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LIGHT-SHIELDING RESIN COMPOSITION,
CURED FILM, COLOR FILTER,
LIGHT-SHIELDING FILM, SOLID-STATE
IMAGING ELEMENT, AND IMAGE DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of PCT Interna-
tional Application No. PCT/JP2019/022819 filed on Jun. 7,
2019, which claims priority under 35 U.S.C § 119(a) to
Japanese Patent Application No. 2018-136598 filed on Jul.
20, 2018. Each of the above application(s) is hereby
expressly incorporated by reference, in its entirety, into the
present application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a light-shielding
resin composition, a cured film, a color filter, a light-
shielding film, a solid-state imaging element, and an image
display device.

2. Description of the Related Art

[0003] In the related art, as a black powder, a composition
containing a titanium nitride is known. The composition
containing a titanium nitride is used in various applications,
and has been used, for example, for producing a light-
shielding film provided in a liquid crystal display device, a
solid-state imaging device, or the like.

[0004] Specifically, a color filter used in a liquid crystal
display device comprises a light-shielding film which is
called a black matrix, for the purpose of shielding light
between colored pixels, enhancing contrast, and the like.
[0005] In addition, a solid-state imaging element is also
provided with a light-shielding film for the purpose of
preventing the generation of noise, improving image quality,
and the like. Currently, a compact and thin imaging unit is
mounted on a mobile terminal of electronic equipment such
as a mobile phone and a personal digital assistant (PDA). In
general, such an imaging unit comprises a solid-state imag-
ing element such as a charge coupled device (CCD) image
sensor and a complementary metal-oxide semiconductor
(CMOS) image sensor, and a lens for forming a subject
image on the solid-state imaging element.

[0006] Furthermore, in recent years, focusing on a trans-
mittance of light having a specific wavelength, a black
powder using a metal oxynitride, which has a low transmit-
tance of light having a specific wavelength (has high light-
shielding properties), instead of a titanium nitride has been
investigated. For example, JP2012-096945A discloses a
“blue color-shielding black powder consisting of one or two
oxynitrides of vanadium or niobium, in which an oxygen
content is equal to or less than 16 wt %, a nitrogen content
is equal to or greater than 10 wt %, and a transmittance X
at 450 nm in transmission spectra of a dispersion liquid
having a powder concentration of 50 ppm is equal to or less
than 10.0%”.

SUMMARY OF THE INVENTION

[0007] The blue color-shielding black powder described in
JP2012-096945 A has excellent properties as a black pigment
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having high light-shielding properties. However, according
to the investigation conducted by the present inventors, it
has been found that in a case where a composition contain-
ing the black pigment described above is used for forming
a cured film processed into a pattern shape, the composition
has room for the improvement in moisture resistance of the
cured film.

[0008] Accordingly, an object of the present invention is to
provide a light-shielding resin composition from which a
cured film having excellent moisture resistance can be
produced. Moreover, another object of the present invention
is to provide a cured film, a color filter, a light-shielding film,
a solid-state imaging element, and an image display device.
[0009] As aresult of conducting an extensive investigation
to achieve the objects, the present inventors have found that
the objects can be achieved by the following constitution.
[0010] [1]

[0011] A light-shielding resin composition comprising: a
light-shielding pigment which is one or more selected from
the group consisting of metal nitride-containing particles
containing an atom A and metal oxynitride-containing par-
ticles containing the atom A; and a resin, in which the
light-shielding pigment contains at least one of a nitride or
an oxynitride of a transition metal having an electronega-
tivity of 1.22 to 1.80, among transition metals of groups 3 to
7, and the atom A is at least one selected from the group
consisting of hafnium and tungsten, and is an atom different
from the transition metal.

[0012] [2]

[0013] The light-shielding resin composition as described
in [1], further comprising: a polymerization initiator; and a
low-molecular compound containing an ethylenically
unsaturated group.

[0014] [3]

[0015] The light-shielding resin composition as described
in [2], in which the low-molecular compound contains five
or more ethylenically unsaturated groups.

[0016] [4]

[0017] The light-shielding resin composition as described
in any one of [1] to [3], in which the light-shielding pigment
satisfies at least one requirement of a requirement 1 in which
a content of the hafnium is 0.5% to 2.0% by mass with
respect to a total mass of the light-shielding pigment, or a
requirement 2 in which a content of the tungsten is 0.5% to
2.0% by mass with respect to the total mass of the light-
shielding pigment.

[0018] [5]

[0019] The light-shielding resin composition as described
in any one of [1] to [4], in which a content of the transition
metal in the light-shielding pigment is 50% to 80% by mass
with respect to a total mass of the light-shielding pigment.
[0020] [6]

[0021] The light-shielding resin composition as described
in any one of [1] to [5], in which the light-shielding pigment
contains an oxygen atom, and a content of the oxygen atom
in the light-shielding pigment is equal to or greater than 3%
by mass and less than 9% by mass with respect to a total
mass of the light-shielding pigment.

[0022] [7]

[0023] The light-shielding resin composition as described
in any one of [1] to [6], in which the transition metal is one
or more selected from the group consisting of zirconium,
vanadium, niobium, chromium, tantalum, yttrium, and tita-
nium.
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[0024] [8]

[0025] The light-shielding resin composition as described
in any one of [1] to [7], in which the transition metal is one
or more selected from the group consisting of zirconium,
vanadium, and niobium.

[0026] [9]

[0027] The light-shielding resin composition as described
in any one of [1] to [8], in which the light-shielding pigment
contains one or more selected from the group consisting of
zirconium oxynitride and zirconium nitride.

[0028] [10]

[0029] The light-shielding resin composition as described
in any one of [1] to [9], in which the light-shielding pigment
contains a silicon atom.

[0030] [11]

[0031] The light-shielding resin composition as described
in any one of [1] to [10], in which an average primary
particle diameter of the light-shielding pigment is 30 to 60
nm.

[0032] [12]

[0033] The light-shielding resin composition as described
in any one of [1] to [11], in which the resin includes a resin
containing an acid group.

[0034] [13]

[0035] The light-shielding resin composition as described
in [12], in which the acid group is a carboxylic acid group.
[0036] [14]

[0037] The light-shielding resin composition as described
in any one of [1] to [13], in which the resin includes a resin
containing an ethylenically unsaturated group.

[0038] [15]

[0039] The light-shielding resin composition as described
in [14], in which a content of the resin containing an
ethylenically unsaturated group is equal to or greater than
65% by mass with respect to a total mass of the resin.
[0040] [16]

[0041] The light-shielding resin composition as described
in any one of [1] to [15], in which the resin includes a resin
which is a graft polymer.

[0042] [17]

[0043] The light-shielding resin composition as described
in [16], in which a mass ratio of a content of the resin, which
is a graft polymer, to a content of the light-shielding pigment
is 0.05 to 0.35.

[0044] [18]

[0045] The light-shielding resin composition as described
in [2] or [3], in which the polymerization initiator is an
oxime compound.

[0046] [19]

[0047] The light-shielding resin composition as described
in any one of [1] to [18], further comprising a solvent, in
which a solid content is 10% to 40% by mass.

[0048] [20]

[0049] The light-shielding resin composition as described
in any one of [1] to [19], further comprising one or more
selected from the group consisting of an epoxy group-
containing compound, an ultraviolet absorber, and an adhe-
sive agent.

[0050] [21]

[0051] A cured film formed of the light-shielding resin
composition as described in any one of [1] to [20].

[0052] [22]

[0053] A color filter comprising the cured film as
described in [21].
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[0054] [23]

[0055] A light-shielding film comprising the cured film as
described in [21].

[0056] [24]

[0057] A solid-state imaging element comprising the
cured film as described in [21].

[0058] [25]

[0059] An image display device comprising the cured film
as described in [21].

[0060] According to the present invention, it is possible to
provide a composition from which a cured film having
excellent moisture resistance can be produced. Moreover,
according to the present invention, it is possible to provide
a cured film, a color filter, a light-shielding film, a solid-state
imaging element, and an image display device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0061] FIG. 1 is a schematic cross-sectional view showing
an example of the constitution of a solid-state imaging
device.

[0062] FIG. 2 is a schematic cross-sectional view showing
an imaging portion in FIG. 1 in an enlarged manner.
[0063] FIG. 3 is a schematic cross-sectional view showing
an example of the constitution of an infrared sensor.

DESCRIPTION OF THE PREFERRED

EMBODIMENTS
[0064] Hereinafter, the present invention will be described
in detail.
[0065] The description of the following constituting

requirements is made based on typical embodiments of the
present invention in some cases, but the present invention is
not limited to the embodiments.

[0066] Furthermore, in the present specification, a numeri-
cal range expressed using “to” means a range including
numerical values described before and after “to” as a lower
limit value and an upper limit value.

[0067] In the present specification, regarding the descrip-
tion of a group (atomic group), in a case where whether the
group is substituted or unsubstituted is not described, the
group includes a group which has a substituent as well as a
group which does not have a substituent. For example, an
“alkyl group” includes not only an alkyl group (unsubsti-
tuted alkyl group) which does not have a substituent but also
an alkyl group (substituted alkyl group) which has a sub-
stituent.

[0068] In addition, in the present specification, “actinic
rays” or “radiation” refers to, for example, far ultraviolet
rays, extreme ultraviolet rays (EUV: extreme ultraviolet
lithography), X-rays, electron beams, and the like. More-
over, in the present specification, light refers to actinic rays
and radiation. In the present specification, unless otherwise
specified, “exposure” includes not only exposure with far
ultraviolet rays, X-rays, EUV light, or the like but also
lithography by particle beams such as electron beams and
ion beams.

[0069] In the present specification, “(meth)acrylate” rep-
resents acrylate and methacrylate. In the present specifica-
tion, “(meth)acryl” represents acryl and methacryl. In the
present specification, “(meth)acryloyl” represents acryloyl
and methacryloyl. In the present specification, “(meth)acry-
lamide” represents acrylamide and methacrylamide. In the
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present specification, a “monomeric substance” and a
“monomer” have the same definition.

[0070] In the present specification, a weight-average
molecular weight (Mw) is a value in terms of polystyrene,
as measured by a gel permeation chromatography (GPC)
method.

[0071] In the present specification, the GPC method is
based on a method in which HL.C-8020 GPC (manufactured
by TOSOH CORPORATION) is used, TSKgel SuperHZM-
H, TSKgel SuperHZ4000, and TSKgel superHZ2000
(manufactured by TOSOH CORPORATION, 4.6 mm ID x
15 cm) are used as columns, and tetrahydrofuran (THF) is
used as an eluent.

[0072] [Light-Shielding Resin Composition]

[0073] A light-shielding resin composition (hereinafter,
simply referred to as a “composition” as well) according to
an embodiment of the present invention contains a light-
shielding pigment and a resin.

[0074] The light-shielding pigment is one or more selected
from the group consisting of metal nitride-containing par-
ticles containing an atom A and metal oxynitride-containing
particles containing the atom A.

[0075] The light-shielding pigment contains at least one of
a nitride or an oxynitride of a transition metal having an
electronegativity of 1.22 to 1.80, among transition metals of
groups 3 to 7.

[0076] The atom A is at least one selected from the group
consisting of hafnium and tungsten, and is an atom different
from the transition metal.

[0077] The mechanism by which the objects of the present
invention are achieved by the composition having the con-
stitution described above is not always clear, but the present
inventors consider that the light-shielding pigment contain-
ing at least one of a nitride or an oxynitride of a transition
metal, which belongs to groups 3 to 7 and has an electro-
negativity within a predetermined range, and the atom A (at
least one selected from the group consisting of hafnium and
tungsten) is used, and thus moisture resistance of a cured
film obtained from the composition is improved.

[0078] [Light-Shielding Pigment]

[0079] The composition according to the embodiment of
the present invention contains the light-shielding pigment.
[0080] The light-shielding pigment is one or more selected
from the group consisting of the metal nitride-containing
particles containing the atom A and the metal oxynitride-
containing particles containing the atom A, and may consist
of only the metal nitride-containing particles, may consist of
only the metal oxynitride-containing particles, or may con-
tain both the metal nitride-containing particles and the metal
oxynitride-containing particles in a mixed manner.

[0081] A content of the light-shielding pigment in the
composition is preferably 10% to 90% by mass, more
preferably 30% to 70% by mass, and even more preferably
40% to 60% by mass, with respect to a total mass of a solid
content of the composition.

[0082] Light shielding using a cured film formed of the
composition according to the embodiment of the present
invention is a concept that also includes light attenuation in
which light passes through the cured film while being
attenuated. In a case where the cured film (light-shielding
film) is used as a light-attenuating film having such a
function, it is also preferable that the content of the light-
shielding pigment in the composition is less than the above
suitable range.
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[0083] Furthermore, in the present specification, the solid
content of the composition means all components except a
solvent in a case where the composition contains the solvent
(an organic solvent, water, or the like), and as long as the
component is a component other than the solvent, the
component is considered to be a solid content even in a case
where the component is a liquid component. For example,
the mass of the solid content of the composition is deter-
mined as a mass remaining after heating 1 g of the compo-
sition at 160° C. for 70 minutes.

[0084] The light-shielding pigment is one or more selected
from the group consisting of the metal nitride-containing
particles containing the atom A and the metal oxynitride-
containing particles containing the atom A. That is, the
light-shielding pigment contains the atom A.

[0085] An aspect (that is, an aspect in which the metal
nitride-containing particles and/or the metal oxynitride-con-
taining particles contain the atom A) in which the light-
shielding pigment contains the atom A is not particularly
limited, and the atom A may be contained in any form such
as an ion, a metallic compound (also including a complex
compound), an intermetallic compound, an alloy, an oxide,
a complex oxide, a nitride, an oxynitride, a sulfide, and an
oxysulfide. Moreover, the atom A contained in the light-
shielding pigment may be present as an impurity positioned
between crystal lattices, or may be present as an amorphous
impurity in the crystal grain boundary.

[0086] <Atom A>

[0087] The atom A is at least one selected from the group
consisting of hatnium (Hf) and tungsten (W).

[0088] The atoms A may be used singly or in combination
of two thereof.
[0089] Here, the atom A is an atom different from a

transition metal (specific transition metal) which will be
described later. That is, the atom A and the transition metal
(specific transition metal) are not both hafnium.

[0090] For example, the light-shielding pigment prefer-
ably satisfies one or both of the following requirement 1 and
requirement 2.

[0091] Requirement 1: A content of the hafnium is 0.1% to
10.0% by mass (preferably 0.5% to 2.0% by mass and more
preferably 1.0% to 2.0% by mass) with respect to a total
mass of the light-shielding pigment.

[0092] Requirement 2: A content of the tungsten is 0.1%
to 10.0% by mass (preferably 0.5% to 2.0% by mass and
more preferably 1.0% to 2.0% by mass) with respect to the
total mass of the light-shielding pigment.

[0093] In a case where the content of the atom A is within
the above range with respect to the total mass of the
light-shielding pigment, viscosity stability of the composi-
tion over time, precipitation stability of the composition
over time, and the moisture resistance (particularly, the
moisture-resistant spectral stability) of the cured film formed
of the composition are excellent in a well-balanced manner.
[0094] Herein, the content of the atom A in the light-
shielding pigment is measured by an X-ray fluorescence
(XRF) analysis method.

[0095] <Nitride of Transition Metal>

[0096] The light-shielding pigment contains at least one of
a nitride or an oxynitride of a transition metal (hereinafter,
referred to as a “specific transition metal” as well) having an
electronegativity (Pauling’s electronegativity) of 1.22 to
1.80, among the transition metals of groups 3 to 7.
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[0097] Examples of the specific transition metal (each
number in parentheses is an electronegativity) include: Sc
(1.36), Dy (1.22), Ho (1.23), Er (1.24), Tm (1.25), Lu (1.27),
Th (1.3), Pa (1.5), U (1.38), Np (1.36), Pu (1.28), Am (1.3),
Cm (1.3), Bk (1.3), Cf (1.3), Es (1.3), Fm (1.3), Md (1.3), No
(1.3), and Lr (1.3) which are transition elements of group 3;
Ti (1.54), Zr (1.33), and Hf (1.3) which belong to group 4;
V (1.63), Nb (1.6), and Ta (1.5) which belong to group 5; Cr
(1.66) belonging to group 6; and Mn (1.55) belonging to
group 7. Among them, from the viewpoint that the compo-
sition exhibits superior effects of the present invention,
zirconium (Zr), vanadium (V), niobium (Nb), chromium
(Cr), tantalum (Ta), yttrium (Y), and titanium (Ti) are
preferable, and zirconium, vanadium, or niobium is more
preferable.

[0098] In a case where the specific transition metal is
zirconium, vanadium, or niobium, undercut resistance in a
case where a cured film is formed of the composition is
excellent.

[0099] In a case where the specific transition metal is
zirconium or vanadium, the moisture resistance (particu-
larly, the moisture-resistant spectral stability) of the cured
film formed of the composition is superior.

[0100] In a case where the specific transition metal is
vanadium or niobium, the light-shielding properties of the
cured film formed of the composition are superior.

[0101] Among them, as the specific transition metal, zir-
conium is preferable. That is, the light-shielding pigment
preferably contains zirconium oxynitride and/or zirconium
nitride.

[0102] A content of the specific transition metal in the
light-shielding pigment is preferably 10% to 85% by mass,
more preferably 50% to 80% by mass, and even more
preferably 70% to 80% by mass, with respect to the total
mass of the light-shielding pigment. The content of the
transition metal in the light-shielding pigment is measured
by an X-ray fluorescence (XRF) analysis method.

[0103] One specific transition metal may be used singly or
two or more specific transition metals are used, and in a case
where two or more specific transition metals are used, the
total content thereof is preferably within the above range.
[0104] A content of a nitrogen atom (N atom) in the
light-shielding pigment is preferably 3% to 60% by mass,
more preferably 5% to 30% by mass, and even more
preferably 7% to 15% by mass, with respect to the total mass
of the light-shielding pigment. The content of the nitrogen
atom is measured by an X-ray fluorescence (XRF) analysis
method.

[0105] The light-shielding pigment preferably contains an
oxygen atom.
[0106] Furthermore, in a case where a metal nitride is

contained as a main component, and oxygen is mixed in, in
general, during synthesis thereof, and due to oxidation of the
particle surface (this is remarkable in a case where the
particle diameter is small, or the like), the light-shielding
pigment may partially contain an oxygen atom.

[0107] In a case where the light-shielding pigment con-
tains an oxygen atom (for example, a case where the
light-shielding pigment is metal oxynitride particles), a
content of the oxygen atom in the light-shielding pigment is
preferably 0.5% to 30% by mass, more preferably 1% to
15% by mass, and even more preferably equal to or greater
than 3% by mass and less than 9% by mass, with respect to
the total mass of the light-shielding pigment. Moreover, in
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a case where the light-shielding pigment consists of metal
nitride particles and metal oxynitride particles, the content
of the oxygen atom in the metal oxynitride particles con-
tained in the light-shielding pigment preferably satisfies the
above range.

[0108] The content of the oxygen atom is measured by an
X-ray fluorescence (XRF) analysis method.

[0109] In a case where the content of the oxygen atom is
within the above range with respect to the total mass of the
light-shielding pigment, undercut resistance in a case where
a cured film is formed of the composition and the light-
shielding properties of the cured film formed of the com-
position are excellent in a well-balanced manner.

[0110] The light-shielding pigment may contain other ele-
ments in addition to the aforementioned elements. There is
no limitation on other elements, and among them, a silicon
atom is preferable.

[0111] In a case where the light-shielding pigment con-
tains a silicon atom, the content thereof is preferably 0.1%
to 10.0% by mass, more preferably 0.5% to 5.0% by mass,
and even more preferably 1.0% to 3.0% by mass, with
respect to the total mass of the light-shielding pigment.
[0112] In a case where the content of the silicon atom is
within the above range with respect to the total mass of the
light-shielding pigment, the viscosity stability of the com-
position over time, the precipitation stability of the compo-
sition over time, and the moisture resistance (particularly,
the moisture-resistant spectral stability) of the cured film
formed of the composition are superior.

