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' . DESCRIPTION

PIGMENT-DISPERSED COMPOSITION, CURABLE COMPOSITION, AND COLOR
FILTER AND PRODUCTION METHOD THEREOF

Tecﬁnjéal Field
[OOOi]The present invention relates to a pigment-dispersed somposition which may
be used for constructing imaging materials such as color filters or golor proofs, or |
photocurable materials such as inks or coating materials; a"curable c‘omposition'which is
suitable for the formation of colored regions such as color filters that are used in liquid crystal
display el_ements (LCD), solid state image pick-up elérnenfs (CCD, CMOS, efc.) or the like; a

color filter employing the curable composition; and production methods thereof.

Background Art
[0002]Pigments have been conventionally used in a wide variety of applications, as

they exhibit vivid color tones- a{nd'high tinctorial Stréngth. Among these pigments, those

presenting practical impbrtance in general afe frequently of minute particles:‘;émd thus vivid

color tones and hjgh tinctorial strengt_h are obtained by preventing the éggregation of the

" pigment particles and micronizing the particles. However, further micronization of the
pi‘gment ré_sults in an increasé in the surface area, whereby particle aggregation is promoted,
and thus many of such dispersions of piglnenf-exhibit high viscosities. For this reason, when '
‘these pigment.dispersions are prepared in an industrial scale, there occur problems such as
that removal of the pigment dispersion from a dispersing machine becomes difficult,
transportation through pipelines is not possible, or the pignien;t dispersion gelates during
storage to becdme unusable. | B

[0003]Thus,>it has been known hitherto that various dispersants are used to obtain

pigment dispersions or colored photosensitive compositions having excellent ﬂuidity, A
dispersibility and the like. These dispérsants are roughly classiﬁed into polymeric dispersants
and low molecular weight compound dispersants. |

| Examples of the pblymeric dispersants include polyacrylic acid salts, sodium maleate
olefin copolymers, terminal carboxyl group-containing polyesfers (see, for example, Japanese
Patent Application Publication (JP-B) No. 54-34009), polyesters having an acid group and/or
a basic group, prepared from tetrakis(2-hydroxyalkyl)ethylenediamine as a starting material
(see, for example, Japanese Patent Application Laid-Open (JP-A) No. 2-245231),

'macromonomers (oligomers having an ethylenic unsaturated group at the terminal),
_ | _
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~ monomers having a hydroxyl group, copolymers including a carboxyl group-containing -
monomer and four species of monomers other than the carboxyl group-containing monomer
(see, for example, JP-A No. 8-259876), and the like.

As for the low molecular weight compound dispersants, sorbitan fatt_y.acid esters,
polyoxyethylene alkylamines, alkyldiamines, alkanolamine derivatives and the like are knovirn
(see, for example, US Patent. No. 3536510), and there are also exemplary dispersants. having .
pigment nuclei introduced thereinto (see, for example, JP-B No. 5-72943, and JP-A No.

8-48890). o
[0004]Meanwh11e a colored photosensitive composition conta1mng a pigment is
'useful as a material for color ﬁlters used in solid state 1mage pick-up elements liquid crystal
displays and the like, and in the case of producing a color filter using the colored
photosensitive composition, a pi_gment‘ dispersion process which is excellent in terms of
quality, production stabilityr' or the like, is being widely employed. -

[0005]Inter alia, when a color filter employing a pigment is used as a color filter for
liquid crystal dlsplays it is required that the partlcle size of the colorant used (orgamc
pigments, etc.) be finer (see, for example JP-A.No. 2000-321763). This is due to the fact that
light scattering, birefringence and the like caused by the pigment result in the rotation of the
polarization axis. If micronization of the pigment is insufficiently carried out, light scattering
and absorption by the plgment bring forth a decrease in the light transmittance, thereby the
d1splay contrast being lowered, and the cunng sensitivity at the time of patternmg by
exposure is decreased (see for example, a color filter for 512-color display for 10.4-inch s1ze

' TFT-LCD; Uekl Ozeki, Fukunaga and Yamanaka, the 7™ Color Optical Conference, 1990). ‘
For this reason, it is required for a colored photosens1t1ve composrtion containing a dlspersed
pigment, that the pigment is dispersed in a micronized state. »

~ [0006]As the pigment is micronized as described aboi/e, the surface area of the
pigment is increased,-and thus there is a tendency that the use of micronized pigment leads to
an increase in the amount of dispersant to be added, which is needed to disperse the pigment
in a curable composition. Furthermore, in a curable composition for the color filter application,
the content of colorant (organic pigment) occupying among the solids is required to be higher
for an improvement of color purity. However, if a dispersant or colorant is incorporated into a
~ curable composition at a high concentration, the contents of photopolymerization initiator and
photopolymerizable monomer occupying in the curable composition are relatively decreased.
Thus, low energy curability is desired for an improvement in the yield rate through shortening
of the exposure time for a curable composition, and on the other liand, there is a problem that

‘it is difficult to obtain the curability in exposed parts.
' 2
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[0007]Also for a curable composmon for the use in color filters for solid state image
pick-up element, low energy curing is de51rable. With regard to a color filter for solid state
image pick-up element, since film thickness reduction for colored patterns is in progress
under the purpose of image quality improvement through high light harVestin_g property and
high photo color'separation property, the pigment concentration in the composition tends to |
increase along with this film thickness reduction. |

Moreover, for a pigment-based color filter, color unevenness is likely to occur
because the pigment corisists of relatively coarse particles. Therefore, as the mlcromzatlorl of
pigment is achieved to reduce this color unevenness, the conte_nt of pigment dispersant inthe
curable composition tends to increase. Accordingly, there is a problem concerning the o
difficulties in obtaining curability. | | ' -

[0008]In order to cope with the problems such as color unevenness in a colored
patterrl formed, there has been suggested.a technology of using an organic solvent-sotuble dye
as the colorant, in place of pigment (see, for example JP-A No. 2003-029018). For such |
dye- based color filters, an 1ncrease in the concentratlon of dye is accompanied by 51gmﬁcant
problems such as a polymenzatlon 1nh1b1tory effect originating from the dyes, or decreased
stability over time as shown through dye precipitation.

[0009]As discussed above, with regard to a curable composrtron for the use in color
~ filters, the contents of the photopolymerization initiator and the photopolymenzable monomer,
wbich aré necessary components for _curirig the curable composition, are limited, and the -
concentration of colorant has been increased, for both the applications in liquid crystal
displays and solid state image pick-up elements. Thus, there have been problems of low
sensitivity, unsatisfactory curing, insufficient adhesiveness to substrate and the like.

[0010]In regard to these problems a technology of i 1mprov1ng the sensitivity by
1mpart1ng polymerlzablhty to a resin which has been introduced mainly to 1mpart film
forming property or developablhty, is being conventlonally investigated (see, for example,
JP-A Nos. 2000-321763 and 2003-029018, Non-Patent Documents "Color Filter the newest
technology trend" pp. 85 to 87, published by Information Organization and "'Advanced
Technologies for LCD Color Filters" pp. 129 to 150, published by CMC Publishing Co., Ltd.
(2006)).

"[0011]However, even such resins as described above still cannot give satisfactory |
photosensitivity. Also, in fact, problems such as the generation of development residue in the
unexposed parts, the image forming properties in the exposed parts, or a decrease in the color
density (decoloration) due to the diffusion of fine pigment particles from the cured parts into

‘the developer solution, still remain unsolved.
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[0012]Furthermore, since the ‘exposur'e sensitivity is insufficient, there also is a

problem that curing occurs insufficiently ip the deeper parts, such as the vicinity of the
interface with a substrate, of a membrane prepared using a curable composition, thereby the
adhesiveness to the substrate being poor, and the shape of the pattern beéoming inversely
tapered. Moreover, for the applications of color filters having a plurélity of color patterns,
there are also unresolved probléms such as that when a paﬁem of a first color is formed, and
then a coating solution for forming a patterh of a second color is applied, the pigment of the
first color is diffused into the cdating solution of the second color,»orA the color density is |

decreased (décolorized).

Disclosure of the Invention
Problem to be Solved by the Invention

' [0013]Accordingly, thereis a deinand for a pigment-dispersed composition. having
excellent microdispersibility of pigment achieved by suppressing aggregation of pigment,
excellent storage stability, and high tinctorial strength. ’ '

There is also a demand fbr a curable compdsition which has high photosensitivity as
well as excellent storage stability, tinctorial étrength and adhesiveness to support, has the
decrease in the color density (decoloration) at cured parts suppressed, énd has good
' develdpability and reduced development residue, and which is capable of forming a colored
péttern with a tapered or recténgulaf-_shapéd cross-section. |

Furthermore, there is a demand for a color filter having excellent adhesiveness to
support and héving a colored pattern with a tapered or rectangular-shaped cross-section, and a

method for producing a color filter with excellent productivity for the color filter.

Means to Solve the Problem

[0014]Accofdin'g to a first-aspect of the present invention, there is provided a
pigment%dispersed composition containing at least (A) a resin having a pendant group
containing a nitrogen-containing heterocyclic ring and an ethylenic unsaturated double bond
in the main chain skeleton, (B) a pigment, and (C) a solvént.

[0015]According to a second aspect of the invention, thére is provided a curable
composition including the pigment-dispersed composition of the first aspect, and (D) a
photopolymerization initiator. |

[0016]According to a third aspect of the invention, there is provided a color filter .
having a colored pattern formed from the curable composition of the second aspect, on a

“support.
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[0017]According to a fourth aspect of the invention, there is provided a method for

producing a color filter, the method comprises preparing a curable composition using a
pigment-dispersed composition containing at least (A) a resin having a pendant group
containing a nitrogen-containing heterocyclic ring and an ethylenic unsaturated double bond
in the main chain skeleton (B) a pigment, and (C) a solvent; applying the curable |
composition ona support to form a colored layer formed from the curable composmon
subjecting the colored layer to patternwise exposure through a mask; and developing the

exposed colored layer to form a colored pattern.

Best Mode for Carrying Out the Invention
[0018]Hereinafter, the pigment'—dispersed composition, a curable composition, and a
color filter of the present invention produced usiné the curable composition and a production
" method thereof will be desci’ibed in detail. Additionally, herein, “to” represents a range which
includes the values descrihed before and after the numeric value as the minimum value and
the maximum value, respectively. _ |
[0019]The invention has\‘bee_n achieved on the basis of the following mechanism
which is assumed to make use of a (A) speciﬁc compound as the dispersant of pigment.
However, the following mechanism of the invention is not necessarilyiclear, and is assumed
- as follows.

' [0020]Specifically, when a spec1ﬁc resm havmg a pendant group contaimng a
nitrogen-containing heterocychc ring and an ethylenic unsaturated double bond is added at the
time of d1spersmg a pigment, the nitrogen-containing heterocyclic ring pendant from the resin
interacts with the pigment, and thus the pigment is efficiently dispersed. Furthermore, in the
case of using the pigment-dispersed composition as a curable co_mposition, since the (A)
specific resin having a pendant groupcontaining a nitrogen—containing heterocyclic ring and
an ethylenic unsaturated double bond of the invention exhibits very high sensitivity at
exposed parts, because of the unsaturated double bond. Thus, a film formed from the curable
composition of the invention on a substrate undergoes curing favorably even in the deep parts
of the film, such as the vicinity of the interface between the film and the substrate, thereby
resulting in excellent adhesiveness to support, and the shape of the pattern may be suppressed
from becoming inversely tapered. |

[0021]Also, at the exposed parts, since the (A) specific resin having a pendant group
containing a nitrogen-containing heterocyclic ring and an ethylenic.unsaturated double bond,
is cured while including the pigment, by a cross-linking reaction of the unsaturated double

“bond moieties, the pigment is suppressed from diffusing into a developer solution or into a
5
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~ coating solution. Meanwhile, 1n the unexposed parts, since the (A) specific resin having a
pendant group containing a nitrogen-containing heterocyélié ring and an ethylenic unsaturated
double bond may suppress the aggregation of pigment, the developer solution inﬁltrates
rapidly. Furthermore, since the (A) specific resin having a pendant groub containing a
nitrogen-containing- heterocyclic ring and an ethylenic unsaturated double bond, has a
nitrogen-containing heterocyclié ring with a largé dipolé moment, the resin has high aﬁihity .
with a highly polar developer solution, and thus promotes infiltration of the developer
solution. Consequently, excellent removability may be exhibited at t_he unexposed parts. “

[0022]<Pigment-dispersed composition> | |

The pigment-disperséd cdmposition of the invention contains at least (A) a resin
having a pendant group containing a nitrogen-containing heterocyclic ring and an ethylénic
unsaturated double bond in the main chain skéletoﬁ, (B) a pigment, and (C) a solvent, and if
neceséary, may be construcfed using other components. Additionally, according to the
invention, the “nitrogen-containing heterocyclié ring” has a nitrogen atom in the ring, and the.
ring may be a saturated ring or an unsaturated ring, may be a single ring or a fused ring, and
may be unsubstituted or substitut‘éd. Hereinafter, eaéh of the components constitutingr the
pigment-dispersed composition of the invenﬁon will be described in detail. ‘

[0023](A) Resin having a pendant group containing nitrogen;containing heterocyclic
~ ring and an ethylenic unsaturated double bond in the main chain skeleton

| The pigment-disperéed composition of the invention contains (A) a resin having a
pendant group containing a nitrogen-containing heterocyclic ring and an ethylenic unsaturated
double bond in the main chain skeleton (hereinafter, may also be referred to as “specific
resin”). This specific resin preferably includes a structural unit having a pendant group
containing a nitrogen-containing hete'rocyclicvring, and a sfructural unit having a péndaht-
group containing an ethylenic unsaturated double bond, as copolymer components.
Hereinafter, the respéctive structural units will be described.

[0024]The above-described specific resin preferably includes, as a éopolymer
component, at least one of the structural units represented by the following formula (1), as the . .
structural unit having a pendant group containing a nitrogen-containing heterocyclic ring
[(hereinafter, may also be referred to as “nitrogen-cohtaining heterocyclic ring structural
unit”). ' '

[0025]

Formula (1)
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[0026]In the formula (1), _R1 and R? each independently represent a hydrogen atom or ._
a monovalent organic group. R represents a hydrogen atom, a hydrocarbon group having 1 to
6 carbon atoms, -COOH, -CN, -CF3, -CHzOH, -CH,COOH, -CHZCOOR;il or -COORb,
wherein R and R® each independently represent a hydrocarbon group having 1 to 6 carbon
atoms. X represents -O-, -CO-, -COO-, OCO-, -CONH-, -NHCO- or phenylene. R* represents
a divalent organic group or a single bond. A represents a nitrogen—containing_hetero_cyclic
[0027]In the formula (1), the monovalént organic group represented by R! or R? may
be a hydrocarbon group having 1 to 6 carbon atoms, and among them, .a methyl group, an

ethyl group and a phenyl group are preferred. | |
| R?is preferably a hydrogen atom, a methyl group, -COOH, -CN, -CF3, -CHZOH
-CHZCOOH -CH,COOR® or - COORb and a hydrogen atom and a methyl group are most .
preferred.

[0028]The dlvalent organic group represented by R*is preferably an alkylene group -
or arylene group having 2 to 60 carbon atoms, which may ‘have, within its structure, any
partial structure selected from the group consisting of an oxygen atom, a nitrogen atom, a
sulfur atom, a hydrocarbon ring structure having 3 to 20 carbon atems, a heferocyclie ring
(details will be described later), an ester bond, a snlfonic acid ester bond, a phosphoric acid
ester bond, a urethane bond, a thiourethane bond, an amide bond, a urea bond and a thioure‘a
bond; more preferably a stréight-chained or branched alkylene group having 1 to 40 carbon
atoms, which may have, within its structure, any partial structure selected from the group
‘consisting of an oxygen atom, a nitrdgen atom, a sulfur atom, a hydrocarbon ring structure
having 3 to 20 carbon atoms, an ester bond, a urethane bond, a thiourethane bond, an amide
bond, a urea bond and a thiourea bond; and even more pfeferably a straight-chained or
branched alkyl group having 1 to 40 carbon atoms, which may have, within its structure, an

oxygen atom, a nitrogen atom, a hydrocarbon ring structure having 3 to 12 carbon atoms, an
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ester bond, a urethane bond, an amide bond and a urea bond. ’
~ [0029]The divalent organic group represented by R* may be further substituted, if

introduction of substituents is possible. Examples of the substituents that may be introduced
include a straight-chained, branched or cyclic alkyl group havmg 1to 20 carbon atoms, a
straight-chained, branched or cyclic alkenyl group haV1ng 2 to 20 carbon atoms, an alkynyl
group having 2 to 20 carbon atoms, an aryl group havmg 6 to 20 carbon atoms, an acyloxy
group havingil to 20 carbon atoms, an alkoxycarbonyloxy group having 2 to 20 carbon atoms,
an aryloxycarbonyloxy group having 7 to 20 carbon atoms, a carbarrioyloxy group having 1 to
20 carbon atoms, a carbonamide group having 1 t0 20 carbon-atoms.’, a sulfonamide group
having 1 to 20 carbon atoms, a caibamoyl group having 1 to 20 carbon atoms, a sulfamoyl
group having 0 to 20 carbon atoms, an alkoxy group havirig 1 to 20 carbon atoms an afyloxy
group having 6 to 20 carbon atoms, an aryloxycarbonyl group havmg 7 to 20 carbon atoms,
an alkoxycarbonyl group havmg 2 to 20 carbon atoms, an N-acylsulfamoyl group hav1ng 1to
20 carbon atoms, an N-sulfamoylcarbamoyl group having 1 to 20 carbon atoms, an .
alkylsulfonyl group haying 1 to 20 carbon atoms, an arylsulfonyl group having 6 to 20 carbon
atoms, an alkoxycarbonylamino group having 2 to 20 carbon atoms, an aryloxycarbonylamino
group having 7 to 20 carbon atoms, an amino group having 0 to 20 carbon atoms, an imino
group having 1 to 20 carbon atoms, an ammonio grolip havirig 3to 20.oarbon atoms, a
heterocyclic group, a hydroxyl group, a mercapto group; an alkylsulfinyl group having 1 to 20
carbon atoms, an arylsulﬁnyl group havmg 6 to 20 carbon atoms, an alkylthlo group havmg 1
to 20 carbon atoms an arylthio group havmg 6 to 20 carbon atoms, a ureido group having 1 to
20 carbon atoms, a heterocyclic group having 2 to 20 carbon atoms, an acyl group having 1 to
20 carbon atoms, a sulfamoylamino group having 0:to 2 carbon atoms, a silyl group having 2
to 20 carbon atoms, an isocyanate group, an isocyanide group; a halogen atom (for exarhple, a
fluorine atom; a chlorine atom, a broriline atom, etc.), a cyano gfoup, a nitro group, an onium
group, and the like. .

[0030]Among these substitueriis that may be introduced, a straight-chained, branched
or cyclic alkyl group having 1 to 10 carbon atoms is preferred from the viewpoint of the high
availability of raw materials,‘while a hydroxyl group an(i a mercapto group are preferred from

the viewpoints of sensitivity and developability. Further, a hydroxyl group is most preferred
| from the viewpoint of balance between sensitivity and developability.
- [0031]The heterocyclic ring as the divalent organic group represerited by R*hasa
heteroatom (for example, a nitrogen atom, a sulfur atom or an oxygen atom) in the ring, and
the ring may be a saturated ring or an unsaturated ring, may be a single ring or a fused ring,

“and may be unsubstituted or substituted.
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Examples of such heterocychc ring include ethylene oxide, trimethylene ox1de
tetrahydrofuran, dihydrofuran, tetrahydropyran, dlhydropyran, oxocane, dioxolane, dioxane,
trioxane, tetrahydrothiophene, dithiane, pentamethylenesﬁlﬁde, trithiane, pyrrolidine,
pyrroline, tetrahydropyridine, piperazine, homopiperazine, piperidine, tr.iazin_e,b morpholine,
hexmnethylenetétramine, diazabicycloundecene, decahydroquinoline, diazabicyclooctane, -
y-butyrolactone, y-thiobutyrolac-toneA 5-Valerolactbne thiazolidine thiomorpholine, -
pyrrolidinone, 8-valerolactam, succ1mm1de glutarimide, 1m1dazohdone
tetrahydropynmldone urazole, d1hydroura011 barbituric acid, indole, carbazole, Julohdme
phenoxazine, phenothiazine, oxmdole phenanthridinone, isatine, phthalimide,
diiminoisoindoline, 1m1n01somdohnone, diiminobenzisoindoline, naphthalimide,
quinazolindione, pyrrole, porphyrin, porphyrine-metal complexes, phthalocyanine,
phthalocyanine-metal complexes, naphthalocjanine, naphthalocyanine-metal complexes,
furan, ‘thiophene, pyrazole, imidazole, triazole, tetrazole, isoxazole, oxazole, isothjazole,
thiazole, thiadiazole, thiatriazole, iminostilbene; azaindole, benzofuran, dibenzofuran,
dfbenzothiophene, thian'aphthehe\, indazole, benzimidazole, behzotriazole, azébenzifnidazole,
anthranil, benzisoxazole, benzoxézolc, benzothiazole, benzofurazan, benzothiadiazole,
triazole-pyrimidine, triazole-pyridine, purine, xanthine, pyridine, pyridazine, pyrimidine,
pyrimidone, uracil, pyrazine, quinoline, acridine, cinnoline, benzocinnoline, quinoxaline,

' quinazoliné quinoxaline, phenazine, phenanthroline, and the like, and these may |
unsubstituted or substituted. » | '

[0032]The mtrogen—contammg heterocychc ring represented by A has, as prevxously
described, a nitrogen atom in the ring, and the nng may be a saturated ring or an unsaturated
nng, may be a single ring or a fused nng, and may be unsubstltuted or substituted.

Specific examples of the mtrogen—contalmng heterocychc ring include pyrrohdme,
-pyrroline, tetrahydropyrldme, p1perazme, homoplperazme, p1per1d1ne, triazine, morpholine,
hexamethylenetetramine, diazabicycloundecene, decahydroquinoline, diazabicyclooctane,
pyrrolidinbne, 8;Valerolactam, succinimide, glutarimide, imidaiolidone, '
tetrahydropyrimidone, urazole, dihydrouracil, barbituric acid, indole, carbazolé; juiolidine,
phenoxazine, phenothiazine, oxindole, phentanthridinone, isatine, phthalimide,
diiminoisoindoline, iminoisoindolinone, diiminobenzisoindoline, naphthalimide,
quinazolinedione, pyrrole, porphyrin, porphy_rin—mefal complexes, phthalocyanine, .
phthalocyanine-metal complexes, naphthalocyanine, naphthalocyanine-metal complexes,
pyrazole, imidazole, triazole, tetrazole, isoxazole, oxazole, isothiazole, thiazble, thiadiazole,
thiatriazole, iminostilbené, azaindole, indazole, benzimidazole, benzotriazole,

‘azabenzimidazole, anthranil, benzisoxazole, benzoxazole, benzothiazole, benzofurazan,
9
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* benzothiadiazole, triazole-pyri;hidine, triazolé—pyridine, purine, xanthine, pyridine, pyridazine,
pyrimidine, pyrimidone, uracil, pyrazine, quinoline, acridine, cinnoline, benzocinnoline,
quinoxaline, quinazoline, quinoxaline, phenazine, phenanthroline, peﬁmidine and the like,
and these may be unsubstituted or substituted. | | 7
[0033]More preferred examples include indole, carbazole, phenoXazine, _
phenothiazine, oxindole, phenahthridinone, isatine, phthalimide, diiminoisoindoline,
iminoisoindolinone, diiminobenzisoindolihe, naphthalimide, quinazolinedione, pyrrole,
pyrazole, imidazole, triazole, tetrazole, isoxazole, oxazole, isothiazo_ie, thiazole, thiadiazo.le,
thiatriazole, iminostilbene, azaindole, indazole, benzimidazole, benzotriazole, '
" azabenzimidazole, anthranil, benzisoxazole, benzoxazole, benzothiazole, benzofurazan,
benzothiadiazole, triazole-pyrimidine, triazole-pyridine, pﬁrine, xanthine, pyﬁdine, pyridazine,
pyrimidine, pyrimidone, uracil, pyrazine, quinoline, acridine, cinnoline, benzocinnoline,
quinoXaline, quinazoline, ‘ql.linoxaline, phenazine, phenanthroline and the like. B
[0034]The nitrogen-containing heterocyclic ring represented by A may be substituted,
and as the substituents, the aforementioned substituents that may be introduced for the R* may
be mentioned. " _ |
[0035]Examples of the hydrocarboﬁ group having 1 to 6 carbon atoms represented by
R? or R® include a methyl group, an ethyl group, a butyl group, a propyl group and a hexyl
" group, and among them, a methyl group and an ethyl group are preferred, with a methyl group
being more preferreci. - - .
[0036]The stfuctural unit represented by formula (1) is preferably a structural unit - |
represented by the following formula (2) or a structural unit représented by the following
formula (3).
[0037]
Formula (2)

R11
CH—C >
X'

N-.

[0038]In formula (2), R represents a hydrogen atom, or a substituted or

‘unsubstituted alkyl group. R'? represents an alkylene group. X' represents -CO-, -C(=0)0O-,
' 10
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 -CONH-, -OC(=0)-, or a phenylene group W represents -O-, -S-, -C(=0)0-, -CONH-,
-C(=0)S-, -NHCONH-, -NHC(=0)O0-, -NHC(=O)S-, -OC(=0)-, -OCONH- or -NHCO-. Y
represents -NR"-, -O-, -S- or -N=, and Y is connected to an N atom through an atomic group
adjacent thereto to form a cyclic structure. R" represents a hydrogen atom, an alkyl group, or
aryl group. m and n each independently represents 0 or 1. | |

Herernafter the structural unit represented by formula (2) wrll be descrrbed in detail.

