to 780 nm that is the Wavelength range of the visible 
light. In FIG. 3, the ratio of the spectral luminous ef?ciency 
is shoWn on the assumption that the maXimum value of the 
spectral luminous ef?ciency on the ordinate aXis is 100. It is 
apparent from this curve that in the range of 640 to 780 nm 
Which is the conventional Wavelength range of red, the 
spectral luminous ef?ciency is loW and this range is per 
ceived to be dark by human eyes, and for eXample, in order 
for the human eyes to perceive the same brightness as at a 
Wavelength of 589 nm, the intensity of the irradiated light 
must be further increased. In addition, the maXimum value 
of a luminosity is about 555 nm (JIS-Z8113 2008). 

[0033] The positive type photosensitive resin composition 
for use in the present invention is a composition designed so 
that portions eXposed to an active energy ray may be only 
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dissolved in and removed by a developing solution, and a 
conventionally knoWn composition can be used, so long as 
an absorbancy of an unexposed ?lm formed from this 
composition is 0.5 or less, preferably 0.2 or less, more 
preferably 0.1 or less Within the range of the central Wave 
length :30 nm (—30 nm to +30 nm), preferably the maxi 
mum wavelength 120 nm (—20 nm to +20 nm), or more 
preferably the maximum wavelength 110 nm (-10 nm to 
+10 nm) of the maximum Wavelength selected from the 
above-mentioned range of the maximum Wavelength of the 
safelight. As this kind of composition, there can be used any 
of compositions Which are used in, for example, coating 
compositions, inks, adhesives, printing plate materials and 
resist materials for printed-Wiring boards. 

[0034] Typical examples of the above-mentioned conven 
tional knoWn positive type photosensitive resin composition 
Will be described. 

[0035] Examples of the composition include a resin 
including a light acid generator, a resin including compo 
nents (e.g., a light base generator and the like) other than the 
light acid generator, and a resin Which decomposes itself by 
a light. Each of these resins can decompose by the light, so 
that characteristics such as the polarity and the molecular 
Weight of the resin itself can change, Whereby it can be 
dissolved in a substance such as a developing solution (e.g., 
an aqueous developing solution or an organic solvent). The 
resin may be incorporated With a component such as the 
light acid generator or may be a mixture of a component 
such as the light acid generator and a resin having a group 
capable of decomposing by an acid or the like. If necessary, 
the resin can be further blended With another resin for 
regulating its solubility in the developing solution. 

[0036] The above-mentioned resin including the light acid 
generator component Will be described. Examples of the 
resin include a resin in Which the light acid generator is 
incorporated into a resin skeleton (e.g., a resin Which gen 
erates an acid group by exposure to make an alkaline 
development possible) and a mixture of the light acid 
generator and a resin {a mixture in Which the resin is cleaved 
into loW-molecular Weight moieties With an acid generated 
from the light acid generator, and an acid group is imparted 
to the resin to change into a soluble substance, e.g., poly(p 
hydroxystyrene), Whereby the resin is dispersible or soluble 
in an organic solvent or an aqueous developing solution}. 

[0037] Typical examples of the resin including the light 
acid generator include (1) a composition including, as a 
main component, a resin in Which a quinonediaZidosulfonic 
acid is combined With a base resin such as an acrylic resin 
having an ion formation group via a sulfonic acid ester bond 
(refer to Japanese Patent Application Laid-Open Nos. 
206293/1986 and 133449/1995), i.e., a naphthoquinonedi 
aZido photosensitive composition utiliZing a reaction in 
Which a quinonediaZido group decomposes by the irradia 
tion of the light to form indenecarboxylic acid via ketene; (2) 
a chemical ampli?cation system photosensitive material 
utiliZing a change of solubility betWeen an exposed portion 
and an unexposed portion by bringing about an elimination 
reaction of a base resin (a polymer) in a change state in the 
presence of the light acid generator for generating the acid 
group With the irradiation of the light as a catalyst {refer to 
Japanese Patent Application Laid-Open Nos. 226461/1992, 
45439/1984 and 250842/1988; US. Pat. No. 4,491,628; 
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“Polymers in Electronics”, edited by Davidson T., ACS 
Symposium Series 242, American Chemical Society, Wash 
ington D.C., p. 11 (1984); N. Hayashi, T. Ueno, M. Toriumi, 
etc, ACS Polym. Materials Sci. Eng., Vol. 61, p. 417 (1989); 
and H. Ito, C. G. Wilson, ACS Symp., Ser. 242, p. 11 
(1984)}; and (3) a positive type photosensitive composition 
utiliZing a mechanism in Which a crosslinked ?lm insoluble 
in a solvent or an aqueous alkali solution is formed by 
heating, and a crosslinking structure is then cut With the light 
acid generator for generating the acid group by the irradia 
tion of the light, so that irradiated portions become soluble 
in the solvent or the aqueous alkali solution (refer to 
Japanese Patent Application Laid-Open Nos. 295064/1994, 
308733/1994, 313134/1994, 313135/1994, 313136/1994 
and 146552/1995). 

[0038] In the above-mentioned composition (2), a func 
tional group (a hydroxyl group, a carboxyl group or the like) 
Which controls the solubility of the resin in the developing 
solution is blocked (With an acid-to-unstable group) to make 
it insoluble, and the block is then dissociated With the light 
acid generator to recover the solubility of the polymer. 
Examples of the acid-to-unstable group (the R group of 
—OR) Which can block the hydroxyl group (the —OH 
group) include a t-butoxycarbonyl group (referred as 
“t-BOC” group), a t-butoxy group, a t-butoxycarbonylm 
ethyl group, a tetrahydropyranyl group, a trimethylsilyl 
group and an iso-propoxycarbonyl group. No particular 
restriction is put on the resin having the hydroxyl group, so 
long as it can exert the above-mentioned effect, but it is 
usually a resin having a phenolic hydroxyl group. As the 
acid-to-unstable group, the t-BOC group and the t-butoxy 
group are preferable, and examples of the resin having this 
acid-to-unstable group include poly(t-butoxycarbonyloxy 
styrene), poly(t-butoxycarbonyloxy-ot-styrene), poly(t-bu 
toxystyrene), and copolymers of these monomers and other 
polymeriZable monomers {e.g., C1_24 alkyl or cycloalkyl 
esters, maleimide and sulfones of methyl(meth)acrylic 
acid}. The composition of the poly(t-butoxycarbonyloxy 
styrene) having the t-BOC group utiliZes, for example, 
characteristics that the t-BOC group decomposes With the 
acid generated from the light acid generator to evaporate 
isobutene and a carbon dioxide gas, so that the polymer 
becomes a polystyrene and the t-BOC group changes into a 
hydroxyl group, Whereby the polarity of the resin changes 
(increases) and its solubility in the developing solution (the 
aqueous alkali solution) improves. In addition, examples of 
the resin having the acid-to-unstable group (the R‘ group of 
—COOR‘) Which can block the carboxyl group (the 
—COOH group) include carboxylic acid ester derivatives 
having a t-butyl group. 