[0113] From the viewpoints of the temporal stability and
the light-shielding properties, a specific surface area of the
light-shielding pigment is preferably 5 m*/g to 100 m*/g and
more preferably 10 m*/g to 60 m*/g. The specific surface
area is determined by the Brunauer-Emmett-Teller (BET)
method.

[0114] <Method for Producing Light-Shielding Pigment>

[0115] In general, a gas-phase reaction method is used for
producing the light-shielding pigment, and specific
examples thereof include an electric furnace method and a
thermal plasma method. Among these production methods,
for the reasons that few impurities are mixed in, particle
diameters are easily uniform, and productivity is high, a
thermal plasma method is preferable.

[0116] Examples of a specific method for producing the
light-shielding pigment by the thermal plasma method
include a method in which a fine metal particle production
apparatus is used. The fine metal particle production appa-
ratus includes, for example, a plasma torch for generating
thermal plasma, a material supply device for supplying a
metal raw material powder into the plasma torch, a chamber
having a cooling function, a cyclone for classifying gener-
ated fine metal particles, and a collection unit for collecting
the fine metal particles.

[0117] Furthermore, in the present specification, the fine
metal particles mean particles which contain a metallic
element and of which the primary particle diameter is 5 nm
to 40 pum.

[0118] The method for producing a light-shielding pig-
ment using the fine metal particle production apparatus is
not particularly limited, and known methods can be used.
Among them, from the viewpoint that the yield of a light-
shielding pigment having the following predetermined aver-
age primary particle diameter is increased, the method for
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producing a light-shielding pigment using the fine metal
particle production apparatus preferably includes the fol-
lowing steps.

[0119] Step A: A step of supplying, as a plasma gas, an
inert gas containing no nitrogen gas into a plasma torch to
generate a thermal plasma flame

[0120] Step B: A step of supplying a metal raw material
powder containing a specific transition metal to the thermal
plasma flame in the plasma torch, and evaporating the metal
raw material powder to obtain a gas-phase raw material
metal

[0121] Step C: A step of cooling the gas-phase raw mate-
rial metal to obtain fine metal particles containing a specific
transition metal

[0122] Step D: A step of supplying, as a plasma gas, an
inert gas containing a nitrogen gas into a plasma torch to
generate a thermal plasma flame

[0123] Step E: A step of supplying the fine metal particles
containing a specific transition metal to the thermal plasma
flame in the plasma torch, and evaporating the fine metal
particles to obtain a gas-phase raw material metal

[0124] Step F: A step of cooling the gas-phase raw mate-
rial metal to obtain a light-shielding pigment

[0125] In addition, the method for producing a light-
shielding pigment may include the following step G after the
step C and/or the step F, if desired.

[0126] Step G: A step of classifying the obtained particles
[0127] Moreover, the following step A2 is included before
the step A, between the steps A and B, between the steps C
and D, or between the steps D and E.

[0128] Step A2: A step of mixing an atom A with the metal
raw material powder containing a specific transition metal
[0129] Furthermore, the following steps A3-1 to A3-3 may
be included before the step A2.

[0130] Step A3-1: A step of supplying, as a plasma gas, an
inert gas containing no nitrogen gas into a plasma torch to
generate a thermal plasma flame

[0131] Step A3-2: A step of supplying a raw material
powder containing an atom A to the thermal plasma flame in
the plasma torch, and evaporating the raw material powder
to obtain a gas-phase atom A

[0132] Step A3-3: A step of cooling the gas-phase atom A
to obtain an atomized atom A

[0133] The step G may be further included after the step
A3-3.
[0134] In the present specification, the atomized atom A

means a particle which contains the atom A and of which the
primary particle diameter is 5 nm to 40 pm.

[0135] In addition, the step A2 may be a step A2b of
further mixing another atom (for example, a silicon atom)
together with the atom A.

[0136] Ina case of carrying out such a step A2b, before the
step A2b, the steps A3-1 to A3-3 may be included and the
following steps A3-1b to A3-3b may be further included.
[0137] Step A3-1b: A step of supplying, as a plasma gas,
an inert gas containing no nitrogen gas into a plasma torch
to generate a thermal plasma flame

[0138] Step A3-2b: A step of supplying a raw material
powder containing the other atom (for example, a silicon
atom) to the thermal plasma flame in the plasma torch, and
evaporating the raw material powder to obtain the other
atom (for example, a silicon atom) in a gas phase
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[0139] Step A3-3b: A step of cooling the other atom (for
example, a silicon atom) in a gas phase to obtain the
atomized other atom (for example, a silicon atom)

[0140] The step G may be further included after the step
A3-3b.
[0141] In the present specification, the atomized other

atom (for example, a silicon atom) means a particle which
contains the other atom (for example, a silicon atom) and of
which the primary particle diameter is 5 nm to 40 pm.
[0142] Furthermore, the method for producing a light-
shielding pigment preferably further includes the following
step H after the step F (in a case where the step G is included,
after the step G carried out after the step F).

[0143] Step H: A step of exposing the light-shielding
pigment obtained in the step F (or the step G) to a mixed
atmosphere of water vapor and a nitrogen gas to perform a
nitriding treatment

[0144] If desired, the method for producing a light-shield-
ing pigment may further include the step G after the step H.
Hereinafter, a suitable aspect of each step will be described
in detail.

[0145] Step A

[0146] The step A is a step of supplying, as a plasma gas,
an inert gas containing no nitrogen gas into a plasma torch
to generate a thermal plasma flame. A method for generating
the thermal plasma flame is not particularly limited, but
examples thereof include a direct-current arc discharge
method, a multi-phase arc discharge method, a radio-fre-
quency plasma method, and a hybrid plasma method, and a
radio-frequency plasma method in which few impurities are
mixed in from an electrode is preferable.

[0147] The method for generating the thermal plasma
flame by the radio-frequency plasma method is not particu-
larly limited, and examples thereof include a method in
which a plasma gas is supplied into a plasma torch including
a radio-frequency oscillating coil and a quartz tube, and a
radio-frequency current is applied to the radio-frequency
oscillating coil to obtain a thermal plasma flame.

[0148] In the step A, as the plasma gas, an inert gas
containing no nitrogen gas is used. Examples of the inert gas
containing no nitrogen gas include an argon gas and a
hydrogen gas. The inert gases containing no nitrogen gas
may be used singly or in combination of two or more
thereof.

[0149] Step A2

[0150] The step A2 is a step of mixing an atom A with a
metal raw material powder containing a transition metal.
The method for mixing the metal raw material powder with
the atom A is not particularly limited, and known methods
can be used. For example, the material supply device for
supplying the metal raw material powder into the plasma
torch may have mixing and dispersing functions. Specifi-
cally, the material supply device described in paragraphs
0047 to 0058 of W02010/147098A can be used, the contents
of which are incorporated into the present specification.
[0151] Furthermore, as the method for producing a light-
shielding pigment, the steps A3-1 to A3-3 may be further
included before the step A2.

[0152] Moreover, the step A2 may be the step A2b of
further mixing another atom (for example, a silicon atom)
together with the atom A, and before the step A2b, the steps
A3-1 to A3-3 may be included and the steps A3-1b to A3-3b
may be further included.
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[0153] Step B The step B is a step of supplying a metal raw
material powder containing a specific transition metal to the
thermal plasma flame in the plasma torch, and evaporating
the metal raw material powder to obtain a gas-phase raw
material metal. The method for supplying a metal raw
material powder to the thermal plasma flame in the plasma
torch is not particularly limited, but from the viewpoint that
the obtained gas-phase raw material metal is in a more
uniform state, spraying using a carrier gas is preferable.
Moreover, as the carrier gas, an inert gas containing no
nitrogen gas is preferably used. The aspect of the inert gas
containing no nitrogen gas is as described above.

[0154] Furthermore, in a case where the method for pro-
ducing a light-shielding pigment includes the step A2 (or the
step A2b), the metal raw material powder is preferably
maintained in a uniformly dispersed state until the metal raw
material powder is supplied into the plasma torch.

[0155] Step C

[0156] The step C is a step of cooling the gas-phase raw
material metal to obtain fine metal particles containing a
transition metal. The cooling method is not particularly
limited, but using a chamber having a cooling function is
preferable. Fine metal particles having the following desired
particle diameter can be produced by introducing the gas-
phase raw material metal obtained in the step B into the
chamber having a cooling function, and rapidly cooling the
gas-phase raw material metal in the chamber. The produced
fine metal particles are collected, for example, by the
collection unit. The atmosphere in the chamber is preferably
an inert gas containing no nitrogen gas. The aspect of the
inert gas containing no nitrogen gas is as described above.
[0157] Furthermore, the steps A to C are carried out to
obtain fine metal particles containing a transition metal. The
fine metal particles containing a transition metal are easily
evaporated in the step E. Moreover, even in a case where the
metal raw material powder contains impurities, the impuri-
ties can be removed by carrying out the steps A to C.
[0158] Step D

[0159] The step D is a step of supplying, as a plasma gas,
an inert gas containing a nitrogen gas into a plasma torch to
generate a thermal plasma flame. Examples of the inert gas
containing a nitrogen gas include a nitrogen gas and a
nitrogen gas containing an inert gas. Examples of the inert
gas include an argon gas and a hydrogen gas. The nitrogen
gas containing an inert gas is not particularly limited, but a
content of the nitrogen gas is generally about 10% to 90%
by mole and preferably about 30% to 60% by mole. The
other aspects are the same as those in the step A.

[0160] Step E

[0161] The step E is a step of supplying the fine metal
particles containing a specific transition metal to the thermal
plasma flame in the plasma torch, and evaporating the fine
metal particles to obtain a gas-phase raw material metal. The
method for supplying the fine metal particles to the thermal
plasma flame in the plasma torch is as described above, but
as the carrier gas, an inert gas containing a nitrogen gas is
preferable. The aspect of the inert gas containing a nitrogen
gas is as described above.

[0162] Since in the step E, the raw material metal which
will be made into the fine metal particles through the steps
Ato C is supplied to the thermal plasma flame, the gas-phase
raw material metal is easily obtained, and the state of the
gas-phase raw material metal is also likely to be more
uniform.
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[0163] Step F

[0164] The step F is a step of cooling the gas-phase raw
material metal to obtain a light-shielding pigment containing
a nitride of a specific transition metal. A suitable aspect of
the cooling method is as described above, but the atmo-
sphere in the chamber is preferably an inert gas containing
a nitrogen gas. A suitable aspect of the inert gas containing
a nitrogen gas is as described above.

[0165] Step G

[0166] The step G is a step of classifying the obtained fine
metal particles and/or light-shielding pigment. The classifi-
cation method is not particularly limited, but, for example,
a cyclone can be used. The cyclone has a conical container,
and has a function of generating a swirling flow in the
container and classifying particles by utilizing a centrifugal
force. Moreover, the classification is preferably performed
in an atmosphere of an inert gas. An aspect of the inert gas
is as described above.

[0167] Step H

[0168] The step H is a step of exposing the light-shielding
pigment to a mixed atmosphere of water vapor and a
nitrogen gas to perform a nitriding treatment. By carrying
out this step, the content of the metal nitride in the light-
shielding pigment can be increased. The method for expos-
ing the light-shielding pigment to the mixed atmosphere of
water vapor and a nitrogen gas is not particularly limited, but
examples thereof include a method in which the light-
shielding pigment is introduced into a constant-temperature
tank filled with a gas mixture of water vapor and a nitrogen
gas, and left to stand or stirred for a predetermined time, and
from the viewpoint that the surface of the light-shielding
pigment and a crystal boundary are more stabilized, being
left to stand is more preferable.

[0169] Furthermore, a mixing ratio of water vapor to a
nitrogen gas is preferably set such that the relative humidity
is 25% to 95% in the atmosphere. The time for being left to
stand or stirred is preferably 0.5 to 72 hours, and the
temperature in this case is preferably 10° C. to 40° C.

[0170] Steps A3-1 to A3-3

[0171] The steps A3-1 to A3-3 are a step (A3-1) of
supplying, as a plasma gas, an inert gas containing no
nitrogen gas into a plasma torch to generate a thermal
plasma flame, a step (A3-2) of supplying a raw material
powder containing an atom A to the thermal plasma flame in
the plasma torch, and evaporating the raw material powder
to obtain a gas-phase atom A, and a step (A3-3) of cooling
the gas-phase atom A to obtain fine particles consisting of
the atom A. Aspects in the respective steps are as described
in the step A, the step B (the raw material powder containing
the atom A is used instead of the metal raw material powder
containing the specific transition metal), and the step C (the
atomized atom A is obtained instead of the fine metal
particles containing the specific transition metal).

[0172] Furthermore, by carrying out the steps, the atom A
is atomized, and in the step E, the atom A is easily evapo-
rated. Moreover, by carrying out the steps, impurities (metal
components other than the atom A, or the like) which are
contained in the raw material powder containing the atom A
can be removed.

[0173] The steps A3-1b to A3-3b are the same as the steps

A3-1 to A3-3, except that the atom A is replaced with
another atom (for example, a silicon atom).
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[0174] (Suitable Aspect of Method for Producing Light-
Shielding Pigment Containing Atom A)

[0175] Examples of a suitable aspect of the method for
producing the light-shielding pigment containing the atom A
includes a method which is for producing the light-shielding
pigment containing the atom A and includes the following
steps in order from the top.

[0176] Step A: A step of supplying, as a plasma gas, an
inert gas containing no nitrogen gas into a plasma torch
to generate a thermal plasma flame

[0177] Step B: A step of supplying a metal raw material
powder containing a transition metal to the thermal
plasma flame in the plasma torch, and evaporating the
metal raw material powder to obtain a gas-phase raw
material metal

[0178] Step C: A step of cooling the gas-phase raw
material metal to obtain fine metal particles containing
a transition metal

[0179] Step G: A step of classifying the obtained par-
ticles
[0180] Step A3-1: A step of supplying, as a plasma gas,

an inert gas containing no nitrogen gas into a plasma
torch to generate a thermal plasma flame

[0181] Step A3-2: A step of supplying a raw material
powder containing an atom A to the thermal plasma
flame in the plasma torch, and evaporating the raw
material powder to obtain a gas-phase atom A

[0182] Step A3-3: A step of cooling the gas-phase atom
A to obtain an atomized atom A

[0183] Step G: A step of classifying the obtained par-
ticles
[0184] Step A2: A step of mixing an atom A (in this

case, the atomized atom A) with the metal raw material
powder (in this case, the fine metal particles) contain-
ing a specific transition metal

[0185] Step D: A step of supplying, as a plasma gas, an
inert gas containing a nitrogen gas into a plasma torch
to generate a thermal plasma flame

[0186] Step E: A step of supplying the fine metal
particles containing a specific transition metal to the
thermal plasma flame in the plasma torch, and evapo-
rating the fine metal particles to obtain a gas-phase raw
material metal

[0187] Step F: A step of cooling the gas-phase raw
material metal to obtain a light-shielding pigment

[0188] Step G: A step of classifying the obtained par-
ticles
[0189] Step H: A step of exposing the light-shielding

pigment obtained in the step G to a mixed atmosphere
of' water vapor and a nitrogen gas to perform a nitriding
treatment
[0190] The step A2 may be the step A2b.
[0191] Furthermore, in the series of steps, the order of the
steps A to C and the steps A3-1 to A3-3 (and the steps A3-1b
to A3-3b) may be exchanged. That is, the steps A to C may
be carried out after the steps A3-1 to A3-3 (and the steps
A3-1b to A3-3b).
[0192] According to the suitable aspect of the method for
producing the light-shielding pigment containing the atom
A, the impurities contained in the metal raw material powder
and the raw material particles can be removed, and a
light-shielding pigment having a desired average primary
particle diameter can be produced.
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[0193] The mechanism by which the impurities are
removed is not always clear, but the present inventors
presume as follows. That is, it is presumed that the transition
metal and/or the atom A is ionized by a plasma treatment,
and in a case where the ions are cooled, the transition metal,
the atom A, and the impurities are atomized by reflecting
each melting point thereof. In this case, an atom having a
low melting point is rapidly granulated, and an atom having
a high melting point is slowly granulated. Therefore, as
described above, it is presumed that fine particles (the steps
B and C, and the steps A3-2 and A3-3) which are once
subjected to the plasma treatment are likely to be a single
component (single crystal). In a case where the particles of
the single component obtained as described above are clas-
sified, the particles of the impurities can be removed due to
a difference in density and/or particle diameter between the
particles of the specific transition metal and/or the particles
of the atom A and the particles of the impurities. Moreover,
the classification can be performed, for example, by using a
cyclone or the like and appropriately setting classification
conditions.

[0194] (Purification of Metal Raw Material Powder and
Raw Material Powder)

[0195] The metal raw material powder (hereinafter, sim-
ply referred to as a “metal raw material powder”) containing
the transition metal which can be used in the step B, and the
raw material powder containing the atom A and the raw
material powder containing the other atom (a silicon atom or
the like) (hereinafter, the raw material powder containing the
atom A and the raw material powder containing the other
atom are collectively and simply referred to as a “raw
material powder”) are not particularly limited, but prefer-
ably have high purity. The content of the transition metal in
the metal raw material powder is not particularly limited, but
is preferably equal to or greater than 99.99% and more
preferably equal to or greater than 99.999%. Moreover, the
same applies to the content of the atom A or the like in the
raw material powder.

[0196] The metal raw material powder and/or the raw
material powder contains, as impurities, atoms other than
desired atoms in some cases. Examples of the impurities
contained in the metal raw material powder include boron,
aluminum, silicon, manganese, iron, nickel, and silver.
Moreover, examples of the impurities contained in the raw
material powder include a metallic element.

[0197] In a case where the metal raw material powder
and/or the raw material powder contains unintended impu-
rities, the performance of the obtained composition deterio-
rates in some cases. Therefore, the method for producing a
light-shielding pigment may further include the following
step AO before the step B (in a case where the method
includes the step A2 (or the step A2b), before the step A2 (or
the step A2b)).

[0198] Step AO: A step of removing impurities from the
metal raw material powder and/or the raw material powder

[0199] Step AO

[0200] In the step A0, a method (separation and purifica-
tion method) for removing impurities from the metal raw
material powder and/or the raw material powder is not
particularly limited, but for example, for niobium, the
method described in paragraphs 0013 to 0030 of JP2012-
211048A can be used, and also for another metal raw
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material powder and/or another raw material powder, a
method equivalent to the aforementioned method can be
used.

[0201] (Coating of Light-Shielding Pigment)

[0202] The light-shielding pigment may be a light-shield-
ing pigment coated with an inorganic compound. That is, the
light-shielding pigment may be a coated light-shielding
pigment having a light-shielding pigment and a coating
layer, which is formed of an inorganic compound and coats
the light-shielding pigment. The composition containing the
light-shielding pigment coated with the inorganic compound
has superior dispersion stability.

[0203] The inorganic compound is not particularly lim-
ited, and examples thereof include an oxide such as SiO,,
7r0,, Ti0,, GeO,, Al,0;, Y,0;, and P,0, and a hydroxide
such as aluminum hydroxide and zirconium hydroxide.
Among them, from the viewpoints that a thinner coat is
easily formed and a coat having a higher coverage is easily
formed, aluminum hydroxide is preferable.

[0204] Furthermore, in a case where controlling a refrac-
tive index of the light-shielding pigment is intended, silicon
oxide is preferable as a coat having a low refractive index,
and zirconium hydroxide is preferable as a coat having a
high refractive index.

[0205] A method for coating the light-shielding pigment
with the inorganic compound is not particularly limited, but
the method for producing a light-shielding pigment prefer-
ably includes the following inorganic compound coating
step.

[0206] Inorganic Compound Coating Step

[0207] The inorganic compound coating step is a step of
coating the light-shielding pigment with an oxide and/or a
hydroxide. The coating method is not particularly limited,
but examples thereof include the following wet coating
methods.