[0039]In formula (2), R represents a hydrogen atom or a substltuted or
unsubstituted alkyl group. The alkyl group represented by R'is preferably an alkyl group
having 1 to 12 carbon atoms, more preferably an alkyl group having 1 to 8 carbon atoms, and -
particularly preferably an alkyl group having 1 to 4 carbon atoms. If the alkyl group
represented by R'! is a substituted alkyl group, examples of the substituents that may be
introduced include a hydroxyl group, an alkoxy. group, an aryloxy group, an acyloxy group, a
halogen group and the like. | , |

Specific examples of the preferred alkyl group represented by R include a methyl
group, an-ethyl group, a propyl group, an n-butyl group, an i-butyl group, a t-butyl group, an
n-hexyl group, a cyclohexyl group,' a 2-hydroxyethyl group, a 3-hydroxypropyl group, a
2-hydroxypropyl group, a 2-methoxyethyl group and the like.

[OO40]R12 represents an alkylene group.

The alkylene group represented by R'? is preferably an alkylene group having 1 to 12
carbon atoms, more preferably an alkylene group having 1 to 8 carbon atoms, and particularly
preferably an alkylene group having 1 to 4 carbon atoms.

The alkylene group represented by R'? may be substituted if substrtuents may be
introduced, and examples of the substituents include a hydroxyl group, an alkoxy group, an
aryloxy group, an acyloxy group and the like. , - -

Specific examples of the preferred alkylene group represented by R'? include a
methylene group, an ethylene group, a propylene group, a trimethylene group, a
tetramethylene group and the like. -

[0041]X" represents -CO-, -C(=0)O-, -CONH-, -OC(—O) or a phenylene group, and_ . A

-C(=0)0O- or -CONH- is preferred.

[0042]Y represents -NR!-, -O-, -S- or -N=, and Y is connected to an N atom through
an atomic group adjacent thereto to form a cyclic structure. Here, R represents a hydrogen
atom, an alkyl group or an aryl group, and a hydrogen atom or a methyl group is preferred.

Y is particularly preferably -S-, -NH- or -N=.

[0043]The cyclic structures formed by Y being connected to an N atom through an

"adj acent atomic group thereto, may include monocyclic structures such as an imidazole ring, a
| 11
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~ pyrimidine ring, a triazole nng, a tetrazole nng, a thiazole ring and an oxazole ring, and fused
ring structures such as a benzimidazole ring, a benzoth1azole ring, a benzoxazole ring, a
purine ring, a quinazoline ring or a perimidine ring, and the cyclie structure is preferably a
fused ring structure from the viewpoint of the affinity to plgment Among the fused ring
structures, a benzimidazole nng, a benzothiazole nng and a benzoxazole ring are partlcularly
preferred. ' ‘

[00441W repreéents -O-, -S-, -C(=O)O- -CONH-, -C(=0)S-, -NHCONH-,
-NHC(=0)O-, -NHC(=0)S-, -OC(—O)- -OCONH- or -NHCO- Wi 1s part1cu1arly preferably
-0-, -8, -CONH- -NHCONH- or -NHC(=0)S-. .

[0045]m and n each 1ndependent1y represent 0 or l,and itis partlcularly preferable if.
m and n are both 1. '

[0046]Specific preferred examples of the lstructural unit represented by formula (1)
(M-1 to M-18) will be presented in the fellowin'g, however the invention is not inteﬁded to be
limited to these. |

[0047]
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[0049]
Formula (3)
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2___2 ‘

[0050]In formula (3), R?! represents a hydrogen atom or a methyl group; R*
represents an alkylene group; and Z represents 2‘i nitrogen-containing heterocyclic ring.

The alkylene group repfesehted by R22 may be substituted if substituents may be
- intrcduced, and examples of the substituents include a fnethylene group, an ethylene group, a
trimethylene group, a tetramethylene group, a_hexamethylene group, a 2-hydroxypropylene
group., a methyleneoxy greup, an ethyleneoxy gfoup, a rhethyleneoxjcarbonyl group, a
methylenethio group and the like, with a methylene group, a methyleneoxy group, a
methyleneoxycarbonyl group and a methylenethio group being preferred.
| , [OOSI]In the aeove-deecribed formula (3), Z represents a nitrogen—cohtaining :
heterocyclic ring, and speciﬁc exalhples include those having a pyridine ring, a pyrazine ring,
a pyrimidine ring, a pyrrole ring, an imidazole ring, a triazole ring, a teﬁazole ring, an indole
~ ring, a quinoline ring, an acridine ring, a phenothiazine ring, an phenoxazine ring, an acridone
_ring, an a_nthraquinone ring, a benzimidazole structure, a benztriazole structure, a benzthiazole
structure, a cyclic amide structure, a cyclic urea structure, and a cyclic imide structure.

Among these a heterocyclic structure represented by Zis preferably a structure
represented by the followmg formula (4) or (5)

[0052]

Formula (4)

Formula (5)
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[0053]In the above-described formula (4), X2 is any one selected from the group

~ consisting of a single bond, an alkylene group (for exaxnple a methylene group, an ethylene
group, a propylene group, a trimethylene group, a tetramethylelne group, etc.), -O-, -S-, -NR- _
and C(—O) In add1t1on R here represents a hydrogen atom or an alkyl group, and if R
represents an alkyl group, examples of the alkyl group include a methyl group, an ethyl group,
an n-propyl group, an'i-l-)ropyl group, an n-butyl group, a t-butyl group, an n-hexyl group, an
n;octyl group, a 2-ethylhexyl group, an n-octadecyl gronp and the like.

Among these, X is preferably a single bond a methylene group, -O- or -C(= O) and
partlcularly preferably -C(—O)

[0054]In the above- descnbed formula (4) and formula (5), nng A ring B and ring C
each independently represent an aromatic ring. Examples of the aromatic ring include a
~ benzene ring, a naphthalene ring, an indene ring, an azulene ring, a fluorene ring, an
anthracene ring, a pyridine ring; a pyrazine ring, a pyrirnidine ring, a pyrrole ring, an
imidazole ring, an indole ring, a quinoline ring, an acridine ring, a phenothiazine ring, a
phenoxazine ring, an acridone ring, an anthraquinone ring and the like. Among them, a
benzene ring, a naphthalene ring, an anthiacene ring, a pyridine ring, a phenoxazine ring, an
acridine ring, a phenothiazine ring, a phenoxazlne rlng, an acridone ring and an anthraquinone
ring are preferred, with a benzene ring, a naplithalene ring and a pyridine ring being |
particularly preferred. | l _

[0055]For the pigmenf dispersant according to the invention, specific preferred
examples of the structural unit represented by the formula 3) [illustrated monomers (M-21) to
(M-27)] will be presented in the following, however the invention is not intended to be V
limited to these. '

[0056]
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M-24 - M25 M-26 M-27

[0057]The structural unit havmg a pendant group containing a mtrogen—contalmng
heterocychc ring according to the 1nvent10n is preferably M-2, M-4, M-11, M- 13, M:14, M- 21,
M24,M250rM26 _

The proportion of the structural unit havmg a pendant group containing a
mtrogen containing heterocyclic ring in the spemﬁc resm is preferably 0.1 to 80% by mass,
more preferably 1.0 to 70% by mass, and most preferably 2.0 to 60% by mass.

~ [0058]1t is preferable for the above-described speciﬁc'fesin to include, as a
copolymér component, at least one of the structural units represented by the following
formulas (6) to (8) as the structural unit having a pendanf group containing an ethylenic
unsaturated doubie bond.

[0059]

Formula (6)
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R31

R33

| R46 R49
ol I
( Z1> —C—C=C
‘ n F|z47-.|§z48 I'_-\,so_

[0060]In the above-described formulas (6)to (8), A', A% and A® each independently

represent -CO-, -C(=0)O-, -CONH-, -OC(=0)- or a phenylene group. G', G* and G* each

independently represent a divalent organic group. X3 and Z' each independently represent an
P

oxygen atom, a sulfur atom or -N(R*)-, while R* represents an alkyl group which may be

‘substituted. Y' represents an .oxygen atom, a sulfur atom, a phenylene group which may be

substitutéd, or -N(R*)-, while R’ 3 represents an alkyl group which may be substituted. m!, m

m’, n

1

,n’ and n’ each independently represent 0 or 1. R*! to R* each independently represent

a hydrogen atom or a monovalent substituent.

[0061]In the above-described formula (6), R*' to R* each independently represent a

18
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_hydrogen atom or a monovalent substltuent and a hydrogen atom and an alkyl group which
 may be further substituted, are preferred. Among them, R*! and R* are particularly preferably
each a hydrogen atom, while R* is particuiarly preferably a hydrogen atom or a methyl
group. | _ | _

[0062]R?* to R each independently represent a hydrogen atom or a monovalent |
substituent, and R* is preferably a hydrogen atom or an alkyl group -which may be further
substituted. Among them, a hydrogen atom, a methyl group and an ethyl group are
particularly preferred. Furthermore, R*® and R*® may be each independently a hydrogen atom,
a halogen atom, an alkoxycarbonyl group, a sulfo group, a nitro group, a cyano group, an
alkyl group which may be further substltuted an aryl group which may be further substltuted .
an alkoxy group which may be further substituted, an aryloxy group which may be further
substituted, an alkylsulfonyl group which may be further substituted, or an arylsulfonyl group
which may be further substituted. Among them, a hydrogen atom, an alkoxycarbonyl group,
an alkyl group which may be further substltuted and an aryl group which may be further
substituted are preferred. '

Here, examples of the suhstituent that may he introduced include a methoxycarbonyl
group, an ethoxycarbonyl group, an 1sopropyloxycarbonyl group, a methyl group, an ethyl
group, a phenyl group and the like. '

» [0063]A! represents -CO-, -C(=0)0-, ’-CONH-v -OC(—O) ora phenylene group, and
among them, -C(=0)O-, -CONH- and a phenylene group are preferred. X represents an
oxygen atom, a sulfur atom or -N(R5 )-. Here, R5 2 may be an alkyl group which may be
substituted.

[0064]G" represents a divalent organic group, and is preferably an alkylene group
having 2 to 60 carbon atoms which may have,l within the structure, any partial structure .
selected from the group consisting ofan oxygen atom, a nitrogen atom, a sulfur atom, a
hydrocarbon ring structure having 3 to 20 carbon atoms, an ester bond, a sulfonic acid ester
bond, a phosphoric acid ester bond, a urethane bond, a thiourethane bond, an amide bond,‘ a
urea bond and a thiourea bond, and which may be substituted, in view of strength,
developability and the like. The divalent organic group is more preferably a straight-chained
or branched alkylene group having 1 to 40 carbon atoms, which may have, within the
structure, any partial struculre selected from the group consisting of an oxygen atom, a
nitrogen atom, a sulfur atom, a hydrocarbon ring structure having 3 to 20 carbon atoms, an
ester bond, a urethane bond, a thiourethane bond, an amide bond, a urea bond and a thiourea
bond, and is even more preferably a straight-chained or branched alkyl group having 1 to 40

‘carbon atoms, which may have, within the structure, any partial structure selected from the
| 19
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group consisting of an oxygen atom a mtrogen atom, a hydrocarbon ring structure having 3 to
12 carbon atoms, an ester bond, a urethane bond, an amide bond and a urea bond.

Here, the substituent for G' is prer'erably a hydroxyl group.

[0065]In the above-described formula (7), R*" to R* each independenﬂy represent a |
hydrogen atom or a monovalent substituent, and a hydrogen arom and an alkyl group which .
may be further substituted, are preferred. Among Vthem, R3 7 and R* are particularly preferably.
each a hydrogen atom, while R* is particularly preferably a hydrogen atom or a methyl
group. ' . |

[OO66]R40 to R* each independently represent a hYdrogen ntom ora monovalent
substi’ruent., Specific examples include a hydrogen atom, a halogen atom, a dialkyldmino
group, an alkoxycarbonyl group, a sulfo group, a nitro group,~ a cyano group, an alkyl group
which may be further substltuted an aryl group. wh1ch may be further substituted, an alkoxy
group which may be ﬁthher substituted, an aryloxy group which may be further substltuted
an alkylsulfonyl group which may be further substltuted an arylsulfonyl group which may be.
further substituted, and the like. Among them, a hydrogen atom, an alkoxycarbonyl group, an
“alkyl group which may be further substltuted and an aryl group which may be further
. substituted are preferred. _
Here, as the substituents that may be introduced, the same 'suhstituent's as those listed
- for formula (6) may be mentloned

[0067]A2 each 1ndependently represent -CO-, -C(=0)0O-, -CONH-, —OC(—O) ora-
;phenylene group, and among them, -C(=0)O-, -CONH- and a phenylene group are preferred.

[0‘068]G2 represents a divalent organic group, and is preferably an alkylene group
having 2 to 60 carbon atoms which may have, within the structure, any parrtial structure
selected from the group consisting of an oxygen atom, a mtrogen atom, a sulfur atom, a -
hydrocarbon ring structure'having 3'to 20 carbon atoms, an esrer bond, a sulfonic acid ester
bond, a phosphoric acid ester bond, a urethane bond, a thiourethane bond, an amide bond, a
urea bond and a thiourea bond, and which may be substituted, in view of strength,
developability and the like. The divalent organic group 1s more preferably a stralght-chalned
or branched alkylene group having 1 to 40 carbon atoms, which may have, within the
structure, any partial structure selected from the group consisting of an oxygen atom, a
nitrogen atom, a sulfur atom, a hydrocarbon ring structure having 3 to 20 carbon atoms, an
ester bond, a urethane bond, a thiourethane bond, an amide bond, a urea bond and a thiourea
bond, and is even more preferably a straight-chained or branched alkyl group having 1 to 40
carbon atoms, which may have, within the structure, any partial structure selected from the

“group consisting of an oxygen atom, a nitrogen atom, a hydrocarbon ring structure having 3 to
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12 carbon atoms, an ester bond a urethane bond an amide bond and a urea bond.

Here, the substituent for G* is preferably a hydroxyl group. '

[0069]Y" represents an oxygen atom, a sulfur atom, N(R*)-ora phenylene group
which may be substituted. Here, R’ 3 may be a hydrogen atom, an alkyl group_ which may be :
substituted, or the_like. | _ ,

[0070]In the above-described formula (8), R® ro R* each independently represent a -
hydrogen atom or a monovalent substituent, and a hydrogen atom and an alkyl group which
may be substituted, are preferred. Among them, R* and R* are part_i'cularly preferably each a
hydrogen atorn while R* is particularly preferably a hydrogeﬁ atom or a methy1 group.

R46 to R*® each 1ndependently represent a hydrogen atom or a monovalent substltuent,
and examples thereof include a hydrogen atom, a halogen atom, a dlalkylammo group, an
alkoxycarbonyl group, a sulfo group, a nitro group, a cyano group, an alkyl group which may
be further substituted, an aryl group whieh may be further substituted, an alkoxy group which
may be further substituted, an aryloxy group which may be further substituted, an
alkylsulfonyl group which may be further substituted, an arylsulfonyl group which may be
further substituted. Among them; a hydrogen atom, an alkoxycarbonyl group, an alkyl group
which may be further substituted, and an aryl group which may be further substituted are
preferred. As the subétiruents that may be introduced, those listed for formula (6) may be

‘ mentloned

[0071]A3 each 1ndependent1y represents -CO-, -C(=0)0O-, -CONH-, -OC(—O) ora
phenylene -group, and among them, -C(=0)O-, -CONH-, and a phenylene group are preferred.
Z' represents an.oxygen atom, a sulfur atom or -N(R*)-. As R*, the same substituents as
those listed for formula (6) may be mentioned.

[0072]G’ represents a d1valent organic group, and is preferably an alkylene group
hav1ng 2 to 60 carbon atoms which may have, within the structure, any partial structure
selected from the group consisting of an oxygen atom, a nitrogen atom, a sulfur atom, a
hydrocarbon ring structure having 3 to 20 carbon atoms, an ester bond, a sulfonic acid ester
bond, a phosphoric acid ester bond, a urethane bond, a thiourethane bond, an amide bond, a
urea bond and a thiourea bond, and which may be substituted, in view of strength,
‘developability and the like. The divalent organic‘ group is more preferably a straight-chained
or branched alkylene group having 1 to 40 carbon atoms, which may have, within the
structure, any partial structure selected from the group consisting of an oxygen atom, a
nitrogen atom, a sulfur atom, a hydrocarbon ring structure having 3 to 20 carbon atoms, an.
ester bond, a urethane bond, a thiourethane bond, an amide bond, a urea bond and a thiourea

‘bond, and is even more preferably a straight-chained or branehed alkyl group having 1 to 40
. - 2 1
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~ carbon atoms, which may have within the structure any partial structure selected from the
group consisting of an oxygen atom, a nitrogen atom, a hydrocarbon ring structure having 3 to
12 carbon atoms, an ester bond, a urethane bond, an amide bond and a urea bond.

Here, the substituent for G is preferably a hydroxyl group. | A |

[0073]As for the method of synthesizing the specxﬁc resin according to the 1nvent10n
for example, (a) a method synthe51zmg in advance a resin having a pendant group containing .
a nitrogen-containing heterocylic ring and a carboxyl group, and then reacting the carboxyl
group of the resin with a glycidyl group-containing unsaturated co_mpound such as glycidyl
(meth)acrylate or allyl glycidyl ether, or with an unsaturated alcohoi such as ally1 alcohol,
2-hydroxyacrylate or 2-hydroxymethacrylate; (b) a method of synthesizing in advance a resin .
having a pendant group containing a nitr'ogen-contairling heterocyclic ring and a hydroXyl
group, and then reactlng the hydroxyl group of the resin with a free isocyanato
group- containing unsaturated compound, an unsaturated acid anhydride or an unsaturated acid
halide; (c) a method of synthesizing in advance a resin having a pendant group containing a
nitrogen-containing heterocyclic ring and an epoxy group, and then reacting the epexy_group
of the resin with an unsaturated eérboxylic acid; (d)la method of synthesizing in advance a
resin having a pendant group containing a sﬁeciﬁc functional group which undergoes an »
elimination reaction when treated with a base to yield an unsaturated group, and a
~ nitrogen-containing heterocyclic ring, and then treating the resin withva base to generate an
" unsaturated group, may be nientioned as representative examples. Among them, from the
viewpbints of the stability in synthesis and general-purpose use, it is preferable to perform the
synthesis accerding to the method of (a), (b) or (d), and it is more preferable to perform the
synthesis according to the method of (d).
_ [0074]Here, as for the monomer which is used in the case of performing the
synthesis according to the method of (d), and which becomes a structural unit having a
pendant group contalmng an ethylenic unsaturated double bond through an elimination
reaction, monomers having the same structure as a “structure i in which an acid has been added
to the ethylenic unsaturated bond moiety of a (meth)acryloyl ‘group or a styryl group” may be
used, and among them, monomers having a partial structure of the following formula (9) to
formula (12) are preferred. | |

[0075]

Formula (9)
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Formula (11)

0O ‘R61 R62

) |
-C—C—2°
|’_| I'st.x

Formula (12)

0O Z3' |R63
|

b )
'I:‘,61 I'—\,sz

[0076]In the above-described formula (9) and formula (10), R? to RY each

independently represent a hydrogen atom or a monovalent substituent.
The “monovalent substituent” represented by R® to R¢ may be a group which may
substitute the benzene ring in the formula (9) and formula (10), and for example, an aliphatic

group, an aromatic group, a heterocyclic group, a halogen atom, a hydroxyl group, a thiol
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~ group, a cyano group, a nitro group, a (meth)acrylate group, a carboxyl group, an amino
group, an aliphatic amino group, an aromatic amino group, a heterocyclic amino group, an
aliphatic oxy group, an aromatic oxy grouo, a heterocyclic oxy group, an aliphatic thio group,
" an aromatic thio group, a heterocyclic thio group, an aliphatic sulfonamide gr_oop, an aromatic
sulfonamide group, a heterocyclic sulfonamide group, an acyl. group, an acyloxy group, an |
acylamino group, an aliphatic oxycarbonyl group; an aromatic oxycarbonyl group, a |
heterocyclic oxycarbonyl group, an aliphatic oxycarbonylamino groop, an aromatic
oxyarbonylamino group, a heterocyclic oxycarbonylamino group, »an' aliphatic
thiocarbonylainino group, an aromatic thiocarbonylamino group, a llleterocyclic‘
thiocarbonylamino group, an aliphatic aminocarbonylamino group, an aromatic
aminocarbonylamino group, a heterocyclic aminocarbonyiamino group, a carbamoyl gfoup, a
carbamoyloxy group, a carbamoylamino group,,aﬁ aliphatic sulfonyl group, an aromatic
sulfonyl group, a heterocyciic sulfonyl gfoup, an aliphatic oxyamino group, an aromaﬁc
oxyamiﬁo group, a heterocyclic oxyamino group, a silyl group, an aliphatic oxysilyl group, a
silyloxy group, an aliphatic oxycarbonyloxy group, an aromatic oxycabronyloxy group, a
heterocyclic oxycarbonyloxy-gro{lp, a sulfamoyloxy group, an aliphatic sulfonyloxy group, an
aromatic sulfonyloxy group, an anilino group, an aliphatic ézo group, an aromatic azo group,
a heterocyclic azo group, an aliphatic sulfinyl group, an aromatic su'lﬁhyl group, a
" heterocyclic sulfinyl group, an aliphatic sulfonyloxy group, an aromatic sulfonyloxy group, a
héterocyclic sulfonyloxy groop, a sulfamoyl group, a sulfo group, a phosphonyl group, a
phosphonic ac1d group, or a phosphinoylamino group may be mentioned.

[0077]Among them, preferred monovalent substltuents include an ahphatlc group, an
aromatic group, a heterocyclic group, a halogen atom, a hydroxyl group, a thiol group, a
. cyano group, a nitro group, a (meth)acryloyl group, a carboxyi group, an amino group, an
oliphatic amino group, an arom_atic arhino group, a heterocyclio amino group, an aliphatic oxy
group, an aromatic oXy group, a heterocyclic oxy group, an aliphatic thio group, an aromatic
thio group, an aliphatic sulfonamide group, an aromatic sulfonamide group, an acyl group, an
aliphatic .oxycarbonyl group, an aliphatic oxycarbonylamino group, an aromatic
oxycabronylamino group, an aliphatic thiocarbonylamino group, an aromatic
.thiocarbonylamino group, an aliphatic aminocarbonylamino group, an aromatic
aminocarbonylamino group, a carbamoyl group, an aliphatic solfonyl group, an aromatic
sulfonyl group, a silyl group, an aliphatic oxysilyl group; a silyloxy group, an aliphatic
carbonyloxyl group, an aromatic carbonyloxy group, a heterocyclic carbonyloxy group, an
aliphaﬁc oxycarbonyloxy group, an aliphatic sulfonyloxy group, a sulfamoyl group, a sulfo

“group, a phosphonyl group, or a phosphonic acid group.
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[0078]In particular, frem the Viewpoihts of sensitivity and solubility, an aliphatic
group, an aromatic group, a heterocyclic group, a halogen atom, a hydroxyl group, a thiol
group, a (meth)acryloyl group, a carboxyl group, an amino group, an aliphatic amino group,
an aromatic amino group, an aliphatic oxy group, an aromatic oxy group, a heterocyclic_oxy '
group, an aliphatic thio group, an aliphatic sulfonamide group, an aliphatic oxycarbonyl groﬁp,
an aliphatic oxycarbonylamino group, a silyl group, an éliphatic oxysilyl group, an alrphatic .
carbonyloxy group, an aliphatic oxycarbonyloxy group, an aliphatic vsulfonyloxy group, a
sulfo group or a phosphonic acid group is preferred. ‘ |

[0079]The aforementioned aliphatic group 'represented by Ra to R? means an alkyl

| group, an alkenyl group or an éﬂkyhyl group. The aliphatic group may be branched, or may
form a ring. Also, the aliphatic group may be~unsubsﬁtuted or substituted. If the aliphatie
group is substituted, the aliphatic group may have rhe various substituents listed in the
description for the “monoyzrlent substituents,” and if the aliphatic group has two or rrlere
substituents, those substituents may be identical with or different from each other. If the
aliphatic group is an alkyl group, the alkyl group may be straight-chained or branched, or may
form a ring. Among them, an alkyl group having 1 to 21 carbon atoms is preferred, an alkyl
group having 1 to 16 carbon atoms is more preferred, and an alkyl group having 1 to 12
carbon atoms is particularly preferred. |

[0080]Su1table examples of the alkyl group havmg 1 to 21 carbon atoms include a
methyl group, an ethyl group, an n—propyl group, an n-butyl group, an n-amyl group, an
n-hexyl group, an n-heptyl group, an n-octyl group, an n-nonyl group, an n-decyl group, an
n-undecyl groﬁp, an n-dodecyl group, an n-tridecyl group, an n-tetradecyl group, an
n-pentadecyl group, an n-hexadecyl group, an n-heptadecyl group, an n-octadecyl group, an
n-nonadecyl group, an n-eicosanyl group, an ifpropyl group, a-'sec-butyl group, an i-butyl
group, a t-butyl group, a l-methylbutyl group, a 1-ethylpropy1 group, a 2-methylbutyl group,
an i-amyl group, a neepentyl group, a 1,2-dimethylpropy! group, a 1,1-dimethylpropyl group,
a t-amyl group, a 1,3-dimethylbutyl group, a 3,3-dimethylbutyl group,

[0081]a 2-ethylbutyl group, a 2-ethyl-2- methylpropyl group, a stralght-chamed or
branched heptyl group, a 1-methylheptyl group, a 2-ethy1hexy1 group, a 1,5-dimethylhexyl
group, a t-octyl group, a branched nonyl group, a branched decyl group, e branched undecyl
group, a branched dodecyl group, a branched tridecyl group, a‘bra.nched tetradecyl group, a
branched pentadecyl group, a branched hexadecyl group; a branched heptadecyl grdup, a
branched octadecyl group, a straight-chained or branched nonadecyl group, a straight-chained
or branched eicosanyl group, a cyclopropyl group, a cyclopropylmethyl group, a cyclobutyl

‘group, a cyclobutylmethyl group, a cyclopentyl group, a cyclehexyl group, a
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cyclohexylmethyl group, a cycloheptyl group, a cyclooctyl group, a cyclohexylpropyl group, -
a cyclododecyl group, a norbornyl group, a bornyl group, a cis-miltanyl group, an
isopinocamphenyl group, a noradamantyl group, an adamantyl group, an adamantylmethyl
group, a 1-(1-adamantyl)ethyl group, a 3,5-dimethyladamantyl group, a Quinuélidinyl group, a
cyclopentylethyl group, and a bicyclooctyl group. | | » |

[0082]Among the above-described groups, a méthyl gr'oup,: an ethyl group, an
n-propyl groﬁp, an n-butyl group, an n-amyl group, an n-hexyl group, an n-heptyl group, an
n-octyl group, an n-nonyl gorup, an n-decyl group, an n-undecyl g_roilp, an n-dodecyl group,
an n-tridecyl group, an n-tetradecyl group, an i-propyl group, a sec-B_utyl group, an i-butyl
group, a t-butyl group, a 1 -méthylbutyl group, a 1-ethylpropyl group, a 2-methylbutyl group, .-
an i-amyl group, a neopentyl group, a 1 2-dimethylpfopyl Agroup, al 1-dimethylpropyl group,
a t-amyl group, a 1,3- dlmethylbutyl group, a 3,3-dimethylbutyl group, a 2- ethylbutyl group, a
2-ethyl-2-methylpropyl group, a stralght-chalned or branched heptyl group, a 1-methylheptyl
group, a 2-ethylhexyl group, a 1,5-d1methylhexyl group, a t-octyl group, a branched nony!
group, a branched decyl group, a branched uﬁdecyl group, a bra.ﬁched dodecyl group, a
branched tridecyl group, a brancﬁed tetradecyl group, a cyclopropyl group, a |
cyclopropylmethyl group, a cyclobutyl groﬁp, a cyclobutylmethyl group, a cyclopentyl group,
a cyclohexyl group, a cyclohexylmethyl group, a cycloheptyl group, a-cyclooc'tyl group, a
* cyclohexylpropyl group, a cyclododecyl group, a norbornyl group, a bornyl group, a
cis-miltanyl group, an isopinbcamphcnyl group, a noradamantyl group, an adaniantyl group,
an adamantylmethyl group, a 1-(1-adamantyl)ethyl group, a 3,5-dimethyladamantyl group, a '
quinuclidinyl group, a cyclopentylethyl group and a bicyclooctyl group arer more preferred,
and .