[0039] Moreover, the composition can be used as a binary 
component system of the resin having the acid-to-unstable 
group and the light acid generator, or a ternary component 
system of the resin having the acid-to-unstable group, the 
light acid generator and another resin. The employment of 
the another resin permits, for example, the improvement of 
a coating operativity of the composition and the change of 
the solubility in the developing solution. 

[0040] The above-mentioned composition (3) is a liquid or 
a solid resin composition comprising (a) a resin having a 
carboxyl group and/or a hydroxyphenyl group, (b) an ether 
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bond-including ole?nic unsaturated compound, and the light 
acid generator for generating the acid group by the irradia 
tion of the light. 

[0041] In the case of the resin (a) having both of the 
carboxyl group and the hydroxyphenyl group, there can be 
used a resin having these groups in one molecule, or a 
mixture of resins differently having these groups. 

[0042] Examples of a carboxyl group-containing resin 
(a-1) include acrylic resins and polyester resins. 

[0043] The above-mentioned resin (a-1) preferably has a 
number-average molecular Weight of about 500 to 100,000, 
more particularly about 1,500 to 30,000, and the amount of 
the carboxyl group is preferably about 0.5 to 10 mols, more 
preferably about 0.7 to 5 mols per kg of the resin. 

[0044] Examples of a hydroxyphenyl group-containing 
resin (a-2) include a condensate of a monofunctional or a 
polyfunctional phenol compound, an alkylphenol compound 
or a mixture thereof and a carbonyl compound such as 
formaldehyde or acetone; and a copolymer of a hydroxyphe 
nyl group-containing unsaturated monomer such as p-hy 
droxystyrene and the above-mentioned other polymeriZable 
unsaturated monomer Which can be used as needed. 

[0045] The above-mentioned resin (a-2) preferably has a 
number-average molecular Weight of about 500 to 100,000, 
more particularly about 1,500 to 30,000, and the amount of 
the hydroxyphenyl group is preferably about 1.0 mol or 
more, more preferably about 2 to 8 mols per kg of the resin. 

[0046] Furthermore, in the case that a mixture of resin 
(a-1) and resin (a-2) is used, a mixing ratio of resin (a-1)/ 
resin (a-2) is preferably Within the Weight ratio range of 
90/10 to 10/90. 

[0047] Examples of a resin (a-3) having a carboxyl group 
and a hydroxyphenyl group include a copolymer of a 
carboxyl group-containing polymeriZable unsaturated 
monomer {(meth)acrylic acid or the like} and a hydroxy 
lphenyl group-containing polymeriZable unsaturated mono 
mer (hydroxystyrene or the like) and, if necessary, another 
polymeriZable unsaturated monomer {an alkyl ester having 
1 to 12 carbon atoms of acrylic acid such as methyl 
(meth)acrylate, ethyl (meth)acrylate, propyl (meth)acrylate, 
butyl (meth)acrylate or 2-ethylhexyl (meth)acrylate, an aro 
matic compound such as styrene, or a nitrogen-including 
unsaturated monomer such as (meth)acrylonitrile}; and a 
phenol resin obtained by reacting a hydroxybenZoic acid, 
gallic acid, resorcinic acid, or a mixture of any of them and 
phenol, a naphthol, resorcin or catechol With formaldehyde. 

[0048] The above-mentioned resin (a-3) preferably has a 
number-average molecular Weight of about 500 to 100,000, 
more particularly about 1,500 to 30,000, and the amount of 
the carboxyl group is preferably about 0.5 to 10 mol, more 
preferably about 0.7 to 5 mols per kg of the resin. The 
amount of the hydroxyphenyl group is preferably about 1.0 
mol or more, more preferably about 2 to 8 mols per kg of the 
resin. 

[0049] The ether bond-including ole?nic unsaturated com 
pound (b) is a compound having about 1 to 4 of unsaturated 
ether groups such as vinyl ether group, 1-propenyl ether 
group and 1-butenyl ether group at molecular terminals. 
Compound (b) is a loW-molecular Weight or a high-molecu 
lar Weight compound having, in one molecule, at least one, 
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preferably 2 to 4 of unsaturated ether groups represented by 
the formula —R“O—A Wherein A is an ole?nic unsaturated 
group such as vinyl group, 1-propenyl group or 1-butenyl; 
and R“ is a straight-chain or a branched alkylene group 
having 1 to 6 carbon atoms such as ethylene, propylene or 
butylene. Typical examples of compound (b) include a 
condensate of a polyphenol compound such as bisphenol A, 
bisphenol F, bisphenol S or a phenol resin, or a polyol such 
as ethylene glycol, propylene glycol, trimethylolpropane, 
triethylolethane or pentaerythritol, and a halogenated alkyl 
unsaturated ether such as chloroethyl vinyl ether; and a 
reaction product of a polyisocyanate compound such as 
tolylene diisocyanate, xylylene diisocyanate, hexamethyl 
ene diisocyanate or isophorone diisocyanate, and a hydroxy 
alkyl unsaturated ether such as hydroxyethyl vinyl ether. In 
particular, the condensate of the polyphenol compound and 
the halogenated alkyl unsaturated ether, and the reaction 
product of a polyisocyanate compound having an aromatic 
ring and the hydroxyalkyl unsaturated ether are desirable 
from the vieWpoints of etching resistance and the precision 
of a formed pattern. 

[0050] The amount of compound (b) to be used is usually 
in the range of about 5 to 150 parts by Weight, preferably 
about 10 to 100 parts by Weight With respect to 100 parts by 
Weight of resin (a). 

[0051] The composition including components (a) and (b) 
is a positive type photosensitive resin composition in Which 
a ?lm formed from this composition is crosslinked by an 
addition reaction of the carboxyl group and/or the hydrox 
yphenyl group and the unsaturated ether group When heated, 
Whereby the ?lm becomes insoluble in a solvent or an 
aqueous alkali solution, and When the ?lm is irradiated With 
an active energy ray and then heated, the crosslinking 
structure is cut by the catalytic function of a generated acid, 
so that an exposed portion becomes soluble again in the 
solvent or the aqueous alkali solution. 