[0208] As a first wet coating method, first, the light-
shielding pigment is mixed with water to produce a slurry.
Subsequently, a water-soluble compound (for example,
sodium silicate) containing at least one selected from the
group consisting of Si, Zr, Ti, Ge, Al, Y, and P is reacted with
the slurry, excess alkali ions are removed by decantation
and/or ion exchange resin, and then the slurry is dried to
obtain a light-shielding pigment coated with an oxide.
[0209] As a second wet coating method, first, the light-
shielding pigment is mixed with an organic solvent such as
alcohol to produce a slurry. Subsequently, an organometallic
compound such as alkoxide containing at least one selected
from the group consisting of Si, Zr, Ti, Ge, Al, Y, and P is
produced in the slurry, and the slurry is fired at a high
temperature. In a case where the slurry is fired at a high
temperature, a sol-gel reaction proceeds, and a light-shield-
ing pigment coated with an oxide is obtained.

[0210] As a third wet coating method, urea and aluminum
chloride are used in the presence of a light-shielding pig-
ment to form a slurry containing an ionic liquid. The
light-shielding pigment is taken out from the slurry and
dried, and then the light-shielding pigment is fired to obtain
a light-shielding pigment coated with a hydroxide including
aluminum hydroxide.

[0211] <Physical Properties of Light-Shielding Pigment>
[0212] (Average Primary Particle Diameter)
[0213] An average primary particle diameter of the light-

shielding pigment is not particularly limited, but is prefer-
ably 5 to 100 nm and more preferably 30 to 65 nm.
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[0214] In a case where the average primary particle diam-
eter is equal to or greater than 30 nm, the light-shielding
properties of the cured film formed of the composition are
excellent, and in a case where the average primary particle
diameter is equal to or less than 65 nm, the precipitation
stability of the composition over time is excellent.

[0215] Furthermore, the average primary particle diameter
in the present specification means an average particle diam-
eter of primary particles, and the average primary particle
diameter means an average primary particle diameter mea-
sured by the following method.

[0216] Sample: A sample obtained by preparing a disper-
sion liquid (25% by mass of a light-shielding pigment, 7.5%
by mass of a dispersant, and 67.5% by mass of a propylene
glycol monomethyl ether acetate (PGMEA) solvent) by the
method described in Examples below, diluting the obtained
dispersion liquid to 100 times with PGMEA, then adding the
resultant dropwise on a carbon foil, and drying the resultant
[0217] In addition, as the dispersant, a dispersant capable
of dispersing the light-shielding pigment to such an extent
that the primary particles of the light-shielding pigment can
be recognized in an image obtained by the following method
is used. Specific examples of the dispersant include the
dispersants described in Examples. The primary particles
refer to independent particles which are not aggregated.
[0218] The sample is observed with a transmission elec-
tron microscope (TEM) at a magnification of 20,000 to
obtain an image. Among the light-shielding pigments in the
obtained image, primary particles are selected, and areas of
the primary particles are calculated by image processing.

[0219] Subsequently, diameters in a case where the
obtained areas are converted into circles are calculated. This
operation is performed on a total of 400 primary particles of
the light-shielding pigment for 4 visual fields, and the
evaluated circle-converted diameters are arithmetically
averaged to obtain an average primary particle diameter of
the light-shielding pigment.

[0220] (Conductivity)

[0221] A conductivity of the light-shielding pigment is not
particularly limited, but is preferably 100x10* to 600x10*
S/m, more preferably 165x10* to 340x10* S/m, even more
preferably 165x10* S/m to 220x10* S/m, and particularly
preferably 170 to 190x10* S/m. In a case where the lower
limit value of the conductivity of the light-shielding pigment
is equal to or greater than 165x10* S/m and the upper limit
value thereof is equal to or less than 340x10* S/m, a cured
film formed of the composition containing the light-shield-
ing pigment has superior light-shielding properties and
excellent electrode anticorrosion properties.

[0222] Furthermore, in the present specification, the con-
ductivity means a conductivity measured by the following
method using a powder resistivity measurement system
MCP-PD51 manufactured by Mitsubishi Chemical Ana-
lytech Co., Ltd.

[0223] First, a volume resistivity (p) of the particle is
measured by packing a predetermined amount of the light-
shielding pigment in a measuring container of the afore-
mentioned measuring device, then starting pressurizing, and
changing a pressure to O kN, 1 kN, 5 kN, 10 kN, and 20 kN.
A saturated volume resistivity is determined from the mea-
surement result under a condition where the volume resis-
tivity does not depend on the pressure, and a conductivity
(0) is calculated by using the obtained saturated volume
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resistivity and a relational expression of 0=1/p. Moreover,
the test is performed in a room-temperature environment.

[0224] [Colorant]

[0225] The composition according to the embodiment of
the present invention may contain a colorant in addition to
the light-shielding pigment. The light-shielding characteris-
tics of the cured film (light-shielding film) can be adjusted
by using both the light-shielding pigment and one or more
colorants. Moreover, for example, in a case where the cured
film is used as a light-attenuating film, each wavelength of
light containing a wide wavelength component is likely to be
uniformly attenuated.

[0226] Examples of the colorant include a pigment and a
dye.
[0227] In a case where the composition contains the

colorant, the total content of the light-shielding pigment and
the colorant is preferably 10% to 90% by mass, more
preferably 30% to 70% by mass, and even more preferably
40% to 60% by mass, with respect to the total mass of the
solid content of the composition.

[0228] Furthermore, in a case where the cured film formed
of the composition according to the embodiment of the
present invention is used as a light-attenuating film, it is also
preferable that the total content of the light-shielding pig-
ment and the colorant is less than the above suitable range.
[0229] Moreover, a mass ratio (content of colorant/content
of light-shielding pigment) of the content of the colorant to
the content of the light-shielding pigment is preferably 0.1
to 9.0.

[0230] <Pigment>

[0231] (Black Pigment)

[0232] Examples of the pigment include a black pigment.
[0233] As the black pigment, various known black pig-

ments can be used. The black pigment may be an inorganic
pigment or an organic pigment. Here, the black pigment is
different from the aforementioned light-shielding pigment.

[0234] Examples of the black inorganic pigment include a
metal oxide, a metal nitride, and a metal oxynitride which
contain a metallic element of group 4 such as titanium (Ti)
and zirconium (Zr), a metallic element of group 5 such as
vanadium (V) and niobium (Nb), or one or more metallic
elements selected from the group consisting of cobalt (Co),
chromium (Cr), copper (Cu), manganese (Mn), ruthenium
(Ruw), iron (Fe), nickel (Ni), tin (Sn), and silver (Ag). Here,
in a case where the metal in the metal nitride and the metal
oxynitride is a transition metal which is other than hafnium
and has an electronegativity of 1.22 to 1.80, among the
transition metals of groups 3 to 7, the metal nitride contains
neither hafnium nor tungsten. Moreover, in a case where the
metal in the metal nitride and the metal oxynitride is
hafnium, the metal nitride does not contain tungsten.

[0235] The inorganic pigment may be subjected to a
surface modification treatment. For example, inorganic par-
ticles, which are subjected to a surface modification treat-
ment with a surface-treating agent having both a silicone
group and an alkyl group, are mentioned, and examples
thereof include “KTP-09” series (produced by Shin-Etsu
Chemical Co., Ltd.). Moreover, the metal oxide, the metal
nitride, and the metal oxynitride may be used as particles in
which other atoms are further mixed. For example, the metal
oxide, the metal nitride, and the metal oxynitride may be
used as a metal oxide, a metal nitride, and a metal oxynitride
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which further contain an atom (preferably, a sulfur atom)
selected from elements of groups 13 to 17 of the periodic
table.

[0236] As the black pigment, carbon black is also men-
tioned. Specific examples of the carbon black include an
organic pigment such as C. 1. Pigment Black 1 and an
inorganic pigment such as C. I. Pigment Black 7, all of
which are commercial products.

[0237] Among them, the black pigment is preferably a
nitride or oxynitride of a metallic element of group 4, a
nitride or oxynitride of a metallic element of group 5, or
carbon black, and more preferably a nitride or oxynitride of
titanium, a nitride or oxynitride of zirconium, a nitride or
oxynitride of vanadium, a nitride or oxynitride of niobium,
or carbon black.

[0238] Furthermore, the nitride of titanium is titanium
nitride, the nitride of zirconium is zirconium nitride, the
nitride of vanadium is vanadium nitride, and the nitride of
niobium is niobium nitride. Moreover, the oxynitride of
titanium is titanium oxynitride, the oxynitride of zirconium
is zirconium oxynitride, the oxynitride of vanadium is
vanadium oxynitride, and the oxynitride of niobium is
niobium oxynitride.

[0239] The black pigment is preferably a pigment as fine
as possible. Even considering handleability, an average
primary particle diameter of the black pigment is preferably
0.01 to 0.1 um and more preferably 0.01 to 0.05 pm.

[0240] In addition, in the present specification, the tita-
nium nitride means TiN, and may contain an oxygen atom
(for example, the surfaces of TiN particles are unintention-
ally oxidized, or the like) which is unavoidable in produc-
tion.

[0241] In the present specification, the titanium nitride
means a compound in which a diffraction angle 26 of a peak
derived from a (200) plane in a case where Cuka rays are
used as an X-ray source is 42.5° to 42.8°.

[0242] Moreover, in the present specification, the titanium
oxynitride means a compound in which the diffraction angle
20 of the peak derived from the (200) plane in a case where
the Cuka rays are used as an X-ray source is greater than
42.8°. The upper limit value of the diffraction angle 26 of the
titanium oxynitride is not particularly limited, but is pref-
erably equal to or less than 43.5°.

[0243] Examples of the titanium oxynitride include tita-
nium black, and more specifically, for example, an aspect in
which lower titanium oxide represented by TiO, or T1,0,,, ;
(1=n=20) and/or a titanium oxynitride represented by
TiN,O, (0<x<2.0 and 0.1<y<2.0) is included can be men-
tioned. In the following description, the titanium nitride (the
diffraction angle 20 is 42.5° to 42.8°) and the titanium
oxynitride (the diffraction angle 20 is greater than 42.8°) are
collectively referred to as a titanium nitride, and an aspect
thereof will be described.

[0244] Furthermore, the titanium nitride may be used as
particles in which other atoms are further mixed. For
example, the titanium nitride may be used as titanium
nitride-containing particles which further contain an atom
(preferably, a sulfur atom) selected from elements of groups
13 to 17 of the periodic table. Moreover, the same applies to
other metal nitrides, and the metal nitride, which refers to
both the metal nitride and the metal oxynitride, may be used
as particles in which other atoms are further mixed. For
example, the metal nitride may be used as a metal nitride
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which further contains an atom (preferably, a sulfur atom)
selected from elements of groups 13 to 17 of the periodic
table.

[0245] In a case where the X-ray diffraction spectrum of
the titanium nitride is measured using the Cuka rays as an
X-ray source, as a peak with the highest intensity, for TiN,
a peak derived from the (200) plane is observed near 26 of
42.5°, and for TiO, a peak derived from the (200) plane is
observed near 260 of 43.4°. Meanwhile, although the peak is
not a peak with the highest intensity, for anatase-type TiO,,
a peak derived from the (200) plane is observed near 26 of
48.1°, and for rutile-type TiO,, a peak derived from the
(200) plane is observed near 26 of 39.2°. Therefore, as the
titanium oxynitride contains more oxygen atoms, the peak
position shifts to a side of an angle higher than 42.5°.
[0246] In a case where the titanium nitride contains tita-
nium oxide TiO,, as a peak with the highest intensity, a peak
derived from anatase-type TiO, (101) is found near 26 of
25.3° and a peak derived from rutile-type TiO, (110) is
found near 20 of 27.4°. However, TiO, is white and is a
factor which causes deterioration of light-shielding proper-
ties of a light-shielding film obtained by curing the compo-
sition, and thus it is preferable that TiO, is reduced to such
an extent that TiO, is not observed as a peak.

[0247] A size of a crystallite constituting the titanium
nitride can be determined from a half-width of the peak
obtained by the measurement of the X-ray diffraction spec-
trum. The crystallite size can be calculated using the Scher-
rer equation.

[0248] The size of the crystallite constituting the titanium
nitride is preferably equal to or less than 50 nm and
preferably equal to or greater than 20 nm. In a case where
the crystallite size is 20 to 50 nm, the cured film formed of
the composition is likely to have a higher transmittance of an
ultraviolet ray (particularly, an i-line (wavelength of 365
nm)), and a composition having higher photosensitivity can
be obtained.

[0249] A specific surface area of the titanium nitride is not
particularly limited, but is determined by the Brunauer-
Emmett-Teller (BET) method. The specific surface area of
the titanium nitride is preferably 5 to 100 m*/g and more
preferably 10 to 60 m?*/g.

[0250] A method for producing the black pigment is not
particularly limited, known production methods can be used,
and examples thereof include a gas-phase reaction method.
Examples of the gas-phase reaction method include an
electric furnace method and a thermal plasma method, but
from the viewpoints that few impurities are mixed in,
particle diameters are easily uniform, and productivity is
high, a thermal plasma method is preferable.

[0251] In the thermal plasma method, the method for
generating thermal plasma is not particularly limited,
examples thereof include direct-current arc discharge, multi-
layer arc discharge, radio-frequency (RF) plasma, and
hybrid plasma, and a radio-frequency plasma in which few
impurities are mixed in from an electrode is more preferable.
[0252] A specific method for producing the black pigment
by the thermal plasma method is not particularly limited, but
for example, as a method for producing the titanium nitride,
a method (JP1990-022110A (JP-H02-022110A)) for react-
ing titanium tetrachloride with an ammonia gas in a plasma
flame, a method (JP1986-011140A (JP-S61-011140A)) for
performing synthesis by evaporating a titanium powder by
radio-frequency thermal plasma, introducing nitrogen as a
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carrier gas, and performing nitriding in a cooling process, a
method (JP1988-085007A (JP-S63-085007A)) for blowing
an ammonia gas into a peripheral portion of plasma, and the
like can be mentioned.

[0253] Here, the method for producing the black pigment
is not limited to the aforementioned method, and the pro-
duction method is not limited as long as a black pigment
having desired physical properties is obtained.

[0254] The black pigment may contain, on the surface, a
layer of a compound (hereinafter, referred to as a “silicon-
containing compound”) containing silicon. That is, the black
pigment may be a black pigment obtained by coating the
(oxy)nitride of the metallic atom with the silicon-containing
compound.

[0255] A method for coating the (oxy)nitride of the metal-
lic atom is not particularly limited, known methods can be
used, and examples thereof include the method (the (oxy)
nitride of the metallic atom is used instead of the titanium
oxide) described on page 2, lower right to page 4, upper right
in JP1978-033228A (JP-S53-033228A), the method (the
(oxy)nitride of the metallic atom is used instead of the fine
titanium dioxide particles) described in paragraphs 0015 to
0043 of JP2008-069193A, and the method (the (oxy)nitride
of the metallic atom is used instead of the fine metal oxide
particles) described in paragraphs 0020 and 0124 to 0138 of
JP2016-074870A, the contents of which are incorporated
into the present specification.

[0256] The black pigments may be used singly or in
combination of two or more thereof.

[0257] (Other Pigments)

[0258] The pigment may be another pigment other than
the black pigment, and the other pigment may be an inor-
ganic pigment or an organic pigment.

[0259]
[0260] The inorganic pigment is not particularly limited,
and known inorganic pigments can be used.

[0261] Examples of the inorganic pigment include zinc
oxide, white lead, lithopone, titanium oxide, chromium
oxide, iron oxide, precipitated barium sulfate and a barite
powder, red lead, red iron oxide, chrome yellow, zinc yellow
(zinc yellow type 1 and zinc yellow type 2), ultramarine
blue, Prussian blue (potassium ferric ferrocyanide), zircon
grey, Praseodymium yellow, chromium titanium yellow,
chrome green, peacock, Victoria green, iron blue (irrelevant
to Prussian blue), vanadium zirconium blue, chrome tin
pink, manganese pink, and salmon pink.

[0262] The inorganic pigment may be subjected to a
surface modification treatment. For example, an inorganic
pigment, which is subjected to a surface modification treat-
ment with a surface-treating agent having both a silicone
group and an alkyl group, is mentioned, and examples
thereof include “KTP-09” series (produced by Shin-Etsu
Chemical Co., Ltd.).

[0263] A pigment having infrared-absorbing properties
can also be used.

[0264] As the pigment having infrared-absorbing proper-
ties, a tungsten compound, a metal boride, and the like are
preferable, and among them, from the viewpoint that light-
shielding properties in a wavelength in an infrared range are
excellent, a tungsten compound is preferable. In particular,
from the viewpoint that translucency in a visible light range
and a light absorption wavelength range of an oxime-based

Inorganic Pigment
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polymerization initiator, which is related to curing efficiency
due to exposure, is excellent, a tungsten compound is
preferable.

[0265] These pigments may be used in combination of two
or more thereof, and may be used in combination with a dye
which will be described later. In order to adjust tint and to
enhance light-shielding properties in a desired wavelength
range, for example, an aspect in which a dye described later
or a pigment which has a chromatic color such as red, green,
yellow, orange, violet, and blue is mixed with a pigment
which is black or has infrared ray-shielding properties can
be mentioned. It is preferable that a red pigment or dye or
a violet pigment or dye is mixed with the pigment having
infrared ray-shielding properties, and more preferable that a
red pigment is mixed with a pigment having infrared ray-
shielding properties.

[0266] Furthermore, an infrared absorber will be described
later may be added.

[0267] Organic Pigment

[0268] Examples of organic pigments include: Color
Index (C. I.) Pigment Yellow 1, 2, 3, 4, 5, 6, 10, 11, 12, 13,
14,15, 16, 17, 18, 20, 24, 31, 32, 34, 35, 35:1, 36, 36:1, 37,
37:1, 40, 42, 43, 53, 55, 60, 61, 62, 63, 65, 73, 74, 77, 81,
83, 86, 93, 94, 95, 97, 98, 100, 101, 104, 106, 108, 109, 110,
113, 114, 115, 116, 117, 118, 119, 120, 123, 125, 126, 127,
128, 129, 137, 138, 139, 147, 148, 150, 151, 152, 153, 154,
155, 156, 161, 162, 164, 166, 167, 168, 169, 170, 171, 172,
173, 174,175, 176, 177, 179, 180, 181, 182, 185, 187, 188,
193, 194, 199, 213, 214, and the like;

[0269] C.I. Pigment Orange 2, 5, 13, 16, 17:1, 31, 34, 36,
38, 43, 46, 48, 49, 51, 52, 55, 59, 60, 61, 62, 64,71, 73, and
the like;

[0270] C. 1. PigmentRed 1, 2,3,4,5,6,7,9, 10, 14, 17,
22, 23, 31, 38, 41, 48:1, 48:2, 48:3, 48:4, 49, 49:1, 49:2,
52:1, 52:2, 53:1, 57:1, 60:1, 63:1, 66, 67, 81:1, 81:2, 81:3,
83, 88,90, 105, 112, 119, 122, 123, 144, 146, 149, 150, 155,
166, 168, 169, 170, 171, 172, 175, 176, 177, 178, 179, 184,
185, 187, 188, 190, 200, 202, 206, 207, 208, 209, 210, 216,
220, 224, 226, 242, 246, 254, 255, 264, 270, 272, 279, and
the like;

[0271] C. 1. Pigment Green 7, 10, 36, 37, 58, 59, and the
like;

[0272] C. 1. Pigment Violet 1, 19, 23, 27, 32, 37, 42, and
the like; and

[0273] C.1. Pigment Blue 1,2, 15, 15:1, 15:2, 15:3, 15:4,

15:6, 16, 22, 60, 64, 66, 79, 80, and the like. Furthermore,
the pigments may be used singly or in combination of two
or more thereof.

[0274] <Dye>

[0275] As a coloring dye, for example, the colorant
described in paragraphs 0027 to 0200 of JP2014-042375A
can also be used in addition to a dye (chromatic dye) having
a chromatic color such as red (R), green (G), and blue (B).
Moreover, a black dye can be used.