[0083]a methyl group, an ethyl group, an n-propyl group, an n-butyl group, an
n—amyl group, an n-hexyl group, an n-heptyl group, an n-octyl group, an n-nonyl gorup, an
n-decyl group, an 1-pr0py1 group, a sec-butyl group, an i-butyl group, a t-butyl group, a

1-methylbutyl group, a 1-ethylpropyl group, a 2-methylbutyl group, an i-amyl group, a A
neopentyi group, a 1,2-dimethylpropyl group, a 1,1-dimethylpropyl group, a t-amyl group, a
1,3-dimethylbutyl group, a 3,3-dimethylbutyl group, a 2;ethylbuty1 group, a
2-ethyl-2-methylpropyl group, a straight-chained or branched heptyl group, a 1-methylheptyl
group, a 2-ethylhexyl group, a 1,5-dimethylhexyl group, a t-oétyl group, a branched nonyl
group, a branched decyl group, a cyclopropyl group, a cyclopropylmethyl group, a cyclobutyl
group, a cyclobutylmethyl group, a cyclopentyl group, a cyclohexyl group, a
cyclohexylmethyl group, a cycloheptyl group, a cyclooctyl group, a cyclohexylpropyl group,

‘a cyclododecyl group, a norbornyl group, a bornyl group, a noradamantyl group, an
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~ adamantyl group, an adamantylmethyl group, al- (1- adamantyl)ethyl group, a
3,5-dimethyladamantyl group, a cyclopentylethyl group and a bicyclooctyl group are
particularly preferred. '

[0084]For the alkyl group mentioned in the above, particularly an alkyl group
substituted with fluorine is suitable, and as the fluorine-substituted alkyl group,a
trifluoromethyl group, a triﬂuoroethyl group, a pentaﬂuoroethyl group, a heptafluoropropyl
group, a nonaﬂuorobutyl group, a tridecaﬂuorohexyl group, a pentadecafluoroheptyl group, a
heptadecafluorooctyl group, a tridecaﬂuorooctyl group, a nonadecaﬂuorononyl group, a |
heptadecaﬂuorodecyl group or a perfluorodecyl group is suitable. Arnong these, a
triﬂuoromethyl group, a pentarﬂuoroethyl group, a heptafluoropropyl group, a nonafluorobutyl
group, a tridecafluorohexyl group and a'pentadecaﬂuoroheptyl group are more preferred, and
a trifluoromethyl group,-a pentafluoroethyl group, .a heptafluoropropyl group, a
nonafluorobutyl group and é tridecaﬂuorohexyl’ group are particulurly preferred.

[0085]In the case where the aliphatic group is an alkenyl group, the alkenyl group'
may be unsubstituted or substituted, and is preferably an alkenyl group having 2 to 21 carbon
atoms. An alkenyl group having 2 ro 16 carbon‘.atorr‘rs is more preferred, and an alkenyl group
having 2 to 10 carbon atoms is even more preferred. Suitable examples of the alkenyl group
having 2 to 21 carbon atoms include a vinyl group, an isopropenyl group, a 2-propenyl group,
" a 2-methyl propenyl group, a 1-methyl-1-propenyl group, a 1-butenyl group, a 3-butenyl
group, a 1-methyl-1-butenyl group, a 1,1 drmethyl 3-butenyl group, a 1-pentenyl group, a
2-pentenyl group, a l-ethyl 1-pentenyl group, a 1-hexenyl group, a 1 -heptenyl group,
2-,6-dimethyl-5-heptenyl group, a 9-decenyl group, a 1-cyclopentenyl group, a
2-cyclopentenylmethyl group, a cyclohexenyl group, a 1-methyl-2-cyclohexenyl group, a
1,4-dihydro-2-methylphenyl group, an octenyl group, a citronellyl group, an oleyl group, a
geranyl group, a farnesyl group,_ a 24(1 -cyclohexenyl)ethyl group and the like.

[0086]Amorrg the above-described groups, a vinyl’ group, an isopropenyl group, a
2-propenyl group, a 2-methyl-propenyl group, a l-methyl-l-propenyl- group, a 1-butenyl ‘
group, a 3-butenyl group, a 1-methyl-1-butenyl group, a ‘l,l-dimethyl-3-butenyl group, a
1-pentenyl group, a 2-pentenyl group, a 1-ethyl-1-pentenyl group, a 1-hexenyl group, a
.l-heptenyl group, a 1-cyclopentenyl group, a 2-cyclopentenylmethyl group, a cyclohexenyl
group, a 1-methyl-2-cyclohexenyl group and a 1,4-dihydro-2-rnethylphenyl group are more
preferred, and a vinyl group, an isopropenyl group, a 2-propenyl group, a 2-methylpropenyl *
group, a 1-methyl-1-propenyl group, a 1-butenyl group, a 3-butenyl group, a
1-methyl-1-butenyl group, a 1,1-dimethyl-3-butenyl group, a 1-pentenyl group, a 2-pentenyl
‘group, a 1-ethyl-1-pentenyl group, a lfhe)renyl group, a 1-cyelopentenyl group, a
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~ 2-cyclopentenylmethyl group, a cyclohexenyl group, a 1-methyl-2-cycleohexenyl group and a
~ 1,4-dihydro-2-methylphenyl group are partlcularly preferred.

[0087]The aromatic group represented by R® to R? means an aryl group. An aryl
group may be unsubstituted or substituted, and preferably has 6 to 21 carbon atoms. Among
them, an aryl group having 6 to 15 carbon atoms is preferred and an aryl group havmg 6 to 10
carbon atoms rs more preferred

Sultable examples of the aryl group having 6 to 21 carbon atoms include a phenyl
group, a naphthyl group, a biphenylenyl group, an acenaphthenyl group, a fluorenyl group, an
anthracenyl group, an anthraquinonyl group, a pyrenyl group and the like. Among these, a

phenyl group, a naphthyl group, a .biphenylenyl group, an acenaphthenyl group, a fluorenyl
group and an anthracenyl group are more preferred 'cind a phenyl group, a naphthyl group, a
biphenylenyl group and a ﬂuorenyl group are partlcularly preferred.
* The aryl group is preferably a phenyl group or a naphthyl group, and particularly
preferably a phenyl group. ,

[0088]The heterocyclic rrng represented by R%to R%has a heteroatom (for example a
nitrogen atom, a sulfur atom, an oxygen atom) in the ring, and the ring may be saturated or
unsaturated, may be a sirigle ring or a fused ring, or may be unsubstituted or substituted. The
number of carbon atoms in the heterocyclic ring is preferably 1 to 32, end more preferably 2
to 16. For example, an isocyanuric ring, an epoxy ring, an oxetane ring, a furan ring, a
tetrahydrofuran ring, a pyran}ring, a tetrahydropyran ring, a dioxane ring, a trioxane ring, a
tetrahydrothiophene rirlg, a thiophene ring; a dithiane ring, a trithiane ring, a pyrrolidine ring,
a piperidine rirlg, a piperazine ring, a triazine ring, a triazacyclononane ring, a morpholine .
ring, a thiomorpholine ring, a pyrrole ring, a pyrazole ring, an imidazole ring, a triazole ring, a
tetrazole ring, an oxazole ring, an isoxazole ring, a thiazole ririg, a thiadiazole ring, an indole
ring, a carbazole ring, a benzofuran rirlg, a pyridine ring, a quiirOline ring, a pyrimidine ring, a
pyridazine ring, a pyrazine ring, a phenanthroline ring, a quinazoline ring, an acridine ring, a
uracil ring, a lactone ring and the like. »

[0089]Among them, an isocyanuric ring, an epoxy ring, a furan ring, a
tetrahydrofuran ring, a pyran ring, a tetrahydropyran ring, a tetrahydrothiophene ring, a
thiophene ring, a pyrrolidine ’ring, a piperidine ring, a piperazine ring, a morpholine ring, a
thiomorpholine ring, a pyrrole ring, a pyrazole ring, an imidazole ring, a triazole ring, an
oxazole ring, a thiazo.le ring, a thiadiazole ririg, anindole ring, a carbazole ring, a benzofuran
ring, a pyridine ring, a quinoline ring, a pyrimidine ring, a pyridazine ring, a pyrazine ring, a
uracil ring and a lactone ring are preferred, and particularly, an isocyanuric ring, an epoxy

‘'ring, a tetrahydrofuran ring, a tetrahydropyran ring, a tetrahydrothiophene ring, a pyrrolidine
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_ring, a piperidirie ring, a morpﬁoline ring, a pyfrole ring, a pyrazole ring, an imidazole ring, a
triazole ring, an oxazole ring, a thiazole ring, a pyridine ring, a pyrimidine ring, a pyridazine
ring, a pyrazine ring and a lactone ring are'preferred.

[0090]Furthermore, Z* in the formula (9) and formula (11) and 73 in the formula (10)
and formula (12) represent an anionic leaving group. | | |

In the formula (10) and formula (12), R® to R6.3 each indepcndently represent a
hydrogen atofn and a monovalent organic group. Preferred examples thereof are the same as
those for R®! to R® in the following formula (13) and formula (14 ). | |

[0091]Furthermore, according to the invention, arhong the inonomers having a
structﬁre which generates an ethylénic unsaturated double bond through an elimination
reaction, the most preferred examples of the monomer inciude radical-pdlymérizable &
compounds represented by the following formula (13), formula (14) or formula (15).

" [0092] | | R
Formula (13)
R84 . .

. c”:—Q—A“ X4-G—C— C—72°
e R

Formula (14)

RS6 R67 R
\G:——C/ | %3 IIQ63'

/ \ ,
RS ?—AQ—G4 A C—C—CG—H

Formula (15)
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[0093]In the above-described formula (13) and formula (14), R® to R® each

R71

independently represent a hydrogen atom or a monovalent substituent. R%' may be a hydrogen
atom or an alkyl group which may be substituted, and among-them, a hydrogen atom, a
methyl group, a methylalkoxy group and a me'thylleste'r group are preferred.

[0094]Also, R% and R® may be each independently a hydrogen atom, a halogen
atom, an amino group, a dialkylamino group, a carboxyl group, an alkoxycarbonyl group, a
sulfo group, a nitro group, a cyano group, an alkyl group which may be substituted, an aryl .
group which may be substituted,\én alkoxy group which may be substituted, an aryloxy group
which may be substituted, an alkylamino group which may be substituted, an arylamino group
which may be substituted, an alkylsulfonyl group which may be substituted, an arylsulfonyl
‘ group which may be substituted, or the like. Among them, a hydrogen atom, a carboxyl group,
an alkoxycarbonyl group, an alkyl group whlch may be substituted, and aryl group which may
be substituted are preferred. _

Here, examples of the substituent that may be introduced include aA methoxycarbonyl
group, an ethoxycarbonyl group, an isopropyloxycarbonyl group, a methyl group, an ethyl |
group, a phenyl group, and the like.

[0095]In the formula (13), R64 represents a hydrogen atom a hydrocarbon group
having 1 to 6 carbon atoms, -COOH, -CN, -CF3;, -CH,0H, -CH,COOH, -CH,COOR’, or
—COOR”. The hydrocarbon group having 1 to 6 carbon atoms represented by R’ or R” may be -
a methyl Agroup, an ethyl group, a butyl group, a propyl group or a hexyl group, and among
them, a methyl group and an ethyl group are preferred. Among them, R’ or R” is preferably a '
‘hydrogen atom, a methyl group, -COOH, -CN, -CF3, -CH,OH or -CH,COOH, and a hydrogen
atom or a methyl group is more preferred. | ’

Q represents an oxygen atom, -NH- or -NR°'- (here, R represents an alkyl group
" which may be substituted).

[0096]A* represents a linking group having a valency of n*+1. Although not

~particularly limited, A is preferably an alkyl group or aryl group havmg 2to 60 carbon atoms
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~ which may preferably have, w1th1n the structure an atom or a part1al structure selected from
the group consisting of an oxygen atom, a pltrogen atom, a sulfur atom, a hydrocarbon ring
structure having 3 to 20 carbon atoms, a heterocyclic ring, an ester bond, a sulfonic acid ester
" bond, a phosphoric acid ester bond, a urethane bond, a thiourethane bond, an‘atn_ide bond, a
urea bond and a thiourea bond; more preferably a-straight-chained or branched alkyl group |
having 1 to 40 carbon atoms which may have, within the structure, an atom or a partial
structure selected from an oxygen atom, a nitrogen atom, a sulfur atom, a hydrocarbon ring
structure having 3 to 20 carbon atoms, an ester bond, a urethane bqnd, a thiourethane bond, an
amide bond, a urea bond and a thicurea bond; and even mare »preferably a straight-chained or
branched alkyl group having 1 to 40 carbon atoms which may have, within the structure, an
atom or a partial structure selected from the group cohsisting of an oxygen atum, a nitrdgen
atom, a hydrocarbon ring structure having 3 to 12 sarbon atoms, an ester bond, a urethane
bond and an amide bond. 4 : | | : R
[0097]The linking group having a valehcy of n*+1 represented by A* may be further .
substituted if substituents may be introduced. Examples of the substituents that may be
introduced include a straight- chalned branched or cyclic alkyl group having 1 to 20 carbon
atoms, a straight-chained, branched or cycllc alkenyl group having 2 to 20 carbon atoms, an
alkynyl group having 2 to 20 carbon atoms, an aryl group having 6 to 20 carbon atoms, an
* acyloxy group having 1 to 20 carbon atoms, an alkoxycarbonyloxy group having 2 to 20
carbon atoms, an aryloxycarbonylox_y group having 7 to 20 carbon atoms, a carbamoyloxy
group having 1 to 20 carbon atoms, a carbonatnide group having 1 to 20 carbon atoms, a |
sulfonamide group having 1 to 20 carbon atoms, a carbamoyl group having 1 to 20 carbon .
atoms, a sulfamoyl group having 0 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon
atoms, an aryloxy gfoup having 6 to 20 carbon atoms, an afylaxycarbonyl group having 7to
20 carbon atoms, an alkoxycarbonyl gtoup having 2 to 20 carbbn atoms, an N-acylsulfamoyl
group having 1 to 20 carbon atoms, an N-sulfamoylcarbamovyl gfoup having 1 to 20 carbon
atoms, an alkylsulfonyl group having 1 to 20 carbon atoms, an'arylsulfonyl group having 6 to
20 carbon atoms, an alkoxycarbonylamino group havmg 2 to 20 carbon atoms, an
aryloxycarbonylamino group having 7 to 20 carbon atoms, an amino group having 0 to 20
.cabron atoms, an imino group having 1 to 20 carbon atoms, an ammonio group having 3 to 20
carbon atoms, a hydroxyl group, a mercapto group, an alkylsuiﬁnyl group having 1 to 20
carbon atoms, an arylsulfinyl group having 6 to 20 carbon atoms, an alkylthio group having 1
to 20 carbon atoms, an arylthio group having 6 to 20 carbon atoms, a ureido group having 1 to
20 carbon atoms, a heterocycllc group havmg 2 to 20 carbon atoms, an acyl group having 1 to

*20-carbon atoms, a sulfamoylamino group having 0 to 2 carbon atoms, a silyl group having 2
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'~ to 20 carbon atoms, an 1socyanate group, an 1socyan1de group, a halogen atom (for example, a
fluorine atom, a chorine atom, a bromine atom, etc.), a cyano group, a nitro group, an onium
group, a group having an ethylenic unsaturated double bond, and the like. Among them, from
the viewpoint of high availability of the raw materials, a straight;chained, branohed or cyclic
alkyl group having 1 to 10 carbon atoms is preferred, and frorn the viewpoints of sensitivity |
and developability, a hydroxyl group, a mercaptoi group; and a group having an ethylenic
unsaturated bond are preferred. Also, from the viewpoint of the balance between sensitivity
and developability, a hydroxyl group is most preferred. n* represents an integer from 1 to 10.

[0098]Also, X* represents -G'-X>-, wherein G' represents at divalent organic group
linked to A*, while X° represents an oxygen atom, a sulfur atom or -NR%- (here, R®
represents a hydrogen atom or an alkyl group which rnay t)e substituted, and the substituents
which may be introduced herein are the same as tlre examples presented in the description for
the “monovalent substituent” of fonnula-(13), while the preferred examples are also the
same). |

In addition, Z* represents an anionic leav1ng group. _

[0099]In the formula (14) R(’5 and R66 each independently represent a hydrogen atom
or a monovalent orgamc group.

Here, the monovalent organic group represented by R® and R“ may be a
hydrocarbon group having 1 to 6 carbon atoms, and among them, a methyl group, an ethyl
group and a phenyl group are preferred. |

In the formula (14), RY has the same meaning as defined for R* in the formula ( 13)
and the preferred examples are also the same. ’ A

[0100]A° represents -G*-X5-, wherein G’ represents a divalent organic group linked
to G*, and X6 represents an oxygen atom, a sulfur atom or -NRO? - (here, R® represents a
hydrogen atom or an alkyl group whieh may be substituted, and the substituents which may
be introduced herein are the same as the examples presented in the description for the
above-described “monovalent substituent,”of formula (13), while the preferred examples are
also the same).

AS represents an oxygen atom, a sulfur atom or -NR04 (here, R represents a

‘hydrogen atom or an alkyl group which may be substituted, and the substituents which may
be introduced herein are the same as the examples presented in the description for the
above-described “monovalent substituent,” while the preferred examples are also the same).

[0101]In addition, G* represents a linking group having a valency of n>+1. Although
not particularly limited, G* is preferably an alkyl group or aryl group having 2 to 60 carbon

“atoms which rnay preferably have, within .the structnre, an atom or a partial structure selected
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~ from the group consisting of an oxygen atom, a nitrogen atom, a sulfur atom, a hydrocarbon
ring structure having 3 to 20 carbon atoms, a heterocyclic ring, an ester bond, a sulfonic acid
ester bond, a phosphoric acid ester bond, a urethane bond, a thiourethane bond, an amide bond,
a urea bond and a thiourea bond; more preferably a straight-chained or Branched alkyl group
having 1 to 40 carbon atoms which may have, within the strueture, an atom or a partial |
structure selected from an oxygen atom, a njtrogen atorh, a sulfur atom, a hydrocarbon ring
structure having 3 to 20 carbon atoms, an ester bond, a ur_ethane bond, a thiourethane bond, an
amide bond, a urea bond and a thiourea bond; and even more preferably a straight-chained or
branched alkyl group having 1 to 40-carbon atoms which may have,. within the structure, an
atom er a partial structure selected from the group consisting of an oxygen atom, a nitrogen
atom, a hydrocarbon ring structure having 3 to 12 cafbon étoms, an ester'bond, a urethane
bond and an amide bond. L |

[0102]The linking group having a valency of n>+1 represented by G* may be further
substituted if substituents may be introduced. EXamples of the substituents that may Be
introduced include a straight-chained, branched or cyclic alkyl group having 1 to 20 carbon
atoms, a straight-chained branched-or cyclic alkenyi group having 2 to 20 carbon atoms, an
alkynyl group having 2 to 20 carbon atoms, an aryl group having 6 to 20 carbon atoms, an-
acyloxy group having 1 to 20 carbon atoms, an alkoxycarbonyloxy 'greup having 2 to 20
- carbon atoms, an aryloxycarbonyloxy group having 7 to 20 carbon atoms, a carbamoyloxy
group having 1 to 20 carbon atoms, a carbonam1de group hav1ng 1 to 20 carbon atoms, a
sulfonamide group hav1_ng 1 to 20 carbon atoms, a carbamoyl group having 1 to 20 carbonA
atoms, a sulfainoyl group having 0 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon
atoms, an aryloxy group having 6 to 20 carbon atoms, an aryloxycarbonyl group having 7 to
20 carbon atoms, an alkoxycarbonyl group having 2 to 20 carbo_n atoms, an N-acylsulfatnoyl
group having 1 to 20 carbon atoms, an N-sulfamoylcarbamoyl' group having 1 to 20 carbon
atoms, an alkylsulforiyl gfoup having 1 to 20 carbon atoms, an arylsulfonyl group having 6 to
20 carbon atoms, an alkoxycarbonylamino group having 2 to 20 carbon atoms, an
aryloxycarbonylamino group having 7 to 20 cabron atoms, an amino group having 0 to 20
carbon atoms, an imino group having 1 to 20 carbon atoms, an ammonio group having 3 to 20
‘cabron atoms, a hydroxyl group, a mercapto group, an alkylsulfinyl group having 1 to 20
carbon atoms, an arylsulfinyl group having 6 to 20 carbon atofns, an alkylthio group having 1
to 20 carbon atoms, an arylthio group having 6 to 20 carbon atoms, an ureido group having 1
'~ t0 20 carbon atoms, a heterocyclic group having 2 to 20 carbon atoms, an acy1 group having 1
to 20 carbon atoms, a sulfamoylamino group having40 to 2 carbon atoms, a silyl group having

"2 to 20 carbon atoms, an isocyanate group, an isocyanide groﬁp, a halogen atom (for example,
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a fluorine atom, a chlorine atom a bromine atom, efc.), a cyano group, a nitro group, an
onium group, a group having an ethylenic unsaturated double bond, and the like. Among them,
from the viewpoint of high availability of the raw materials, a straight-chained, branched or
cyclic alkyl group having 1 to 10 cabron atoms is preferred, and from the viewpoints of
sensitivity and developability, a hydroxyl group, a mercapto gfoup and a group having an
ethylenic unsaturated bond are preferred. Furthermore, from the viewpoint of the balé.nce
between sensitivity and developability, a hydroxyl group .is most preferred. n’ represents an
integer from 1 to 10. ' A

Z3 represents an anionic leaving group. .

- [0103]In the formula (1 5) R® to R™ each 1ndependent1y represent a hydrogen atom .
or a monovalent substituent, however at least one of them is a group represented by the
following formula (16) or formula (17). '

Here, as the monovalent substltuent represented by R® to R™, the substltuents
mentioned in the description of the ‘monovalent substituent” for formula (13) may be
mentioned, and preferred examples are also the same. » ’ |

Also, R to R” each independently represent a hydrogen atom or a monovalent
organic group. Here, the monovalent organic group represented by R to R” may be_
hydrocarbon groups having 1 to 6 carbon atoms, and among them, a methyl group, an ethyl
~ group and a phenyl group are preferred.
| [0104] |
Formula (16)

73 RS3

. s L 1
G —tAS-Cc—C—C—H
Ul e )

m

Formula (17)
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[0105]In the formula (16), G’ represents a linking group ha{/ing a valency of m44;1,
and examples. thereof include the exemplary linking groupé mentioned for G* in the formula
(14), with the preferred examples élso being the same as those defined for G47 I_n4 represents -
an integer from 1 to 10. ' | o

Furthermore, R®! to R®, 7} and A5 in the formula (16) have the same meaning as
defined for R®! to R®, Z* anid A’ in the formula (14).

[0106]In the formula (17), G* represenfs a linking group having a valency of m>+1,
and examples include the exemplary linking groups__mentioried for A* in the formula (13),
with the preferred examples also‘l.aeing the same as those defined for A*. m’ represents an
integer from 1 to 10. | | _

 Also, R% to R®, Z? and A* in the formula (17) have the same meaning as defined for
" R to R%, Z* and A* in the formula (13).