[0052] In the composition, an acid hydrolytic reaction 
occurs in an exposed portion of the formed ?lm by the acid 
generated When the formed ?lm is exposed, but in order to 
smoothly advance this acid hydrolytic reaction, it is pre 
ferred that Water is present in the reaction system. Thus, by 
introducing a hydrophilic resin such as polyethylene glycol, 
polypropylene glycol, methyl cellulose or ethyl cellulose 
into the composition of the present invention, Water neces 
sary for the above-mentioned reaction can be incorporated 
into the formed ?lm. The amount of the hydrophilic resin to 
be added is preferably 20 parts by Weight or less, more 
preferably in the range of 0.1 to 10 parts by Weight With 
respect to 100 parts by Weight of the resin component. 

[0053] Furthermore, the light acid generator mentioned in 
the above-mentioned (2) and (3) is a compound capable of 
generating the acid When exposed, and the resin can be 
decomposed by using the thus generated acid as a catalyst. 
As the light acid generator, a conventional knoWn compound 
can be used. Typical usable examples of this light acid 
generator include onium salts such as sulfonium salts, 
ammonium salts, phosphonium salts, iodonium salts and 
selenium salts, iron-arene complexes, silanol-metal chelate 
complexes, triaZine compounds, diaZidonaphthoquinone 
compounds, sulfonic acid esters, sulfonic acid imide esters 
and halogen compounds. In addition to the above-mentioned 
compounds, it is also possible to use the light acid generators 
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mentioned in Japanese Patent Application Laid-Open No. 
146552/1995 and Japanese Patent Application No. 289218/ 
1997. This light acid generator component may be a mixture 
With the above-mentioned resin or may be bonded to the 
resin. A blend ratio of the light acid generator is preferably 
in the range of 0.1 to 40 parts by Weight, more preferably 0.2 
to 20 parts by Weight With respect to 100 parts by Weight of 
the resin. 

[0054] Furthermore, if necessary, a photosensitiZing dye 
may be blended With the composition, so long as it is not 
affected by the safelight. Examples of the photosensitiZing 
dye include the dyes of phenothiaZines, anthracenes, coro 
nenes, benZanthracenes, perillenes, merocyanines, ketoc 
uomarins, fumarines, borates and the like. Examples of the 
usable borate photosensitiZing dyes include dyes mentioned 
in Japanese Patent Application Laid-Open Nos. 241338/ 
1993, 5685/1995 and 225474/1995. 

[0055] A blend ratio of the photosensitiZing dye is pref 
erably in the range of about 0.1 to 10 parts by Weight, more 
preferably 0.3 to 5 parts by Weight With respect to 100 parts 
by Weight of resin (a). 

[0056] If necessary, the composition of the present inven 
tion can be blended With the above-mentioned other resin 
Which can increase or conversely decrease its solubility in 
the organic solvent or the aqueous developing solution and 
Which is soluble (or insoluble) in Water or the organic 
solvent. Typical examples of such a resin include phenol 
resins, polyester resins, acrylic resins, vinyl resins, vinyl 
acetate resins, epoxy resins, silicone resins, ?uorinated res 
ins, mixtures of tWo or more thereof, and modi?cations 
thereof. 

[0057] Additionally, in order to impart a suitable ?exibil 
ity, non-adhesiveness or the like to the ?lm formed from the 
composition of the present invention, a plasticiZer such as a 
phthalic ester, a polyester resin, an acrylic resin or the like 
can be added to the composition of the present invention. 

[0058] If necessary, it is also possible to add a ?uidity 
modi?er, a plasticiZer or a colorant such as a dye or a 
pigment to the composition of the present invention. 

[0059] The positive type photosensitive resin composition 
of the present invention can be used for a variety of 
applications as knoWn usual photosensitive materials such as 
coating compositions, inks, adhesives, resist materials, 
printing plate materials (printing materials for planography 
and letterpress, and presensitiZed plates for offset lithogra 
phy), information recording materials, and materials for 
relief images. 

[0060] The dry thickness (exclusive of the solvent) of the 
?lm formed from the positive type photosensitive resin 
composition of the present invention is set so that the 
absorbency of the unsensitiZed coating ?lm formed from this 
composition may be 0.5 or less in the range of the maximum 
wavelength 130 nm selected in the maximum Wavelength 
range of the safelight, but from a practical vieWpoint, it is 
usually in the range of 0.5 to 50 pm, preferably 1 to 30 pm. 
Furthermore, the absorbency depends on kinds and amounts 
of the light acid generator, the photosensitiZer and the like 
contained in the composition, and even in the case of the 
same composition, it also depends on the thickness of the 
formed coating ?lm. That is to say, in the same composition, 
When the thickness of the ?lm increases, the concentrations 
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of the light acid generator, the photosensitiZer and the like 
contained in the ?lm increase, so that the absorbency 
increases. On the other hand, When the thickness of the ?lm 
decreases, the concentrations of the above-mentioned com 
ponents contained in the ?lm decrease, so that the absor 
bency decreases. It is apparent from the foregoing that the 
absorbency can be adjusted so as to be Within the above 
mentioned range by adjusting the thickness of the formed 
?lm. 

[0061] The positive type photosensitive resin composition 
of the present invention can be used as an organic solvent 
type photosensitive resin composition or an aqueous pho 
tosensitive resin composition. 

[0062] The above-mentioned organic solvent type photo 
sensitive resin composition is an organic solvent type pho 
tosensitive resin composition obtained by dissolving or 
dispersing the positive type photosensitive resin composi 
tion in an organic solvent (e.g., ketones, esters, ethers, 
cellosolves, aromatic hydrocarbons, alcohol or halogenated 
hydrocarbons). This composition is applied onto a substrate 
(e.g., a sheet made from metals such as aluminum, magne 
sium, copper, Zinc, chromium, nickel and iron, an alloy 
thereof as a component, or a printed board, a plastic, a glass 
or a silicon Wafer surface-treated With the above-mentioned 
metal or alloy, or carbon plate) by means of a roller, a roll 
coater, a spin coater, a curtain roll coater, a spray coating, 
electrostatic coating, immersion coating or silk screen print 
ing, and if necessary, setting is carried out, folloWed by 
drying to obtain a photosensitive material 

[0063] The above-mentioned aqueous photosensitive resin 
composition can be obtained by dissolving or dispersing the 
positive type photosensitive resin composition in Water. This 
kind of composition can be handled similarly to a usual 
photosensitive material for electrodeposition coating, and so 
it can be used as a coating composition for the electrodepo 
sition coating. The aqueous dispersion or the aqueous solu 
tion of the aqueous photosensitive resin composition can be 
formed by neutraliZing the composition With an alkali (a 
neutraliZer) When an anionic group such as a carboxyl group 
is introduced in the positive type photosensitive resin com 
position, or neutraliZing it With an acid (a neutraliZer) When 
a cationic group such as an amino group is introduced 
therein. 