[0276] As the dye, for example, the coloring agents dis-
closed in JP1989-090403A (JP-S64-090403A), IJP1989-
091102A (JP-S64-091102A), JP1989-094301A (JP-HO1-
094301A), JP1994-011614A (JP-H06-011614A),
JP2592207B, U.S. Pat. Nos. 4,808,501A, 5,667,920A,
0,505,950A, 5,667,920A, JP1993-333207A (JP-HO5-
333207A), JP1994-035183A (JP-H06-035183A), JP1994-
051115A (JP-HO06-051115A), JP1994-194828A (JP-HO6-
194828A), and the like can be used. In a case where the dyes
are sorted based on the chemical structure, a pyrazole azo
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compound, a pyrromethene compound, an anilinoazo com-
pound, a triphenylmethane compound, an anthraquinone
compound, a benzylidene compound, an oxonol compound,
a pyrazolotriazole azo compound, a pyridone azo com-
pound, a cyanine compound, a phenothiazine compound, a
pyrrolopyrazole azomethine compound, or the like can be
used. Moreover, a coloring agent multimer may be used as
the dye. Examples of the coloring agent multimer include
the compounds described in JP2011-213925A and JP2013-
041097A. Furthermore, a polymerizable dye having a
polymerizable group in a molecule may be used, and
examples of a commercial product thereof include RDW
series produced by FUJIFILM Wako Pure Chemical Cor-
poration.

[0277] <Infrared Absorber>

[0278] The colorant may further contain an infrared
absorber.

[0279] The infrared absorber means a compound having

absorption in a wavelength range of an infrared range
(preferably, a wavelength of 650 to 1,300 nm). The infrared
absorber is preferably a compound having a maximum
absorption in a wavelength range of 675 to 900 nm.
[0280] Examples of a colorant having such spectral char-
acteristics include a pyrrolopyrrole compound, a copper
compound, a cyanine compound, a phthalocyanine com-
pound, an iminium compound, a thiol complex-based com-
pound, a transition metal oxide-based compound, a squary-
lium compound, a naphthalocyanine compound, a
quaterrylene compound, a dithiol metal complex-based
compound, and a croconium compound.

[0281] As the phthalocyanine compound, the naphthalo-
cyanine compound, the iminium compound, the cyanine
compound, the squarylium compound, and the croconium
compound, the compounds disclosed in paragraphs 0010 to
0081 of JP2010-111750A may be used, the contents of
which are incorporated into the present specification.
Regarding the cyanine compound, reference can be made to,
for example, “Functional Dyes, written by Makoto
OKAWARA, Masaru MATSUOKA, Teijiro KITAO, and
Tsuneaki HIRASHIMA, Kodansha Scientific Ltd.”, the con-
tents of which are incorporated into the specification of the
present application.

[0282] As the colorant having spectral characteristics, the
compound disclosed in paragraphs 0004 to 0016 of JP1995-
164729A (JP-HO7-164729A) and/or the compound dis-
closed in paragraphs 0027 to 0062 of JP2002-146254A, and
the near-infrared absorption particles which are disclosed in
paragraphs 0034 to 0067 of JP2011-164583A, consist of
crystallites of an oxide containing Cu and/or P, and have a
number-average aggregated particle diameter of 5 to 200 nm
may be used.

[0283] As the compound having a maximum absorption in
a wavelength range of 675 to 900 nm, at least one selected
from the group consisting of a cyanine compound, a pyrro-
lopyrrole compound, a squarylium compound, a phthalo-
cyanine compound, and a naphthalocyanine compound is
preferable.

[0284] Furthermore, the infrared absorber is preferably a
compound which is dissolved in an amount equal to or
greater than 1% by mass in water at 25° C., and more
preferably a compound which is dissolved in an amount
equal to or greater than 10% by mass in water at 25° C. In
a case where such a compound is used, solvent resistance is
improved.



US 2021/0072589 Al

[0285] Regarding the pyrrolopyrrole compound, reference
can be made to paragraphs 0049 to 0062 of JP2010-
222557A, the contents of which are incorporated into the
present specification. Regarding the cyanine compound and
the squarylium compound, reference can be made to para-
graphs 0022 to 0063 of W02014/088063 A, paragraphs 0053
to 0118 of WO2014/030628 A, paragraphs 0028 to 0074 of
JP2014-059550A, paragraphs 0013 to 0091 of W0O2012/
169447A, paragraphs 0019 to 0033 of JP2015-176046A,
paragraphs 0053 to 0099 of JP2014-063144 A, paragraphs
0085 to 0150 of JP2014-052431A, paragraphs 0076 to 0124
of JP2014-044301A, paragraphs 0045 to 0078 of JP2012-
008532A, paragraphs 0027 to 0067 of JP2015-172102A,
paragraphs 0029 to 0067 of JP2015-172004A, paragraphs
0029 to 0085 of JP2015-040895 A, paragraphs 0022 to 0036
of JP2014-126642A, paragraphs 0011 to 0017 of JP2014-
148567A, paragraphs 0010 to 0025 of JP2015-157893A,
paragraphs 0013 to 0026 of JP2014-095007A, paragraphs
0013 to 0047 of JP2014-080487 A, paragraphs 0007 to 0028
of JP2013-227403A, and the like, the contents of which are
incorporated into the present specification.

[0286] [Resin]

[0287] The composition according to the embodiment of
the present invention contains a resin. Examples of the resin
include a dispersant and an alkali-soluble resin.

[0288] A content of the resin in the composition is not
particularly limited, but is preferably 3% to 60% by mass,
more preferably 10% to 40% by mass, and even more
preferably 15% to 35% by mass, with respect to the total
solid content of the composition. The resins may be used
singly or in combination of two or more thereof. In a case
where two or more resins are used in combination, the total
content thereof is preferably within the above range.
[0289] A molecular weight of the resin is greater than
2,000. Moreover, in a case where the molecular weight of
the resin is polydisperse, a weight-average molecular weight
thereof is greater than 2,000.

[0290] <Dispersant>

[0291] The composition preferably contains a dispersant.
Moreover, in the present specification, a dispersant means a
compound different from the alkali-soluble resin which will
be described later.

[0292] A content of the dispersant in the composition is
not particularly limited, but is preferably 2% to 40% by
mass, more preferably 5% to 30% by mass, and even more
preferably 10% to 20% by mass, with respect to the total
solid content of the composition.

[0293] The dispersants may be used singly or in combi-
nation of two or more thereof. In a case where two or more
dispersants are used in combination, the total content thereof
is preferably within the above range.

[0294] Furthermore, in the composition, a mass ratio (con-
tent of dispersant/content of light-shielding pigment) of the
content of the dispersant (preferably, a graft polymer) to the
content of the light-shielding pigment is preferably 0.05 to
1.00, more preferably 0.05 to 0.35, and even more preferably
0.20 to 0.35.

[0295] As the dispersant, for example, known dispersants
can be appropriately selected and used. Among them, a
polymer compound is preferable.

[0296] Examples of the dispersant include a polymer
dispersant [for example, polyamidoamine and a salt thereof,
polycarboxylic acid and a salt thereof, high-molecular-
weight unsaturated acid ester, modified polyurethane, modi-
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fied polyester, modified poly(meth)acrylate, a (meth)acrylic
copolymer, and a naphthalenesulfonic acid-formalin con-
densate], polyoxyethylene alkyl phosphoric acid ester, poly-
oxyethylene alkylamine, and a pigment derivative.

[0297] The polymer compound can be further classified
into a linear polymer, a terminal-modified polymer, a graft
polymer, and a block polymer based on the structure.
[0298] Polymer Compound

[0299] The polymer compound acts to prevent the
reaggregation of a substance to be dispersed by being
adsorbed onto a surface of the substance to be dispersed,
such as the light-shielding pigment and another pigment
(hereinafter, the light-shielding pigment and the other pig-
ment are collectively and simply referred to as a “pigment”
as well) used in combination if desired. Therefore, a termi-
nal-modified polymer, a graft (containing a polymer chain)
polymer, or a block polymer is preferable which contains a
moiety anchored to the pigment surface.

[0300] The polymer compound may contain a curable
group.
[0301] Examples of the curable group include an ethyl-

enically unsaturated group (for example, a (meth)acryloyl
group, a vinyl group, a styryl group, and the like), and a
cyclic ether group (for example, an epoxy group, an oxeta-
nyl group, and the like), but the present invention is not
limited thereto.

[0302] Among them, from the viewpoint that polymeriza-
tion can be controlled by a radical reaction, as the curable
group, an ethylenically unsaturated group is preferable. As
the ethylenically unsaturated group, a (meth)acryloyl group
is more preferable.

[0303] The resin containing a curable group preferably has
at least one selected from the group consisting of a polyester
structure and a polyether structure. In this case, the polyester
structure and/or the polyether structure may be included in
a main chain, and as will be described later, in a case where
the resin has a structural unit containing a graft chain, the
polymer chain may have a polyester structure and/or a
polyether structure.

[0304] As the resin, a resin in which the polymer chain has
a polyester structure is more preferable.

[0305] The polymer compound preferably has a structural
unit containing a graft chain. Moreover, in the present
specification, the “structural unit” has the same definition as
a “repeating unit”.

[0306] Such a polymer compound having the structural
unit containing a graft chain has an affinity with a solvent
due to the graft chain, and thus is excellent in dispersibility
of a pigment or the like and dispersion stability (temporal
stability) after the lapse of time. Moreover, due to the
presence of the graft chain, the polymer compound having
the structural unit containing a graft chain has an affinity
with a polymerizable compound or other resins which can be
used in combination. As a result, residues are less likely to
be generated in alkali development.

[0307] Inacase where the graft chain is prolonged, a steric
repulsion effect is enhanced, and thus the dispersibility of
the pigment or the like is improved. Meanwhile, in a case
where the graft chain is too long, adsorptive power to the
pigment or the like is reduced, and thus the dispersibility of
the pigment or the like tends to be reduced. Therefore, the
number of atoms excluding a hydrogen atom in the graft
chain is preferably 40 to 10,000, more preferably 50 to
2,000, and even more preferably 60 to 500.
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[0308] Herein, the graft chain refers to a portion from the
base (in a group which is branched off from the main chain,
an atom bonded to the main chain) of a main chain of the
copolymer to the terminal of a group branched off from the
main chain.

[0309] The graft chain preferably has a polymer structure,
and examples of such a polymer structure include a poly
(meth)acrylate structure (for example, a poly(meth)acryl
structure), a polyester structure, a polyurethane structure, a
polyurea structure, a polyamide structure, and a polyether
structure.

[0310] In order to improve interactive properties between
the graft chain and the solvent, and thus enhance the
dispersibility of the pigment or the like, the graft chain is
preferably a graft chain having at least one selected from the
group consisting of a polyester structure, a polyether struc-
ture, and a poly(meth)acrylate structure, and more prefer-
ably a graft chain having at least one of a polyester structure
or a polyether structure.

[0311] A macromonomer (a monomer which has a poly-
mer structure and constitutes a graft chain by being bonded
to the main chain of a copolymer) containing such a graft
chain is not particularly limited, but a macromonomer
containing a reactive double bond group can be suitably
used.

[0312] As a commercial macromonomer, which corre-
sponds to a structural unit containing a graft chain contained
in the polymer compound and is suitably used for synthe-
sizing the polymer compound, AA-6 (trade name, produced
by TOAGOSEI CO., LTD.), AA-10 (trade name, produced
by TOAGOSEI CO., LTD.), AB-6 (trade name, produced by
TOAGOSEI CO., LTD.), AS-6 (trade name, produced by
TOAGOSEI CO., LTD.), AN-6 (trade name, produced by
TOAGOSEI CO., LTD.), AW-6 (trade name, produced by
TOAGOSEI CO., LTD.), AA-714 (trade name, produced by
TOAGOSEI CO., LTD.), AY-707 (trade name, produced by
TOAGOSEI CO., LTD.), AY-714 (trade name, produced by
TOAGOSEI CO., LTD.), AK-5 (trade name, produced by
TOAGOSEI CO., LTD.), AK-30 (trade name, produced by
TOAGOSEI CO., LTD.), AK-32 (trade name, produced by
TOAGOSEI CO., LTD.), BLEMMER PP-100 (trade name,
produced by NOF CORPORATION), BLEMMER PP-500
(trade name, produced by NOF CORPORATION), BLEM-
MER PP-800 (trade name, produced by NOF CORPORA-
TION), BLEMMER PP-1000 (trade name, produced by
NOF CORPORATION), BLEMMER 55-PET-800 (trade
name, produced by NOF CORPORATION), BLEMMER
PME-4000 (trade name, produced by NOF CORPORA-
TION), BLEMMER PSE-400 (trade name, produced by
NOF CORPORATION), BLEMMER PSE-1300 (trade
name, produced by NOF CORPORATION), BLEMMER
43PAPE-600B (trade name, produced by NOF CORPORA-
TION), or the like is used. Among them, AA-6 (trade name,
produced by TOAGOSEI CO., LTD.), AA-10 (trade name,
produced by TOAGOSEI CO., LTD.), AB-6 (trade name,
produced by TOAGOSEI CO., LTD.), AS-6 (trade name,
produced by TOAGOSEI CO., LTD.), AN-6 (trade name,
produced by TOAGOSEI CO., LTD.), or BLEMMER PME-
4000 (trade name, produced by NOF CORPORATION) is
preferable.

[0313] The dispersant preferably has at least one structure
selected from the group consisting of polymethyl acrylate,
polymethyl methacrylate, and cyclic or chain-like polyester,
more preferably has at least one structure selected from the
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group consisting of polymethyl acrylate, polymethyl meth-
acrylate, and chain-like polyester, and even more preferably
has at least one structure selected from the group consisting
of a polymethyl acrylate structure, a polymethyl methacry-
late structure, a polycaprolactone structure, and a polyvale-
rolactone structure. The dispersant may be a dispersant
having the aforementioned structure alone in one dispersant,
or may be a dispersant having a plurality of these structures
in one dispersant.

[0314] Herein, the polycaprolactone structure refers to a
structure containing a structure, which is obtained by ring
opening of e-caprolactone, as a repeating unit. The poly-
valerolactone structure refers to a structure containing a
structure, which is obtained by ring opening of d-valerolac-
tone, as a repeating unit.

[0315] Specific examples of the dispersant having a poly-
caprolactone structure include dispersants in which j and k
in Formula (1) and Formula (2) are each 5. Moreover,
specific examples of the dispersant having a polyvalerolac-
tone structure include dispersants in which j and k in
Formula (1) and Formula (2) are each 4.

[0316] Specific examples of the dispersant having a
polymethyl acrylate structure include dispersants in which in
Formula (4), X® is a hydrogen atom and R* is a methyl
group. Moreover, specific examples of the dispersant having
a polymethyl methacrylate structure include dispersants in
which in Formula (4), X° is a methyl group and R* is a
methyl group.

[0317] Structural Unit Containing Graft Chain

[0318] As the structural unit containing a graft chain, the
polymer compound preferably has a structural unit repre-
sented by any one of Formula (1), . . ., or Formula (4), and
more preferably has a structural unit represented by any one
of Formula (A), Formula (2A), Formula (3A), Formula (3B),
or Formula (4).
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[0319] In Formulae (1) to (4), W', W2, W*, and W* each )]\
independently represent an oxygen atom or NH. W', W2, A/\/\N B
W3, and W* are each preferably an oxygen atom. H

[0320] InFormulae (1)to (4), X', X?, X3, X*, and X° each
independently represent a hydrogen atom or a monovalent
organic group. From the viewpoint of the restriction on
synthesis, X!, X2, X3?, X* and X° are preferably each Q

independently a hydrogen atom or an alkyl group having 1 )]\
to 12 carbon atoms (the number of carbon atoms), more
preferably each independently a hydrogen atom or a methyl

group, and even more preferably each independently a
methyl group. /K

[0321] In Formulae (1) to (4), Y', Y?, Y>, and Y* each O
independently represent a divalent linking group, and the A\)\/B
linking group has no particular restriction on a structure.

Specific examples of the divalent linking groups represented

by Y', Y2, Y3, and Y* include linking groups represented by OH

the following (Y-1) to (Y-21). In the following structures, A /\/k/B
and B mean moieties bonded to the left terminal group and A

the right terminal group in Formulae (1) to (4), respectively.

Among the following structures, from the viewpoint of o) OH
simplicity of synthesis, (Y-2) or (Y-13) is more preferable.
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[0322] In Formulae (1) to (4), Z', Z*, 7>, and Z* each
independently represent a monovalent organic group. The
structure of the organic group is not particularly limited, but
specific examples thereof include an alkyl group, a hydroxyl
group, an alkoxy group, an aryloxy group, a heteroaryloxy
group, an alkylthioether group, an arylthioether group, a
heteroarylthioether group, and an amino group. Among
them, particularly from the viewpoint of improvement in the
dispersibility, the organic groups represented by Z*, Z2, Z°,
and Z* are each preferably a group exhibiting a steric
repulsion effect, and more preferably each independently an
alkyl group or alkoxy group having 5 to 24 carbon atoms,
and, even more preferably each independently a branched
alkyl group having 5 to 24 carbon atoms, a cyclic alkyl
group having 5 to 24 carbon atoms, or an alkoxy group
having 5 to 24 carbon atoms. Furthermore, the alkyl group
contained in the alkoxy group may be any of linear,
branched, or cyclic.

[0323] In Formulae (1) to (4), n, m, p, and q are each
independently an integer of 1 to 500.

[0324] Furthermore, in Formulae (1) and (2), j and k each
independently represent an integer of 2 to 8. From the
viewpoints of the temporal stability and developability of
the composition, j and k in Formulae (1) and (2) are each
preferably an integer of 4 to 6 and more preferably 5.
[0325] In Formulae (1) and (2), n and m are each prefer-
ably an integer equal to or greater than 10 and more
preferably an integer equal to or greater than 20. Moreover,
in a case where the dispersant has a polycaprolactone
structure and a polyvalerolactone structure, the sum of the
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repeating number of the polycaprolactone structure and the
repeating number of the polyvalerolactone structure is pref-
erably an integer equal to or greater than 10 and more
preferably an integer equal to or greater than 20.

[0326] In Formula (3), R® represents a branched or linear
alkylene group, and is preferably an alkylene group having
1 to 10 carbon atoms and more preferably an alkylene group
having 2 or 3 carbon atoms. In a case where p is 2 to 500,
a plurality of R*’s may be the same as or different from each
other.

[0327] In Formula (4), R* represents a hydrogen atom or
a monovalent organic group, and the monovalent organic
group has no particular limitation on a structure. As R*, a
hydrogen atom, an alkyl group, an aryl group, or a heteroaryl
group is preferable, and a hydrogen atom or an alkyl group
is more preferable. In a case where R* is an alkyl group, as
the alkyl group, a linear alkyl group having 1 to 20 carbon
atoms, a branched alkyl group having 3 to 20 carbon atoms,
or a cyclic alkyl group having 5 to 20 carbon atoms is
preferable, a linear alkyl group having 1 to 20 carbon atoms
is more preferable, and a linear alkyl group having 1 to 6
carbon atoms is even more preferable. In a case where q in
Formula (4) is 2 to 500, a plurality of X>’s and a plurality
of R*'s in the graft copolymer may be respectively the same
as or different from each other.

[0328] In addition, the polymer compound may have a
structural unit which contains two or more different struc-
tures and contains a graft chain. That is, the structural units
which are represented by Formulae (1) to (4) and have
structures different from one another may be included in a
molecule of the polymer compound, and in a case where n,
m, p, and q in Formulae (1) to (4) each represent an integer
equal to or greater than 2, in Formulae (1) and (2), structures
in which j and k are different from each other may be
included in the side chain, and in Formulae (3) and (4), a
plurality of R*’s, a plurality of R*’s, and a plurality of X*’s
in the molecule may be respectively the same as or different
from each other.

[0329] From the viewpoints of the temporal stability and
developability of the composition, the structural unit repre-
sented by Formula (1) is more preferably a structural unit
represented by Formula (A).

[0330] Furthermore, from the viewpoints of the temporal
stability and developability of the composition, the struc-
tural unit represented by Formula (2) is more preferably a
structural unit represented by Formula (2A).

1a)

71
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-continued
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[0331] X', Y', Z', and n in Formula (1A) have the same
definitions as X', Y*, Z*, and n in Formula (1), and preferred
ranges thereof are also the same. X2 Y2, Z7, and min
Formula (2A) have the same definitions as X, Y2, Z>, and
min Formula (2), and preferred ranges thereof are also the
same.