[0107]Here1nafter specific examples of the radical polymerizable compound '
represented by the formula (13), (M-31) to (M- 42), will be presented, however the invention |
is not intended to be limited to these. | |

[0108]
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[0109]Specific examples of the radical polymerizable compound represented by
~ formula (14) and the radical polymerizable compound represented by formula (15) [i-1 to
i-60] will be presented, however the invention is not intended to be limited to these.

[0110]
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[0116]The structural umt havmg a pendant group containing an ethylenic unsaturated
double bond according to the invention is preferably (M-3 1), (M-37), (M-38), i-1, i-2, i-6,
i-10, i-15, i-31, i-33, i-48 or i-49. |

The proportion of the structural unit having a pendant group containing an ethylenic
unsaturated double bond in the specific resin is preferably 1.0% by mass to 80% by mass, |
more preferably 5.0 to 70% by mass, and most preferably 10 to 60% by mass.

[0117]The specific resin may also have other monomers copolymerized therein. For
the other monomers, the following monomers of (1) to (11) are suitably used. |

(1) Alkyl acrylates such as methyl acrylate, ethyl ai_crylate, nropyl acrylate, butyl
acrylafe, isobufyl acrylate, amyl aerylate, hexyl acrylate, 2-ethylhexyl acrylate, octyl acrylate, .
benzyl acrylate, 2-chloroethyl acrylate, glycidyl acryiate, 3,4-epoxycyclohexylmethyl écrylate,
vinyl acrylate, 2—phenylvinyl acrylate, 1-propenyl ecrylate, allyl acrylate, 2-allyloxyethyl
acrylate and propargyl acrylate. | -

(2) Alkyl methacrylates such as methyl rnethacrylate ethyl methacrylate propyl
methacrylate, butyl methacrylate, isobutyl methacrylate, amyl methacrylate, hexyl
methacrylate, 2-ethylhexyl metheerylate, cyclohexyi methacrylate, benzyl methacrylate,
2-chloroethyl methacrylate, glycidyl methacfylate, 3,4-epoxycyclohexylmethyl methacrylgte,
vinyl methacrylate, 2-phenylvinyl methacrylate, 1-propenyl methac'rylete, allyl rnethacrylate,

- 2- allyloxyethyl methacrylate and propargyl methacrylate.

(3) Acrylamides or methacrylamldes such as acrylamide, methacrylamlde
N- methylolacrylam1de N-ethylacrylamide, N- hexylmethacrylamide, N-cyclohexylacrylamlde
N-hydroxyethylacrylamide, N-phenylacrylamide, N-nitrophenylacrylamide,

N- ethyl-N—phenylacrylamlde vinylacrylamide, v1ny1methacrylam1de N,N- d1a11ylacry1am1de
N ,N-diallylmethacrylamide, allylacrylamlde and allylmethacrylamlde

[0118](4) Vinyl ethers such as ethyl vinyl ether, 2- chloroethyl vinyl ether,
hydroxyethyl vinyl efher, propyl vinyl ether, butyl vinyl ether, octyl vinyl ether and phenyl
vinyl ether .

(5) Vinyl esters such as vinyl acetate, vinyl chloroacetate vinyl butyrate and vmyl
benzoate. _ .

(6) Styrenes such as styrene, a-methylstyrene, methylstyrene, chloromethylstyrene
and p acetoxystyrene. |

(7) Vinyl ketones such as methyl v1ny1 ketone, ethyl vinyl ketone, propyl vinyl
ketone and phenyl vinyl ketone.

(8) Olefins such as ethylene, propylene, isobutylene, butadiene and isoprene.

[0119](9) N-vinylpyrrolidone, acrylonitrile, methacrylonitrile and the like. -
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(10) Unsaturated 1m1des such as maleimide, N-acryloylacrylamide,
N-acetylmethacrylamide, N-propionylmethacrylamide and
N-(p-chlorobenzoyl)methacrylamide. |

(11) Methacrylic acid monomers having a heteroatom bound to-the o_c-bosition. For "
example, the cofnpdunds described in JP-A-2002-309057, JP-A-2002-311569 and the like.

[0120]Furthermore, as the other monomérs, mohomers having a carboxy group and -
monomers having a hydroxyl group may be mentioned. Examples of the monomers having a
carboxy group include acrylic aéid, methacrylic acid, itaco‘nic acid, gﬁrotonic acid, maleic écid,
fumaric acid, .4-carboxylstyrene and the like, and acidic cellulose derivatives héving a
carboxyl group in the side chain rhay also be used. In addition to these, products formed by
adding a cyclic acid anhydride to a polymer having a hydfoxyl group, and the like are useful.

As the monomers having a hydr_oxyl groui), acrylic acid esters and methacrylic acid
esters 'having an aliphatic_hydroxyl group, such as 2-hydroxyethyl acrylate, 2-hydrokypropyl
acrylate, 3-hydroxypropyl acrylate, 4-hydroxybutyl acrylate, 2-hydroxyethyl methacrylate,
2-hydroxypropyl methacrylate, 3-hydroxypropyl methacrylate and 4-hydroxybutyl |
methacrylate, and ethyleneoxy-ﬁbdiﬁed produets thereof, hydroxystyrene, and the like are
useful. | |

[0121]The weight average molecular weight of the specific résin is, from the
~ viewpoints of sensitivity, developability and storage stability, preferably from 3, 000 to

300,000, more preferably from 4,000 to 100, OOO even more preferably from 5 000 0 50, 000,
and most preferably from 6,000 to 25,000.

[0122]The specific resin preferably has an ethylenic unsaturated bond equlvalent per
1 g of the resin (unit: mol/g) 0f 0.00001 mol/g.or more, more preferably 0.0001 mol/g or more
and 0.01 mol/g or less, and most preferably 0.001 mol/g or more and 0.008 mol/g or less
from the viewpoints of sensitivity and storage stability. '

[0123]1t is preferable that the specific resin further has an acidic group, and the acidic
value is preferably 10 to 700 mg KOH/g, more preferably 30 to 500 mg KOH/g, and most
preferably 50 to-300 mg KOH/g. Preferred monomers having an acidic group in this case
include (meth)acrylic acid, p-vinylbenzoic acid, maleic acid, fumaric acid, itaconic acid,
.succinic anhydride adduct of 2-hydroxyethyl (meth)acrylate, phthalic anhydride adduct of

_ Q-hydroxyethyl (meth)acrylate, and the like. |

[0124]The specific resin preferably has a graft structure having further branches, and
it is preferable to use polymerizable oligomers (macromonomers) to form the graft structure.
Preferred examples of kthé polymerizable Qligomers inc_lude polymethyl (meth)acrylate,

‘poly-n-butyl (meth)acrylate and poly-i-butyl (meth)acrylate, and a polymer produced by
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attaching a (méth)acryloyl groﬁp at one end of the molecule of polystyrene. As such
polymerizable ‘oligomers that are commercially available, there may be mentioned a
~ polystyrene oligomer having a methacryldyl group at one end (Mn = 6000, trade name: AS-6,
manufactured by Toagosei Co., Ltd.), a polymethyl methacrylate oligomér ha_ving a ’
methacryloyl group at one end (Mn = 6000, trade name: AA-6, manufactured by Toagosei Cb.,
Ltd.) and poly-n-butyl acrylate 6ligdmer having a methécryloyl group at one end (Mn = 6000,
trade name: AB-6, manufactured by Toagosei Co., Ltd.), and products manufactured by
Toagosei Co., Ltd. including UM-9001, XM-9053, WM-9054, UC-3000, UC-3900, UC-3I910,
UC-3920, UF-5022 (all containing a -COOH group), AA-714~, AX-714, AY-707, AY-714,
UH-2000, UH-2032, UH-2041, UH-2170, UHE-2012 (all containing a -OH group), and the
like. ’ - - |

[0125]Specific compound examples of .thé polymer compound having a structural
unit represented by the fonﬁulas (13)to (15) include the following polymer compoﬁﬁds (1) to
(24). The composition ratio is expressed in percéntage by mass. Mw indicates the weight
average molecular weight. |

[0126]
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a: Repeating structure of polystyrene oligomer having a methacryloyl group at one
end, AS-6 (Mn = 6000, manufactured by Toagosei Co., Ltd.)
[0127]
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() OH

Mw 167000

(8)

Mw : 105000
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©U© f

B: Repeating structure of polymethyl methacryléte oligomer having a methacryloyl

. 16400

group at one end, AA-6 (Mn-6000, manufactured by Toagosei Co., Ltd.)
[0129]
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Mw : 75600

Mw : 11000 N

W - 24300

- [0130]
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Mw : 251000

x: Repeating structure of UM-9001 manufactured by Toagosei Co., Ltd.
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d: Repeating structure of UC-3920 manufactured by Toagosei Co., Ltd.
[0133]
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(22)

Mw : 7600
(24)
ol
OH
Mw : 23700

[0134]According to the invention, the content of the specific compound in the

‘pigment-dispersed composition is preferably 0.001 to 10 timés, more preferably 0.01 to 8
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~ times, even more preferably 0. 1 parts to 10 times, and most preferably 0.3 parts to 2 times,
based on the mass of the plgment. When the content is within the above-described range, the
pigment may be dispersed more efﬁcienﬂ}/", and prevention of decoloration, exposure
sensitivity, adhesiveness to support and pattern forming properties (properties for forming a
desired tapered or rectangular-shaped cross-section) may be effectively improved. |

[0135](B) Pigment -

The pigment-dispersed composition of the invention contalns at least one plgment It
is preferable to use pigment as a colorant, from the viewpoints of thermal fastness, light
fastness and the like. , '

[0136]As the pigment that may be contained in the cﬁrable composition of the
invention, a variety of conventionally known inorganic pigments and org’anic.pigments Vmay
be used, and those of high transmittance are preferred. V

[0137]Examples of the i 1norgamc pigments include metallic compounds represented
by metal oxides, metal complex salts or the like, and specifically, there may be mentioned
oxides of metals such as iron, cobalt, aluminum, cadmium, lead, copper, titanium, fnagnesiﬁm,
chromium, zinc, and antimony, aﬁd complex oxides‘of the aforementioned metals.

[0138]Examples of the organic plgments include:

-C.I. Pigment Yellow 11, 24, 31, 53, 83, 93, 99, 108, 109, 110, 138 139, 147, 150
151, 154, 155, 167, 180, 185, 199;

C.I. Pigment Orange 36, 38, 43, 71;

C.L Pigment Red 81, 105, 122 149, 150 155, 171 175, 176, 177, 209, 220, 224, 242
254, 255; 264 270; . ' _ ’

C.I. Pigment Violet 19,23, 32, 39; .

C.L Pigment Blue 1, 2, 15, 15:1, 15:3, 15:6, 16, 22, 60,_66;

C.L Pigment Green 7, 36, 37? | -

C.L Pigmenf Brown 25, 28;

CI Pigment Black 1, 7; and

earbon black and the like mentioned.

[0139]According to the invention, those having e basic N atom in the structural
formula of the pigment may be particularly preferably used. These pigments having a basic N
atom exhibit good dispersibility in the curable composition of fhe invention. The reason has
not been sufficiently clarified, however it is suspected that good affinity of the polymer
component with the pigment exerts influence.

[0140]As the pigment that may be preferably used in the invention, the following

‘may be mentioned. However, the invention is not intended to be limited to these.
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[0141] S | |

C.I. Pigment Yellow 11; 24, 108, 109, 110, 138, 139, 150, 151, 154, 167, 180, 185,

C.I. Pigment Orange 36, 71, |

C.IL Pigment Red 122, 150, 171, 175, 177,.209, 224, 242, 254, 255, 264,

C.L Pigment Violet 19, 23, 32, |

C.L Pigment Blue 15:1, 15:3,15:6, 16, 22, 60, 66,

C.L Pigment Black 1 ' '

[0142]These organic pigments may be used alone, or in various combinations so as
to increase the color purity. For example, in the case of usirlg the c_urable composition of the
inven’don for the formation of colored pattern of a color filter, it is preferable to use the
pigments in combination so as to increase the color p}un'ty‘of the colored pattern. »

Specific examples of pigment combiriatiorls will be presented below. For example, as
the red pigment, an anthraqﬁinone pigment, a perylene pigment or a diketopyrrolopyrrole
pigment may be used alone, or a mixture of at least one of them with a disazo yellow pigment,
an isoindoline yellow pigment, a quinophthalone yellow pigment or a perylene red pigment
may be mentioned. For example,‘ as the anthraquinorre pigment, C.I. pigment Red 177 may be
mentioned; as the perylene pigment, C.I. Pigrnent Red 155 and C.I. Pigment Red 224 may be
mentioned; and as the diketopyrrolopyrrole pigment, C.I. Pigment Red 254 may be mentioned.
" From the viewpoint of color reproducibility, mixtures with C.I. Pigment Yellow 139 are
preferred The mass ratio of the red plgment and the yellow pigment is preferably 100/100 to
100/5. If the ratio is set ‘.to 100:5 or less, it is easy to suppress the light transrmttance at400
nm to 500 nm, and thus the color purity may be further enhanced. Also, if the ratio is set to
100/100 or less, the main wavelength is suppressed from being a short wavelength, and the
difference from the NTSC target_ colors may pe decreased. In particular, an optimal range of
-the above-described mass ratio is frdrrl 100/50 to 100/10. In addition, in the case of a
combination of red prgments, the chromaticity may also be adjusted.

[0143]As the green pigment, a halogenated phthalocyanine pigment may be used
alone, or ra mixture of this with a disazo yellow pigment, a quinophthalone yellow pigment, an
azomethine yellow pigment or an isoindoline yellow!pigrnent may be used. For example,
preferred examples of such mixture include mixtures of C.L. Pigment Green 7, 36 or 37 with
C.L Pigment Yellow 83, C.I. Pigment Yellow 138, C.L Pigmexrt Yellow 139, C.I. Pigment
Yellow 150, C.I. Pigment Yellow 180 or C.1. Pigment Yellow 185. The mass ratio of the green
pigment and the yellow pigment is preferably 100/150 to 100/5. A particularly preferable.. .
range of the mass ratio is from 100/120 to 100/30.

[0144]As the blue pigment, a phthalocyanine pigmeht may be used aldne, ora
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~ mixture of th1$ with a dloxazme purple pigment may be used. For example, mixtures of C.L.
Plgment Blue 15:6 with C.I. Pigment Violet 23 or 37 are preferred. The mass ratio of the blue
pigment and the purple pigment is preferaBly 100/30 to 100/0, and more preferably 100/10 or
greater. ' | | | | '

[0145]Furthermore, as the pigment used in the case of using the curable compos.iti.or'l
of the invention in the formation of the black matrix of é color filter, carbon, titaniurﬁ-carbon,
iron oxide and titanium oxide are used alone or as mixtures, and a cémbination of carbon and
titanium-carbon is preferred. The mass ratio of carbon and titanium-carbon is preferably in the
range of 100/60 to 100/0. | | |

| [0146]The primary pélrticle size of the pigment is, in the case of using the pigment

for color ﬁltér preferably 100 nm or less from the Viewpoint of color irrégulaﬁties or contrast,
and is preferably 5 nm or more from the V1ewp01nt of dispersion stability. The pr1mary
particle size of the plgment is more preferably 5 to 75 nm, more preferably 5 to 55 nm, -and
particularly preferably 5 to 35 nm. o

The primary particle size of the pigment may be measured by é known method such
as electron microscopy. : , _ | '

[0147]Inter alia, the pigment is preferably a pigment selected from anthraquinone
pigments, azomethine pigments, benzylidene pigments, cyanine pig'ménts, |
' dlketopyrrolopyrrole pxgments and phthalocyanine pigments.

[0148]The content of the plgment in the pigment-dispersed composmon is preferably
30% by mass or more, and more preferably in the range of 40 to 95% by mass, based on the '
total solids fraction of the composition, from the viewpoint of securing higﬁ tinctorial strength,
for example, from the viewpoints of securing high color deﬁsity and contrast in the case of |
producmg a color filter. o |

~ [0149]In addition, for the plgment-dlspersed composmon of the invention, a dye may
be used in combination within the scope of not impairing the effect of the invention. The dye
is not particularly limited, and dyes that are conventionally known for the use in color filters
may be ﬁsed. For example, the colorants disclosed in JP-A Nos. 64-90403, 64-91102, 1-94301 o
and 6-11614, Japanese Patent No. 2592207, U.S. Patent Nos. 4,808,501, 5,667,920 and
5,059,500, JP-A Nos. 5-333207, 6-35183, 6-51115, 6-194828, 8-211599, 4-249549,
10-123316, 11-302283, 7-286107, 2001-4823, 8-15522, 8-297.71, 8-146215, 11-343437,
8-62416, 2002-14220, 2002-14221, 2002-14222, 2002-14223, 8-302224, 8-73758, 8-179120
and 8-151531, may be used.

As for the chemical structure of the dye, pyrazolazo dyes, anilinoazo dyes,

“triphenylmethane dyes, antraquinone dyes; anthrapyridone dYes, benzylidene dyes, oxonol
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dyes, pyrazolotnazolazo dyes, pyrldonazo dyes cyanine dyes, phenothiazine dyes,
pyrrolopyrazolazomethme dyes, xanthene dyes, phthalocyanine dyes, penzopyran dyes,
indigo dyes and the like may be used. V

[0150](C) Solvent _ '

The pigment-dispersed composition of the invention eontains at least one solvent.
When a solvent is used together with the (A) resin having a pendant group containiné a
nitrogen-containing heterocyclic ring and an ethylenic unsaturated deuble bond in the main
chain skeleton, and the (B) pigment, a plgment-dlspersed compos1t10n having the plgment
well dlspersed may be produced.

- [0151]The solvent to be used is not partlcularly limited as long as the solvent
satisfies the solubility for the respective’ components of the composition, or the coatmg
properties of the curable composmon, however it is preferable that the solvent is selected in
consideration of safety. ’ | | _ |

As specific examples of the solvent, esters such as ethyl acetate, n—hutyl acetate,
isobutyl acetate, amyl formate, 1soamy1 acetate, butyl propionate, isopropyl butyrate, ethyl
butyrate, butyl butyrate, methyl oxyacetate ethyl oxyacetate, butyl oxyacetate, methyl
methoxyacetate, ethyl methoxyacetate, butyl methoxyacetate,lmethyl ethoxyacetate, ethyl
ethoxyacetate, methyl 3-oxypropionate, ethyl 3-oxypropionate, methyi 3-methoxyprdpionate,
" ethyl 3-methoxypropionate, methyl 3-ethoxypropionate, ethyl 3-ethoxypropionate, methyl
2-oxypropionate, ethyl 2-0xjpropionate, propyl 2-oxypropionate, methyl - -
2-methoxy-propion’ate,' ethyl 2-methexypropienate, propyl 2-meth0xypropionate, methyl
2—ethoxypropfonate, ethyl 2-ethoxypropionate, methyl 2-oxy-2-methylpropionate, ethyl
2-oxy-2-methylpropionate, methyl 2-methoxy-2-methylpropionate, ethyl -
2-ethoxy-2-methylpropionate, methyl pyruvate, ethyl pymVate, propyl pyruvate, methyl.
ecetoacetate, ethyl acetoacetate, methyl 2-oxobutanoate and ethyl-2-oxobutanoate; - _

[0152]ethers such as diethylene glycol dimethyl ether, tetrahydrofuran, ethylene
glycol monomethyl ether, ethylene glycol monoethyl ether, methyl cellosolve acetate
(ethylene glycol monomethyl ether acetate), ethyl cellosolve acetate (ethylene glycol
monoethyl ether acetate), diethylene glycol monomethyl‘ether, diethylene glycol monoethyl
eether, diethylene glycol monobutyl ether, diethylene glycol monoethyl ether acetate, ’
diethylene glycol monobutyl ether acetate, propylene glycol methyl ether, propylene glycol
methyl ether acetate, propylene glycol ethyl ether acetate and propylene glycol propyl ether =
acetate; o

ketones such as methyl ethyl ketone, cyclohexanone, 2-heptanon and 3-heptanone;

- 'and aromatic hydrocarbons such as toluene and xylene; are pfeferred.
o 57



WO 2:008/123601 ‘ . » ' - PCT/JP2008/056734

[0153]Among» these, i;iethyl 3-ethoxypropionate, ethyl 3-ethoxypropionate, ethyl
cellosolve acetate, ethyl lactate, diethylene glycol dimethyl ether, butyl acetate, methyl
3-methoxypropionate, 2-heptanone, cycloﬁexanone, diethylene glycol monoethyl ether acetate, -
diethylene glycol monobutyl ether acetate, propylene glycol methyl ether, propylene glycol '
monomethyl ether acetate (PGMEA) and the like are more preferred. | ' |

[0154]The content of solvent in the pigment-dispersed composition of the inilention ,
is preferably 10 to 98% by mass, more preferably 30 to 95% by mass, and most preferably 50
to 90% by mass. When the content of the solvent is W1th1n the above-described range,
dispersion of the pigment may be performed - more unifomﬂy,.and .it.is also advantageous from
the viewpoint of the dispersion stability after dispersion.

[0155]The pigment—dispersed composition of the invention is preferably prepared
through a mixing/dispersion process of m1x1ng (A) a resin having a pendant group contalmng
a nitrogen-containing heterocychc ring and an ethylenic unsaturated double bond in the main
chain skeleton, (B) a pigment, and optionally other components such as dispersant, with (C) a,
solvent, and mixing and dispersing the corﬁponents using various mixers or dispersing
machines. In addition, the mixiné/dispersion pn_ocess preferably includes kneading and
dispersion, and a microdispersion treatment performed subsequently thereto, however it is
also possible to omit the kneading and dispersion process. | |

[0156]<Curable composition>

The curable composition of the invention is composed using a plgment-dlspersed |
composition containing at least (A) a resin havmg a pendant group contammg a
nitrogen-containing heterocyclic ring and an ethylenic unsaturated double bond ini the main
chain skeleton, (B) a pigment, and (C) a solvent, and (D) a photopolymerization initiator. The
curable composmon of the invention is preferably composed further using (E) a
photopolymenzable compound, and 1f necessary, may be composed using other components.

[0157]As for the curable composition of the invention, when the curable composition
contains the specific compounds according to the invention, the pigment is efficiently
dlspersed and regardless of the amount of pigment, good storage stability is obtained, as
anticipated in the above. Thus, diffusion of the pigment into the developer solution or coating
_solution may be suppressed, and decoloration is prevented. At the same time, the density of
unsaturated bonds is increased, and the amount of double bonds in the film which is formed
from the curable composition is also increased. Also, the exposure sensitivity is enhanced to a
large extent, whereas the infiltration of the developer solution at unexposed, uncured parts is
improved, and thus remdvability by developer may be increased. It is therefore conceived that

-a good pattern yielding a desired cross-sectional shape (partieularly, tapered or
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rectangular—shaped) is obtarned and favorable adhesiveness to support is obtained.

[0158]Among the components constituting the curable composition of the invention,
details of the (A) resin having a pendant group containing a nitrogen-containing heterocyclic
ring and an ethylenic unsaturated double bond in the main chain skeleton, (B) pigment, and
(C) solvent, are the same as in the case of the pigment-dispersed composition described abot/e,
and preferred embodiments are also the same. | |

[0159]The content of the (A) resin having a pendant group contalmng a
nitrogen-containing heterocyclic ring and an ethylenic unsaturated double bond in the main
chain skeleton in the curable composition is preferably 1 to 300% by mass, more preferably 3
to 100% by mass, and even more preferably 5 to 50% by mass, based on the plgment If the
content is within the above-described range, the plgment may be dispersed with good ‘
efficiency, and the prevention of decoloration, exposure sensitivity, adhesiveness to support
and pattern forming properties (the properties of forming a desired tapered or -
rectangular-shaped cross-section) may 'be improved effectively.

[0160]The content of the pigment in the curable composition is preferably 20% by
mass or more, more preferably 30 to 95% by mass, and most preferably 40 to 90% by mass,
based on the total solids fraction of the composmon. When the content of the pigment is
within the above-described range, it is effective in securing high tinctorial strength, for |
" example, in the case of producing a color filter.

Furthermore, the proportion occupied by the solvent in the curable composition is
preferably 20 to 90% by mass, more .preferabiy 30 to 85% by mass, and most preferably 40 to
80% by mass. When the amount of solvent is within the above-described range, itis
advantageous from the viewpoints of coating properties and storege stability.

[0161]Hereinafter, the components other than the constltuents (A) to (C) of the .
curable composition of the invention will be respectlvely described in detail.

[0162](D) Photopolymerlzatlon initiator

The curable composition of the invention contains at least one photopolymerization
initiator. The photopolymerization initiator is a compound which is decomposed by light, ‘and o
initiates and promotes the polymerization of the (A) resin having a pendant group containing
.a nitrogen-containing heterocyclic ring and an ethylenic ’unsaturéted double bond in the main
chain skeleton according to the invention, and (E) a photopolyrnerizable compound that will
be described later. The photopolymerization initiator is preferably a compound having an
absorption in the wavelength region of 300 to 500 nm.

Also, the photop'olymerization initiator may be used individually, or may be used in

‘combination of two or more species.
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[0163]Examples of the photopolymefization initiator include an organic halogenated
compound, an oxydiazole compound, a carbonyl compound, a ketal compound, a benzoin
compound, an acridine compound, an orgdnic peroxide compound, an azo compound, a
coumarin compound, an azide compound, a metallocene compound, a hexaaryibiimidazole '
compound, an organic borate compound, a disulfone compouud, an oxime compound, an -'
onium salt compound, an acylphosphine compouhd, an alkylamino compound, and the like. .

Hereinaﬁer, these compounds will be respectively described in detail.