[0064] Usable examples of the above-mentioned alkali 
neutraliZer include monoethanolamine, diethanolamine, tri 
ethylamine, diethylamine, dimethylaminoethanol, cyclo 
hexylamine and ammonia. In addition, usable examples of 
the acid neutraliZer include acetic acid, propionic acid, lactic 
acid, hydrochloric acid, sulfuric acid, phosphoric acid, for 
mic acid and crotonic acid. The amount of the neutraliZer to 
be used is usually in the range of 0.2 to 1.0 equivalent, 
preferably 0.3 to 0.8 equivalent per equivalent of the ionic 
group contained in the photosensitive resin composition. 

[0065] The above resin containing the ionic group is such 
that a carboxyl group is preferably in the range of about 30 
to 700 mg KOH/g, more preferably 40 to 600 mg KOH/g in 
terms of an acid value of the resin. If the acid value is less 
than about 30 mg KOH/g, the removal of the uncured ?lm 
by the treatment With a developing solution is poor, and 
inconveniently, copper cannot be suf?ciently removed in the 
next etching step on occasion. On the other hand, When the 
acid value is more than about 700 mg KOH/g, a resist ?lm 
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portion (a cured ?lm portion) is easily separated, so that a 
satisfactory copper circuit cannot be formed inconveniently. 
Moreover, the amino group is such that an amine value is 
preferably in the range of about 20 to 650, more preferably 
about 30 to 600. If the amine value is less than about 20, 
copper cannot suf?ciently be removed in the etching step 
sometimes as described above, and on the other hand, if the 
amine value is more than about 650, the resist ?lm is easily 
removed inconveniently sometimes. 

[0066] As the electrodeposition coating composition, 
there can be used, for example, a cationic electrodeposition 
coating composition having a pH of 4 to 7 or an anionic 
electrodeposition coating composition having a pH of 7 to 9 
in Which a bath concentration (a solid content concentration) 
is adjusted to the range of 3 to 25% by Weight, preferably 5 
to 15% by Weight. 

[0067] The electrodeposition coating composition can be 
applied onto the surface of a conductor, Which is a material 
to be coated, in the folloWing manner. That is to say, the pH 
and the concentration of the bath are ?rst adjusted to be 
Within the above-mentioned ranges, and the bath tempera 
ture is then controlled so as to be in the range of 15 to 40° 
C., preferably 15 to 30° C. Next, a DC voltage of 5 to 200 
V is applied to the thus controlled electrodeposition bath, 
While the conductor to be coated is immersed in the bath as 
an anode When the electrodeposition coating composition is 
an anionic type, or as a cathode When the electrodeposition 
coating composition is a cationic type. Avoltage application 
time is suitably in the range of 10 seconds to 5 minutes. The 
thickness of the obtained coating ?lm is usually in the rage 
of 0.5 to 50 pm, preferably 1 to 15 pm in terms of the dry 
coating ?lm thickness. 

[0068] After the electrodeposition coating, the applied 
substrate is taken out of the electrodeposition bath, Washed 
With Water, and then dried With hot air to remove Water 
content from the electrodeposited coating ?lm. Examples of 
the usable conductor include conductive materials such as 
metals, carbon and tin oxides as Well as plastics and glasses 
Whose surfaces are ?xedly covered With these conductive 
materials by lamination, plating or the like. 

[0069] In addition to the above-mentioned use applica 
tions, for example, the positive type photosensitive resin 
composition of the present invention can be applied onto a 
transparent resin ?lm of a polyester resin such as polyeth 
ylene terephthalate, an acrylic resin, a polyethylene, a poly 
vinyl chloride resin or the like Which becomes a base ?lm 
layer by the use of a roll coater, a blade coater or a curtain 
coater, folloWed by drying to form a resist ?lm (the dry ?lm 
thickness=about 0.5 to 5 pm). AfterWard, a protective ?lm is 
then laminated on this coating ?lm to obtain a dry ?lm resist. 

[0070] From such a dry ?lm resist, the protective ?lm can 
be peeled off, and the dry ?lm resist can be then laminated 
on a support so that the dry ?lm resist may come in contact 
With the support by a means such as thermocompression 
bonding, thereby forming the resist ?lm on the support. 
After the base ?lm is peeled off or Without the peeling, the 
resist ?lm can be exposed to the visible light and then 
sensitiZed in accordance With an image in the same manner 
as in the case of the above-mentioned electrodeposition 
coating. When the base ?lm is present, this base ?lm is 
peeled off, and When it is not present, a developing treatment 
can be directly carried out, thereby forming the image. 
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[0071] As for a light source of activation energy rays for 
sensitiZing the positive type photosensitive resin composi 
tion of the present invention, conventional knoWn activation 
energy rays can be used Without any particular restriction, so 
long as they can irradiate the activation energy rays neces 
sary to sensitiZe the composition Which is not sensitiZed by 
the safelight. Examples of the light source Which can emit 
the visible light include an ultrahigh pressure, a high pres 
sure, an intermediate pressure or a loW pressure mercury 
vapor lamp, a chemical lamp, a carbon-arc lamp, a xenon 
lamp, a metal halide lamp and a tungsten lamp. Moreover, 
there can also be used various lasers having an oscillation 
line in the visible light range in Which an ultraviolet light is 
cut from the above-mentioned light sources through an 
ultraviolet light cut ?lter. Above all, the laser having the 
oscillation line in the visible light range such as an argon 
laser (488 nm) or a YAG-SHG laser (532 nm) is preferable. 

[0072] The positive type photosensitive resin composition 
of the present invention can be applied or printed on a 
substrate such as a plastic sheet, a metal, a glass, a paper or 
a lumber Without any decomposition of the composition 
under the bright irradiation circumstance conditions of the 
stipulated safelight. In addition, the composition is prefer 
ably used as the positive type photosensitive resin compo 
sition for the formation of the resist pattern coating ?lm. 