[0332] In addition, from the viewpoints of the temporal
stability and developability of the composition, the struc-
tural unit represented by Formula (3) is more preferably a
structural unit represented by Formula (3A) or (3B).

(34)
X3

T
Y34o\)>—z3
P

x3

T
Y3~<—o\(—>—z3
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[0333] X°,Y?, Z° andp in Formula (3A) or (3B) have the
same definitions as X, Y*, Z°, and p in Formula (3), and
preferred ranges thereof are also the same.

[0334] The polymer compound more preferably has, as a
structural unit containing a graft chain, the structural unit
represented by Formula (A).

[0335] The content of the structural unit (for example, the
structural units represented by Formulae (1) to (4)) contain-
ing a graft chain in the polymer compound is preferably
within a range of 2% to 90% by mass and more preferably
within a range of 5% to 30% by mass, in terms of mass, with
respect to the total mass of the polymer compound. In a case
where the structural unit containing a graft chain is within
the above range, the dispersibility of the pigment is high and
the developability in a case of forming a cured film is
favorable.

[0336] Hydrophobic Structural Unit

[0337] The polymer compound preferably contains a
hydrophobic structural unit which is different from the

GB)
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structural unit (that is, the structural unit does not correspond
to the structural unit containing a graft chain) containing a
graft chain. Here, in the present specification, the hydro-
phobic structural unit is a structural unit which does not have
an acid group (for example, a carboxylic acid group, a
sulfonic acid group, a phosphoric acid group, a phenolic
hydroxyl group, or the like).

[0338] As the hydrophobic structural unit, a structural unit
derived from (corresponding to) a compound (monomer)
having a C log P value equal to or greater than 1.2 is
preferable, and a structural unit derived from a compound
having a C log P value of 1.2 to 8 is more preferable. By
doing so, the effect of the present invention can be more
reliably exhibited.

[0339] The C log P value is a value calculated by a
program “C LOG P” available from Daylight Chemical
Information System, Inc. This program provides a value of
“calculated log P” calculated by the fragment approach (see
the following documents) of Hansch and Leo. The fragment
approach is based on a chemical structure of a compound,
and the log P value of the compound is estimated by dividing
the chemical structure into partial structures (fragments) and
summing up degrees of contribution to log P which are
assigned to the fragments. Details of the method are
described in the following documents. In the present speci-
fication, a C log P value calculated by a program C LOG P
v4.82 is used.

[0340] A. J. Leo, Comprehensive Medicinal Chemistry,
Vol. 4, C. Hansch, P. G. Sammnens, J. B. Taylor and C. A.
Ramsden, Eds., p. 295, Pergamon press, 1990, C. Hansch &
A. J. Leo. Substituent Constants For Correlation Analysis in
Chemistry and Biology. John Wiley & Sons. A. J. Leo.
Calculating log Poct from structure. Chem. Rev., 93, 1281 to
1306, 1993.

[0341] The log P means a common logarithm of a partition
coeflicient P, is a physical property value that shows how a
certain organic compound is partitioned in an equilibrium of
a two-phase system consisting of oil (generally, 1-octanol)
and water by using a quantitative numerical value, and is
expressed by the following expression.

log P=log(Coil/Cwater)

[0342] In the expression, Coil represents a molar concen-
tration of a compound in an oil phase, and Cwater represents
a molar concentration of the compound in a water phase.
[0343] The greater the positive log P value based on 0, the
higher the oil solubility, and the greater the absolute value of
negative log P, the higher the water solubility. Accordingly,
the value of log P has a negative correlation with the water
solubility of an organic compound and is widely used as a
parameter for estimating the hydrophilicity and hydropho-
bicity of an organic compound.

[0344] The polymer compound preferably contains, as a
hydrophobic structural unit, one or more structural units
selected from structural units derived from monomers rep-
resented by Formulae (i) to (iii).
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[0345] In Formulae (i) to (iii), R', R, and R? each inde-
pendently represent a hydrogen atom, a halogen atom (for
example, a fluorine atom, a chlorine atom, a bromine atom,
or the like), or an alkyl group (for example, a methyl group,
an ethyl group, a propyl group, or the like) having 1 to 6
carbon atoms.

[0346] R',R? andR? are each preferably a hydrogen atom
or an alkyl group having 1 to 3 carbon atoms, and more
preferably a hydrogen atom or a methyl group. R* and R® are
each even more preferably a hydrogen atom.

[0347] X represents an oxygen atom (—O—) or an imino
group (—NH—), and is preferably an oxygen atom.
[0348] Lisa single bond or a divalent linking group.
Examples of the divalent linking group include a divalent
aliphatic group (for example, an alkylene group, a substi-
tuted alkylene group, an alkenylene group, a substituted
alkenylene group, an alkynylene group, or a substituted
alkynylene group), a divalent aromatic group (for example,
an arylene group or a substituted arylene group), a divalent
heterocyclic group, an oxygen atom (—O—), a sulfur atom
(—S—), an imino group (—NH—), a substituted imino
group (—NR>'—, where R*' is an aliphatic group, an
aromatic group, or a heterocyclic group), a carbonyl group
(—CO—), and a combination thereof.

[0349] The divalent aliphatic group may have a cyclic
structure or a branched structure. The number of carbon
atoms in the aliphatic group is preferably 1 to 20, more
preferably 1 to 15, and even more preferably 1 to 10. The
aliphatic group may be an unsaturated aliphatic group or a
saturated aliphatic group, but is preferably a saturated ali-
phatic group. Moreover, the aliphatic group may have a
substituent. Examples of the substituent include a halogen
atom, an aromatic group, and a heterocyclic group.

[0350] The number of carbon atoms in the divalent aro-
matic group is preferably 6 to 20, more preferably 6 to 15,
and even more preferably 6 to 10. Moreover, the aromatic
group may have a substituent. Examples of the substituent
include a halogen atom, an aliphatic group, an aromatic
group, and a heterocyclic group.

[0351] The divalent heterocyclic group preferably con-
tains a S-membered ring or a 6-membered ring as a hetero-
cyclic ring. The heterocyclic ring may be fused with another
heterocyclic ring, an aliphatic ring, or an aromatic ring.
Moreover, the heterocyclic group may have a substituent.
Examples of the substituent include a halogen atom, a
hydroxyl group, an oxo group (—O), a thioxo group (=S),
an imino group (—NH), a substituted imino group (—N—
R>2, where R** is an aliphatic group, an aromatic group, or
a heterocyclic group), an aliphatic group, an aromatic group,
and a heterocyclic group.

[0352] L is preferably a single bond, an alkylene group, or
a divalent linking group having an oxyalkylene structure.
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The oxyalkylene structure is more preferably an oxyethylene
structure or an oxypropylene structure. Moreover, L. may
have a polyoxyalkylene structure which contains two or
more repeating oxyalkylene structures. As the polyoxyal-
kylene structure, a polyoxyethylene structure or a polyoxy-
propylene structure is preferable. The polyoxyethylene
structure is represented by —(OCH,CH,)n-, and n is pref-
erably an integer equal to or greater than 2 and more
preferably an integer of 2 to 10.

[0353] Examples of Z include an aliphatic group (for
example, an alkyl group, a substituted alkyl group, an
unsaturated alkyl group, or a substituted unsaturated alkyl
group), an aromatic group (for example, an aryl group, a
substituted aryl group, an arylene group, or a substituted
arylene group), a heterocyclic group, and a combination
thereof. These groups may contain an oxygen atom (—O—),
a sulfur atom (—S—), an imino group (—NH—), a substi-
tuted imino group (—NR3*'—, where R?' is an aliphatic
group, an aromatic group, or a heterocyclic group), or a
carbonyl group (—CO—).

[0354] The aliphatic group may have a cyclic structure or
a branched structure. The number of carbon atoms in the
aliphatic group is preferably 1 to 20, more preferably 1 to 15,
and even more preferably 1 to 10. The aliphatic group
further contains a ring-aggregated hydrocarbon group or a
crosslinked cyclic hydrocarbon group, and examples of the
ring-aggregated hydrocarbon group include a bicyclohexyl
group, a perhydronaphthalenyl group, a biphenyl group, and
a 4-cyclohexylphenyl group. Examples of a crosslinked
cyclic hydrocarbon ring include a bicyclic hydrocarbon ring
such as pinane, bomane, norpinane, norbomane, and bicy-
clooctane rings (a bicyclo[2.2.2]octane ring, a bicyclo[3.2.
1]octane ring, or the like); a tricyclic hydrocarbon ring such
as homobredane, adamantane, tricyclo[5.2.1.0*%]decane,
and tricyclo[4.3.1.1>°Jundecane rings; and a tetracyclic
hydrocarbon ring such as tetracyclo[4.4.0.1*°.17'°|dode-
cane and perhydro-1,4-methano-5,8-methanonaphthalene
rings. Moreover, the crosslinked cyclic hydrocarbon ring
also includes a fused cyclic hydrocarbon ring, for example,
a fused ring in which a plurality of 5- to 8-membered
cycloalkane rings such as perhydronaphthalene (decalin),
perhydroanthracene, perhydrophenanthrene, perhydroace-
naphthene, perhydrofluorene, perhydroindene, and perhy-
drophenalene rings are fused.

[0355] As the aliphatic group, a saturated aliphatic group
is more preferable to an unsaturated aliphatic group. More-
over, the aliphatic group may have a substituent. Examples
of the substituent include a halogen atom, an aromatic
group, and a heterocyclic group. Here, the aliphatic group
does not have an acid group as a substituent.

[0356] The number of carbon atoms in the aromatic group
is preferably 6 to 20, more preferably 6 to 15, and even more
preferably 6 to 10. Moreover, the aromatic group may have
a substituent. Examples of the substituent include a halogen
atom, an aliphatic group, an aromatic group, and a hetero-
cyclic group. Here, the aromatic group does not have an acid
group as a substituent.

[0357] The heterocyclic group preferably contains a
S5-membered ring or a 6-membered ring as a heterocyclic
ring. The heterocyclic ring may be fused with another
heterocyclic ring, an aliphatic ring, or an aromatic ring.
Moreover, the heterocyclic group may have a substituent.
Examples of the substituent include a halogen atom, a
hydroxyl group, an oxo group (—O), a thioxo group (=S),
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an imino group (—NH), a substituted imino group (—N—
R>2, where R** is an aliphatic group, an aromatic group, or
a heterocyclic group), an aliphatic group, an aromatic group,
and a heterocyclic group. Here, the heterocyclic group does
not have an acid group as a substituent.

[0358] InFormula (iii), R* R’, and R® each independently
represent a hydrogen atom, a halogen atom (for example, a
fluorine atom, a chlorine atom, a bromine atom, or the like),
an alkyl group (for example, a methyl group, an ethyl group,
a propyl group, or the like) having 1 to 6 carbon atoms, Z,
or L-Z. Herein, L and Z have the same definitions as L and
Z described above. As R*, R, and RS, a hydrogen atom or
an alkyl group having 1 to 3 carbon atoms is preferable, and
a hydrogen atom is more preferable.

[0359] The monomer represented by Formula (i) is pref-
erably a compound in which R', R? and R? are each a
hydrogen atom or a methyl group, L is a single bond, an
alkylene group, or a divalent linking group having an
oxyalkylene structure, X is an oxygen atom or an imino
group, and Z is an aliphatic group, a heterocyclic group, or
an aromatic group.

[0360] The monomer represented by Formula (ii) is pref-
erably a compound in which R' is a hydrogen atom or a
methyl group, L is an alkylene group, and Z is an aliphatic
group, a heterocyclic group, or an aromatic group. More-
over, the monomer represented by Formula (iii) is preferably
a compound in which R*, R>, and R® are each a hydrogen
atom or a methyl group, and Z is an aliphatic group, a
heterocyclic group, or an aromatic group.

[0361] Examples of typical compounds represented by
Formulae (i) to (iil) include radically polymerizable com-
pounds selected from acrylic acid esters, methacrylic acid
esters, and styrenes.

[0362] Furthermore, regarding the examples of the typical
compounds represented by Formulae (i) to (iii), reference
can be made to the compounds described in paragraphs 0089
to 0093 of JP2013-249417A, the contents of which are
incorporated into the present specification.

[0363] The content of the hydrophobic structural unit in
the polymer compound is preferably within a range of 10%
to 90% and more preferably within a range of 20% to 80%,
in terms of mass, with respect to the total mass of the
polymer compound. In a case where the content is within the
above range, sufficient pattern formation can be obtained.
[0364] Functional Group Capable of Forming Interaction
with Pigment or the Like

[0365] A functional group capable of forming interaction
with the pigment or the like (for example, a light-shielding
pigment) can be introduced into the polymer compound.
Herein, it is preferable that the polymer compound further
has a structural unit containing a functional group capable of
forming interaction with the pigment or the like.

[0366] Examples of the functional group capable of form-
ing interaction with the pigment or the like include an acid
group, a basic group, a coordinating group, and a reactive
functional group.

[0367] In a case where the polymer compound contains an
acid group, a basic group, a coordinating group, or a reactive
functional group, it is preferable that the polymer compound
contains a structural unit containing an acid group, a struc-
tural unit containing a basic group, a structural unit con-
taining a coordinating group, or a reactive structural unit.
[0368] In particular, in a case where the polymer com-
pound further contains, as an acid group, an alkali-soluble
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group such as a carboxylic acid group, developability for
forming a pattern by alkali development can be imparted to
the polymer compound.

[0369] That is, in a case where an alkali-soluble group is
introduced into the polymer compound, in the composition,
the polymer compound as a dispersant making a contribu-
tion to the dispersion of the pigment or the like has alkali
solubility. The composition containing such a polymer com-
pound is excellent in light-shielding properties of a cured
film formed by exposure, and improves alkali developability
of an unexposed portion.

[0370] Furthermore, in a case where the polymer com-
pound has a structural unit containing an acid group, the
polymer compound is easily compatible with the solvent,
and coating properties also tend to be improved.

[0371] It is presumed that this is because the acid group in
the structural unit containing an acid group easily interacts
with the pigment or the like, the polymer compound stably
disperses the pigment or the like, the viscosity of the
polymer compound dispersing the pigment or the like is
reduced, and thus the polymer compound is also easily
dispersed in a stable manner.

[0372] Here, the structural unit containing an alkali-
soluble group as an acid group may be the same as or
different from the structural unit containing a graft chain, but
the structural unit containing an alkali-soluble group as an
acid group is a structural unit different from the hydrophobic
structural unit (that is, the structural unit does not correspond
to the hydrophobic structural unit).

[0373] Examples of the acid group, which is the functional
group capable of forming interaction with the pigment or the
like, include a carboxylic acid group, a sulfonic acid group,
a phosphoric acid group, and a phenolic hydroxyl group, at
least one of a carboxylic acid group, a sulfonic acid group,
or a phosphoric acid group is preferable, and a carboxylic
acid group is more preferable. The carboxylic acid group has
favorable adsorptive power to the pigment or the like and
high dispersibility.

[0374] That is, it is preferable that the polymer compound
further has a structural unit containing at least one of a
carboxylic acid group, a sulfonic acid group, or a phosphoric
acid group.

[0375] The polymer compound may have one or more of
the structural unit containing an acid group.

[0376] The polymer compound may or may not contain
the structural unit containing the acid group, but in a case
where the polymer compound contains the structural unit
containing the acid group, the content thereof, in terms of
mass, with respect to the total mass of the polymer com-
pound is preferably 5% to 80% by mass, and more prefer-
ably 10% to 60% by mass from the viewpoint of suppressing
damage of the image intensity by alkali development.
[0377] Examples of the basic group, which is the func-
tional group capable of forming interaction with the pigment
or the like, include a primary amino group, a secondary
amino group, a tertiary amino group, a hetero ring contain-
ing a N atom, and an amide group, and a preferred basic
group is a tertiary amino group from the viewpoints of
favorable adsorptive power to the pigment or the like and
high dispersibility. The polymer compound may contain one
or more of these basic groups.

[0378] The polymer compound may or may not contain
the structural unit containing the basic group, but in a case
where the polymer compound contains the structural unit
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containing the basic group, the content thereof, in terms of
mass, with respect to the total mass of the polymer com-
pound is preferably 0.01% to 50% by mass, and more
preferably 0.01% to 30% by mass from the viewpoint of
suppressing developability inhibition.

[0379] Examples of the coordinating group and the reac-
tive functional group which are the functional groups
capable of forming interaction with the pigment or the like
include an acetyl acetoxy group, a trialkoxysilyl group, an
isocyanate group, an acid anhydride, and an acid chloride. A
preferred functional group is an acetyl acetoxy group from
the viewpoints of favorable adsorptive power to the pigment
or the like and high dispersibility of the pigment or the like.
The polymer compound may have one or more of these
groups.

[0380] The polymer compound may or may not contain
the structural unit containing the coordinating group or the
structural unit containing the reactive functional group, but
in a case where the polymer compound contains the struc-
tural unit containing the coordinating group or the structural
unit containing the reactive functional group, the content
thereof, in terms of mass, with respect to the total mass of
the polymer compound is preferably 10% to 80% by mass,
and more preferably 20% to 60% by mass from the view-
point of suppressing developability inhibition.

[0381] In a case where the polymer compound contains,
other than the graft chain, the functional group capable of
forming interaction with the pigment or the like, the func-
tional groups capable of forming interaction with various
pigments or the like may be contained, the way these
functional groups are introduced is not particularly limited,
but it is preferable that the polymer compound contains one
or more structural units selected from structural units
derived from monomers represented by Formulae (iv) to

(vi).
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[0382] In Formulae (iv) to (vi), R', R*?, and R'® each
independently represent a hydrogen atom, a halogen atom
(for example, a fluorine atom, a chlorine atom, a bromine
atom, or the like), or an alkyl group (for example, a methyl
group, an ethyl group, a propyl group, or the like) having 1
to 6 carbon atoms.

[0383] In Formulae (iv) to (vi), R'*, R*?, and R'® are
preferably each independently a hydrogen atom or an alkyl
group having 1 to 3 carbon atoms, and more preferably each
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independently a hydrogen atom or a methyl group. In
Formula (iv), R'? and R'® are each even more preferably a
hydrogen atom.

[0384] In Formula (iv), X, represents an oxygen atom
(—O—) or an imino group (—NH—), and is preferably an
oxygen atom.

[0385] Moreover, in Formula (v), Y represents a methine
group or a nitrogen atom.

[0386] In addition, in Formulae (iv) and (v), L, represents
a single bond or a divalent linking group. The divalent
linking group has the same definition as the divalent linking
group represented by L in Formula (i).

[0387] L, is preferably a single bond, an alkylene group,
or a divalent linking group having an oxyalkylene structure.
The oxyalkylene structure is more preferably an oxyethylene
structure or an oxypropylene structure. Moreover, L.; may
have a polyoxyalkylene structure which contains two or
more repeating oxyalkylene structures. As the polyoxyal-
kylene structure, a polyoxyethylene structure or a polyoxy-
propylene structure is preferable. The polyoxyethylene
structure is represented by —(OCH,CH,)n-, and n is pref-
erably an integer equal to or greater than 2 and more
preferably an integer of 2 to 10.

[0388] In Formulae (iv) to (vi), Z, represents a functional
group capable of forming interaction with the pigment or the
like other than a graft chain, and is preferably a carboxylic
acid group and a tertiary amino group and more preferably
a carboxylic acid group.

[0389] In Formula (vi), R*, R'*, and R*S each indepen-
dently represent a hydrogen atom, a halogen atom (for
example, a fluorine atom, a chlorine atom, a bromine atom,
or the like), an alkyl group (for example, a methyl group, an
ethyl group, a propyl group, or the like) having 1 to 6 carbon
atoms, —Z,, or [.,-Z,. Herein, L., and Z, have the same
definitions as [, and Z; described above, and preferred
examples thereof are also the same. R'*, R'>, and R'¢ are
preferably each independently a hydrogen atom or an alkyl
group having 1 to 3 carbon atoms, and more preferably each
independently a hydrogen atom.

[0390] The monomer represented by Formula (iv) is pref-
erably a compound in which R*, R'?, and R'? are each
independently a hydrogen atom or a methyl group, L., is an
alkylene group or a divalent linking group having an oxy-
alkylene structure, X, is an oxygen atom or an imino group,
and Z, is a carboxylic acid group.