[0164]Specific examples of the organic halogeneted compound include the
c‘ompounds described in Wakabayashi et al., “Bull. Chem. V‘Soc Japdn” 42,2924 (1969), US. -
Patent No. 3,905,815, JP-B No. 46-4605, IP- A Nos. 48-36281, 55-32070, 60-239736,
61-169835, 61-169837, 62-58241, 62-212401, 63- 70243 and 63- 298339, M. P, Hutt, “Journal
of Heterocyclic Chemlstry” 1 (No.3), (1970)” and the like. In particularly, an oxazole
compound substituted with a trihalomethyl group, and an s-triazine compound may be
mentioned.

[0165]The s-triazine compound is sultably an s-triazine derivative in which at least
one mono-, di- or trihalogen- substltuted methyl group is bound to an s-triazine ring, and
specific examples include 2,4,6-tr1s(monochloromethyl)—s-tnazme,
2,4,6-tris(dichloromethyl)-s-triazine, 2,4,6-tris(tﬁchloromethyl)-s-tﬁaiine,

" 2-methyl-4, 6-bis(trichloromethyl)-s-tﬁazine 2-n-propyl-4, 6-bis(trichloromethyl)—s-triézine,
2-(a,0.,B-trichloroethyl)-4 6-bls(tnchloromethyl) s-triazine, o
2-phenyl-4,6- bls(tnchloromethyl) s-triazine,
2—(p-methoxyphenyl)'—4,6-bls(tnchlorom_ethyl)-s—triazine,
2-(3,4-epoxyphenyi)-4,6-bis(trichloromethyl)-s-triazine,

2-(p-chlorophenyl)-4, 6-bls(tr1chloromethyl) -s-triazine,

2-[1- (p-methoxyphenyl) -2,4-butadienyl]-4,6- bls(trlchloromethyl) s-triazine,
2-styryl-4,6- bls(trlchloromethyl) s-triazine,
2-(p-methoxystyryl)-4,6-bis(trichloromethyl)-s-triazine,
2-(p7i-propyloxystyryl)-4,6-bis(trichloromethyl)-s-triazir_le,
2-(p-tolyl)-4,6-bis(trichloromethyl)-s-triazine,
2-(4-methoxynaphthyl)-4,6-bis(trichloromethyl)-s-triazine,
2-phenylthio-4,6-bis(trichloromethyl)-s-triazine,
2-benzylthio-4,6-bis(trichloromethyl)-s-triazine, 2,4,6-tris(dibromomethyl)-s-triazine,
2,4,6-tris(tribromomethyl)-s-triazine, 2-methyl-4,6-bis(tribromomethyl)-s-triazine,
2-methoxy-4,6-bis(tribromomethyl)-s-triazine, and the like.

[0166]Examples of the oxydiazole compound include
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~ 2-trichloromethyl-5-styryl-1 3, 4 oxodlazole ‘ '
2-trichloromethyl-5-(cyanostyryl)-1,3 ,4-oxodiazole,
2-trichloromethyl-5-(naphtho-1-yl)-1,3, 4-6xodiazole :
2-trichloromethyl-5-(4-styryl)styryl-1,3,4-oxodiazole, and the like.

[0167]Examples of the carbonyl compound include benzophenone denvatlves such
as benzophenone, Michler’s ketone, 2-methylbenzophenone, 3-methylbenzophenone,
4-methylbenszhenone 2-chlorobenzophenone, 4-bromobenzopheﬁone and
2-carboxybenzophenone; acetophenone derivatives such as
2,2- dlmethoxy -2-phenylacetophenone, 2,2- dlethoxyacetophenone 1 -hydroxycyclohexyl
phenyl ketone, a-hydroxy-Lmethylphenylpropanone,
1-hydroxy-1-methylethyl-(p-isopropylphenyl)ketone, 1 -hydroxy- 1 -(p-dodecylphenyl)kétone,
2-mehtyl-(4’-(methylthio)phenyl)-2-m0rpholiho-1.-propanone,

11,1 -trichlofomethyl-(p-bﬁtylphenyl)ketone and ‘
2-benzyl-2-dimethylamino-4-morpholinobutyr6phenone; thioxantone derivatives such as
thioxantone, 2-ethylthioxantone, 2-isopropylthioxantone, 2-chlorothioxantone,
2,4-dimethylthioxantone, 2,4-die£hyl“thi0xantone and 2.4-diisopropylthioxantone; benzoic
acid ester derivatives such as ethyl p-dimeﬁylminobemoate and ethyl -
p-diethylaminobenzoate; and the like. |

[0168]Examples of the ketal compound include a benzyl methyl ketal
bénzyl-B-methoxyethyl ethyl acetal, and the like.

[0169]Exam1$1es of the benzoin compound include m-benzoin isopropyl ether,
benzoin isobu>ty'1 ether, benzoin methyl ether, methyl-o-benzoyl benzoate, and the like.

[0170]Examples of the acridine compound include 9-phenylacridine,
1,7-bis(9-acridinyl)heptane, and the like. | .

[0171]Examples of the organic peroxide compound include trimethyicyclohexanone
peroxide, acetylacetoﬁe peroxide, 1,1-bis(teﬁ—butylperoxy)-3,3,5-trimethylcyclohexane,
1,1-bis(tert-butylperoxy)cyclohexane, 2,2-bis(tert—bufylperoxy)butane,
tert-butylhydroperoxide, cumene hydroxyperoxide, diisopropylbenzene‘hydroperoxide,
2,5-dimethylhexane-2,5-dihydroperoxide, 1,1,3,3-tetramethylbutyl hydroperoxide,

.- tert-butylcumyl peroxide, dicumyl peroxide, 2 5 dimethyl-2,5- b1s(tert—butylperoxy)hexane
2,5-oxanoyl peroxide, succinic acid peroxide, benzoyl peroxide, 2,4-dichlorobenzoyl peroxide,
diisopropyl peroxydicarbonate, di-2—ethylhe>§yl peroxydicarbonate, di-2-ethoxyethyl

- peroxydicarbonate, dimethoxyisopropyl peroxycarbonate, bis(3-methyl-3-methoxybutyl)
peroxydicarbonate, ten.—b'utyl peroxyacetate, tert-butyl peroxypivalate, tert-butyl

' pe'foxyneddecanoate_, tert-butyl peroxyoctanoate, tert-butyl peroxylaurate,
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_ 3,3’,4,4’—tetrakis(t-butylperox?éarbonj’l)benzdphenone, '
3,3’,4,4’-tetrakis(t-hexylperoxycarbonyl)bcnzophenone,

3,3°,4,4’-tetrakis(p- isopropylcumylperoxyéarbonyl)benzophenone carbonylbis(t-butylperoxy
dihydrogen diphthalate), carbonylbis(t-hexylperoxy dlhydrogen d1phthalate) and the like.

[0172]Examples of the azo compound include the azo compounds descrlbed in JP- A
No. 8-108621, and the like. |

[0173]Examples of the coumarin compound include
3-methyl-5-amino-((s-triazin-2-yl)amino)- 3-phenylcoumar1n
3-chloro-5- dlethylammo -((s-triazin-2-yl)amino)- 3—phenylcoumann
3-butyl-5-dimethylamino-((s-triazin-2-yl)amino)-3-phenylcoumarin, and the like.

[0174]Examples of the azide compound inciude fhe organic azide coinpounds -
described in U.S. Paté,nt.Nos. 2848328, 2852379 dnd-2940853,
2,6-biS(4-azidobenzylidene)-4-ethylcycldhexanone (BAC-E), and the iike.

[0175]Examples of the metallocene cdmpound include the Various titanocene
compounds described in JP-A Nos. 59-152396, 61- 151197, 63-41484, 2-249, 2-4705 and
5-83588, for example, di- cyclopentadlenyl Ti- dl-phenyl
di-cyclopentadienyl- ~Ti-bis- 2,6- dllﬂuorophen-l—yl,
di-cyclopentadienyl-Ti-bis-2,4-di-fluorophen-1-yl,

- di-cyclopentadienyl-Ti-bis-2,4,6-trifluorophen-1-yl,
| di-cyclopentadienyl'-Ti-bis-2;3 ,5,6-tetrafluorophen-1-yl,
di-cyclopentadienyl-Ti-bis-2,3 ,4,5,6:;pentaﬂu6rophen- 1-yl,
di-.methylcyclbpentadicnyl-Ti-bis-2, 6-difluorophen-1-yl,
di-methylcyclopentadienyl-Ti-bis-2,4,6-trifluorophen-1-yl,
di-methylcyclopentadienyl-Ti-bis—Z,3,5,6-tetraﬂu0rbphef1—1-yi, }
di-methylcyclopentadienyl-Ti-bis—Z,3 ;4,5,6-péntaﬂuorophen— 1 ?yl,- the iron-arene complexes
described in JP-A No. 1-304453 and 1152109, and the like.

[0176]Examples of the hexaarylbiimidazole compound include various compoun_ds
described in JP-B No. 6-29285, U.S. Patent Nos. 3,479,185, 4,311,783, 4,622,286 and the like,
specifically, 2,2’fbis(o-chlorophenyl)-4,4’,5,5’-tetrapheﬁylbiimidazole, |
2,2’-bis(o-bromophenyl)-4,4°,5,5°-tetraphenylbiimidazole,
2,2’-bis(o,p—dichlorophenyl)-4,4’,5,5’-tetraphenylbiimidazole,.
2,2’-bis(o-chlorophenyl)-4,4’,5,5’-tetrakis(m-methoxyphenyl)biimidazole,
2,2’-bis(o,o’-dichlorophenyl)—4,4’,5,5’-tetraphenylbiimidazolé,
2,2’-bis(o-nitrophenyl)-4,4°,5,5’-tetraphenylbiimidazole,
-2,2°-bis(o-methylphenyl)-4,4°,5,5 ’-tetraphenylbiimidazole,
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 2,2’-bis(o- trifluorophenyl)-4 4’ 5 5’-tetraphenylbum1dazole and the like.

~ [0177]For the organic borate compound, spec1ﬁc examples include the organic boric
acid salts described in JP-A Nos. 62-143044, 62-150242, 9-188685, 9-188686, 9-188710,
2000-131837 and 2002-107916, Japanese Patent No. 2764769, J apanese Pate_nl Application
No. 2000-310808, and the like, and in Kunz, Martin, “Ra(l Tech’ 98. Proceeding Apﬁl 19-22;
1998, Chicago”; the organic boron-sulfonium complexee or organic boron—oxosulfonium
complexes described in JP-A Nos. 6-157623, 6-175564 and 6-175561; the organic
boron-iodonium complexes described in JP-A Nos. 6-175554 and 6-1 75553; the organic
boron-phosphonium complexes described in JP-A No. 9-188710; the organic boron-transition
metal eoordinate complexes descrlbed in JP-A Nos. 6-348011, 7-128785, 7-140589, 7-306527. '
and 7-292014; and the like. ‘ - | |

[0178]Examples of the disulfone.compouhd include the compounds described in
IP-A No. 61-166544, Japanese Patent Application No. 2001-132318, and the like. -

[0179]Examples of the oxime compouhd include the compounds described in J.C.S.
Perkin II (1979) 1653-1660, J.C. S Perkin IT (1979) 156-162, Journal of Photopolymer
Science and Technology (1995) 202 232 and in JP- ANo 2000-66385; the compounds
described in JP-A No. 2000-80068 and Japanese Patent Application National Publication
(Laid-Open) No. 2004-534797; and the like. - '

[0180]Examples of the onium salt compound include the diazonium salts described
in S L. Schlesinger, Photogr Sci. Eng., 18, 387(1974) and T.S. Bal et al., Polymer 21, 423
(1980) the ammonium salts described in U.S. Patent No. 4,069,055, JP- ANo 4-365049 and
the hke, the phosphomum salts described in U.S. Patent Nos. 4,069,055 and 4,069, 056; the _
iodonium salts described in European Patent (EP) No. 104,143, U.S. Patent Nos. 339,049 and
410,201, JP-A Nos. 2-150848 and 2-296514; and the like. - -

[0181]An iodonium salt that may be suitably used in the invention is a
diaryliodonium salt, and from the viewpoint of stability, a diaryliodonium salt substituted with
two or more electron-donating groups such as an alkyl group, an alkoxy group or an aryloxy
group, is preferred. As another preferred form of the sulfonium salt, an iodonium salt in which .
one of the substituents of a triarylsulfonium salt has a coumarin or anthraquinone structure,

" and which has absorption at 300 nm or greater, and the like are preferred.

[0182]As the sulfonium salt that may be suitably used in the invention, there may be
mentioned the sulfonium salts described in European Patent Nos. 370,693, 390,214, 233,567,
297,443 and 297,442, U.S. Patent Nos. 4,933,377, 161,811, 410,201, 339,049, 4,760,013,
4,734,444 and 2,833,827, German Patent Nos 2,904,626, 3,604,580 and 3, 604 581. From the

‘viewpoint of stab1llty and sensitivity, a sulfomum salt substituted with an
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 electron-withdrawing group is preferred The electron-thhdrawrng group is preferably a
group having a Hammett equation greater j[han 0. Preferred electron-withdrawing groups
include a halogen atom, carboxylic acid and the like.

Furthermore, as another preferable sulfonium salt, there may be mentiened a
sulfonium salt in which one of the substituents of a triarylsulfonium salt has a coumarin or
anthraquinone structure, and which has absorption at 30'0 nm or greater. As still another
preferable sulfonium salt, there may be mentioned a sulfonium salt in which a
triarylsulfonium salt is substituted with an aryloxy group or an arylthro group, and which has
absorptron at 300 nm or greater. -

[0183]Furthermore, as the onium salt compound, onium salts such as the celenonium.
salts described in J.V. Crivello et al., Macromoleculee 10(6) 1307 (1977) and J.V. Crivello et
al., J. Polymer Sci., Polymer Chem. Ed., 17 1047 (1979) and the arsonium salts as descrlbed
in C.S. Wen et al., Teh, Proc. Conf. Rad. Curmg ASIA, p478, Tokyo, Oct (1988) may also be
used. _
[0184]Exémples of the acylphosphine compound include Irgacure 819, Darocur 4265
and Darocur TPO manufactured hy Ciba Specialty Chemicals, Inc., and the like.

[0185]Examples of the alkylamino eompound include the compounds havinga
dialkylaminophenyl group or the alkylamine compounds described in Paragraph number 0047
- of JP-A No. 9-281698, in JP-A Nos. 6-19240 and 6-19249, and the like. Specifically, the
cempounds having a dialkyleminophenyl group include compounds such as ethjrl
p-dimethylaminobenzeate, and dialkylaminopheriyl carbaldehyde such as
p-diethylaminebenzcarbaldehyde or 9-julolidylcarbaldehyde. The alkylamine compounds
include triethanolamine, diethanolamine, triethylamine and the like.

[0186]The (D) photopolymerlzatron initiator used in the invention is preferably at
least one compound selected from the. group consisting of trlazrne compounds, alkylamino
compounds, benzyl dlmethyl ketal compounds, a-hydroxyketone compounds, a-aminoketone
compounds, acylphosphine compounds, phosphine oxide compounds,- metallocene
compounds, oxime compounds, biimidazole compounds,_ onium compounds, benzothiazole
compounds, berlzophenone compounds, acetophenone compounds and derivatives thereof,
.cyclopentadiene-benzene-iron complexes and salts thereof, halomethyloxédiazole compounds
and 3-aryl-substituted coumarin compounds, from the viewpoint of exposure sensitivity.

[0187]More preferably, at least one eombound-s’elected from the group consisting of
triazine compounds, alkylamino compounds, o-aminoketone compounds, acylphosphine: -
compounds, phosphine oxide compounds, oxime compounds, biimidazole compounds, onium -

'corrlpound's, benzophenone compounds and acetophenone compounds is more preferred, and
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at least one compound selecte.ciq from tne group consisting of triazine compounds, alkylamino -
compounds, oxime compounds and biimid_ozole compounds is even more preferred.

[0188]The content of the (D) photopolymerization initiator in the curable
composition is preferably 0.1 to 50% by mass, more preferably 0.5t0 30% by mass, and
particularly preferably 1 to 20% by mass, based on the total solids fraction of the composmon.
In particular, i in the case of usmg the curable composmon of the invention for forming the
colored pattern of a color filter, the content of the (D) photopolymerization initiator is
preferably 1 to 40% by mass, more preferably 2 to 30% by mass, and even more preferabiy 3
to 20% by maSs, based on the total solids fraction cOntained in the curable composition, from
the viewpoints of photosensitivity,. adhesiveness to support and the degree of curing.

[0189](E) Photopolymerizable compound | |

The curable composition of the invention .preferably contains a compound having an
ethylenic unsaturated doublc bond as'a pliotopolymerizable compound. |

The “compound having an ethylenic unsaturated double bond” that may be used in
the invention is an addition polymerizable compound having at least one ethylenic -
unsaturated double bond, and is oél‘ected from comp‘ounds having at least one, preferably two
or more, terminal ethylenic unsaturated bon(is. The family of such compounds is widely
known in the pertinent industrial field, and these may be used for the invention without any
particular limitation. Details of these compounds are the same as those for the (A) resin
having a pendant group cont.':iining a‘nitro'gen-containing heterocyclic ring and an ethylenic
unsaturated double bond in the main chain skeleton, except that there are no limits in the |
molecular weight, and preferred embodiments also are the sémé. |

Furthermore, the photopolymerizable compound according to the invention may
become, when polymerized, identicallto the (A) resin prodnct having a pendant group |
containing a nitrogen-containing heterocyclic ring and an ethylenic unsaturated double bond
in the main chain skeieton, or may be different from the resin product. Moreover, the
photopolymerizable compound according to the invention may be used individually, or in
combination of two or more species.

[0190]The content of the (E) photopolymenzable compound is preferably 1 to 90%
by mass, more preferably 5 to 80% by mass, and even more preferably 10% to 70% by mass,
based on the total solids fraction of the curable composition of the invention. Particularly in
the case of using the curable composition of the invention in the formation of the colored
pattern of a color filter, the content of the (E) photopolymerizable compound is preferably 5 to .
50% by mass, more preferably 7 to 40% by mass, and even more preferably 10 to 3_5% by

‘mass, based on the total solids fraction of the curable composition of the invention, from the |
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viewpoints of further i 1mprov1ng photosens1t1v1ty, adhesiveness to support, and the degree of
curing. :
[0191]In the case of using the (A) resin having a pendant group containing a
nitrogen-containing heterocyclic ring in combination with an ethylenic nnsaturated double
bond in the main chain skeleton (specific resin according to the invention) and (E) a
photopolymer_izabe compound other than the (A) speciﬁe resin according to the invention, the
content ratio ((A)/(E); mass ratio) is preferably 100/1 to 1/100, more preferably 50/1 to 1/50,
and even more preferably 10/1 to 1/10, from the viewpoints of sensitlvity and storage
stability. | |

[0192]Next, other components that may be further used in the curable composition of
the invention will be described. | | »

(F) Sensitizer -

The curable compdsition of the lnvention may contain (F) a sensitizer, for tlle
purpose of enhancing the efficiency of generating radicals from the (D) photopolymerization
initiator and lengthening the sensitizing wavelength. The sensitizer that may be used in the
invention is preferably one whicll' sensitizes the abosle-described (D) photopolymerization
initiator by the mechanism of electron transfer or the mechanism of energy transfer.

[0193]As the sensitizer that may be used in the invention, a compound which belongs
to the compound families l1sted below, and has an absorption wavelength in the wavelength
region of 300 nm to 450 nm, may be ment1oned

Preferred examples of the sensitizer include those which belong to the following
compound families, and have an absorption wavelength in the region of 330 nm to 450 nm.

For example, polynuclear aromatics (for example, phenanthrene anthracene, pyrene,
perylene, triphenylene, 9,10- d1alkoxyanthracene) xanthenes (for example, fluorescein, eosm
erythrosin, rhodamine B, rose bengal), thioxantones (isopropylthioxantone,
diethylthioxantone, clllorothioxantone), cyanines (for example, thiacarbocyanin,
oxacarbocyanin), merocyanines (for example, merocyanine, carbomerocyanine), .
phthalocyanines, thiazines (for examples, thionin, methylene blue, toluidine blue), acridines
(for examples, acridine orange, chloroflavin, acriflavin), anthraquinones (for example,
.anthraquinone), squaryliums (for example, squarylium), acridine orange, coumnarins (for
example, 7-diethylamino-4-methylcoumarin), ketocoumarin, phenothiazines, phenazines,
styrylbenzens, azo compounds, dimethylmethane, triphenylmethane, distyrylbenzens,
carbazoles, porphyrin, spiro compounds, quinacridone, indigo, styryl, pyrylium compounds,
pyrromethene compounds, pyrazolotriazole compounds, benzothiazole compounds, barbituric

acid derivatives, thiobarbituric acid derivatives, aromatic ketone compounds such as
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~ acetophenone, benzophenone, th10xantone and Michler’s ketone, heterocyclic compounds
such as N-aryloxazolidinone, and the like may be mentioned.
Furthermore, the compounds described in EP No. 568,993, U.S. Patent Nos.
4,508,811 and 5,227,227, JP-A No. 2001-125255 and 11-271969, and thé like ére also used. |
[0194] More preferred examples of the sensitizer include compounds represented by
the following formulas (i) to (iv). | |
[0195]

[0196]In the formula (i), A’ represents a sulfu-r. atom or NR*®, wherein R* represents
* an alkyl group or an aryl group; L? represents a non-metal atomic group which forms a basic |
_nucleus of the dye together with adjacent Al and the adJ acent carbon atom; and R*! and R
each independently represent a hydro gen atom or a monovalent non-metal atomic group, or
R*! and R*® may also be bound to each other to form an acidic nucleus of the dye. W |

- represents an oxygen atom or a sulfur atom.

[0197]

[0198]In the formula (ii), Ar' and Ar? each independently represent an aryl group,
and are linked to each other through the bonding of -L3-. Here, L? represents -O- or -S-. W has
the same meaning as defined for the formula (1).

[0199]
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(iii)

[0200]In the formula (iii), A represents a sulfur atom or NR*; L* represents a
non-metal atomic group which forms a basic nu‘cleus of the colorant together with adjacent A’ _
and the adjacent carbon atoms; R, R54, R ,' RS‘(’,'R5 7 and R*® each independently representa
monovalent non-metal atomic group; and R> represenfs an alkyl group or an aryl group.

[0201]

(iv)

[0202]In the formula (iv), A? and A* each independently represent -‘S-‘ or -NR®- or
| -NR%., wherein R® and R® each independently répreseht a substituted or unsubstituted alkyl
group, or.a substituted or unsubstituted aryl gfoup; L’ and L® each independently represent.a
non-metal atomic group which forms a basic nucleus of the dye fogether with adjacent Alor
" A*and the adjacent carbon atom; and R% and R® are each independently a\ monovalent
non-metal atbmic group, or are bound to each other and may form an aliphatic or aromatic
ring. » _ '

[0203] As a preferable sensitizer that may be contained in the curabie compbsition of
the invention, there may be mentioned, in addition to the above-described compounds, at least
one selected from the compounds represented by the following formulas (IV) to (VD).

[0204]
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(V) | : (V)

[0205]In the formula_(IV)_-o'r formula (V), R! and R2 each independenﬂy represent a |
monovalent substituent; R?, R?, R’ and R® each indep_eﬁdently represent a hydrogen atom or a- |
monovalent substituent. n represents an integ'er from O to 5, and n’ repres.ents an integer from
0 to 5, however n and n™cannot be zeré at the Same time. If n is 2 or greater, R' which exists
in plufality, may be identical with or different ffom each other. If n’ is 2 or greater, R? which
ex1sts in plurality, may be identical with or different from each other. |

[0206]The compound represented by the formula (IV) is preferably a compound
represented by the following formula (IV-1), from the viewpoints of sensitivity, and of
tinctorial properties in the case of containing a pigment.

[0207]

(v=1)

[0208]In the formula (IV-1), R! and R? each independently represent a monovalent

substituent. n represents an integer from 0 to 5, and n’ represents an integer from 1 to 5. If n is
2 or greater, R! which exists in plurality, may be identical with or different from each other. If
n’ is 2 or greater, R? which exists in plurality, may be identical with or different from each
‘other. ’ o

[0209]In the formula (IV-1), the monovalent substituent represented by R' and R? has
the same meaning as defined for the monovalent substituent represented by R! and R? in the
above-described 'formula.(IV), and the preferred scope is also the Vsame.

[0210]The éompound represented by formula (IV) or formula (V) is preferably a
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. compound having a molar exti\nction eoeﬁicient € at a wavelength of 365 nm of 500
mol™-L-cm™ or greater, more preferably a compound having an € at a wavelength of 365 nm |
of 3000 mol-L-cm™ or greater, and most preferably a compound having an € at a wavelength
of 365 nm of 20000 mol™-L-cm™ or greater. When the value of the molar extinction |
coefficient € at each wavelength is within the above-described range, the sensitivity enhancing
effect is high and preferable from the viewpoint of the efficiency of light absorption.

Here, the molar extinction coefficient € is obtained by preparing a sample from a dye
solution in 1-rnethoxy-2-propanol adjusted to a 'concentrati_on of 0.01 g/l, measuring the
transmission spectrum of the salnp>1e at 365 nm, and determining the absorbance of the sample ‘
from the UV-visible absorption spectrum. For the measuring apparatus, a spectrophotometer ‘
of UV-Vis-MR Spectrophotometer Cary 5G fype manufactured by Varian, Inc. was used.

[0211]Specific preferred examples of the cornpound represented by formula (IV) or
formula (V) will be illustrated in fhe following,‘however the invention is not intended to be
hmlted to these. ‘

In addition, accordlng to the invention, the chemlcal formulas may also be described
by means of simplified structural formulas, and in particular, a solid line without any specified
element or substituent means a hydrocarbon group. Also, in the following specific examples,

- Me represents a methyl group, Et represents an ethyl group, Bu represents a butyl group, n-Bu
represents an n-butyl group, and Ph represents a phenyl group.