[0073] Next, a procedure of forming the resist pattern on 
the substrate by the use of this positive type photosensitive 
resin composition Will be described as folloWs: 

[0074] The positive type photosensitive resin composition 
is applied onto the substrate to form a photosensitive ?lm 
thereon (Step 1), and the surface of the applied photosen 
sitive ?lm is exposed to a laser beam directly or a light 
through a mask ?lm to sensitiZe the photosensitive ?lm so 
that a desired resist ?lm (an image) may be obtained on the 
surface of the photosensitive ?lm (Step 2). Next, an sensi 
tiZed portion of the photosensitive ?lm is then developed 
With an alkaline or an acidic aqueous solution to form a 

resist pattern on the substrate (Step 3). Furthermore, a 
copper layer portion, Which is not protected by the resist 
?lm, is removed, and the resist ?lm is further removed to 
obtain the desired resist pattern. 

[0075] Examples of the above substrate include plastic 
?lms and plastic plates such as electrically insulating glass 
epoxy plates, polyethylene terephthalate ?lms and polyim 
ide ?lms; these plastic plates and plastic ?lms on Which a 
conductive ?lm is formed by alloWing a metal foil of copper 
or aluminum to adhere to the surface thereof, or by subject 
ing them to vacuum deposition, chemical deposition or 
plating by the use of a metal such as copper, nickel or silver, 
or a compound such as a conductive oxide typi?ed by 
indium-tin oxide (ITO); plastic plates and plastic ?lms 
provided With through-holes in Which the surfaces and the 
through-holes are covered With a conductive ?lm; and 
metallic plates such as copper plates. 

[0076] In the above-mentioned application step (1), When 
the positive type photosensitive resin composition is an 
organic solvent system, this composition is applied onto the 
surface of the substrate by means of spray coating, electro 
static coating, spin coating, immersion coating, roller coat 
ing, curtain ?oW coating or silk screen printing, and if 
necessary, setting is carried out, folloWed by drying the 
substrate at a temperature in the range of about 50 to 130° 
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C. to obtain the photosensitive resin ?lm. The thus formed 
?lm is next exposed in step Furthermore, When the 
positive type photosensitive resin composition is an elec 
trodeposition coating composition, the composition is elec 
trodeposited, drained, air-bloWn, and if necessary, dried at a 
temperature of about 50 to 130° C. to thereby form the 
positive type photosensitive resin ?lm. 

[0077] The thickness of the thus formed positive type 
photosensitive resin ?lm is preferably in the range of about 
0.5 to 500 pm, more preferably about 1 to 30 pm. 

[0078] As a light beam for use in the exposure step (2), 
particularly a visible light in Which the Wavelength of an 
emission spectrum of the light source is 488 nm (argon laser) 
or 532 nm (YAG-SHG laser) has been put to practical use, 
and the employment of this kind of visible light is prefer 
able, but it is not limited. 

[0079] In the developing treatment (3), When an anionic 
group-containing resin is used in the positive type photo 
sensitive resin composition, the sensitiZed ?lm is Washed out 
With, usually, a Weak alkaline aqueous solution prepared by 
diluting caustic soda, sodium carbonate, caustic potash, 
ammonia or an amine With Water. Furthermore, When a 
cationic group-containing resin is used in the positive type 
photosensitive resin composition, the sensitiZed ?lm is 
Washed out With, usually, a Weak acidic aqueous solution 
prepared by diluting hydrochloric acid, sulfuric acid, phos 
phoric acid, acetic acid, silicic acid, formic acid or lactic 
acid With Water. 

[0080] At least one step of the above steps (1) to (3) should 
be carried out under the irradiation circumstance conditions 
of the safelight (preferably a sodium lamp) having a maxi 
mum Wavelength in the range of 550 to 620 nm. 

[0081] Furthermore, in the case that the above substrate is 
an etching resist substrate, an exposed copper layer (a 
non-circuit portion) can be next etched and removed With an 
aqueous solution of ferric chloride or cupric chloride. In 
addition, the resist ?lm can be removed With a solvent, e.g., 
a strong alkali such as caustic soda or methylene chloride. 

[0082] The thus obtained substrate on Which the resist 
pattern is formed can be used for decoration, or as a solder 
resist substrate or an etching resist substrate. 

[0083] The present invention Will be described in more 
detail in accordance With examples. Incidentally, “part(s)” in 
the examples and comparative examples means “part(s) by 
Weight”. 

EXAMPLE 1 

[0084] A mixture of 200 parts of tetrahydrofuran, 65 parts 
of p-hydroxystyrene, 28 parts of n-butyl acrylate, 11 parts of 
acrylic acid and 3 parts of aZobisisobutyronitrile Was reacted 
at 100° C. for 2 hours, and the resultant reaction product Was 
then poured into 1,500 cc of toluene solvent, Whereby the 
reaction product Was precipitated and separated. AfterWard, 
the collected precipitate Was dried at 60° C. to obtain a 
photosensitive resin having a molecular Weight of about 
5,200 and a hydroxyphenyl group content of 4.6 mols/kg. 
Next, 100 parts of this photosensitive resin Were blended 
With 60 parts of a divinyl ether compound (a condensate of 
1 mol of a bisphenol compound and 2 mols of 2-chloroethyl 
vinyl ether), 10 parts of NAI-105 (trade name, made by 
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Midori Chemical Co., Ltd.; a light acid generator) and 1.5 
parts of NKX-1595 (trade name, made by Nippon Photo 
sensitive Dye Co., Ltd. (Nippon Kanko-Shikiso Kenkyujo. 

photosensitiZing dye of coumarin dyes), and the 
blend Was then dissolved in diethylene glycol dimethyl ether 
so that a solid content might be 20%, thereby obtaining a 
photosensitive solution. 

[0085] This photosensitive solution Was applied onto a 
copper plated and glass ?ber reinforced epoxy substrate in a 
dark room by a bar coater so that a dry ?lm thickness might 
be 5 pm, folloWed by drying at 120° C. for 8 minutes to form 
a resist ?lm, thereby preparing the substrate having the resist 
?lm thereon. 

[0086] Next, the surface of the substrate having the resist 
?lm obtained above Was irradiated With a sodium lamp 
shoWn in FIG. 1 for 24 hours so that an illuminance intensity 
might be 40 lux. AfterWard, this substrate Was heated at 80° 
C. for 10 minutes in the dark room, and then immersed at 
30° C. for 1 minute in a 1% aqueous sodium carbonate 
solution as a developing solution. As a result, the resist ?lm 
Was not dissolved in the aqueous sodium carbonate solution, 
Which conveniently meant that any bad in?uence by the 
irradiation of the sodium lamp Was not present. 