[0391] Moreover, the monomer represented by Formula
(v) is preferably a compound in which R'! is a hydrogen
atom or a methyl group, L, is an alkylene group, Z, is a
carboxylic acid group, and Y is a methine group.

[0392] Furthermore, the monomer represented by Formula
(vi) is preferably a compound in which R**, R'* and R*° are
each independently a hydrogen atom or a methyl group, L,
is a single bond or an alkylene group, and Z, is a carboxylic
acid group.

[0393] Typical examples of the monomers (compounds)
represented by Formulae (iv) to (vi) are shown below.
[0394] Examples of the monomers include methacrylic
acid, crotonic acid, isocrotonic acid, a reaction product of a
compound (for example, 2-hydroxyethyl methacrylate) con-
taining an addition polymerizable double bond and a
hydroxyl group in a molecule with a succinic acid anhy-
dride, a reaction product of a compound containing an
addition polymerizable double bond and a hydroxyl group in
a molecule with a phthalic acid anhydride, a reaction product
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of'a compound containing an addition polymerizable double
bond and a hydroxyl group in a molecule with a tetrahy-
droxyphthalic acid anhydride, a reaction product of a com-
pound containing an addition polymerizable double bond
and a hydroxyl group in a molecule with trimellitic acid
anhydride, a reaction product of a compound containing an
addition polymerizable double bond and a hydroxyl group in
a molecule with a pyromellitic acid anhydride, acrylic acid,
an acrylic acid dimer, an acrylic acid oligomer, maleic acid,
itaconic acid, fumaric acid, 4-vinylbenzoic acid, vinyl phe-
nol, and 4-hydroxyphenyl methacrylamide.

[0395] From the viewpoint of the interaction with the
pigment or the like, the temporal stability, and the perme-
ability into a developer, the content of the structural unit
containing a functional group capable of forming interaction
with the pigment or the like is preferably 0.05% to 90% by
mass, more preferably 1.0% to 80% by mass, and even more
preferably 10% to 70% by mass, with respect to the total
mass of the polymer compound.

[0396] Other Structural Units

[0397] In addition, for the purpose of improving various
performances such as image intensity, as long as the effects
of the present invention are not impaired, the polymer
compound may further have other structural units (for
example, a structural unit containing a functional group or
the like having an affinity with the solvent which will be
described later) which have various functions and are dif-
ferent from the structural unit containing a graft chain, the
hydrophobic structural unit, and the structural unit contain-
ing a functional group capable of forming interaction with
the pigment or the like.

[0398] Examples of such other structural units include
structural units derived from radically polymerizable com-
pounds selected from acrylonitriles and methacrylonitriles.

[0399] The polymer compound may have one or more of
these other structural units, and the content thereof is pref-
erably 0% to 80% by mass and more preferably 10% to 60%
by mass, in terms of mass, with respect to the total mass of
the polymer compound. In a case where the content is within
the above range, sufficient pattern formability is maintained.

[0400]

[0401] An acid value of the polymer compound is prefer-
ably 0 to 250 mg KOH/g, more preferably 10 to 200 mg
KOH/g, even more preferably 30 to 180 mg KOH/g, and
particularly preferably in a range of 70 to 120 mg KOH/g.

[0402] In a case where the acid value of the polymer
compound is equal to or lower than 160 mg KOH/g, pattern
peeling during development in a case of forming a cured film
is more effectively suppressed. Moreover, in a case where
the acid value of the polymer compound is equal to or higher
than 10 mg KOH/g, the alkali developability is improved.
Furthermore, in a case where the acid value of the polymer
compound is equal to or higher than 20 mg KOH/g, the
precipitation of the pigment or the like can be further
suppressed, the number of coarse particles can be further
reduced, and the temporal stability of the composition can be
further improved.

[0403] In the present specification, the acid value can be
calculated, for example, from the average content of acid
groups in the compound. Moreover, a resin having a desired
acid value can be obtained by changing the content of the
structural unit containing an acid group, which is a constitu-
ent component of the resin.

Physical Properties of Polymer Compound
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[0404] A weight-average molecular weight of the polymer
compound is preferably 4,000 to 300,000, more preferably
5,000 to 200,000, even more preferably 6,000 to 100,000,
and particularly preferably 10,000 to 50,000.

[0405] The polymer compound can be synthesized based
on known methods.

[0406] Specific examples of the polymer compound
include “DA-7301” produced by Kusumoto Chemicals,
Ltd., “Disperbyk-101 (polyamidoamine phosphate), 107
(carboxylic acid ester), 110 (copolymer containing an acid
group), 111 (phosphoric acid-based dispersant), 130 (poly-
amide), 161, 162, 163, 164, 165, 166, 170, and 190 (poly-
meric copolymer)” and “BYK-P104 and P105 (high-mo-
lecular-weight unsaturated polycarboxylic acid)” produced
by BYK-Chemie GmbH, “EFKA 4047, 4050 to 4010 to
4165 (based on polyurethane), EFKA 4330 to 4340 (block
copolymer), 4400 to 4402 (modified polyacrylate), 5010
(polyester amide), 5765 (high-molecular-weight polycar-
boxylate), 6220 (fatty acid polyester), 6745 (phthalocyanine
derivative), and 6750 (azo pigment derivative)” produced by
EFKA, “AJISPER PB821, PB822, PB880, and PB881”
produced by Ajinomoto Fine-Techno Co., Inc., “FLOWLEN
TG-710 (urethane oligomer)” and “POLYFLOW No. 50E
and No. 300 (acrylic copolymer)” produced by KYOEISHA
CHEMICAL Co., LTD., “DISPARLON KS-860, 873SN,
874, #2150 (aliphatic polyvalent carboxylic acid), #7004
(polyether ester), DA-703-50, DA-705, and DA-725” pro-
duced by Kusumoto Chemicals, Ltd., “DEMOL RN, N
(naphthalenesulfonic acid-formalin polycondensate), MS,
C, and SN-B (aromatic sulfonic acid-formalin polyconden-
sate)”, “HOMOGENOL L-18 (polymeric polycarboxylic
acid)”, “EMULGEN 920, 930, 935, and 985 (polyoxyeth-
ylene nonylphenyl ether)’, and “ACETAMIN 86
(stearylamine acetate)” produced by Kao Corporation,
“SOLSPERSE 5000 (phthalocyanine derivative), 22000
(azo pigment derivative), 13240 (polyester amine), 3000,
12000, 17000, 20000, 27000 (polymer containing a func-
tional portion on a terminal portion), 24000, 28000, 32000,
and 38500 (graft copolymer)” produced by Lubrizol Japan
Limited, “NIKKOL T106 (polyoxyethylene sorbitan
monooleate), and MYS-IEX (polyoxyethylene monostear-
ate)” produced by Nikko Chemicals Co., Ltd., HINOACT
T-8000FE and the like produced by Kawaken Fine Chemicals
Co., Ltd., an organosiloxane polymer KP-341 produced by
Shin-Etsu Chemical Co., Ltd., “W001: cationic surfactant”,
nonionic surfactants such as polyoxyethylene lauryl ether,
polyoxyethylene stearyl ether, polyoxyethylene oleyl ether,
polyoxyethylene octyl phenyl ether, polyoxyethylene nonyl
phenyl ether, polyethylene glycol dilaurate, polyethylene
glycol distearate, and a sorbitan fatty acid ester, and anionic
surfactants such as “W004, W005, and W017” produced by
Yusho Co., Ltd., “EFKA-46, EFKA-47, EFKA-47EA,
EFKA polymer 100, EFKA polymer 400, EFKA polymer
401, and EFKA polymer 450" produced by MORISHITA &
CO., LTD., polymer dispersants such as “DISPERSE AID 6,
DISPERSE AID 8, DISPERSE AID 15, and DISPERSE
AID 9100” produced by SAN NOPCO LIMITED,
“ADEKA PLURONIC 131, F38, 142, 144, L.61, L64, F68,
L72, P95, F77, P84, F87, P94,1.101, P103, F108, L121, and
P-123” produced by ADEKA CORPORATION, and
“IONET (trade name) S-20” produced by Sanyo Chemical
Industries, Ltd. Moreover, ACRYBASE FFS-6752 and
ACRYBASE FFS-187 can also be used.
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[0407] In addition, it is also preferable that an amphoteric
resin containing an acid group and a basic group is used. The
amphoteric resin is preferably a resin having an acid value
equal to or higher than 5 mg KOH/g and an amine value
equal to or higher than 5 mg KOH/g.

[0408] Examples of commercial products of the ampho-
teric resin include DISPERBYK-130, DISPERBYK-140,
DISPERBYK-142, DISPERBYK-145, DISPERBYK-180,
DISPERBYK-187, DISPERBYK-191, DISPERBYK-2001,
DISPERBYK-2010, DISPERBYK-2012, DISPERBYK-
2025, and BYK-9076 produced by BYK-Chemie GmbH,
and AJISPER PB821, AJISPER PB822, and AJISPER
PB881 produced by Ajinomoto Fine-Techno Co., Inc.
[0409] These polymer compounds may be used singly or
in combination of two or more thereof.

[0410] Furthermore, regarding specific examples of the
polymer compound, reference can be made to the polymer
compound described in paragraphs 0127 to 0129 of JP2013-
249417A, the contents of which are incorporated into the
present specification.

[0411] In addition, as the dispersant, in addition to the
aforementioned polymer compounds, the graft copolymer
described in paragraphs 0037 to 0115 of JP2010-106268A
(corresponding to paragraphs 0075 to 0133 of US2011/
0124824A) can be used, the contents of which can be
incorporated by reference into the present specification.
[0412] Moreover, in addition to the aforementioned dis-
persant, the polymer compound described in paragraphs
0028 to 0084 of JP2011-153283A (corresponding to para-
graphs 0075 to 0133 of US2011/0279759A) which contains
a constituent component having a side chain structure
formed by bonding of acidic groups through a linking group
can be used, the contents of which can be incorporated by
reference into the present specification.

[0413] Furthermore, as the dispersant, the resin described
in paragraphs 0033 to 0049 of JP2016-109763 A can also be
used, the contents of which are incorporated into the present
specification.

[0414] <Alkali-Soluble Resin>

[0415] The composition preferably contains an alkali-
soluble resin. In the present specification, the alkali-soluble
resin means a resin containing a group (an alkali-soluble
group, for example, an acid group such as a carboxylic acid
group) which promotes alkali solubility, and a resin different
from the dispersant described above.

[0416] A content of the alkali-soluble resin in the compo-
sition is not particularly limited, but is preferably 1% to 30%
by mass, more preferably 2% to 20% by mass, and even
more preferably 5% to 15% by mass, with respect to the total
solid content of the composition.

[0417] The alkali-soluble resins may be used singly or in
combination of two or more thereof. In a case where two or
more alkali-soluble resins are used in combination, the total
content thereof is preferably within the above range.
[0418] As the alkali-soluble resin, a resin containing at
least one alkali-soluble group in a molecule is mentioned,
and examples thereof include a polyhydroxystyrene resin, a
polysiloxane resin, a (meth)acrylic resin, a (meth)acrylam-
ide resin, a (meth)acryl/(meth)acrylamide copolymer resin,
an epoxy-based resin, and a polyimide resin.

[0419] Specific examples of the alkali-soluble resin
include a copolymer of an unsaturated carboxylic acid and
an ethylenically unsaturated compound.
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[0420] The unsaturated carboxylic acid is not particularly
limited, but examples thereof include monocarboxylic acids
such as (meth)acrylic acid, crotonic acid, and vinyl acetate;
dicarboxylic acid such as itaconic acid, maleic acid, and
fumaric acid or an acid anhydride thereof; and polyvalent
carboxylic acid monoesters such as mono(2-(meth)acryloy-
loxyethyl)phthalate.

[0421] Examples of a copolymerizable ethylenically
unsaturated compound include methyl (meth)acrylate.
Moreover, the compounds described in paragraph 0027 of
JP2010-097210A and paragraphs 0036 and 0037 of JP2015-
068893A can also be used, the contents of which are
incorporated into the present specification.

[0422] Furthermore,  copolymerizable ethylenically
unsaturated compounds containing an ethylenically unsatu-
rated group in a side chain may be used in combination. As
the ethylenically unsaturated group, a (meth)acrylic acid
group is preferable. An acrylic resin containing an ethyleni-
cally unsaturated group in a side chain can be obtained, for
example, by addition-reacting a carboxylic acid group of an
acrylic resin containing the carboxylic acid group with an
ethylenically unsaturated compound containing a glycidyl
group or an alicyclic epoxy group.

[0423] As the alkali-soluble resin, an alkali-soluble resin
containing a curable group is also preferable.

[0424] As the curable group, the curable groups which
may be contained in the aforementioned polymer compound
are also mentioned, and preferred ranges are also the same.

[0425] The alkali-soluble resin containing a curable group
is preferably an alkali-soluble resin having a curable group
in the side chain, or the like. Examples of the alkali-soluble
resin containing a curable group include DIANAL NR series
(produced by Mitsubishi Rayon Co., Ltd.), Photomer 6173
(COOH-containing polyurethane acrylic oligomer, produced
by Diamond Shamrock Co., Ltd.), VISCOAT R-264 and KS
resist 106 (all produced by OSAKA ORGANIC CHEMI-
CAL INDUSTRY LTD.), CYCLOMER P series (for
example, ACA230AA) and PLACCEL CF200 series (all
produced by DAICEL. CORPORATION), Ebecryl 3800
(produced by DAICEL-ALLNEX LTD.), and ACRYCURE
RD-F8 (produced by NIPPON SHOKUBAI CO., LTD.).
[0426] As the alkali-soluble resin, for example, the radical
polymers which contain a carboxylic acid group in a side
chain and are described in JP1984-044615A (JP-S59-
044615A), JP1979-034327B (JP-S54-034327B), JP1983-
012577B (JP-S58-012577B), JP1979-025957B (IP-S54-
025957B), JP1979-092723A (JP-S54-092723A), JP1984-
053836A (JP-S59-053836A), and JP1984-071048A (JP-
S59-071048A); the acetal-modified polyvinyl alcohol-based
binder resins which contain an alkali-soluble group and are
described in EP993966B, EP1204000B, and JP2001-
318463A; polyvinyl pyrrolidone; polyethylene oxide;
polyether or the like which is a reaction product of alcohol-
soluble nylon, 2,2-bis-(4-hydroxyphenyl)-propane, and
epichlorohydrin; the polyimide resin described in WO2008/
123097A; and the like can be used.

[0427] As the alkali-soluble resin, for example, the com-
pound described in paragraphs 0225 to 0245 of JP2016-
075845A can also be used, the contents of which are
incorporated into the present specification.

[0428] As the alkali-soluble resin, a polyimide precursor
can also be used. The polyimide precursor means a resin
obtained by causing an addition polymerization reaction
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between a compound containing an acid anhydride group
and a diamine compound at a temperature of 40° C. to 100°
C.

[0429] Examples of the polyimide precursor include a
resin having a repeating unit represented by Formula (1).
Examples of the polyimide precursor include polyimide
precursors containing an amic acid structure represented by
Formula (2), and imide structures represented by Formula
(3) obtained in a case where imide ring closure occurs in a
portion of an amic acid structure and Formula (4) obtained
in a case where imide ring closure occurs in the entirety of
an amic acid structure.

[0430] Furthermore, in the present specification, the poly-
imide precursor having an amic acid structure is referred to
as polyamic acid in some cases.

(6]
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[0431] In Formulae (1) to (4), R, represents a tetravalent
organic group having 2 to 22 carbon atoms, R, represents a
divalent organic group having 1 to 22 carbon atoms, and n
represents 1 or 2.

[0432] Specific examples of the polyimide precursor
include the compound described in paragraphs 0011 to 0031
of JP2008-106250A, the compound described in paragraphs
0022 to 0039 of JP2016-122101A, and the compound
described in paragraphs 0061 to 0092 of JP2016-068401A,
the contents of which are incorporated into the present
specification.

[0433] From the viewpoint that a pattern shape of a
pattern-like cured film formed of the composition is supe-
rior, it is also preferable that the alkali-soluble resin contains
at least one selected from the group consisting of a poly-
imide resin and a polyimide precursor.

[0434] The polyimide resin containing the alkali-soluble
group is not particularly limited, and known polyimide
resins containing the alkali-soluble group can be used.
Examples of the polyimide resin include the resin described
in paragraph 0050 of JP2014-137523 A, the resin described
in paragraph 0058 of JP2015-187676A, and the resin
described in paragraphs 0012 and 0013 of JP2014-106326A,
the contents of which are incorporated into the present

specification.

[0435] (Resin Containing FEthylenically Unsaturated
Group)

[0436] From the viewpoint that rectangularity of a cross-

sectional shape of the obtained cured film is superior, the
composition used in the production method of the present
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invention preferably contains, as the resin, a resin containing
an ethylenically unsaturated group. The resin containing an
ethylenically unsaturated group may be a dispersant or an
alkali-soluble resin. Moreover, the resin containing an eth-
ylenically unsaturated group may be a resin other than the
dispersant or the alkali-soluble resin.

[0437] The lower limit of a content of the resin containing
an ethylenically unsaturated group in the composition is
preferably equal to or greater than 30% by mass, more
preferably equal to or greater than 50% by mass, even more
preferably equal to or greater than 65% by mass, and
particularly preferably equal to or greater than 85% by mass,
with respect to the total mass of the resins contained in the
composition.

[0438] The upper limit of the content of the resin contain-
ing an ethylenically unsaturated group in the composition is
preferably equal to or less than 100% by mass with respect
to the total mass of the resins contained in the composition.
[0439] One resin containing an ethylenically unsaturated
group may be used singly or two or more resins containing
an ethylenically unsaturated group may be used, and in a
case where two or more resins containing an ethylenically
unsaturated group are used, the total content thereof is
preferably within the above range.

[0440] Furthermore, the resin containing an ethylenically
unsaturated group refers to a resin containing one or more
ethylenically unsaturated groups in one molecule.

[0441] The content of the resin containing an ethylenically
unsaturated group may be calculated from the charged
amount of raw materials.

[0442] In addition, the content of the ethylenically unsatu-
rated group with respect to the total mass of the resin is not
particularly limited, but is preferably 0.001 to 5.00 mmol/g,
more preferably 0.10 to 3.00 mmol/g, and even more pref-
erably 0.26 to 2.50 mmol/g. In a case where the content of
the ethylenically unsaturated group is within a range of 0.10
to 3.00 mmol/g, the rectangularity of the cross-sectional
shape of the cured film formed of the composition is
superior.

[0443] Furthermore, the total mass of the resin means the
total mass of the resins contained in the composition, and for
example, in a case where the composition contains a resin
containing an ethylenically unsaturated group and a resin
containing no ethylenically unsaturated group, the total mass
of both resins corresponds to the total mass of the resin.
[0444] Therefore, the content of the ethylenically unsatu-
rated group represents the content of the ethylenically
unsaturated group in the resin, which contains the ethyleni-
cally unsaturated group, with respect to the total mass of the
resin.

[0445] Moreover, the resin means a component which is
dissolved in the composition and has a weight-average
molecular weight greater than 2,000.

[0446] In the present specification, the content of the
ethylenically unsaturated group is referred to as “C—C
value” in some cases.

[0447] In the present specification, the content (C—C
value) of the ethylenically unsaturated group means a value
measured by the following method. Moreover, in a case
where a resin containing an ethylenically unsaturated group
is synthesized, the content (C—C value) may be calculated
from the charged amount of raw materials and substituted
for measurement.
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[0448] Furthermore, in a case where the composition
contains a plurality of types of resins and the C—C value of
each resin is clear, the C—C value as the total mass of the
resin contained in the composition is calculated and deter-
mined from a formulation ratio of each resin.

[0449] As a method for measuring the content of the
ethylenically unsaturated group in the resin, the following
method is used in a case where the ethylenically unsaturated
group is a (meth)acryloyl group.