[0212]

70



WO 2008/123601 B , ‘ : PCT/JP2008/056734

[0213]
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[0224]In the formula (VI), A represents an aromatic ring or heterocyclic ring which
may be substituted; X represents an oxygen atorh, a sulfur atom, or -N(R3 )-; and Y represents
an oxygen atom, a sulfur atom, o'r_-N(R3 )-. Ri, Rz and R? each independently represent a
hydrogen atom or a monovalent non-metal atomic group, and A, R', R? and R? may be bound -
to each other to form an aliphatic or aromatic'ring, |

[0225]In the fofmuIa (VI), R!, R? and R each independently- represent a hydrogen
atom or a monovalent non-metal atumic group. When R!, R? and R represent monovalent
non-metallic atomic groups, the non-metallic atomic group is preferably a substituted or
unsubstituted alkyl group, a substituted or unsubStituted aryl group, a substituted or
uusubstitutéd alkenyl group, a subsﬁ_tuted or unsubstituted aromatic heterocyclic residue, a
substituted or unsubstituted alkoxy group, a substituted or unsubstituted alkylthio group, a
- hydroxyl group or a halogen atom.

[0226]In the compound représented by the formula (VI), Y is preferably an oxygen
atom or -N(R3 )-, from the viewpoint of enhancing the efficiency of decomposition of the
ph0topolymerization initiator. R? each indépendéntly represent,s'-a hydrogen-atoru ora
monovalent non-metal atomic group. Further, Y is most preferably NRY)-.

[0227]Hereinafter, speciﬁc preferred éxamples of the»compound represented by
formula (VI), (VI1) to (VI124) will be presented, however the invention is not intended to be
limited to these. Also, it has not been clarified about the isomers génerated by the double bond
linking the acidic nucleus and the basic nucleus, and the invention is not to be limited to any

of the isomers.
[0228]
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[0246]As for the sensitizing dye according to the invention, it is also possible to .
further performing various chernicalmodiﬁcations for improving the properties of the curable
composition. » ‘

For example, when a sensitizing dye and an addition polymerizable compound
structure (for example, acryloyl group or methacryloyl group) are bound by a means such as
covalent bonding, ionic bonding orlhydrogen bonding, increase in the strength of the exposed
film, or suppressxon of any unnecessary prec1p1tat10n of the sensitizing dye from the film after
exposure may be performed.

Also through the b1nd1ng of the sensitizing dye and the partial structure having an
ability to generate radicals from the above-described photopolymerization initiator (for
- example, the reductively degradable site of alkyl halide, onium, peroxide, biimidazole or the

 like, or the oxidatively degradable site of borate, amine, trimethylsilylmethyl, carboxymethyl,
carbonyl. imine or the like), the photosensitiv-ity, particularly in the state of low concentration
of the initiator system may be significantly increased. |

[0247]The compounds represented by above-described formulas (IV) to (V I)
remarkably exhibit their effects when added to'the curablé composition, in the case where the
concentration of the pigment in the curable composition is very hlgh and the light
transmittance of the formed colored pattern (photosensitive layer) is extremely low, for
example, in the case where the light transmittance at 365 nm of the photosensitive layer
becomes 10% or less when the curable composition of the invention is used for forming the
colored pattern of a color filter, more specifically, when the colored pattern is formed without
adding any sensitizing dye. Particularly, among the above-described forrnulas (IV) to (VI), the
compound represented by the formula (VI) is most preferred, and specifically, the compounds
of (VI56) to (VI122) are most preferred. -

[0248]The sensitizer may be used individually, or in combination of two or more
species. '

The content of the (F) sensitizer in the curable composition of the invention is
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preferably 0.1 to 20% by mass::. and more preferably 0.5 to 15% by. mass, based on the total
solids fraction of the curable composition, from the viewpoints of the efficiency of light
absorption into deep parts and the efficiency of initiative degradation, including the case of
using the curable composition in the formation of the colored pattern of é colof filter.

[0249](G) Binder polymer |

The curable compositidn of the invention may contain (G) a binder polymer, for the .
purpose of improving the film properties, and the like. 4

As for the binder polyrner, it is preferable to use a linear organic polymer. As for .such
“linear organic polymer,” any known polymer may be nsed. In addiﬁon, for exafnple, when
the curable composition of the invention is applied to the use of forming a pattern, after the
pattern exposure and curing of the exposed pafts by removing the unexp'osed‘ parts throngh
development with water.or alkali, preferably in order: to enable development with water or
development with a weak alkaline aqueous solution, a hnear organic polymer wh10h is soluble
or swellable in water or a weak alkaline aqueous solution, is selected. The linear organic
polymer is selected as a film forming agent, and is also selected and used in accordance with
whether the developer is water, a‘ Weak alkaline aqueous solution or an organic solvent. For
example, if a water-soluble organic polymer-is used, development with water becomes
possible. Such linear organic polymer may be a radical polymer haviné a carboxylic acid
- group in the side chain, and examples thereof include the polymers described in JP-A No.
59-44615, JP-B Nos. 54-34327, 58-12577 and 54-25957, JP-A Nos. 54-92723, 59-53836 and
59-71048. That is, a resin prepared by homopelymerizing or cop'lolymerizing a monomer
having a carboxyl group; a resin prepared by homopolymerizing or copolymerizing a
monomer having acid anhydride, and subjecting the acid anhydride unit to hydrolysis,
half-esterification or half-amidation; epoxy acrylate prepared By_ modifying an.epoxy resin
~ with unsaturated monocarboxylic acid and acid anhydride; and the like may be mentioned.
Examples of the monomer having a carboxyl group include acrylic acid, methacrylic acid,
- itaconic acid, crotonic acid, maleic acid, ﬁlmaﬁc acid, 4-carboX-ystyrene, and the like, while
examples of the monomer having acid anhydride include maleic anhydride and tne like.

Also, acidic cellulose derivatives haVing a carboxylic acid group in the side chain
‘may also be used sinﬁlarly. In addition to them, a product prepared by adding a cyclic acid
anhydride to a polymer having a hydroxyl group, or the like is.useful.

[0250]As described above, if the radical polymer having a carboxylic acid group in
the side chain is a copolymer, other monomers different from the monomers described
previously also may be used as the compound to be copolymerized. Examples of the other

‘monomers include the compounds of the following (1) to (12).
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[0251](1) Acrylic acid esters and methacrylic acid esters having an aliphatic hydroxyl

group, such as 2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate, 3-hydroxypropyl acrylate,
4-hydroxybutyl acrylate, 3-hydroxyethyl methacrylate, 2-hydroxypropyl methacrylate,
3-hydroxypropyl methacrylate and 4-hydroxybutyl methacrylate; |

(2) Alkyl acrylates such as methyl acrylate, ethyl acrylate, propyl acrylate butyl
acrylate, isobutyl acrylate, amyl acrylate, hexyl acrylate, 2-ethylhexyl acrylate, octyl acrylate,.
benzyl acrylate, 2-chloroethyl acrylate, glycidyl acrylate, 3,4-epoxycyclohexylmethyl acrylate,
vinyl acrylate, 2-phenylvinyl aérylate, 1-propenyl acrylate, allyl acrylate, 2-allyloxyethyl |
acrylate and propargyl acrylate; - A | |

[0252](3) Alkyl methacrylates such as methyl methacrylate, ethyl methacrylate,
propyl methacrylate, butyl methacrylate, isobutyl methacfylate, amyl me'thacfylate, hexyl
methacrylate, 2-ethylhexyl methacrylate, cycloheiyl methacrylate, benzyl methacrylate,
2-chloroethyl methacrylate, glycidyl méthaérylate 3 4-époxycyclohexylmethyl methécrylate
vinyl methacrylate, 2-phenylvinyl methacrylate, 1-propenyl methacrylate allyl methacrylate
2-allyloxyethyl methacrylate and propargyl methacrylate

(4) Acrylamides or methacrylamldes such as acrylamide, methacrylamide,
N-methylol acrylamide, N- ethyl acrylamide, N-hexyl methacrylam1de ‘N-cyclohexyl
acrylamide, N-hydroxyethyl acrylamide, N-phenyl acrylamide, N-nitrophenyl acrylamide,
N-ethyl-N-phenyl acrylamide, vinyl acrylamide, vinyl methacrylamide, N,N-diallyl
acrylamide, N,N-diallyl methacrylamide, allyl acrylamide and allyl methacrylarhide;

[0253](5) Vihy_l ethers such as ethyl Qiny1 ether, 2-chlor'0ethyl vinyl ether,
hydroxyethyl Vinyl ether, propyl vinyl ether, butyl vinyl ether, octyl vinyl ether and phenyl
vinyl ether; _ _

(6) Vinyl esters such as Vlnyl acetate, , vinyl chloroacetate vinyl butyrate and v1nyl
benzoate '

(7) Styrenes such as styrene, a-methylstyrene, methylstyrene chloromethylstyrene
and p-acetoxystyrene;

(8) Vinyl ketones such as methyl vinyl ketone, ethyl vinyl ketone, propyl vinyl
ketone and phenyl vinyl ketone. |

(9) Olefins such as ethylene, propylene, isobutylene, butadiene and isoprene;

[0254](10) N-vinylpyrrolidone, acrylonitrile, methacrylonitrile, and the like;

(11) Unsaturated imides such as maleimide, N-acrYloyl acrylamide, N-acétyl
methacrylamide, N-propionyl methacrylamide and N-(p-chlorobenioyl) methacrylamide; and

(12) Methacrylid acid monomers having a heteroatom bound at the a-posftion. For

‘ exdmple, the compounds described in Japanese Patent Application Nos. 2001-115595,
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2001-115598, and the like, may be mentioned. -

[0255]Among these, (meth)acrylic resins having an allyl group or a vinyl ester group
and a carboxyl group in the side chain, and the alkali-soluble resins having a dquble bond in
the side chain, described in JP-A Nos. 2000-187322 and 2002762698; or.the alkali-soluble
resins having an amide group in the side chain, described in JP-A No. 2A001-242612, are
suitable because they are excelléntly balanced between the film strength, sensitivity and
developability. | ,

[0256]Furthermore, the ﬁrethane-based binder polymers ha\}ing an acid group,
described in JP-B Nos. 7-12004, 7-120041, 7-120042 and 8-1-2424, jP-A Nos. 63-287944,
63-287947 and 1-271741, ) apénesé Patent Application No. 10-116232, and the like, or the
urethane-based binder polymers having an acid groub and.a double bond in the side chaﬁn,

.described in JP-A No. 2002-107918, are advantagéous from the viewpoint of suitability for
low eXposure, because the polymers ha\}é highly excellént strength. -

Furthermore, the acetal-modified polyvinyl alcohol-based binder polymers having an
acid group, described in EP Nos. 993966 and 1204000, .J P-A No. 2001-318463, and the like,
are excellently balanced betweeﬁ ‘the.ﬁlm strength aﬁd developability, and thus are suitable.

In addition to these, polyvinyl pyrrélidone or polyethylene oxide is useful as the
water-soluble linear organic polymer. Also, alcohol-soluble nylon or a polyether of
2,2-bis-(4-hydroxyphenyl)-propane and epichlorohydrin is also useful for increasing the
strength of the cured coating film. | A

[0257]The wéight average moleculaf weight of the (G) binder polymer is preferably
in range of 5,000 or larger, and more preferably 10,000 to 300,000, while the number average
molecular weight is preferably 1,000 or larger, and more prefe_rably in the range of 2,000 to
250,000. The polydispersity (weight average molecular weighf/number average molecular
weight) is preferably 1 or greater, and more preferably in the rénge of 1.1 to 10.

These resinsAmay be any of a random polymer, a block polymer and a graft polymer.

[0258]The (G) binder polymer may be synthesized by' a conventionally known
method. Examples of the solvent used in the synthesis in;:lude tetrahydrofuran, ethylene
dichloride, cyclohexanone, methyl ethyl ketdne, acetone, methanol, ethanol, ethylene glycol
monomethyl ether, ethylene glycol monoethyl ether, 2-methoxyethyl acetate, diethylene
glycol dimethyl ether, 1-methoxy-2-propanol, 1-methoxy-2-prbpyl acetate,
N,N;dimethylformamide, N,N-dimethylacetamide, toluene, ethyl acetate,‘ methyl lactate, ethyl
lactate, dimethylsulfoxide, 1-methyl-2-pyrrolidone, water, and the like. These solvents may be
used individually or in combination of two or more species.

As the radical polymerization initiator used in the syhthesis of a binder polymer
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which may be used.for the invjéntion, there mdy be mentioned known compounds such as
azo-based initiators or peroxide initiators. ‘

[0259]The content of the (G) binder polymer in the curable composition in the case
of using the curable composition of the invention in the formation of a cblore_d pattern of a
color filter, is préf_efably 5 to 60% by mass, more preferably 7 to 50% by mass, and most |
preferably 10 to 40% by mass, based on the total solids fraction of the curable composition,
from the viewpoint of the balance between the pigment dispersion stability over time and
developability. | | |

[0260](H) Dispersant

The curable composition of the invention preferably contains a dispersant in addition.
to the above-described components,. from the-viewpoint of further improving dispersibﬂity of
the (B) pigment. _

~ [0261]As the dispersant (pigméﬁt dispersant), bolymeric dispersants [for exéinple,

polyamidoamine and salts thereof, polycarboxylic acid and salts thereof, high moleculéﬁ
weight unsaturated acid esters, modified polyurethane, modified polyesters, modified
poly(meth)acrylate, (meth)acryli(‘:' copolymers, naphthalenesulfonic acid-formalin condensate],
polyoxyethylene alkyl phosphoric acid estefs, polyoxyethylene alkylamine, alkanolamine,
pigment derivatives, and the like may be mentioned. |

The polymeric dispersants may be further classified on the basis of the structure, into
a linear polymer, a terminal modified polymer, a graft type polymer and a block.type polymer.

[0262]A polyfneric dispersant operatés by adsorbing onto the surface of the pigmeﬁt
and preventing re-aggregation. Thus, a terminal modified polymer having an anchor site to the
pigmént surface, a graft type polymer and a block type polymer may be mentioned as
preferred structures. On the other hand, pigment derivatives have an effect of promoting.thc '
adsorption of the polymeric dispersahfs, by modifying the pigrhent surface. |

[0263]Speciﬁc examples of the pigment dispersaht that may be used in the invention
include “Disperbyk-101 (polyamidoamine phosphoric acid salt), 107 (carboxylic acid ester),
110 (copolymer containing an acid group), 130 (polyamide), 161, 162, 163, 164, 165, 166,
170 (high molecular weight copolymers),” “BYK-P104, P105 (high molecular weight
unsaturated polycarboxylic acid)”, “BYK2001” manufactured by BYK Chemie Corp.;
“EFKA4047, 4050, 4010, 4165 (polyurethanes), EFKA 4330, 4340 (block copolymers), 4400,
4402 (modified polyacrylate), 5010 (pblyester amide), 5765 (high molecular weight
polycarboxylic acid salt), 6220 (fatty acid polyester), 6745 (phthalocyaniﬁe derivative), 6750
(azo pigment derivative),” manufactured by EFKA Additives, Inc., “Ajisper-PB821, PB822”

‘manufactured by Ajinomoto Fine Techno Co., Inc., “Flowlen TG-710 (urethane oligomer),”
104



WO 2008/123601 - A_ | | o _PCT/JP2008/056734
“Polyflow No. 50E, No. 300 (;crylic copolymers)” manufactured by Kyoeisha Chemical Co.,
Ltd., “Disperon KS-860, 873SN, 874, #2150 (aliphatic polyvalent carboxylic acids), #7004
(polyether ester), DA-703-50, DA-705, DA-725” manufactured by Kusumoto Chemicals, Ltd.,
“Demol RN, N (naphthalenesulfonic acid-formalin polycondensates), M-S, C, SN-B (aromatic
sulfonic acid-formalin polycondensates),” “Homogenol L-18 (high molecular weight |
polycarboxylic acid),” “Emargén 920, 930, 935, 985 (polyoxyethylene nonylphenyl ether),”
“Acetamine 86 (stearylamine acetate)” manufactured by Kao Corp., “Solsperse 5000
(phthalocyanine derivative), 22000 (azo pigment denvatlve) 13240 (polyesteramme) 3000
17000, 27000 (polymer having a functional moiety at the end.part), 24000, 28000, 32000,
38500 (graft type polymers)” manufactured by Lubrizol Corp., “Nikkol T106
(polyoxyethylene sorbitan monooleate), 'MYS-IEX (polydxyethylene monostéarate)”
manufactured by Nikko Chemical Co., Ltd and the hke

~ [0264]These dispersants may be used 1nd1v1dually, or in combination of two or more

species. According to the invention, it is preferable to use, in particular, a pigment denvatlve
and a polymeric dispersant in comblnatlon ' |

[0265]The content of the (H) dlspersant accordlng to the invention is preferably 1to
100% by mass, more preferably 3 to 100% by mass, and even more preferably 5 to 80% by
mass, based on the pigment. ,
_ Specifically, if a polymeric dispersant is to be used, the amount of use is preferably in
the range of 5 to 100% by mass, and.moré preferably in the range of 10 to 80% By mass,
based on the pigment.VAlso, if a pigment d‘e_ri§aﬁVe is to be used, the amount of use is
preferably in the range of 1 to 30% by mass, more preferably in the range of 3 to 20% by
mass, and particularly preferably in the range of 5 to 15%. by mass, based on the pigment.

[0266]According to the 1nvent10n in the case of usmg a pigment and a d1spersant the
sum of the contents of the pigment and the dispersant is preferably 35 to 90% by mass, more
preferably 45 to 85% by mass, and even more preferably 50 to 80% by mass, based on the
total solids fraction constituting the curable composition, from the viewpoints of curing
sensitivity and color density.

[0267](I) Co-sensitizer

It is also preferable for the curable composition of the invention to contain (I) a
co-sensitizer. According to the invention, the co-sensitizer has.an effect of further enhaincing
the sensitivity of the (F) sénsitizer (sensitizing dye) or the (D) photopolymerization initiator to
an actinic radiation, or suppressing the inhibition of polymerization of polymerizable
compounds by oxygen. |

Examples of such co-sensitizer include amines, for eiample, the compounds
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described in M.R. Sander et al “Journal of Polymer Soc1ety” Vol. 10, p. 3173 (1972), JP-B
No. 44-20189, JP-A Nos. 51-82102, 52-134692, 59-138205, 60-84305, 62-18537 and
64-33104, and Research Disclosure No. 33825. Specifically, triethanolamine,
p-dimethylaminobenzoic acid ethyl ester, p-formyldimethylaniline, | |
p-methylthiodimethylaniline and the like may be mentioned.

~ [0268]Other examples of the co-sensitizer include thiols and sulfides, for exemple,
the thiol compounds described in JP-A No. 53-702, JP-B No. 55-500806 and JP-A No.
5-142772, disulfide compounds described in JP-A No. 56-75643, and the like. Speciﬁcalfy,
2-mercaptobenzothiazole, 2-mercaptobenzoxazole, 2-mercvaptobenz‘imidazole, '
2-mercapto-4(3 H)-quinazoline, B-mercaptonaphthalene and the like may be mentioned.
[0269]Still other examples of the COisensi;izer include amino acid cempounds (for
- example, N-phenylglycine, etc.), the organometallic compounds described in JP-B No.
48-42965 (for example, tributyltin acetate, etc.), the hydrogen donors described in J P—B No.
55-34414, the sulfur compounds described in JP-A No. 6-308727 (for example tr1th1ane etc.),
and the like: :
[0270]The content of the (I) co-sensitizer ié preferably in the range of 0.1 to 30% by
mass, more preferably in the range of 0.5 to .25% by mass, and even more preferably in the
range of 1.0 to 20% by mass, based on the mass of the total solids fracﬁon of the curable
~ composition, from the viewpoint of enhancing the curing speed by means of the balance
between the polymer grth rate and the ehai_n transfer. |

[0271](J ) Polymerization inhibitor '

Accordlng to the invention, it is preferable to add a ) small amount of thermal
polymerization preventive agent as (J) a polymerization inhibitor, during the preparation or
storage of the curable composition, in order to prevent unneceésary thermal polymerizaﬁon of
a compound having an ethylenic unsaturated double bond witlﬁn the molecule, such as the (A)
resin having a pendarit group containing a nitrogen-containing heterocyclic ring and an
ethylenic unsaturated double bond in the main chain skeleton, or the (E) photopolymerizable
compound. _

[0272]Examples of the thermal polymerization preventive agent include
hydroquinone, p-methoxyphenol, di-t-butyl-p-cresol, pyrogalol, t-butylcatechol,
benzoquinone, 4,4’-thiobis(3-methyl-6-t-butylphenol), |
2,2’-methylenebis(4-methyl-6-t-butylphenol), N-nitrosophenylhydroxyamine cerium(I) salt,
and the like.

[0273]The amount of addition of _the (J) polymerization inhibitor is about 0.01 to

“about 5% by mass based on the mass of the curable composition.
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Also,. if necessary, a Iﬁgher fatty acid derivative such as behenic acid or behenic acid
amide, or the like may be added and localized at the surface during the process until the
drying of the curable composition of the iﬂVention, so as to prevent the inhibition of
polymerization by oxygen. The amount of addition of the higher fatty acid de_rifzative is
preferably about 0.5 to about 10% by mass based on the mass ‘of the curable composition. , |
[0274][Other components] . _
Furthermore, the curable composition of the invention may also be added with a filler,
a plasticizer, a polymer compouhd other than those described above, a surfactant, an |
antioxidant, an ultraviolet absorbent, an antiflocculant or the like fof ameliorating the
properties of the cured film. . |
More specifically, a filler such as glass or aluminé; a plasticizer 'such. as dioctyl
phthalate, didodecyl phthalate, triethylene glycol dicaprylate, dimethyl glycol phthalate,
tricresyl phosphate, dioctyl adipate, dibﬁfyl sebacate or :triacetyl glycerin; a polymer. |
compound such as polyvinyl alcohol, polyacrylic acid, polyethylene glycol monoalkyl éther
or polyfluoroalkyl acrylate; a nonionic, cationic or anionic surfactant; an antioxiant such as
2,-2-thiobis(4-methyl-6-t—butylphénol) or 2,6-dirt-bufylphenol; an ultraviolet absorbent such as
2-(3 -t-butyl—S-methyl-2-hydroxyphenyl)-5-chlorobenz_otriazole or alkoxybenzophenon; and
an antiflocculant such as sodium polyacrylate may be mentioned. |
[0275]Also, in the case of applying the curable composition of the invention on the
surface of a hard material such as a substrate, an additive for impfoving the adhesiveness to
the surface of the hard material (hereinafter, réferred to as “substrate adhesive") may also bé
added. | , | | |
As the substrate adhesive, any known material may be used, however it is preferable
to use, in particular, a silane-based coupling agent, a titanafe-based coupling agent or an.
aluminum-based coupling agent. | |
Examples of the silane-based coupling agent include
¥-(2-aminoethyl)aminopropyltrimethoxysilane, y-(2-aminoethyl)aminopropyldimethoxysi_lane,
B-(3 ,4—epoxycyclohéxyl)ethyltrimethoxysilane, y-aminopropyltrimethoxysilane,
y-aminopropyltriethoxysilane, y—methacryloxypropyltrimethoxysilane,
y-methacryloxypropyltriethoxysilane, y-acryloxypropyltrimethoxysilane,
v-acryloxypropyltriethoxysilane, y-isocyanatopropyltrimethoxysilane,
Y-isocyanatopropyltriethoxysilane, o
N-B-(N-vinylbenzylaminoethyl)-y-aminopropyltrimethoxysilane hydrochloride,

“y-glycidoxypropyltrimethoxysilane, v-glycidoxypropyltriethoxysilane, aminosilane,
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y-mercaptopropyltrimethoxysriéne, y-mercaptepropyltriethoxysilane, methyltrir'hethoxysilane,i
methyltriethoxysilane, vinyltriacetoxysilane, y-chloropropyitrimethoxysilane',
hexamethyldisilazane, y-anilinopropyltrimethoxysilane, vinyltrimethoxysilane,
viriyltriethoxysilane_, vinyltris(B-methoxyethoxy)s.ilane,
octadecyldimethyl[3-(trimethoxysilyl)propyl]ammonium chloride,
y-chloropropylmethyldimethoxysilane, y-m_ercaptopropylmethyldimethoxysilane,
methyltrichlorosilane, dimethyldichlorosilane, trimethylchlorosilane,
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, allyltrimethoxysilane, tetraethoxysilane,
bis(trimethoxysilyl})hexane, phenyitrimethoxysiiane,

N-(3-acryloxy-2-hydroxyprdpyl)-3 -aminopropyltriethoxysilane,
N-(3-methacryloxy-2-hydroxypropyl)- 3- aminopropyltriethoxysilane,
(methacryloxymethyl)methyldlethoxys11ane (acryloxymethyl)methyldlmethoxys1lane and the
like.

Among them, y-methacryloxyprdpyltrimethoxysilarre,
y-methacrylexypropyltﬁethoxyéilane y-acryloxjpropyitrimethoxysilane,
y—acryloxypropyltnethoxysﬂane y—mercaptopropyltnmethoxysﬂane |
y-aminopropyltriethoxysilane and phenyltnmethoxysﬂane are preferred and _
y-methacryloxypropyltnmethoxysﬂane is most preferred.