[0087] Moreover, the substrate having the resist ?lm Was 
irradiated With an argon laser having an intensity of 2 mJ/m2, 
and at this time, the resist ?lm Was smoothly sensitiZed. It 
Was con?rmed that the sensitiZed portion of the resist ?lm 
Was dissolved in the 1% aqueous sodium carbonate solution. 
Also by the irradiation With a xenon lamp and second 
harmonic (532 nm) of a YAG-SHG laser, the similar results 
could be obtained. 

[0088] The above-mentioned photosensitive solution Was 
applied onto a transparent polyethylene terephthalate sheet 
by the bar coater so that a ?lm thickness might be 5 pm, 
folloWed by drying at 60° C. for 10 minutes, and an 
absorbency of the resultant ?lm Was then measured. The 
results are shoWn in FIG. 4. In this draWing, the ordinate 
axis and the abscissa axis denote the absorbency and a 
Wavelength nm, respectively. In FIG. 4, the absorbency of 
the ?lm in the Wavelength of 600 nm or more on the abscissa 
axis Was 0.00. 

[0089] On an absorbency curve in FIG. 4 and in the range 
of 559 nm to 619 nm present in the range of a maximum 
Wavelength 589 nm:30 nm in FIG. 1, the absorbency of the 
?lm is 0.0 or less, and it is apparent that the safelight does 
not have a bad in?uence on the photosensitive solution. 

EXAMPLE 2 

[0090] A mixture of 22 parts of acrylic acid, 50 parts of 
styrene, 28 parts of n-butyl methacrylate and 5 parts of 
aZobisisobutyronitrile (AIBN) Was added dropWise over 2 
hours to 60 parts of methyl isobutyl ketone Which Was being 
heated at 80° C. and stirred, and this temperature Was further 
maintained for 2 hours to obtain a polymer having a solid 
content of about 62.5% and a carboxyl group content of 3 
mols/kg. 
[0091] A mixture of 80 parts of the thus obtained carboxyl 
group-including polymer (solid content=62.5%), 20 parts of 
p-hydroxystyrene polymer (molecular Weight=1000), 60 
parts of a divinyl ether compound (a condensate of 1 mol of 
a bisphenol compound and 2 mols of 2-chloroethyl vinyl 
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ether), 2 parts of polyethylene glycol (average molecular 
Weight=400), 10 parts of NAI-105 (trade name, made by 
Midori Chemical Co., Ltd.; a light acid generator) and 1.5 
parts of the same photosensitiZer as used in Example 1 Was 
dissolved in diethylene glycol dimethyl ether, thereby 
obtaining a 20% by Weight photosensitive solution. 

[0092] This photosensitive solution Was applied onto a 
copper plated and glass ?ber reinforced epoxy substrate in a 
dark room by a bar coater so that a dry ?lm thickness might 
be 5 pm, folloWed by drying at 120° C. for 8 minutes to 
prepare the substrate having a resist ?lm thereon. 

[0093] Next, the surface of the substrate having the resist 
?lm (dry ?lm thickness=5 pm) obtained above Was irradi 
ated With a sodium lamp shoWn in FIG. 1 for 24 hours so 
that an illuminance intensity might be 40 lux. Afterward, this 
substrate Was heated at 80° C. for 10 minutes in the dark 
room, and then immersed at 30° C. for 1 minute in a 1% 
aqueous sodium carbonate solution as a developing solution. 
As a result, the resist ?lm Was not dissolved in the aqueous 
sodium carbonate solution, Which conveniently meant that 
any bad in?uence by the irradiation of the sodium lamp Was 
not present. 

[0094] Moreover, the substrate having the resist ?lm Was 
irradiated With an argon laser having an intensity of 2 mJ/m2, 
and at this time, the resist ?lm Was rapidly sensitiZed. It Was 
con?rmed that the resist ?lm Was dissolved in the 1% 
aqueous sodium carbonate solution. Also by the irradiation 
With a xenon lamp and second harmonic (532 nm) of a 
YAG-SHG laser, the similar results could be obtained. 

EXAMPLE 3 

[0095] A mixture of 100 parts of p-hydroxystyrene poly 
mer (molecular Weight=1,000), 60 parts of a divinyl ether 
compound (a condensate of 1 mol of a bisphenol compound 
and 2 mols of 2-chloroethyl vinyl ether), 2 parts of poly 
ethylene glycol (average molecular Weight=400), 10 parts of 
NAI-105 (trade name, made by Midori Chemical Co., Ltd.; 
a light acid generator) and 1.5 parts of the same photosen 
sitiZer as used in Example 1 Was dissolved in diethylene 
glycol dimethyl ether, thereby obtaining a 20% by Weight 
photosensitive solution. 

[0096] This photosensitive solution Was applied onto a 
copper plated and glass ?ber reinforced epoxy substrate in a 
dark room by a bar coater so that a dry ?lm thickness might 
be 5 pm, folloWed by drying at 120° C. for 8 minutes to 
prepare the substrate having a resist ?lm thereon. 

[0097] Next, the surface of the substrate having the resist 
?lm (dry ?lm thickness=5 pm) obtained above Was irradi 
ated With a sodium lamp shoWn in FIG. 1 for 24 hours so 
that an illuminance intensity might be 40 lux. AfterWard, this 
substrate Was heated at 80° C. for 10 minutes in the dark 
room, and then immersed at 30° C. for 1 minute in a 1% 
aqueous sodium carbonate solution as a developing solution. 
As a result, the resist ?lm Was not dissolved in the aqueous 
sodium carbonate solution, Which conveniently meant that 
any bad in?uence by the irradiation of the sodium lamp Was 
not present. 

[0098] Moreover, the substrate having the resist ?lm Was 
irradiated With an argon laser having an intensity of 2 mJ/m2, 
and at this time, the resist ?lm Was rapidly sensitiZed. It Was 
con?rmed that the resist ?lm Was dissolved in the 1% 
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aqueous sodium carbonate solution. Also by the irradiation 
With a xenon lamp and second harmonic (532 nm) of a 
YAG-SHG laser, the similar results could be obtained. 