[0450] First, solid components (a black pigment or the
like) in the composition are precipitated by a centrifugal
separation method, and the remaining liquid components are
fractionated. Components having a weight-average molecu-
lar weight greater than 2,000 are further fractionated from
the obtained liquid components by the GPC method, and
used as a resin to be measured.

[0451] Subsequently, 0.25 mg of the resin to be measured
is dissolved in 50 mL of tetrahydrofuran (THF), and 15 mL
of methanol is further added to produce a solution.

[0452] To the produced solution is added 10 mL of 4N
aqueous sodium hydroxide solution to obtain a mixed solu-
tion. Subsequently, the mixed solution is stirred at a liquid
temperature of 40° C. for 2 hours. Moreover, 10.2 mL of 4N
aqueous methanesulfonic acid solution is added to the mixed
solution, followed by stirring. Furthermore, 5 mL of demin-
eralized water is added to the mixed solution, and subse-
quently, 2 mL of methanol is added to prepare a measure-
ment solution.

[0453] A content of (meth)acrylic acid in the measurement
solution is measured by the high performance liquid chro-
matography (HPLC) method (absolute calibration curve
method), and then the content of the ethylenically unsatu-
rated group is calculated.

[0454] HPLC measurement condition column: Synergi 4pL
Polar-RP 80A (4.6 mmx250 mm) manufactured by Phenom-
enex Inc.

[0455] Column temperature: 40° C., Flow rate: 1.0
ml./min, Wavelength of detector: 210 nm, Eluent: 55 of
tetrahydrofuran (THF, for HPLC)/45 of buffer water, *
Buffer water . . . 0.2%-phosphoric acid and 0.2%-triethyl-
amine, Injection volume of aqueous solution: 5 ul.

[0456] As the method for measuring the content of the
ethylenically unsaturated group in the resin, a method for
measuring bromination of the resin to be measured which is
fractionated by the aforementioned method can be used in a
case where the ethylenically unsaturated group is a group
other than a (meth)acryloyl group, or is a combination of a
(meth)acryloyl group and a group other than a (meth)
acryloyl group. A bromine value is measured in accordance
with JIS K 2605:1996.

[0457] Herein, the content of the ethylenically unsaturated
group is a value obtained by converting the number of grams
(gBr,/100 g) of bromine (Br,) added to 100 g of resin to be
measured having the aforementioned bromine value into the
number of moles of bromine (Br,) added per 1 g of the resin.
[0458] [Polymerization Initiator]

[0459] The composition according to the embodiment of
the present invention preferably contains a polymerization
initiator.

[0460] The polymerization initiator is not particularly lim-
ited, and known polymerization initiators can be used.
Examples of the polymerization initiator include a photo-
polymerization initiator and a thermal polymerization ini-
tiator, and a photopolymerization initiator is preferable.
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Moreover, as the polymerization initiator, a so-called radical
polymerization initiator is preferable.

[0461] A content of the polymerization initiator in the
composition is not particularly limited, but is preferably
0.5% to 20% by mass, more preferably 1.0% to 10% by
mass, and even more preferably 1.5% to 8% by mass, with
respect to the total solid content of the composition. The
polymerization initiators may be used singly or in combi-
nation of two or more thereof. In a case where two or more
polymerization initiators are used in combination, the total
content thereof is preferably within the above range.
[0462] <Thermal Polymerization Initiator>

[0463] Examples of the thermal polymerization initiator
include an azo compound such as 2,2'-azobisisobutyronitrile
(AIBN), 3-carboxypropionitrile, azobismalononitrile, and
dimethyl-(2,2")-azobis(2-methylpropionate) [V-601] and an
organic peroxide such as benzoyl peroxide, lauroyl perox-
ide, and potassium persulfate.

[0464] Specific examples of the thermal polymerization
initiator include the polymerization initiator described in pp.
65 to 148 of “Ultraviolet Curing System” (published by
Sogo Gijutsu Center, 1989) written by Kiyomi KATO.
[0465] <Photopolymerization Initiator>

[0466] The composition preferably contains a photopoly-
merization initiator.

[0467] The photopolymerization initiator is not particu-
larly limited as long as the photopolymerization initiator can
initiate the polymerization of the polymerizable compound,
and known photopolymerization initiators can be used. As
the photopolymerization initiator, for example, a photopo-
lymerization initiator exhibiting photosensitivity from an
ultraviolet range to a visible light range is preferable.
Moreover, the photopolymerization initiator may be an
activator which generates active radicals by causing a cer-
tain action with a photoexcited sensitizer or an initiator
which initiates cationic polymerization according to the type
of the polymerizable compound.

[0468] Furthermore, the photopolymerization initiator
preferably contains at least one compound having a molar
absorption coefficient of at least 50 in a range of 300 to 800
nm (more preferably 330 to 500 nm).

[0469] A content of the photopolymerization initiator in
the composition is not particularly limited, but is preferably
0.5% to 20% by mass, more preferably 1.0% to 10% by
mass, and even more preferably 1.5% to 8% by mass, with
respect to the total solid content of the composition. The
photopolymerization initiators may be used singly or in
combination of two or more thereof. In a case where two or
more photopolymerization initiators are used in combina-
tion, the total content thereof is preferably within the above
range.

[0470] Examples of the photopolymerization initiator
include a halogenated hydrocarbon derivative (for example,
a compound containing a triazine skeleton, a compound
containing an oxadiazole skeleton, or the like), an acyl
phosphine compound such as acyl phosphine oxide,
hexaaryl biimidazole, an oxime compound such as an oxime
derivative, an organic peroxide, a thio compound, a ketone
compound, an aromatic onium salt, an aminoacetophenone
compound, and hydroxyacetophenone.

[0471] Regarding specific examples of the photopolymer-
ization initiator, reference can be made to, for example,
paragraphs 0265 to 0268 of JP2013-029760A, the contents
of which are incorporated into the present specification.
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[0472] More specifically, as the photopolymerization ini-
tiator, for example, the aminoacetophenone-based initiator
described in JP1998-291969A (JP-H10-291969A) and the
acyl phosphine oxide-based initiator described in
JP4225898B can also be used.

[0473] As the hydroxyacetophenone compound, for
example, IRGACURE-184, DAROCUR-1173, IRGA-
CURE-500, IRGACURE-2959, and IRGACURE-127 (trade
names: all produced by BASF SE) can be used.

[0474] As the aminoacetophenone compound, for
example, IRGACURE-907, IRGACURE-369, or IRGA-
CURE-379EG (trade names: all produced by BASF SE),
which is a commercial product, can be used. As the amino-
acetophenone compound, the compound which is described
in JP2009-191179A and whose absorption wavelength is
matched to a light source having a long wavelength such as
a wavelength of 365 nm or a wavelength of 405 nm can also
be used.

[0475] As the acyl phosphine compound, IRGACURE-
819 or IRGACURE-TPO (trade names: all produced by
BASF SE), which is a commercial product, can be used.
[0476] (Oxime Compound)

[0477] As the photopolymerization initiator, an oxime
ester-based polymerization initiator (oxime compound) is
more preferable. In particular, an oxime compound has high
sensitivity and high polymerization efficiency, easily designs
the content of the light-shielding pigment in the composition
to be high, and thus is preferable.

[0478] As specific examples of the oxime compound, the
compound described in JP2001-233842A, the compound
described in JP2000-080068 A, or the compound described
in JP2006-342166A can be used.

[0479] Examples of the oxime compound include 3-ben-
zoyloxyiminobutan-2-one, 3-acetoxyiminobutan-2-one,
3-propionyloxyiminobutan-2-one, 2-acetoxyiminopentan-3-
one, 2-acetoxyimino-1-phenylpropan-1-one, 2-benzoyloxy-
imino-1-phenylpropan-1-one, 3-(4-toluenesulfonyloxy)imi-
nobutan-2-one, and 2-ethoxycarbonyloxyimino-1-
phenylpropan-1-one.

[0480] Furthermore, the compounds described in J. C. S.
Perkin 1T (1979) pp. 1653 to 1660, J. C. S. Perkin II (1979)
pp. 156 to 162, Journal of Photopolymer Science and
Technology (1995) pp. 202 to 232, JP2000-066385A,
JP2000-080068 A, JP2004-534797A, and JP2006-342166A
can also be mentioned.

[0481] Among commercial products, IRGACURE-
OXEO1 (produced by BASF SE), IRGACURE-OXE02
(produced by BASF SE), IRGACURE-OXEO03 (produced
by BASF SE), or IRGACURE-OXE04 (produced by BASF
SE) is also preferable. Moreover, TR-PBG-304 (produced
by TRONLY), ADEKA ARKLS NCI-831 and ADEKA
ARKLS NCI-930 (produced by ADEKA CORPORATION),
or N-1919 (carbazole and oxime ester skeleton-containing
photoinitiator (produced by ADEKA CORPORATION)) can
also be used.

[0482] In addition, as oxime compounds other than the
aforementioned oxime compounds, the compound which is
described in JP2009-519904A and in which oxime is linked
to a N-position of carbazole; the compound which is
described in U.S. Pat. No. 7,626,957B and in which a hetero
substituent is introduced into a benzophenone moiety; the
compound which is described in JP2010-015025A and
US2009/0292039A and in which a nitro group is introduced
into the moiety of a coloring agent; the ketoxime compound
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described in WO2009/131189A; the compound which is
described in U.S. Pat. No. 7,556,910B and contains a
triazine skeleton and an oxime skeleton in the same mol-
ecule; the compound which is described in JP2009-
221114A, has a maximum absorption at 405 nm, and exhib-
its favorable sensitivity with respect to a light source of a
g-line; and the like may be used.

[0483] Reference can be made to, for example, paragraphs
0274 and 0275 of JP2013-029760A, the contents of which
are incorporated into the present specification.

[0484] Specifically, as the oxime compound, a compound
represented by Formula (OX-1) is preferable. Moreover, a
N—O bond in the oxime compound may be an (E) isomer,
a (7) isomer, or a mixture of an (E) isomer and a (Z) isomer.

ox (0X-1)
N|.r"
.
B x5
[0485] In Formula (OX-1), R and B each independently

represent a monovalent substituent, A represents a divalent
organic group, and Ar represents an aryl group.

[0486] In Formula (OX-1), the monovalent substituent
represented by R is preferably a group of monovalent
nonmetallic atoms.

[0487] Examples of the group of monovalent nonmetallic
atoms include an alkyl group, an aryl group, an acyl group,
an alkoxycarbonyl group, an aryloxycarbonyl group, a het-
erocyclic group, an alkylthiocarbonyl group, and an arylth-
iocarbonyl group. Moreover, these groups may have one or
more substituents. Furthermore, each of the substituents may
be further substituted with another substituent.

[0488] Examples of the substituent include a halogen
atom, an aryloxy group, an alkoxycarbonyl group or an
aryloxycarbonyl group, an acyloxy group, an acyl group, an
alkyl group, and an aryl group.

[0489] As the monovalent substituent represented by B in
Formula (OX-1), an aryl group, a heterocyclic group, an
arylcarbonyl group, or a heterocyclic carbonyl group is
preferable, and an aryl group or a heterocyclic group is more
preferable. These groups may have one or more substituents.
Examples of the substituents include the aforementioned
substituents.

[0490] As the divalent organic group represented by Ain
Formula (OX-1), an alkylene group having 1 to 12 carbon
atoms, a cycloalkylene group, or an alkynylene group is
preferable. These groups may have one or more substituents.
Examples of the substituents include the aforementioned
substituents.

[0491] As the photopolymerization initiator, a fluorine
atom-containing oxime compound can also be used. Specific
examples of the fluorine atom-containing oxime compound
include the compound described in JP2010-262028A; the
compounds 24 and 36 to 40 described in JP2014-500852A;
and the compound (C-3) described in JP2013-164471A. The
contents of the aforementioned documents are incorporated
into the present specification.

[0492] As the photopolymerization initiator, compounds
represented by Formulae (1) to (4) can also be used.
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[0493] In Formula (1), R' and R? each independently
represent an alkyl group having 1 to 20 carbon atoms, an
alicyclic hydrocarbon group having 4 to 20 carbon atoms, an
aryl group having 6 to 30 carbon atoms, or an aryl alkyl
group having 7 to 30 carbon atoms, in a case where R' and
R? each represent a phenyl group, the phenyl groups may be
bonded to each other to form a fluorene group, R* and R*
each independently represent a hydrogen atom, an alkyl
group having 1 to 20 carbon atoms, an aryl group having 6
to 30 carbon atoms, an aryl alkyl group having 7 to 30
carbon atoms, or a heterocyclic group having 4 to 20 carbon
atoms, and X represents a direct bond or a carbonyl group.

[0494] In Formula (2), R', R2, R?, and R* have the same
definitions as R', R2, R?, and R* in Formula (1), R®
represents —R%, —OR®, —SRS, —CORS, —CONRCRS6,
—NR°®COR®, —OCOR?®, —COOR®, —SCOR®, —OCSR?,
—COSR?, —CSOR®, —CN, a halogen atom, or a hydroxyl
group, R6 represents an alkyl group having 1 to 20 carbon
atoms, an aryl group having 6 to 30 carbon atoms, an aryl
alkyl group having 7 to 30 carbon atoms, or a heterocyclic
group having 4 to 20 carbon atoms, X represents a direct
bond or a carbonyl group, and a represents an integer of 0
to 4.

[0495] InFormula (3), R! represents an alkyl group having
1 to 20 carbon atoms, an alicyclic hydrocarbon group having
4 to 20 carbon atoms, an aryl group having 6 to 30 carbon
atoms, or an aryl alkyl group having 7 to 30 carbon atoms,
R? and R* each independently represent a hydrogen atom, an
alkyl group having 1 to 20 carbon atoms, an aryl group

25
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having 6 to 30 carbon atoms, an aryl alkyl group having 7
to 30 carbon atoms, or a heterocyclic group having 4 to 20
carbon atoms, and X represents a direct bond or a carbonyl
group.

[0496] In Formula (4), R!, R?, and R* have the same
definitions as R', R?, and R* in Formula (3), R® represents
—R® —OR% —SRY% —CORS, —CONR°R®, —NR°COR®,
—OCOR®, —COOR®, —SCORS, —OCSR®, —COSR®,
—CSOR®, —CN, a halogen atom, or a hydroxyl group, R°
represents an alkyl group having 1 to 20 carbon atoms, an
aryl group having 6 to 30 carbon atoms, an aryl alkyl group
having 7 to 30 carbon atoms, or a heterocyclic group having
4 to 20 carbon atoms, X represents a direct bond or a
carbonyl group, and a represents an integer of 0 to 4.
[0497] In Formulae (1) and (2), R' and R? are preferably
each independently a methyl group, an ethyl group, an
n-propyl group, an i-propyl group, a cyclohexyl group, or a
phenyl group. R? is preferably a methyl group, an ethyl
group, a phenyl group, a tolyl group, or a xylyl group. R* is
preferably an alkyl group having 1 to 6 carbon atoms or a
phenyl group. R is preferably a methyl group, an ethyl
group, a phenyl group, a tolyl group, or a naphthyl group. X
is preferably a direct bond.

[0498] Furthermore, in Formulae (3) and (4), R’s are
preferably each independently a methyl group, an ethyl
group, an n-propyl group, an i-propyl group, a cyclohexyl
group, or a phenyl group. R? is preferably a methyl group,
an ethyl group, a phenyl group, a tolyl group, or a xylyl
group. R* is preferably an alkyl group having 1 to 6 carbon
atoms or a phenyl group. R’ is preferably a methyl group, an
ethyl group, a phenyl group, a tolyl group, or a naphthyl
group. X is preferably a direct bond.

[0499] Specific examples of the compounds represented
by Formula (1) and Formula (2) include the compound
described in paragraphs 0076 to 0079 of JP2014-137466A.
The contents of the aforementioned document are incorpo-
rated into the present specification.

[0500] Specific examples of an oxime compound prefer-
ably used in the composition are shown below. Among the
oxime compounds shown below, an oxime compound rep-
resented by General Formula (C-13) is more preferable.
[0501] Furthermore, as the oxime compound, the com-
pounds described in Table 1 of WO2015/036910A can also
be used, the contents of which are incorporated into the
present specification.
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-continued

(C-13)

[0502] The oxime compound preferably has a maximum
absorption in a wavelength range of 350 to 500 nm, more
preferably has a maximum absorption in a wavelength range
of 360 to 480 nm, and even more preferably has a high
absorbance at wavelengths of 365 nm and 405 nm.

[0503] From the viewpoint of sensitivity, a molar absorp-
tion coefficient of the oxime compound at 365 nm or 405 nm
is preferably 1,000 to 300,000, more preferably 2,000 to
300,000, and even more preferably 5,000 to 200,000.

[0504] The molar absorption coefficient of the compound
can be measured by known methods, but for example, it is
preferable that the measurement is carried out with an
ultraviolet and visible spectrophotometer (Cary-5 spectro-
photometer manufactured by Varian, Inc.) at a concentration
of 0.01 g/L using ethyl acetate.

[0505] If necessary, two or more photopolymerization
initiators may be used in combination.

[0506] In addition, as the photopolymerization initiator,
the compounds described in paragraph 0052 of JP2008-
260927A, paragraphs 0033 to 0037 of JP2010-097210A,
and paragraph 0044 of JP2015-068893A can also be used,
the contents of which are incorporated into the present
specification.

[0507]

[0508] The composition according to the embodiment of
the present invention preferably contains a polymerizable
compound.

[0509] In the present specification, the polymerizable
compound means a compound which is polymerized by the
action of the polymerization initiator which will be
described later, and a component different from the afore-
mentioned dispersant and alkali-soluble resin.

[0510] Moreover, the polymerizable compound means a
component different from an epoxy group-containing com-
pound which will be described later.

[0511] A content of the polymerizable compound in the
composition is not particularly limited, but is preferably 5%
to 35% by mass, more preferably 10% to 30% by mass, and
even more preferably 15% to 25% by mass, with respect to
the total solid content of the composition. The polymerizable
compounds may be used singly or in combination of two or
more thereof. In a case where two or more polymerizable
compounds are used in combination, the total content
thereof is preferably within the above range.

[Polymerizable Compound]
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[0512] The polymerizable compound is preferably a low-
molecular compound, and the low-molecular compound
mentioned here is a compound having a molecular weight
equal to or less than 2,000.

[0513] The polymerizable compound is preferably a com-
pound which contains a group (hereinafter, simply referred
to as an “ethylenically unsaturated group” as well) contain-
ing an ethylenically unsaturated bond.

[0514] That is, the composition according to the embodi-
ment of the present invention preferably contains, as a
polymerizable compound, a low-molecular compound con-
taining an ethylenically unsaturated group.

[0515] The polymerizable compound is preferably a com-
pound containing one or more ethylenically unsaturated
bonds, more preferably a compound containing two or more
ethylenically unsaturated bonds, even more preferably a
compound containing three or more ethylenically unsatu-
rated bonds, and particularly preferably a compound con-
taining five or more ethylenically unsaturated bonds. The
upper limit thereof is equal to or smaller than 15, for
example. Examples of the ethylenically unsaturated group
include a vinyl group, a (meth)allyl group, and a (meth)
acryloyl group.

[0516] As the polymerizable compound, for example, the
compounds described in paragraph 0050 of JP2008-
260927A and paragraph 0040 of JP2015-068893A can be
used, the contents of which are incorporated into the present
specification.

[0517] The polymerizable compound may be in any
chemical form such as a monomer, a prepolymer, an oli-
gomer, a mixture thereof, and a multimer thereof.

[0518] The polymerizable compound is preferably a tri- to
pentadeca-functional (meth)acrylate compound, and more
preferably a tri- to hexa-functional (meth)acrylate com-
pound.

[0519] As the polymerizable compound, a compound
which contains one or more ethylenically unsaturated groups
and has a boiling point equal to or higher than 100° C. under
normal pressure is also preferable. Reference can be made
to, for example, the compounds described in paragraph 0227
of JP2013-029760A and paragraphs 0254 to 0257 of
JP2008-292970A, the contents of which are incorporated
into the present specification.