[0276]Examples of the titanate-based coupling agent include isopropyltriisostearoyl
titanate, isopropyltridecylbenzenesulfonyl titanate, isopropyltris(dioctylpyrophosphate) ‘
tltanate tetralsopropylbls(dloctylphosphlte) titanate, tetraoctylbls(drtrldecylphosphlte)trtanate
tetra(2,2- diallyloxymethyl) bls(dl-trldecyl)phosphlte titanate, '
b1s(dloctylpyrophosphate)oxyacetate titanate, b1s(droctylpyrophosphate)ethylene titanate,
isopropyltrioctanoyl titanate, isopropyldimethacrylisostearoyl titanate, |
isopropylisostearoyldiacryl titanate, triisopropyltri(dioctylphosphate) titanate,
iéopropy[tricumylphenyl titanate, isopropyltri(N-amidoethyl-aminoethyl) titanate,
dicumylphenyloxyacetate titanate, diisostearoylethylene titanate, and the like.

[0277]Examples of the alumlnum-based couphng agent include
acetoalkoxyalumrnum dusopropylate and the like.

[0278]The content of the substrate adhesive is preferably 0.1 to 30% by mass, more
preferably 0.5 to 20% by mass, and partlcularly preferably 1 to 10% by mass, based on the
total solids fraction of the curable composition of the invention, from the viewpoint of
preventing any residue of the curable eomposition from remaining behind in the uncured.

. arcas.
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[0279]Furthermore, 1n the case of applying the curable composition of the invention |
to the use of forming a pattern, after the pattern exposure and curing of the exposed parts, by
removing the unexposed parts through development with water or alkali, in order to promote
the solubility in alkali and attempting further enhancement of developmént, the curable
composition may be added with an organic carboxylic acid, pfeferably a low molecular
weight organic carboxylic acid havirig a molecular weight of 1000 or less.

Specific examples thereof include aliphatic monocarboxylic acids such as formic
acid, acetic acid, propionic acid, butyric acid, valeric acid, pivalic acid, caproic acid,
diethylacetic acid, enanthic acid and capyrlic acid; aliphatic dicarbokylic acids such as oxalic |
acid, malonic acid, succinic aéid, glutaric acid, adipic acid, pimelic acid, suberic acid, azelaic .
acid, sebacic acid, brassylic acid, methylmalonic acid, ethylmalonic acid, diniethylmaldnic
acid, methylsuccinic acid, tetramethylsuccinic acid and citraconic acid; aliphatic tricarboxylic
acids such as tricarballylic acid, aconitic écid and camphoronic acid; aromatic . -
monocarboxylic acid such as benzoic acid, toluic acid, cuminic acid, hemellitic acid and
mesitylenic acid; aromatic polycarboxylic acids such as phthalic acid, isophthalic acid,
terephthalic acid, trimellitic acid;. 'trimesi_tylenic acid, mellophanic acid and pyromellitic acid;
‘and other carboxylic acids such as-phenyl acétate, hydroatropic acid, hydrocinnamic acid,
mandelic acid, phenylsuccinic acid, atropic acid, cinnamic acid, cinnainyliden'eacetic acid,

* coumaric acid and umbellic acid.

[0280]The curable composition of the invention is preferably prepafed by mixing the
(A) resin having a pend_ant group containing a nitrogen-containing heterocyclic ring and an
ethylenic unsaturated double bond in the main chain skeleton, the (B) pigment, and if
necessary, other components such as the (H) dispersant, with the (C) solvent, and subjecting
the mixture to a mixing/dispersion process of mixing and dispér_sing the mixture using various
mixers and dispersing machines. Thaf is, it is preferable to prei)are the curable composition of
the invention by havihg a pigment dispersion (pigment-dispersed composition of the
invention) prepared in advance by performing the mixing/dispérsion process, and then mixing
this pigment dispersion with the remaining components.

In addition, the mixing/dispersion process prefefably ihcludes kneading/dispersion
-and a subsequently conducted microdispersion treatment, however it is also possible to omit
the kneading/dispersion. _ | |

- [0281]<Color filter and production method thereof> »

Nexf, the color filter of the invention and a production method thereof will be

described. ‘

The color filter of the invention is characterized in héving a colored pattern formed
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from the curable composition of the 1nvent10n on a support. , ’

Hereinafter, the color filter of the 1nvent10n will be described in detail by way of its
production method (method of producing the color filter of the 1nvent10n)

[0282] The method of producing the color filter of the invention is characterlzed in
including a colored layer formation process of applying the curable composition of the |
invention on a support to form a colored layer formed form the curable composition, an
exposure process of patternwise exposing the colored layer through a mask, and a
development process of developing the colored layer after exposure to form a colored patfern.

Hereinafter, the respective processés in the produétion method of the invention will
be discussed. | |

[0283][Colored layer formation process]

In the colored layer formation process, .thé curable composition of the invention is
applied on a support to form a colored léyer formed frofn the curable composition. -

[0284]Examples of the support that may be used in the present process include>soda
glass, borosilicate glass, quartz glass and products obtained by attaching tran'sparenf
conductive films thereon, which ére used in liquid cfystal display elements; photoelectric
conversion element subétrates, for exanﬁple, .silicon. substrate and the like, which are used _in
image pick-up elements; complementary metal oxide semiconductors (CMOS); and the like
' may be mentioned. These supports may have black stripes formed thereon, which separate
individual pixels. o | |

Furthermore,vthese supports may alsé be provided with, if necessary, undercoat
layers to impfove the adhesion to the colored layer, to prevent material diffusion, or t'o.render
the surface smooth and flat. , | |

[0285]As for the method of applymg the curable composmon of the invention on the
| support, various methods such as slit coating, ink-jetting, spin coating, flow casting, roll
coating and screen pﬁnting, may be applied.

The film thickness measured immédiately after the application of the curable
composition is preferably from 0.1 to 10 pm, more preferably from 0.2 to 5 pm, and even
more preferably from 0.2 to 3 pm, from the \‘/iewpoints of the uniformivty of film thickness and
the ease of drying of the applied solvent. ' ,

[0286]Drying (prebake) of the colored layer (curable composition layer) applied on |
the support, may be performed using a hot plate, an oven or the like, at a temperature of 50°C
to 140°C for 10 to 300 seconds. | »

| [0287]The film thickness obtained after drying of the curable composition
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(hereinafter, appropriately refé;red to as ‘»‘dried film thickness"), for the use as a color filter for -
LCD, is preferably 0.1 pm or more and less than 2.0 pm, more preferably 0.2 pm or more and
1.8 pum or less, and particularly preferably 0.3 pm or more and 1.75 um or less, in view of
coping with the thickness reduction of LCDs and Securing the color density. '

For the ﬁsev as a color filter for IS, the dried film thickness is preferably 0.05 pm or
more and less than 1.0 pm, more préferably 0.1 pm or more and 0.8 pm or less, and
particularly preferably 0.2 pm or more and 0.7 pm or less, in view of securing the color
density, and in view of alleviating the inconvenie_nce caused by that the light coming from
oblique directions does not reach the photoréceiver and makes a significant difference in the
light collecting efficiency be’tweeﬁ the corners and the central area of a device.

[0288][Exposure process] | V |

In the exposure process, the colored layer (curable composition layer) formed in the
above-described colored layer forniation process is exposed patternwise through a mask
hgving a predetermined mask pattern.

As for the radiation that. may be used upon the expdsure, particularly ultraviolet
radiation suC_h as g-ray or i-ray is pfeferably_uséd. The irradiation dose is preferably from 5 to
1500 mJ/cm?, more preferably from 10 to 1000 mJ/cm?, and most preferably from 10 to 500

m/cm’. |
| When the color filter of the invention is intended for the use in liquid crystal display
elements; the irradiation dose is, within the above-described range, preferably from 5 to 200
mJ/cm?; more preferably from 10 to 150 n'l/cmz,‘and most prefgfably from 10 to 100 ‘mJ/cmz.
Also, when the color filter of the invention is intended for the use in solid state image pick-up
elements, the irradiation dose is, within the above-described range, preferably from 30 to
1500 mJ/cm?, more preferably from»SO to 1000 mJ/cm?, and most preferably from 80 to 500
mJ/cm?. _ ‘ | ‘

[0289][Development process] .

Next, when an alkali development treatment (developing process) is carried out, the
unexposed parts from the above-described exposure process are eluted with a developer
solution, so that only the photocured parts are left behind. ’

The developing témperature is usually 20°C to 30°C, and the developing time is 20
to 90 seconds. ,

[0290]Examples of the alkali agent used in the'developer solution include organic
alkaline compounds such as aqueous ammonia, ethylamine, diethylamine,

dimethylethanolamine, tetramethylammonium hydroxide, tetracthylammonium hydroxide,
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choline, pyrrole, piperidine and 1,8-diazabicyclo-[5.4.0]-7-undecene; inorganic alkaline
- compounds such as sodium hydroxide, potassium hydroxide, sodium hydrogen carbonate and
potassium hydrogen carbonate; and the like. An alkaline aqueous solution prepared by
diluting one of these alkali agents with purified water to a concentration 'of 0._001% to 10% by
mass, and preferably 0.01% to 1% by mass, is preferably used as the developer solutidn. In |
addition, when a developer solution formed from such an alkaline aqueous solution is used,
the color filter is generally washed (rinsed)A with purified water after development.

Subsequently, excess developer solution is removed by Washjng, and thereby the
color filter is dried. ' | - |

[0291]In addition, the production method of the invention may also include, after
carrying out the above-described colored layer forma;cion process, exposure pfocess and
development process, if necessary, a curing procese for curing the formed colored pattern by
heating (postbake) and/or exposure. : | -

[0292]The postbake is a heat treatment after development intended to complete the
curing, and is usually performed by a thermal curing treatment at 100°C to 240°C. If the
substrate is-a glass substrate or a ‘éilicon substrate, the temperature is, even within the
above-described temperdture range, preferably 200°C to 240°C. 7

This postbake treatment may be performed continuously or batchwise, using a
* heating means such as a hot plate, a convection oven (hot air circulating drier) or a high
frequency heater to provide conditions as 'deseribed above.

[0293]A colof filter having a desired color is produced by repeating the
above-described colored layer formation,process, exposure prdcess and developing pfocess
(and the curing process, if neces'éary), for a number-identical to the number of desired colors
(three colors or four colors). | | _ _ |

[0294]As described above, the use of the curable composition of the invention has
been mainly described in terms of the use in the pixels of a color filter, however it is needless
to say that the curable composition may also be applied to the black matrix that is disposed
between the pixels of the color filter. The black matrix may be formed in the same manner as
in the method of producing pixels, by perfoﬁning pattern exposure, alkali development and
then postbake to accelerate the curing of the film, except that a black pigment such as carbon
black or titanium black is added as the colorant to the curable composition of the invention.

[0295]Since the color filter of the invention uses the curable composiﬁon of the
invention, the formed colored pattern is highly adhesive to the support, and since the uncured
areas to be removed easily by a developer solution, the color filter attains a colored pattern of

'hig'h resolution, which has good adhesiveness to the support and has a desired shape of
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cross-section. Therefore, the cglor filter may be suitably uséd in liquid crystal display
~ elements or solid state image pick-up elements such as CCD. In particular, the color filter is
suitable for CCD elements or CMOS of very high resolution, which may contain more than
one million pixels. ' » | _ | '
The color filter of the invention may be used as, for example, a color filter which is |
disposed between the photoreceiver of each pixel and a microlens for collecting light, in a

CCD.

EXAMPLES

[0296]Hereinafter, the present invention will be described in more detail by the
Examples, however the invention is not intended to bé lhﬂited to the follc')wing exarnplés
unless they are beyond the spirit of the invention. fn addition, “parts” indicates “parts by
mass,"’ unless otherwise stated. : | |

[0297]Synthesis Example 1

1. Synthesis of monomer 1

9.51 gof Z-mﬁinopyﬁmidinc was dissolved in 30 g of pyridine, and the solution was
heated to 45°C. To this, 17.1 g of 2-methacryloyloxyethyl isocyanate was added dropwise,
and the mixture was heated and stirred at 50°C for 5 hours. This reaction liquid was pouréd
~ onto 200 g of distilled water while the system was stifred, and the precipitate thus obté.ined
~ was separated by filtration and washed, to obtain 23.8 g of monomer 1.

[0298]2. Synfhesis of polymer 1

30 g of the monomér 1, 130 g of methacrylic acid and 380 gof
1-methyl-2-pyrrolidinone were introduced into a three-necked flask purged with nitrogen, and
the mixture was stirred with a stirrer (Shinio Kagaku Co., Ltd.; Three-One Motor), and heated
to elevate the temperature to 78°C, while nitrogen was passed into the flask. To this system, 3
g of dimethyl-2,2’-azobis(2-methylpropionate) (V-601 manufactured by Wako P.ure Chemical
Industries, Ltd.) was added, and the mixture was heated and stirred at 78°C for 2 hours. After
2 hours, 3 g of V-601 was further added, and the mixture was heated and stirred for 3 hours.
The temperature of the system was elevated to 90°C, and the system was stirred for another 1
hour to complete the reaction. The reaction liquid was stood to cool to room temperature, and
was introduced into 5 L of water to precipitate a solid. The solid was collected by filtration
and dried, to yield 158 g of a polymer compound. The acid value of this polymer compound
was measured by an alkali titration method, and was found to be 528 mg KOH/g (calculated

value: 529 mg KOH/g). Thus, it was confirmed that polymerization was performed properly.
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The weight avefage molecular:}.weight of the polymer compound was found to be 16700.
[0299]50 g of the obtained polymer compound was dissolved in 150 g of
1-methyl-2-pyrrolidinone, and the solution was heated to 90°C. Then, 220 nig of
methoxyphenol and 40 g of glycidyl methacrylatevwere added thereto. 1.‘0 g of
tetrabutylammoriiurh bromide was further added, and the mixture was heated and stirred at,
90°C for 6 hours. The reaction liquid was stood to cool to room temperature, and was
introduced into 2 L of water to precipitate é solid. The solid was collected by filtration and
dried, to yield 86 g of a polymef compound. The acid value of this p_dlymer compound
(polymer 1) was measured by an alkali titration \r.nethod, and was found to be 11.7 mg KOH/g |
(calculated value: 119 mg KOH/ g). The weight average molecular weight of the polyme;r

compound was 32600. The structure of the polymer 1 is presented below.
[0300] ' '
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[0301]Synthesis Example 2 |

Polymer 2 was obtained in the same manner as in Synthesis Example 1, except that
“9.51 g of 2-aminopyrimidine” used in the synthesis of monomer 1 in Synthesis Example 1,
- was changed to “13.3 g of 2-aminobenzimidazole.” For the polymer 2 thus obtained, the |
weight average molecular weight was measured by a gel. permeation chromatography (GPC)
‘method using polystyrene as the standard material, and the weight éverage molecular weight
was 34200. Also, the acid value of this polymer compound was determined by titration, and
the acid value was 118 mg KOH/g. The structure of the polymer 2 is presented below.

[0302] | '
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[0303]Synthesis Example 3

L. Synthesis of monomer 3 '

13.3 gof 2-aminobenzimidazole and 1 }.8 g of potassium carbonate were dissolved in |
30 g of dimethylsulfoxide, and the solution was heated to 45°C. To this, 22.9 g of
chloromethylstyrene was added dropwise, and the mixture was heated and stirred at 50°C for
- 5 hours. This reaction liquid Was poufed onto 200 g. of distilled water while the system was
stirred, and the precipitate thus obtained was separated by filtration and washed, to obtain
25.6 g of monomer 3.’ '

| [0304]2. Synthésis of polyfner 3 .

Polymer 3 was obtained in the séme manner as in Synthesis Example 1, except that
the monomer 1 of SYnthesis Example 1 was cﬁanged to monomer 3. For the obtained polymer
3, the weight average molecular weight was measured by a gel pérmeation chromatography
(GPC) method using pdlystyrene as the standard material, and the weight average molecular
weight was 32000. Also, the acid value of this polymer compound was determined by titration,
and the acid value was 119 mg KOH/g. The structure of the polymer 3 is presented below.

[0305] '
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[0306]Synthesis Example 4

1. Synthesis of monomer 4 A ,

9.76 g of 9-(10H)-acridone and 5.94 g of potassium t-butoxide were dissolved in 30 g
of dimethylsulfoxide, and the solution was heated to'-45°C. To this, 15.26 g of |
chloromethylstyrene was a&ded dropwise, and the mixture was heated and stirred at 50°C for
5 hours. This reaction liquid was poured onto 200 g of distilled water while the system was
~ stirred, and the precipitate thus obtained was separated by filtration and washed, to obtain
11.9 g of monomer 4. -

[0307)2. Synthesis of polymer 4 |

10.0 g of the- monomer 4, 39.0 g of polymethyl methacrylate having methacryloyl
groups at the terminals (AA-6; manufactured by Toagosei Co., Ltd.), 12.0 g of methacrylic
acid, 54.92 g of the following compound (j-1), and 120 g of l;methyl-2-pyrrolidinone were
introduced into a three-necked flask’ pﬁrged With nitrogen, and the mixture was stirred with a
stirrer (Shinto Kagaku Co., Ltd.; Three-One Motor), and heated to elevate the temperature to
78°C, while nitrogen was passed into the flask. To this system, 3 g of V-601 (polymerization
initiator; manufactured by Wako Pure Chemical Industries, Ltd.) was added, and the mixtﬁre
was heated and stirred at 78°C for 2 hours. After 2 hours; 3 g of V-601 was further added, and
thé mixture wés heated and stirred for 3 hours. Then, th_e reaction solution was cooled to room
temperature, and was introduced into 3 L of water to precipitafe a polymer compound. The
precipitated polymer compound was collected by filtration, washed with water and dried, to
yield 113 g of a polymer compound.

[0308]For the obtained polymer compound, the acid value was measured by titration,

“and was found to be 67.0 mg KOH/g (calculated value: 67.5 .rrllg KOH/g). Thus, it was
' 116



WO 2008/123601‘ - ) o . | . PCT/JP2008/056734
confirmed that polymerizatior;was per'formed.properly.-The weight average molecular weight
of the polymer compound was measured by a gel permeation chromatography (GPC) method
using polystyrene as the standard material, and the weight average molecular weight was
found to be 16100, | |

[0309]

J-1

= - 0—C Br
Co/\/ ] |
¢ O CH;

[03 10]Subsequéntly, 113 g of the obtaiﬁed polymer compound and 1.0 g of -
p-methoxyphenol were introduced into a 1000-ml threé-nécked flask, and 540 g of
1-methyl-2-pyrrolidone was added to diséolve thg mixture. Then, the solution was cooled in
an ice bath charged with ice water. After the temperature of this mixture liquid reached 5°C or
below, 100 g of 1,8-diazabicyclo[5.4'.0]-7—unde'cene (DBU) was further added dropwise over
1 hour using a dropping funnel. After the dropwise addition was completed, the ice bath was
. taken out; and the system was .stirredzfor another 8 hours. The obtained reaction liquid was
adjﬁsted to pH 7 by adding concentrated hydrochloric acid, and then 7 L of water was
intrbduced, to precipitate a polymer compound. The precipitated polymer compound was
collected by filtration, washed with water and dried, to yield 99-g of a resin compound
_(pblymer 4). a o | |
[0311]The obtained resin compound was sﬁbj ectéd to the measurement of lH-NMR,
and it was confirmed that 100% of the side chain groups derived from the compound (j-1) was
converted to ethylené methacrylate groups. Further, the weight average molecular weight was
measured by a gel permeation chromatography (GPC) method using polystyrene as the -
standard material, and the weight average molecular weight was found to be 14800. The acid
value of this resin compound was also determined by titration, and the acid value was 78.1 mg
KOH/g (calculatéd value: 78.2 mg KOH/g). The structure of the polymer 4 is presented
below. '

[0312]
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B: Repeating structure of polyrﬁethyl methacrylate oligomer having a methécryloyl
group at one end, AA-6

‘ (Mn = 6000, manufactured by Toagosei Co., Ltd)

[031 3]Synthe31s Example 5.

Polymer 5 was obtained in the same manner as in Synthesis Example 4, except that
9.76 g of 9-(10H)-acridone used in the synthesis of the monomer 4 in Synthesis Example 4,
was changed to 7.8 g of phthalimide. For the polymer 5, the weight average molecular weight
‘was measured by a gel permeation chrométog_raphy (GPC) method using polystyrene as the
standard material, and- fhe weight average molecular weight was found to be 13900. The acid

value of this polymer"compoAund was also determined by titration, and the acid value was 78.0

mg KOH/g. The structure of the polymer 5 is presented below.
[0314] . |

39 (B)sg, | 12
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(% by mass) | | '

B: Repeating structure of polymethyl methacrylate 'oligomer having a methacryloyl
group at one end, AA-6 |

(Mn = 6000, manufactured by Toagosei Co., Ltd.)

[0315]Synthesis Example 6 |

Polymer 6 was obtained in the same manner as in Synthesis Example 4, except that -
9.76 g of 9-(10H)-acridone used in the synthesis of the monomer 4 in Synthesis Example 4,
was changed to 9.52 g of 1,8-néphthalimide. For the obtained polymér 6, the weight averége
molecular weight was measured by a gel permeétion chromatography (GPC) method using
polystyrene as the standard méterial, and the weight average molecular weight was found to

‘be 15200. The acid value of this polymé_r compound was also determined by titration, and the

acid value was 78.2 mg KOH/g. The structure of the polymer 6 is presented below.
© [0316] |

12

(% by mass) ,

B: Repeating structure of pélymethyl methacrylate oligomer having a m_ethécryloyl
group at one end, AA-6 . |

(Mn = 6000, manufactured by Toagosei Co., Ltd.)

[0317]Synthesis Example 7 (Synthesis of polymer for comparison)

120 g of propylene glycol monomethyl ether was introduced into a 1000-ml
three-necked flask, and under a ﬁitrogen gas stream, the system was heated to 90°C. To this,
74 g of benzyl methacrylate, 84 g of methacrylic acid, and 120 g of a propylene glycol
monomethyl ether solution containing 9.7 g of V-601 (mé.nufactured by Wako Pure Chemical
Industries, Ltd.) were added dropwise over 2 hours. After the dropwise addition was -

completed, the system was stirred for another 2 hours. Thereafter, the reaction solution was
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cooled to room temperature, and then 8 L (litef; hereinafter, the same) of water was
introduced to precipitate a polymer compound. The precipitated polymer compound was
collected by filtration, washed with water énd dried, to yield 150 g of a polymer compound.

For the obtained polymer compound, the weight average molecular wéight was
measured by a gel pénneation chromatography (GPC) method using polystyrene as the
standard material, and the weight average molecular weight was found to be 12000. The acid .
value of this polymer compound was also determined by titration, and the acid value was 202
mg KOH/g (calculated value: 204 mg KOH/g). Thus, it was confirmed that polymerizatioh
was conducted properly. a | | ‘

[0318] Thereafter, 40 'g of the obtained polymer compdund was added to a'1000-ml
three-necked flask, and 110 mg of p-methoxyphenol Was introduced thereto. 60 gof -
propylene glycol monomethyl ether was further. added to dissolve the mixture. To this, 820
mg of tetrabutylammonium bromide wasb also added, aﬁd the mixure was heated to 80°C.
Then, 10 g of glycidyl methacrylate was added, and the system was stil_'red‘for 6 hours. Then,
it was confirmed by gas chromatography that the peak originating from glycidyl methacrylate
disappeared. This reaction liquid‘ Was_ introduced into 7 L of water to precipitate a polymer
compound (polymer for comparison (X)). The precipitated polymer compound was collected
by filtration, washed with water and dried, to yield 54 g of a polymer for comparison (X).

[0319]For the obtained polymer compound (polymer for comparison (X)), the weight
average molecular weight was measured by a gel permeation chromatography (GPC) method
using polystyrene as the standard material, and the weight average molecular weight was
found to be 17800. The acid value of this polymer compound was also determined by titration,
and the acid value was 120 mg KOH/g. _

" The structure of the polymer for comparison (X) is presented below.

[0320] | | |

*

38 30 v 32

0”0 00 0P OH
- KQKKOH
0
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(% by mass) . a
( * represents repetitions)
[0321]Example 1
- Al-1. Preparation of pigment-dispersed composition (composiﬁon 1iduid) -
Componenfs of the following composition (1) were nﬁxed by stirring of the mixtur'e.
for 3 hours using a homogenizef at a rotation speed of 3,000 rpm, to-prepare a mixed 'solution\

containing a pigment.

[Composition (1)]

- C.I Pigment Red 254 - - - - | 90 parts -

. C.I Pigment Red 139 10 parts

- 30% solution of the polymer 1in propylene glycol monomethyl ether acetate |
y 150 parts

. 1-methoxy-2-propyl acetate C 750 parts

[0322]Subsequently, the mixed solution obtained in the above was further subjected
td a dispersion treatment for 6 hours with a bead dispersing inachine, Dispeﬁnat
(ﬁmnufactute;d by GETZMANN GmbH), using'0.3-mrf1¢ zirconia beads. Thereafter, the
mixed solution was further subjected to a dispersion treatment with a high pressure dispersing
machine equipped with a pressure reducing instrument, NANO-3000-10 (manﬁfacture by
| Nippon BEE Chemical Co., Ltd.), at a flow rate of 500 g/min under a pressure of 2000 kg/em®.
This latter dispersion treatment was repeated 10 times to obtain a red pigment-dispersed
composition (P1). 7 |

[0323]- Al-2. Preparation of curable composition (coating solution) -

The pigment dispersior.i (P1) Obtained'in the above was used, and components of the

following composition were mixed and stirred, to prepare a solution of curable composition.