EXAMPLE 4 

[0099] 100 parts (solid content) of the photosensitive 
solution obtained in Example 1 Were mixed With triethy 
lamine in an amount of 0.8 equivalent With respect to a 
carboxyl group, and after stirring, the mixture Was then 
dispersed in deioniZed Water to obtain an aqueous resin 
dispersion (solid content=15%). 
[0100] Anionic electrodeposition coating Was carried out 
so that the thickness of a dry ?lm might be 5 pm under 
conditions that the thus obtained aqueous resin dispersion 
Was used as an electrodeposition coating bath and a lami 
nated copper plate Was used as an anode. AfterWard, the 
plate having the ?lm Was Washed With Water, and then 
heated at 120° C. for 8 minutes to obtain a substrate having 
a resist ?lm thereon. 

[0101] Next, the surface of the substrate having the resist 
?lm (dry ?lm thickness=5 pm) obtained above Was irradi 
ated With a sodium lamp shoWn in FIG. 1 for 24 hours so 
that an illuminance intensity might be 40 lux. Next, this 
substrate Was heated at 80° C. for 10 minutes in a dark room, 
and then immersed at 30° C. for 1 minute in a 1% aqueous 
sodium carbonate solution as a developing solution. As a 
result, the resist ?lm Was not dissolved in the aqueous 
sodium carbonate solution, Which conveniently meant that 
any bad in?uence by the irradiation of the sodium lamp Was 
not present. 

[0102] Moreover, the substrate having the resist ?lm Was 
irradiated With an argon laser having an intensity of 2 mJ/m2, 
and at this time, the resist ?lm Was rapidly sensitiZed. It Was 
con?rmed that the resist ?lm Was dissolved in the 1% 
aqueous sodium carbonate solution. Also by the irradiation 
With a xenon lamp and second harmonic (532 nm) of a 
YAG-SHG laser, the similar results could be obtained. 

EXAMPLE 5 

[0103] A mixture of 200 parts of tetrahydrofuran, 65 parts 
of p-hydroxystyrene, 18 parts of dimethylaminoethyl meth 
acrylate, 17 parts of n-butyl acrylate and 3 parts of aZobi 
sisobutyronitrile Was reacted at 100° C. for 2 hours, and the 
resultant reaction product Was then poured into 1,500 cc of 
toluene solvent, Whereby the reaction product Was precipi 
tated and separated. AfterWard, the collected precipitate Was 
dried at 60° C. to obtain a photosensitive resin having a 
molecular Weight of about 5,000 and a hydroxyphenyl group 
content of 4.6 mols/kg. Next, 100 parts of this photosensitive 
resin Were blended With 60 parts of a divinyl ether com 
pound (a condensate of 1 mol of a bisphenol compound and 
2 mols of 2-chloroethyl vinyl ether), 10 parts of NAI-105 
(trade name, made by Midori Chemical Co., Ltd.; a light 
acid generator) and 1.5 parts of the same photosensitiZer as 
used in Example 1, and the blend Was then dissolved in 
diethylene glycol dimethyl ether so that a solid content 
might be 60%, thereby obtaining a photosensitive solution. 

[0104] 100 parts (solid content) of the photosensitive 
solution obtained above Were mixed With acetic acid in an 
amount of 0.8 equivalent With respect to an amino group, 
and after stirring, the mixture Was then dispersed in deion 
iZed Water to obtain an aqueous resin dispersion (solid 

content=15%). 
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[0105] Cationic electrodeposition coating Was carried out 
so that the thickness of a dry ?lm might be 5 pm under 
conditions that the thus obtained aqueous resin dispersion 
Was used as an electrodeposition coating bath and a lami 
nated copper plate Was used as an cathode. Afterward, the 
plate having the ?lm Was Washed With Water, and then 
heated at 120° C. for 8 minutes to obtain a substrate having 
a resist ?lm thereon. 

[0106] Next, the surface of the substrate having the resist 
?lm (dry ?lm thickness=5 pm) obtained above Was irradi 
ated With a sodium lamp shoWn in FIG. 1 for 24 hours so 
that an illuminance intensity might be 40 lux. Afterward, this 
substrate Was heated at 80° C. for 10 minutes in the dark 
room, and then immersed at 30° C. for 1 minute in a 1% 
aqueous sodium carbonate solution as a developing solution. 
As a result, the resist ?lm Was not dissolved in the aqueous 
sodium carbonate solution, Which conveniently meant that 
any bad in?uence by the irradiation of the sodium lamp Was 
not present. 

[0107] Moreover, the substrate having the resist ?lm Was 
irradiated With an argon laser having an intensity of 2 mJ/m2, 
and at this time, the resist ?lm Was rapidly sensitiZed. It Was 
con?rmed that the resist ?lm Was dissolved in the 1% 
aqueous sodium carbonate solution. Also by the irradiation 
With a xenon lamp and second harmonic (532 nm) of a 
YAG-SHG laser, the similar results could be obtained. 

EXAMPLE 6 

[0108] 1000 parts of tetrahydrofuran Were blended With 50 
parts of poly(t-butoxycarbonyloxystyrene)(molecular 
Weight=1000), 50 parts of the undermentioned novolak 
phenol resin, 10 parts of NAI-105 (trade name, made by 
Midori Chemical Co., Ltd.; a light acid generator) and 1.5 
parts of the same photosensitiZing dye as used in Example 
1 to obtain a photosensitive solution having a solid content 
of 9%. 

Preparation of the Novolak Phenol Resin 

[0109] In ?ask, 1,490 parts of o-cresol, 1,145 parts of 30% 
formalin, 130 parts of deioniZed Water and 6.5 parts of 
hydrochloric acid Were placed, and the mixture Was then 
heated under re?ux for 60 minutes. Next, 13.5 parts of 15% 
hydrochloric acid Were added thereto, folloWed by heating 
under re?ux for 40 minutes. AfterWard, 400 parts of deion 
iZed Water at about 15° C. Were added thereto, and the 
temperature of the contents Was then maintained at about 
75° C. to precipitate a resin. Next, a 35% aqueous sodium 
hydroxide solution Was added, and after neutraliZation, the 
resultant aqueous layer Was removed. The resin Was Washed 
With 400 parts of deioniZed Water added thereto at 75° C. 
AfterWard, the resultant aqueous layer Was removed, and a 
similar Washing operation Was further repeated tWice. The 
resin Was then dried at about 120° C. under reduced pressure 
to obtain the desired novolak phenol resin having a molecu 
lar Weight of 600. 

[0110] The photosensitive solution obtained above Was 
applied onto a substrate so that a dry ?lm thickness might be 
5 pm, and it Was then heated at 120° C. for 8 minutes to 
prepare the substrate having a resist ?lm thereon. 