<Composition> _ _

- Pigment dispersion described above (P1) _ 1000 parts

- 2,2’-Bis(2-chlorophenyl)-4,4°,5,5 ’v-tetraphenyl- 1,2’-biimidazole
[phdtopolymerization initiator] : 12 parts

- Dipentaerythritol hexaacrylate 30 parts ‘

[DPHA; photopolymerizable compound]
- TO-756 (manufactured by Toagosei Co., Ltd.; photopolymerizable compound)

30 parts
- Compound o, in the below [sensitizer] 4 parts .
- 2-mercaptobenzimidazole [co-sensitizer] - ' 4 parts
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- Solution of benzyl niethacrylate/mefﬁacrylic acid (=70/30 [molar ratio]) copolymer

(weight average molecular weight: 10,000) in propylene glycol' monomethyl ether acetate

(solids fraction 40%) . - 50 parts
(alkali-soluble resin) | _
. l-methoxy-Z-propyl acetate (solvent) 20 parts
[0324][Kagaku71]

Compound a

@ 52
gebsty

[0325] A2. Production of color filter -

[A2 1. Formation of curable composition layer]

The pigment-containing curable composition prepared as described above was used
as a resist solution to perform slit coating on a glass substrate having a size of 550 mm x 650
mm under the following conditions, and then the coating was left to stand in that state for 10
minutes. Vacuum drying and prebake (for 80 seconds at 100°C) were performed to form a -
curable composmon layer (colored layer). '

[0326] ,

* Slit coating conditions

- Gap between openings at the front eénd of coating head:

50 pm

- Coating speed: _ - _ 100 mm/sec

. Clearance between substrate and coating head: A
150 pm

- Dried film thickness: - 1.75 pm

- Coating temperature: ' - 23°C

[0327][A2-2. Exposure and development]
Thereafter, this curable composition layer was subjected to patternwise exposure
using a 2.5-kW ultrahigh pressure mercury lamp and a-tesﬁng photomask having a line width

‘of 20 pum. After the exposure, the entire layer surface was coated with a 10% aqueous solution
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of an organic developer sblutian (trade name: CD, manufactured by Fuji Film Electronic
Materials, Inc.), and was left to stand for 60 seconds to perform a development treatment.

[0328][A2-3. Heat treatment] |

After the standing, purified water was sprayed in shower form fo wash off the
developer solution, and the curable composition layer which had undergone prebake and
development treatments was heated in an oven at 220°C for 1 hour (postbake). Thus, a color -
filter in which a colored pattern was formed by curing the curable composition layer on a
glass substrate, was obtained. | o

[0329]- A3. Performance evaluation - A

The storage stability and ‘microdispersibility_of the pigment dispersion (P1) prepared -
in the above, the storage stability of the solution of the curable composition prepared in» the
above (coating solution), and the exposure sensitivity, adhesiveness to support, devglqpability
"~ and the cross-section shape of pattern of the curable composition layer formed on a glass
substrate using the curable composition, were evaluated as follows. The evaluation results are
pfesented in Table 1. | ‘ _ ' |

- Performance evaluation of pigment dispersion -

[A3>-1. Storage Stability over time of pigment dispersion]

The pigment dispersion (P1) prepared in the above was stored at room temperature -

- for one week, and then the viscosity of the liquid was measured with an E-type viscometer
(manufactured by Tokyo Keiki Co., Ltd.),A to perform an evaluation according the following
evaluation criteria. Thé,results are presented in Table 1.

- Evéluation'criterid - _

A: The increment in viscosity relative.to the viscosity prior to storage was less than
5%. | | | |
| B: An increment in viscosity of 5% or more and less than’ 10% felative to the
viscosity prior to storége, was recognized. |

~ C: An increment in viscosity of 10% or more relative to the viscosity prior to storage
was recognized. _

[0330][A3-2. Microdispersibility of pigment dispersion]

For the pigment dispersion (P1), the average particle size of the pigment was
measured by a dynamic light scattering method (measured using a Microtrac Nanotrac
UPA-EX150 manufactured by Nikkiso Co., Ltd., without further diluting the pigment
dispersion (P1)). A smaller average particle size of the pigment means higher
microdispersibility. |

- Evaluation criteria -
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A: The average particie size was less than 70 nm.

B: The average particle size was 70 nm or greater and less than 150 nm.

C: The averagé particle size was 150 nm or greater.

[0331]- Performance evaluation of curable composition -

[A3-3. Stofage stability over time of curable composition] _

The curable compo_sitidn (coating solution) prepared in the above was stored at room.
temperature for 1 month, and then the viscosity of the liquid was measured with an E-type
viscometer (manufactured by Tdkyo Keiki Co., Ltd.), to perform an evaluation according the
following evaluation criteria. | | '

- Evaluation criteria -

A: No increase in viscosity was recognized. |

B: An increment in viscosity of 5% or gréater and less than 10% relative to the
viscosity prior to storage was recognized; | -

C: An increment in viscosity of 10% or greater relative to the viscosity prior to
storage was recognized: ‘ ' |

[0332][A3-4. Exposure gens_itiVity of ourabie composition layer]

The curable corhposition layer after. coating was exposed by varying the exposure
amount to various amounts of exposure in the range of 10 to 100 th/cﬁlz, and the exposure
" amount giving a pattern line width of 20 pm after the postbake was evaluated as the exposure
sensitivity. The exposure sensitivity impliés that a smaller value corresponds to higher
sensitivity. | , _
[O333][A3 -5. Develbpability, adhesiveness to support; and cross-section shape of
pattern] ' | ‘ }

The substrate surface and the shape of the cross-séctiqn_ pattern after the postbdke
were confirmed by the observation with an optical microstpe and SEM photographs, and the
developability, cross-éection shape of pattern and adhesiveness to support were evaluated as
respectively presented below. Details of the evaluatioh methods and evaluation criteria are
as follows. . A

[0334]<Developability>

In the exposure and development of the above section (A2-2), the presence or
absence of any residues in the region where light was not irradiated (unexposured parts) was
observed, and developability was evaluated according to the following evaluation criteria.

- Evaluation criteria -

~ A: No residues were recognized at the unexposed parts.

B: Slight residues were recognized at the unexposed parts, however the extent was
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practically negligible. | '

C: Residues were recognized at the unexposed parts. -

[0335]<Adhesiveness to support>

The evaluation of the adhesiveness to support was performed accordmg to the
followmg evaluation criteria, by observing whether there were generated any pattern defects
or not. '

- Evaluation criteria -

A: No pattern defects were observed.

B: Pattern defects were mostly not observed, however some defects were observed.

C: Significant pattern defects were observed.

[O336](Cross section shape of pattern) |

The shape of cross-section of the formed colored pattern was observed and evaluated
The most preferable cross-section shape of the pattern is a forward tapered shape and the next
preferable shape is a rectangular shape. An inversely tapered shape is not preferred.

[0337]Examples 2 to 6 ‘ ' |

Red pigment-dispersed compos1t1ons and curable compositions were prepared in the
same manner as in Example 1, except that the pigment dispersant (polymer 1) of Example 1
was replaced by the polymer compou_nds (pigment dispersant) obtained in the Synthesis
" Examples 2 to 6, respectively (polymer 2 - polymer 6). Color filters were further produced,
and the same evaluation as in Example 1 was performed The results are presented in Table 1.

[O338]Example 7 ’ |

A green pigment-dispersed composition was prepared in the same manner asin
Example 1, except that the red pigment-dispersed composition (P1) of Example 1 was
replaced with a pigment-dispersed compos'itio_n (P2) obtained using a mixed solution »
containing green pigments of the following composition (2). A color filter was also produced,
and the same evaluation as in Example 1 was performed. The results are presented in the

following Table 1.

[Composition (2)] |
- C.I Pigment Green 36 | 60 parts
- C.I. Pigment Yellow 150 _ 40 parts
- 30% solution of polymer 1 in propylene glycol monomethyl ether acetate
' 150 parts
. 1-methoxy-2—propyl acetate 750 parts *

[0339]Examples 8 to 12
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Green 'pigment-dispe;}sed corripdsitions and curable compositions were prepared in
the same manner as in Example 7, except ghat the pigment dispersant (polymer 1) of Example
7 was replaced respectively with the polymer compounds (pigment dispersants) obtained in
Synthesis Examples 2 to 6 (polymer 2 to polymer 6). Color filters were also produced, and the
same evaluation as in Example 7 was performed. The results ére presented in Table 1. |

[0340]Example 13 | ‘

A blue pigment-dispersed composition and a curable composition were prepared in
the same manner as in'Example' 1, except that the red pigment-dispersed composition (P1) of
Example 1 was replaced with a blue pigment-dispersed coinpositiori (P3) obtained using a
mixed solution containing blue pigments of the following composition (3). A color filter was .
also produced, and the same evaluation as in -Examplé 1 Was performed. The fesults are

presented in Table 1.

[Composition (3)]
. C.. Pigment Blue 15:6 | 85 parts
~C.L Pigment Violet 23 o 15 parts
- 30% solution of polymér' 1 in propylene glycol monomethyl ether acetate
| 150 parts ,
- 1-Methoxy-2-propyl acetate : 750 parts

[0341]Examples 14 to 18
‘Red pigment-dispersed composifions and curable compositions were prepared in the
same manner as in Example 13, except that the pigment dispersion (polymer 1) of Example
13 was replaced respectively with the polymer compounds (pigment dispersant) obtained in - .
Synthesis Examples 2 to 6, respectively (polymer 2'to polymer 6). Color filters wére also
produced, and the same evaluation as, in'Ef(ample 13 was performed. The results are presented
in Table 1. | | | | |
[0342]Comparative Example 1 '
A red pigment-dispersed composition and a curable composition were prepared in the
same manner as in Example 1, except that the polymer 1 (pigment dispersant) of Example 1
was replaced with a copolymer of methyl methacrylate and methacrylic acid, D-1 (= 85/15
‘[mass ratio], weight average molecular weight: 15000). A color filter was also produced, and
the same evaluation as in Example 1 was performed. The results are presented in Table 1.
[0343]Comparative Example 2 ’
Ared pigment-d_isperséd composition and a curable composition were prepared in the

same manner as in Example 1, except that the polymer 1 (pigment dispersant) of Example 1
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was replaced with a copolyme:; of methacrylic'acid and polymethyl methacrylate having
- methacryloyl groups at the ends, D-2 (= 15/85 [mass ratio], weight average molecular weight:
30000). A color filter was also prbduced, and the same evaluation as in Example 1 was
performed. The results are presented in Table 1. |

[O344]Cb_rriparative Example 3 _

Ared pigment-disperséd composition and a curable composition were prepared in the
same manner as in Example 1, except that the polymer 1 (pigment dispersant) of Example 1
was replaced with the polymer for comparison (X). A color filter was also produced, and fhe
same evaluation as in Example 1 was performed. The resuits are pre‘sented in Table 1.

[0345]Comparative Examples 4 to 6

Green pigment-dispersed compositions and éurabie compositions wére preparerd in
the same manner as in Example 7, except that the polymer 1 (pigment dispersant) of Example
7 was replaced with the aboVe-described -D-l, D-2 and fhe polymer for comparison (X),
respectively. Color filters were also produced, and the same evaluation as in EXample 7rwas
performed. The results are presented in Table 1. - ‘

[0346]Comparative Exa;hplcs 7t09 .

Blue pigment—dispersed compositiohs and curable compositions were prepared in the

same manner as in Example 13, except that the polymer 1 (pigment dfspersant) of Example 13
* was replaced with the above-described D-1, D-2 and the polymer for comparison (X),
fespectively. Color filters were also produCed_, and the same evaluation as in Exé.mple 13 was

performed. The results are presented in Table 1. -
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[O348]From the resul& of Table 1, it rhay_ be seen that the.curable composition of
each Example, which was prepared using a pigment dispersion containing a resin having a
pendant group containing a nitrogen—contaﬁing heterocyclic ring and an ethylenic unsaturated
double bond in the main chain skeleton, had excellent storage stability in the sélution state. It
may also be seen that in the case of forming a colored pattern bn a support using this curablve‘
composition, a color filter havirig a high exposure sensitivity and excellent developaBility, and
also being excellent in both adhesiveness to support and the cross-séction shape of pattern
may be obtained, as compared to the respective Comparative Examples not using these |
specific compounds. ' | | '

[0349](Example 19)

- B1. Preparation of resist solution -

The components of the following composition were mixed and dissolved, to prepare
a resist solution. | | ' |

<Composition of resist solution>

- Propylene glycol monomethyl ether acetate

(PGMEA: (D) solvent) — - 19.20 parts

. Ethyl lactate [(D) Solvent} | : : - 36.67 parts

--40% solution of benzyl methacrylate/methacrylic acid/2-hydroxyethyl methacrylate
A (molar ratio = 60/22/18) copolymer in propylene glycol monomethyl ether écetate (PGMEA)
[(H]) binder polymer] S 30.51 parts

- Dipentaerythrytol hexaacrylate [(F) phdtopolymerizable compound containing
ethylenic unsaturated double bond] : | 12.20 parts

- Polymerization inhibitor (p-methoxyphenbl) - '

_ . 0.0061 parts

- Fluorine-based surfactant (F-475, manufactured by Daihippon Ink and Chémicals,
Inc.) ‘ : 0.83 parts

- TAZ-107 (manufactured by' Midori Chemical Co., Ltd.; trihélomethyltriazine-based
(E) photopolymerization initiator) : 0.586 parts

[0350]- B2. Production of silicon wafer with undercoat layer -

A 6-inch silicon wafer was heat treated in an oven at 200°C for 30 minutes.
Subsequently, the resist solution was applied on this siliqon wafer to obtain a dried film
thickness of 1.5 pm, and the silicon wafer was further heated to dry in an oven at 220°C for 1
hour to form an undercoat layer. Thus, a silicon wafer substrate with an undercoat layef \:vas

obtained.
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[0351]- B3. Preparatlon of curable composmon (coating solution) -

The pigment dispersion (P1) obtained in Example 1 was used, and the components of
the following composition were mixed and stirred to prepare a solution of curable |
composition. ' | |

<CompoSit'ion> ‘

- Pigment dispersion (Pl) described above : 1000 parts

- CGI-124 (manufactured by Ciba‘Specialty Chemicals, Inc.; oxime-based
photopolymerization 1n1t1ator) ‘ | 20 parts

- Dipentaerythritol hexaacrylate [photopolymenzable compound] 20 parts
- TO-756 (manufactured by Toagosel Co., Ltd,, photopolymenzable compound)
35 parts
. Propylene glycol monomethyl ether acetate (PGMEA; solvent)
| | ‘ 20 parts

[0352]- B4. Production and evaluation of color filter formed from curable _ '
composmon - ' N

[B4- 1. Formation of pattem]

 The curable composition prepared as described above was applied on the undercoat
layer of the silicon wafer with undercoat layer obtained in the above B2., to fonn a colored
layer (coating film). Then, the silicon wafer was heat treated (prebake) for 120 seconds using
a hot plate at 100°C, so that the dried film thickness of this coating film became 0.7 pm.

Subsequently, the assembly was exposed at a wavelen_g’fh of 365 nm with various
exposure amounts in the range of 50 to 1200 mJ/cm?, through a patterned mask having an
island pettem with each side of 1.5 pm, using an i-rey stepper exposure apparatus
FPA 300015+ (manufactured by Canon, Inc.).’ _

Thereafter, the silicon wafer substrate on which a coatlng film had been formed after
the exposure, was placed on a horizontal rotary table of a spin-shower developing machine
(DW—30 type; manufactured by Chemitronics Co., Ltd.), and subj ected to a paddle
development at 23°C for 60 seconds using a CD-2000 (manufactured by Fuji Film Electronics
Materials Co., Ltd.), to form_a colored pattern on the silicon wafer.

[0353]The silicon wafer on which a colored pattern had been formed was fixed to the
horizontal rotary table by a vacuum chuck method. While the silicon wafer was rotated by a
rotating apparatus at a speed of rotation of 50 rpm, a rinsing treatment was conducted by
supplying purified water in shower form from above the rotational center of the silicon v&afer

from an ejection nozzle, and then the silicon wafer was spray-dried.
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[0354]'[B4-2. Evaluaffbn of sénsitivity] . .

Thereafter, the size of the colored pattern was measured using a length measuring
SEM “S-9260A” (manufactured by Hitachi High-Technologies Corporétion). The exposure
amount to obtain a pattern line width of 1.5 um was evaluated as the exﬁosurc sensitivity. The
exposuré- sensitivity is construed such that a smaller value indicates higher sensitivity. The .
measurement results are presentéd in Table 2.

[0355]- BS5. Performance evaluation - ,

[B5-1. Evaluation of adhesiveness to support, devclopability and cross-section shape
of pattern] | |

For the evaluation of Aproperties other than sensitivity, the storage stability and
microdispersibility of the pi;gment dispersion’prepared in the above, the storage stability of the
solution of curable composition (coating solution), and the adhesiveness to support,
develdpability and the cross-section shape of pattern of the curable composition layer fqrmed
on a glass substrate using the curable composition, were evaluated in the same manner as in
A3. Performance Evaluation (A3-1to A3-5) in Example 1 described above. The foliowing
color irregularities were also evalﬁated. The evaluation results are presented in Table 2.

Additionally, the cross-section shapé of pattern is preferably rectangular in shape,
and an inversely tapered shape is not desirable. ‘

[0356][B5-2. Evaluation of color irregularities]

The brightness distribution was interpreted by the following method, aﬁd the color
irregularities were evaiuated on the basis of the proportion occupied by the pixels having a
deviation from the average of within + 5%, in the entire number of pixels. The evaluation
criteria are as follows. _

First, the curable composition was coated on the uﬁdgrcoat layer of fhe glass
substrate with undercoat layer which was obtained by the same method as in B2. above, to
form a colored layer (coating film). The assembly was subjected to a heat treatment (prebake)
using a hot plate at 100°C for 120 seconds, so that the dried ﬁlﬁl thickness of this coating film
became 0.7 pm. The brightness distribution of the glass substrate which had been completed
with the coating, was interpreted from the images taken with a microscdpe MX-50
‘(manufactured by Olympus Corporation).

- Evaluation criteria -

A: The number of pixels having a deviation from the average of within + 5% is 99%
or more of the entire number of pixéls.

B: The number of pixels having a deviation from the average of within + 5% is 95%
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or more and less than 99% of the entire number of pixels. ' '

C: The number of pixels having a deviation from the average of within £ 5% is less
than 95% of the entire number of pixels.

[0357](Examples 20 to 24) » ‘

Red curable compositions were prepared in the same manner as in Example 19,
except that the pigment dispersarnt (polymer 1) of Example 19 was replaced respectively with -
the polymer compounds (pigment dispersarlt) obtained in the Synthesis Examples 2 to 6
(polymer 2 to polymer 6). Color filters were also produced, and the _sﬁme evaluation as in.
Example 19 was performed. The results are presented in Table 2. |

[0358](Example 25) - |

A red curable composition was prepared in the same manner as in Example 19;
except that the red pigment-dispersed composition (P1) of Example 19 was replaced with a
green pig'ment-dispersed composition (P2). A color filter was also produced, and the same
evaluation as in Example 19 was performed. The results are presented in Table 2.

[0359](Examples 26 to 30)

Green curable composmons were- prepared in the same manner as in Example 25,
except that the pigment dispersant (polymer 1) of Example 25 was replaced respectively with
the polymer 2 to polymer 6 (pigment dispersant). A color filter was also produced, and the
same evaluation as in Example 25 was performed. The results are presented in Table 2.

[0360](Example 31) |

Ablue curable composition was prepared in the same manner as in Example 19,
except that the red pigment-dispersed compoeition (P1) of Exarnple 19 was replaced with a
blue pigment-dispersed composition (P3). A color filter was also produced, and the same
evaluation as in Example 19 was perf_onned. The results are presented in the following Table
2. ' |

[0361](Examples 32 to 36)

Blue curable compositions were prepared in the same manner as in Example 31,

" except that the pigment dispersant (polymer 1) of Example 31 was replaced respectively with
the polymer 2 to polymer 6 (pigment dispersent). Color filters were also produced, and the
same evaluation as in Example 31 was performed. The results are presented in Table 2.

| [0362](Comparative Example 10) |

A red pigment-dispersed composition and a curable composition were prepared in the
same manner as in Example 19, except that the polymer 1 (pigment dispersant) of Example 19
was replaced with the folIowing copolymer of methyl methacrylate and methacrylic acid, D-1

(= 85/15 [mass ratio], weight average molecular weight: 15000). A color filter was also
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produced, and the same evaluéﬁon as in Example, 19 was performed. The results are presented
in the following Table 2. ' 4

[0363](Comparative Example 11) '

A red pigment-dispersed composition and e curable cpmpositiorl were prepared in the
same manner as in Example 19, except that the polymer 19 (pigment dispersant) of Example
19 was replaced with a copolyrrrer of methacrylic acid and polymethyl methacrylate having
terminal methacryloyl groups, D-2 (= 15/ 85 [mass ratio], weight average molecular weight:
30000). A color filter was also produced, and the same evaluation as in Example 19 was |
performed. The results are presented in the following Table 2. |

[0364](Comparative Example 12)

A red pigment-dispersed composition and a eurable composition were prepared in the
same manner as in Example 19, except that the poiymer 1 (pigment dispersant) of ’Ex‘ample 19
was replaced with the polymer for compérison (X). A color filter was also produced; and the
same evaluation as in Example 19 was performed. The results are presented in the folloWing
Table 2. S

[0365](Comparative Examples 13 to 15)

Green pigment- dlspersed compositions and curable composrtrons were prepared in -
the same manner as in Example 25, except that the polymer 1 (pigment dispersant) of
 Example 25 was replaced respectively with the above-described D-1, D-2 and polymer for
comparison (X). Color filters were also produ_ced, and the same evaluation as in»Example 25
was performed. The res_ults are presented i‘n'Table 2.

[0366](Comparative Examples 16 to 18)

Green pigment-dispersed compositions and curable compositions were prepared in
the same manner as in Example 31, except that the polymer 1 (pigment dispersant) of |
Example 31 was replaced respectively with the above-described D-1, D-2 and polymer for
comparison (X). Coler filters were also produced, and the same evaluation as in Example 31

was performed. The results are presented in Table 2.
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[03 68]Fr0m the resul£§ of Table 2, it rhay. be seen that the curable composition
(pigment-based) of each Example which was prepared using a pigment dispersion which
contains a resin having a pendant group containing a nitrogen-containing heterocyclic ring
and an ethylenic unsaturated double bond in the main chain skeleton, and which is used in the
formation of color filter for the application of solid state image pick-up elements, has
excellent storage stability in its solution state. Also, it may be seen that in the case of forming -
a colored pattern on a support using this curable composition, a color filter having high
exposure sensitivity and excellent developability, and also being excellent in both
adhesiveness to substrate and the cross-section shape of paftern, may be obtained, as
compared to the respective Comparative Examples not using specific compounds.

It is known from these results that the curablé corhpositions of Exarﬁples may realize
excellent pattern forming properties even in the -caée of producing a coior filter for the
application of solid state image pick-up Ae.lements, in thé same manner as in the case ‘olf
producing a color filter for the application of liquid crystal display elements. |

[0369]The entirety of the disclosure of Japanese Patent Application No. 2007-092042
ié incorporated herein by referenge; All of literatureé, patent applications and technical
standards described herein have been incorpbrated herein by reference; to the same extent as
in the case of the individual literatures, patent applications and techniéal standards have been

- described specifically and individually.
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CLAIMS

1. A pigment-dispersed composition comprising at least a resin having a pendant group
containing a nitrogen-containing heterocyclic ring and an ethylenic unsaturated double bond

in the main chain skeleton, a pigment, and a solvent.

2. The pigment-dispersed composition of claim 1, wherein the resin includes a structural unit
represented by the following F ormula (1) as a structural unit having épendant group
containing a nitrogen-containing heterocyclic ring: |

Formula (1)

3

/||=a1 R
)
R® X

R*—A
wherein, Vin Formﬁla (1), R! and R? each independently represent a hydrogen atom or av
monovalent organic group; R? represents a hydrbgen atom, a hydrocarbon group having 1 to 6
carbon atoms, -COOH, -CN, -CF;, -CH,0H, -CH,COOH, -CH,COOR? or -COORb, wherein-
R® and R® each independently répresent a hydr'ocarﬁon group having 1 to 6 carbon atoms; X
represents -O-, -CO-, -COO-, OCO-, -CONH-, -NHCO- or phenylene; R* represents a '
divalent organic group or a single bond; and A represents a nitrogén—containing hetefocyclic

ring.

3. A curable composition comprising the pigment-dispersed composition of claim 1, and a

photopdlymerization initiator.
4. The curable composition of claim 3, further comprising a photopolymerizable compound.

5. A color filter having a colored pattern formed from the curable composition of claim 3ona

support.
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6. A color filter having a colored pattern formed from the curable composition of claim 4 on a

support.

7. A method of producing a color filter, the method comprising: _

- preparing a curable corhposition using a pigment-dispersed composition containing -
at least a resin having a pendant group con'raining a nitrogen-contaning heterocyclic ring and
an ethylenic unsaturated double bond in the main chain skeleton, a pigment, and a solvenf;

applying the curable composition on a support to form a colored layer formed from
the curable composition; o
patternwise exposing the colored layer throﬁgh a rrlask; and

developing the colored layer after exposure to form a colored pattern.

8. The method of producing a color filter of claim 7, wherein the resin includes a structural
unit represented by the following Formula (1) as-a structural unit having a pendant group
containing a nitrogen-containing heterocyclic ring:

. Formula (1)

R'" R3

|
C
|

R2

Ly
i

X—0

R*—A

wherein, in  Formula (1), R' and R? each irldependently represent a hydrogen atomora -
morrovalent organic group; R® represents a hydrogen atom, a hydrocarbon group having 1 to 6
carbon atoms, -COOH, -CN, -CF3, -CH,0H, -CH,COOH, -CH,COOR? or -COORb, wherein
R®and R® each independently represent a hydrocarbon group having 1 to 6 carbon atoms; X
represents -O-, -CO-, -COO-, OCO-, -CONH-, -NHCO- or phenylene; R* represents a
divalent organic group or a single bond; and A represenfé a nitrogen-containing heterocyclic

ring.
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