[0111] Next, the surface of the substrate having the resist 
?lm (dry ?lm thickness=5 pm) obtained above Was irradi 
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ated With a sodium lamp shoWn in FIG. 1 for 24 hours so 
that an illuminance intensity might be 40 lux. AfterWard, this 
substrate Was heated at 80° C. for 10 minutes in the dark 
room, and then immersed at 30° C. for 1 minute in a 1% 
aqueous sodium carbonate solution as a developing solution. 
As a result, the resist ?lm Was not dissolved in the aqueous 
sodium carbonate solution, Which conveniently meant that 
any bad in?uence by the irradiation of the sodium lamp Was 
not present. 

[0112] Moreover, the substrate having the resist ?lm Was 
irradiated With an argon laser having an intensity of 2 mJ/m2, 
and at this time, the resin Was rapidly sensitiZed. It Was 
con?rmed that the resist ?lm Was dissolved in the 1% 
aqueous sodium carbonate solution. Also by the irradiation 
With a xenon lamp and second harmonic (532 nm) of a 
YAG-SHG laser, the similar results could be obtained. 

EXAMPLE 7 

[0113] To 1,000 parts of tetrahydrofuran, 50 parts of 
poly(tetrahydropyranyl ether styrene)(molecular Weight= 
1000), 50 parts of the same novolak phenol resin as in 
Example 6, 10 parts of NAI-105 (trade name, made by 
Midori Chemical Co., Ltd.; a light acid generator) and 1.5 
parts of the same photosensitiZing dye as used in Example 
1 Were blended, so that a photosensitive solution having a 
solid content of 9% Was obtained. 

[0114] This photosensitive solution Was applied onto a 
substrate so that a dry ?lm thickness might be 5 pm, and the 
?lm Was Washed With Water, and then heated at 120° C. for 
8 minutes to prepare a substrate having a resist ?lm thereon. 

[0115] Next, the surface of the substrate having the resist 
?lm (dry ?lm thickness=5 pm) obtained above Was irradi 
ated With a sodium lamp shoWn in FIG. 1 for 24 hours so 
that an illuminance intensity might be 40 lux. AfterWard, this 
substrate Was heated at 80° C. for 10 minutes in the dark 
room, and then immersed at 30° C. for 1 minute in a 1% 
aqueous sodium carbonate solution as a developing solution. 
As a result, the resist ?lm Was not dissolved in the aqueous 
sodium carbonate solution, Which conveniently meant that 
any bad in?uence by the irradiation of the sodium lamp Was 
not present. 

[0116] Moreover, the substrate having the resist ?lm Was 
irradiated With an argon laser having an intensity of 2 mJ/m2, 
and at this time, the resin Was rapidly sensitiZed. It Was 
con?rmed that the resist ?lm Was dissolved in the 1% 
aqueous sodium carbonate solution. Also by the irradiation 
With a xenon lamp and second harmonic (532 nm) of a 
YAG-SHG laser, the similar results could be obtained. 

EXAMPLE 8 

[0117] A substrate having a resist ?lm thereon Was pre 
pared by the same procedure as in Example 1 except that a 
sodium lamp shoWn in FIG. 1 Was replaced With a sodium 
lamp in FIG. 2. Furthermore, the obtained substrate Was 
immersed in a 1% aqueous sodium carbonate solution in the 
same manner as in Example 1. As a result, the resist ?lm Was 
not dissolved in the aqueous sodium carbonate solution, 
Which conveniently meant that any bad in?uence by the 
irradiation of the sodium lamp Was not present. 

Comparative Examples 1 to 7 

[0118] Substrates having resist ?lms (Which Would not be 
cured With YAG or the like) thereon Were prepared by the 
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same procedure as in Examples 1 to 7 except that a sodium 
lamp Was replaced With a ?uorescent lamp as a safelight 
(Comparative Examples 1 to 7 corresponds to Examples 1 to 
7, respectively). The obtained substrates Were immersed in 
a developing solution of a 1% aqueous sodium carbonate 
solution (Comparative Examples 1 to 4, 6 and 7) or a 2.38% 
aqueous tetramethylammonium hydroxide solution (Com 
parative Example 5) in the same manner as in Example 1. As 
a result, all resist ?lms Were partially dissolved in the 
developing solutions. That is to say, these resist ?lms Were 
sensitiZed by the irradiation light from the ?uorescent lamp, 
and as a result, desired resist pattern could not be formed 
after exposing and developing steps. 

[0119] FIG. 5 is a graph shoWing a spectral distribution of 
the ?uorescent lamp used in Comparative Examples 1 to 7. 

What is claimed is: 
1. A liquid or a solid positive type photosensitive resin 

composition Which is used under the irradiation circum 
stance of a safelight having a maximum Wavelength Within 
the range of 500 to 620 nm, Wherein an absorbancy of an 
unexposed ?lm formed from this composition is 0.5 or less 
Within the range of the maximum wavelength 130 nm 
selected from the range of the maximum Wavelength of the 
safelight. 

2. The positive type photosensitive resin composition 
according to claim 1 Which comprises a resin and a light acid 
generator for generating an acid radical by an active energy 
ray as essential components, the resin and the light acid 
generator being chemically bonded, or the resin and the light 
acid generator being mixed. 

3. The positive type photosensitive resin composition 
according to claim 1 Wherein the safelight is given from a 
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discharge lamp containing sodium as a main component 
(Which consists mainly of a D-ray having a light Wavelength 
of 589 nm). 

4. A method for forming a resist pattern Which comprises: 

(1) a step of applying a positive type photosensitive resin 
composition onto a substrate to form a photosensitive 

?lm thereon, 

(2) a step of exposing the photosensitive ?lm formed on 
the substrate to a laser beam directly or through a mask 
?lm so that a desired resist pattern (an image) may be 
obtained on the photosensitive ?lm, and 

(3) a step of subjecting the resist ?lm to a developing 
treatment to form the resist pattern on the substrate, 
Wherein an absorbancy of an unexposed ?lm formed 
from the positive type photosensitive resin composition 
is 0.5 or less Within the range of a maximum Wave 
length :30 nm selected in the range of the maximum 
Wavelength of a safelight; and at least one step of the 
steps (1) to (3) is carried out under the irradiation 
circumstance of the safelight having a high spectral 
luminous ef?ciency in Which the maximum Wavelength 
of an emission spectrum of a light source is Within the 
range of 500 to 620 nm. 

5. The method for forming the resist pattern according to 
claim 4 Wherein the safelight is given from a discharge lamp 
containing sodium as a main component (Which consists 
mainly of a D-ray having a light Wavelength of 589 nm). 