[0520] As the polymerizable compound, dipentaerythritol
triacrylate (as a commercial product, KAYARAD D-330;
produced by Nippon Kayaku Co., Ltd.), dipentaerythritol
tetraacrylate (as a commercial product, KAYARAD D-320;
produced by Nippon Kayaku Co., Ltd.), dipentaerythritol
penta(meth)acrylate (as a commercial product, KAYARAD
D-310; produced by Nippon Kayaku Co., Ltd.), dipen-
taerythritol hexa(meth)acrylate (as a commercial product,
KAYARAD DPHA; produced by Nippon Kayaku Co., Ltd.,
and A-DPH-12E; produced by Shin-Nakamura Chemical
Co., [td.), and a structure (for example, SR454 and SR499
commercially available from Sartomer) in which an ethylene
glycol residue or a propylene glycol residue is between these
(meth)acryloyl groups are preferable. Oligomer types
thereof can also be used. Moreover, NK ESTER A-TMMT
(pentaerythritol tetraacrylate, produced by Shin-Nakamura
Chemical Co., Ltd.), KAYARAD RP-1040, KAYARAD
DPEA-12LT, KAYARAD DPHA LT, KAYARAD RP-3060,
and KAYARAD DPEA-12 (produced by Nippon Kayaku
Co., Ltd.), or the like may be used.
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[0521] The preferred aspects of the polymerizable com-
pound are shown below.

[0522] The polymerizable compound may have an acid
group such as a carboxylic acid group, a sulfonic acid group,
and a phosphoric acid group. The polymerizable compound
containing an acid group is preferably an ester of an aliphatic
polyhydroxy compound and an unsaturated carboxylic acid,
more preferably a polymerizable compound having an acid
group by reacting a nonaromatic carboxylic acid anhydride
with an unreacted hydroxyl group of an aliphatic polyhy-
droxy compound, and even more preferably a compound in
which the aliphatic polyhydroxy compound in the ester is
pentaerythritol and/or dipentaerythritol. Examples of a com-
mercial product thereof include ARONIX TO-2349, M-305,
M-510, and M-520 produced by TOAGOSEI CO., LTD.

[0523] The acid value of the polymerizable compound
containing an acid group is preferably 0.1 to 40 mg KOH/g
and more preferably 5 to 30 mg KOH/g. In a case where the
acid value of the polymerizable compound is equal to or
greater than 0.1 mg KOH/g, development dissolution char-
acteristics are favorable, and in a case where the acid value
is equal to or less than 40 mg KOH/g, the polymerizable
compound is advantageous in terms of production and/or
handling. Moreover, a photopolymerization performance is
favorable, and curing properties are excellent.

[0524] As the polymerizable compound, a compound hav-
ing a caprolactone structure is also a preferred aspect.

[0525] The compound having a caprolactone structure is
not particularly limited as long as the compound has a
caprolactone structure in a molecule, but examples thereof
include e-caprolactone-modified polyfunctional (meth)acry-
late which is obtained by esterifying polyhydric alcohol such
as trimethylolethane, ditrimethylolethane, trimethylolpro-
pane, ditrimethylolpropane, pentaerythritol, dipentaerythri-
tol, tripentaerythritol, glycerin, diglycerol, and trimethylol
melamine, (meth)acrylic acid, and e-caprolactone. Among
them, a compound which has a caprolactone structure and is
represented by Formula (Z-1) is preferable.

“-1)

CH,—O0—R CH,—O0—R

R—OCH,—C—CH,—0—CH,—C—CH,—0—R

CH,—O—R CH,—0—R

[0526] InFormula (Z-1), all six R’s are groups represented
by Formula (Z-2), or one to five R’s among the six R’s are
groups represented by Formula (Z-2) and the others are
groups represented by Formula (Z-3).

. “-2)
0 0 R

Il Il
*+C—CH2CH2CH2CH2CHZO)—C—C=CH2
m

[0527]
a methyl group, m represents a number of 1 or 2, and
represents a bond.

In Formula (Z-2), R* represents a hydrogen atom or

BT
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(Z-3)

[0528] InFormula (Z-3), R! represents a hydrogen atom or
a methyl group, and “*” represents a bond.
[0529] The polymerizable compound having a caprolac-

tone structure is commercially available, for example, as a
KAYARAD DPCA series from Nippon Kayaku Co., Ltd.,
and examples thereof include DPCA-20 (a compound in
which min Formulae (Z-1) to (Z-3) is 1, the number of
groups represented by Formula (Z-2) is 2, and all of R’s
represent hydrogen atoms), DPCA-30 (a compound in
which min Formulae (Z-1) to (Z-3) is 1, the number of
groups represented by Formula (Z-2) is 3, and all of R’s
represent hydrogen atoms), DPCA-60 (a compound in
which min Formulae (Z-1) to (Z-3) is 1, the number of
groups represented by Formula (Z-2) is 6, and all of R’s
represent hydrogen atoms), and DPCA-120 (a compound in
which min Formulae (Z-1) to (Z-3) is 2, the number of
groups represented by Formula (Z-2) is 6, and all of R’s
represent hydrogen atoms).

[0530] As the polymerizable compound, a compound rep-
resented by Formula (Z-4) or (Z-5) can also be used.

(Z-4)
CH,—O0—(E),—X
X— (B),—OCH,—C—CH,—0—(E),,—X
CH,—0—(E),,—X
(Z-5)

CH,-0—(E),~X CH,-0—(E),~X
X— (B),—OCH,~C—CH,-0—CH,—C—CH,-0—(E),—X
CH-0—E),~X CH,-0—(E),~X

[0531] In Formulae (Z-4) and (Z-5), E’s each indepen-
dently represent —((CH,),CH,0)— or ((CH,),CH(CH;)
O)—, v’s each independently represent an integer of 0 to 10,
and X’s each independently represent a (meth)acryloyl
group, a hydrogen atom, or a carboxylic acid group.
[0532] In Formula (Z-4), the total number of (meth)acry-
loyl groups is 3 or 4, m’s each independently represent an
integer of 0 to 10, and the total number of m’s is an integer
of 0 to 40.

[0533] In Formula (Z-5), the total number of (meth)acry-
loyl groups is 5 or 6, n’s each independently represent an
integer of 0 to 10, and the total number of n’s is an integer
of 0 to 60.

[0534] In Formula (Z-4), m is preferably an integer of O to
6 and more preferably an integer of 0 to 4.

[0535] Moreover, the total number of m’s is preferably an
integer of 2 to 40, more preferably an integer of 2 to 16, and
even more preferably an integer of 4 to 8.

[0536] In Formula (Z-5), n is preferably an integer of 0 to
6 and more preferably an integer of 0 to 4.

[0537] Moreover, the total number of n’s is preferably an
integer of 3 to 60, more preferably an integer of 3 to 24, and
even more preferably an integer of 6 to 12.
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[0538] Furthermore, an aspect in which a terminal on the
oxygen atom side of —((CH,),CH,0)— or ((CH,),CH
(CH;)O)— in Formula (Z-4) or Formula (Z-5) is bonded to
X is preferable.

[0539] The compounds represented by Formula (Z-4) or
Formula (Z-5) may be used singly or in combination of two
or more thereof. In particular, an aspect in which all of six
X’s in Formula (Z-5) are acryloyl groups, or a mixture of a
compound in which all of six X’s in Formula (Z-5) are
acryloyl groups and a compound in which at least one
among the six X’s is a hydrogen atom is preferable. With
such a configuration, the developability can be further
improved.

[0540] Furthermore, the total content of the compounds
represented by Formula (Z-4) or Formula (Z-5) in the
polymerizable compound is preferably equal to or greater
than 20% by mass and more preferably equal to or greater
than 50% by mass.

[0541] Among the compounds represented by Formula
(Z-4) or Formula (Z-5), a pentaerythritol derivative and/or a
dipentaerythritol derivative is more preferable.

[0542] In addition, the polymerizable compound may have
a cardo skeleton.

[0543] As the polymerizable compound having a cardo
skeleton, a polymerizable compound having a 9,9-
bisarylfluorene skeleton is preferable.

[0544] The polymerizable compound having a cardo skel-
eton is not limited, but examples thereof include an
ONCOAT EX series (produced by NAGASE & CO., LTD.),
and OGSOL (produced by Osaka Gas Chemicals Co., [.td.).

[0545] As the polymerizable compound, a compound hav-
ing an isocyanuric acid skeleton as a core is also preferable.
Examples of such a polymerizable compound include NK
ESTER A-9300 (produced by Shin-Nakamura Chemical
Co., Ltd.).

[0546] The content (which means a value obtained by
dividing the number of ethylenically unsaturated groups in
the polymerizable compound by the molecular weight
(g/mol) of the polymerizable compound) of the ethylenically
unsaturated group in the polymerizable compound is pref-
erably equal to or greater than 5.0 mmol/g. The upper limit
thereof is not particularly limited, but is generally equal to
or less than 20.0 mmol/g.

[0547] Furthermore, in a case where the composition
contains a plurality of types of polymerizable compounds
and double bond equivalents of respective polymerizable
compounds are not the same, a value obtained by summing
up products of mass ratios of respective polymerizable
compounds in all the polymerizable compounds and double
bond equivalents of respective polymerizable compounds is
preferably within the above range.

[0548] [Epoxy Group-Containing Compound]

[0549] The composition according to the embodiment of
the present invention may use an epoxy group-containing
compound.

[0550] Examples of the epoxy group-containing com-
pound include compounds having one or more epoxy groups
in one molecule, and compounds having two or more epoxy
groups in one molecule are preferable. It is preferable that 1
to 100 epoxy groups are contained in one molecule. The
upper limit thereof may be equal to or smaller than 10 or
equal to or smaller than 5, for example. The lower limit
thereof is preferably equal to or more than 2.
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[0551] In addition, the epoxy group-containing compound
means a component different from the aforementioned dis-
persant, alkali-soluble resin, and polymerizable compound.
[0552] An epoxy equivalent (=molecular weight of epoxy
group-containing compound/the number of epoxy groups)
of'the epoxy group-containing compound is preferably equal
to or less than 500 g/equivalent, more preferably 100 to 400
g/equivalent, and even more preferably 100 to 300 g/equiva-
lent.

[0553] The epoxy group-containing compound may be a
low-molecular compound (for example, the molecular
weight is less than 2,000) or a polymer compound (macro-
molecule) (for example, the molecular weight is equal to or
greater than 2,000, and in a case of a polymer, the weight-
average molecular weight is equal to or greater than 2,000).
A weight-average molecular weight of the epoxy group-
containing compound is preferably 200 to 100,000 and more
preferably 500 to 50,000. The upper limit of the weight-
average molecular weight is more preferably equal to or less
than 10,000, even more preferably equal to or less than
5,000, and particularly preferably equal to or less than 3,000.
[0554] A commercial product may be used for the epoxy
group-containing compound. Examples thereof include
EHPE3150 (produced by DAICEL CORPORATION) and
EPICLON N-695 (produced by DIC CORPORATION).
Moreover, as the epoxy group-containing compound, the
compounds described in paragraphs 0034 to 0036 of
JP2013-011869A, paragraphs 0147 to 0156 of JP2014-
043556 A, and paragraphs 0085 to 0092 of JP2014-089408 A
may be used. The contents of the aforementioned documents
are incorporated into the present specification.

[0555] A content of the epoxy group-containing com-
pound in the composition is preferably 0.1% to 10% by
mass, more preferably 0.5% to 8% by mass, and even more
preferably 1.0% to 6% by mass, with respect to the total
solid content in the composition.

[0556] The epoxy group-containing compounds may be
used singly or in combination of two or more thereof.
[0557] In a case where the composition contains two or
more epoxy group-containing compounds, the total content
thereof is preferably within the above range.

[0558] [Ultraviolet Absorber]

[0559] The composition may contain an ultraviolet
absorber. By doing so, a pattern shape of a cured film can be
made into a superior (fine) shape.

[0560] As the ultraviolet absorber, salicylate-based, ben-
zophenone-based, benzotriazole-based, substituted acryloni-
trile-based, and triazine-based ultraviolet absorbers can be
used. As specific examples thereof, the compound described
in paragraphs 0137 to 0142 of JP2012-068418A (corre-
sponding to paragraphs 0251 to 0254 of US2012/0068292A)
can be used, the contents of which can be incorporated by
reference into the present specification.

[0561] In addition to the aforementioned compounds, a
diethylamino-phenylsulfonyl-based ultraviolet absorber
(produced by DAITO CHEMICAL CO., LTD., trade name:
UV-503) or the like is also suitably used.

[0562] Examples of the ultraviolet absorber include the
compounds exemplified in paragraphs 0134 to 0148 of
JP2012-032556A.

[0563] A content of the ultraviolet absorber is preferably
0.001% to 15% by mass, more preferably 0.01% to 10% by
mass, and even more preferably 0.1% to 5% by mass, with
respect to the total solid content of the composition.
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[0564] [Silane Coupling Agent (Adhesive Agent)]

[0565] The composition may contain a silane coupling
agent.

[0566] The silane coupling agent functions as an adhesive

agent which improves adhesiveness between a substrate and
a cured film in a case where the cured film is formed on the
substrate.

[0567] The silane coupling agent is a compound contain-
ing a hydrolyzable group and other functional groups in a
molecule. Moreover, the hydrolyzable group such as an
alkoxy group is bonded to the silicon atom.

[0568] The hydrolyzable group refers to a substituent
which is directly bonded to a silicon atom and can form a
siloxane bond by a hydrolysis reaction and/or a condensa-
tion reaction. Examples of the hydrolyzable group include a
halogen atom, an alkoxy group, an acyloxy group, and an
alkenyloxy group. In a case where the hydrolyzable group
contains a carbon atom, the number of carbon atoms is
preferably equal to or smaller than 6 and more preferably
equal to or smaller than 4. In particular, an alkoxy group
having 4 or less carbon atoms or an alkenyloxy group having
4 or less carbon atoms is preferable.

[0569] Furthermore, in a case where a cured film is formed
on a substrate, in order to improve adhesiveness between the
substrate and the cured film, the silane coupling agent
preferably does not contain a fluorine atom and a silicon
atom (here, a silicon atom to which a hydrolyzable group is
bonded is excluded), and desirably does not contain a
fluorine atom, a silicon atom (here, a silicon atom to which
a hydrolyzable group is bonded is excluded), an alkylene
group substituted with a silicon atom, a linear alkyl group
having 8 or more carbon atoms, and a branched alkyl group
having 3 or more carbon atoms.

[0570] The silane coupling agent may contain an ethyl-
enically unsaturated group such as a (meth)acryloyl group.
In a case where the silane coupling agent contains an
ethylenically unsaturated group, the number thereof is pref-
erably 1 to 10 and more preferably 4 to 8. Moreover, the
silane coupling agent (for example, a compound which
contains a hydrolyzable group and an ethylenically unsatu-
rated group and has a molecular weight equal to or less than
2,000) containing an ethylenically unsaturated group does
not correspond to the aforementioned polymerizable com-
pound.

[0571] A content of the silane coupling agent in the
composition is preferably 0.1% to 10% by mass, more
preferably 0.5% to 8% by mass, and even more preferably
1.0% to 6% by mass, with respect to the total solid content
in the composition.

[0572] The composition may contain one silane coupling
agent singly or two or more silane coupling agents. In a case
where the composition contains two or more silane coupling
agents, the total amount thereof may be within the above
range.

[0573] Examples of the silane coupling agent include
3-glycidoxypropyl trimethoxysilane, 3-glycidoxypropyl tri-
ethoxysilane, 3-glycidoxypropyl methyldimethoxysilane,
3-glycidoxypropyl methyldiethoxysilane, vinyltrimethox-
ysilane, and vinyltriethoxysilane.

[0574] [Surfactant]

[0575] The composition may contain a surfactant. The
surfactant contributes to improvement in coating properties
of the composition.
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[0576] In a case where the composition contains a surfac-
tant, a content of the surfactant is preferably 0.001% to 2.0%
by mass, more preferably 0.005% to 0.5% by mass, and even
more preferably 0.01% to 0.1% by mass, with respect to the
total solid content of the composition.

[0577] The surfactants may be used singly or in combi-
nation of two or more thereof. In a case where two or more
surfactants are used in combination, the total amount thereof
is preferably within the above range.

[0578] Examples of the surfactant include a fluorine-based
surfactant, a nonionic surfactant, a cationic surfactant, an
anionic surfactant, and a silicone-based surfactant.

[0579] For example, in a case where the composition
contains a fluorine-based surfactant, liquid characteristics
(particularly, fluidity) of the composition are further
improved. That is, in a case where a film is formed of the
composition containing the fluorine-based surfactant, an
interfacial tension between a surface to be coated and a
coating liquid is reduced, and accordingly, wettability with
respect to the surface to be coated is improved, and coating
properties to the surface to be coated are improved. There-
fore, even in a case where a thin film having a thickness of
about several micrometers is formed with a small amount of
a liquid, the fluorine-based surfactant is effective from the
viewpoint that a film having a uniform thickness and small
thickness unevenness is more suitably formed.

[0580] A content ratio of fluorine in the fluorine-based
surfactant is preferably 3% to 40% by mass, more preferably
5% to 30% by mass, and even more preferably 7% to 25%
by mass. A fluorine-based surfactant having a content ratio
of fluorine within the above range is effective from the
viewpoint of uniformity of the thickness of the coating film
and/or liquid saving properties, and also has favorable
solubility in the composition.

[0581] Examples of the fluorine-based surfactant include
MEGAFACE F171, MEGAFACE F172, MEGAFACE
F173, MEGAFACE F176, MEGAFACE F177, MEGA-
FACE F141, MEGAFACE F142, MEGAFACE F143,
MEGAFACE F144, MEGAFACE R30, MEGAFACE F437,
MEGAFACE F475, MEGAFACE F479, MEGAFACE
F482, MEGAFACE F554, and MEGAFACE F780 (all pro-
duced by DIC Corporation), FLUORAD FC430, FLUO-
RAD FC431, and FLUORAD FC171 (all produced by
Sumitomo 3M Limited), SURFLON S-382, SURFLON
SC-101, SURFLON SC-103, SURFLON SC-104, SURF-
LON SC-105, SURFLON SC-1068, SURFLON SC-381,
SURFLON SC-383, SURFLON S-393, and SURFLON
KH-40 (all produced by ASAHI GLASS CO., LTD.), and
PF636, PF656, PF6320, PF6520, and PF7002 (produced by
OMNOVA Solutions Inc.).

[0582] As the fluorine-based surfactant, a block polymer
can also be used, and specific examples thereof include the
compound described in JP2011-089090A.

[0583] [Solvent]
[0584] The composition preferably contains a solvent.
[0585] The solvent is not particularly limited, and known

solvents can be used.

[0586] A content of the solvent in the composition is not
particularly limited, but is preferably an amount such that
the solid content of the composition is 10% to 90% by mass,
more preferably an amount such that the solid content of the
composition is 10% to 40% by mass, and even more
preferably an amount such that the solid content of the
composition is 15% to 35% by mass.
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[0587] The solvents may be used singly or in combination
of two or more thereof. In a case where two or more solvents
are used in combination, the content thereof is preferably
adjusted such that the total solid content of the composition
is within the above range.

[0588] Examples of the solvent include water and an
organic solvent.

[0589] Examples of the organic solvent include acetone,
methyl ethyl ketone, cyclohexane, ethylene dichloride, tet-
rahydrofuran, toluene, ethylene glycol monomethyl ether,
ethylene glycol monoethyl ether, ethylene glycol dimethyl
ether, propylene glycol monomethyl ether, propylene glycol
monoethyl ether, acetyl acetone, cyclohexanone, cyclopen-
tanone, diacetone alcohol, ethylene glycol monomethyl
ether acetate, ethylene glycol ethyl ether acetate, ethylene
glycol monoisopropyl ether, ethylene glycol monobutyl
ether acetate, 3-methoxypropanol, methoxymethoxy etha-
nol, diethylene glycol monomethyl ether, diethylene glycol
monoethyl ether, diethylene glycol dimethyl ether, diethyl-
ene glycol diethyl ether, propylene glycol monomethyl ether
acetate, propylene glycol monoethyl ether acetate,
3-methoxypropyl acetate, N,N-dimethylformamide, dim-
ethyl sulfoxide, y-butyrolactone, ethyl acetate, butyl acetate,
methyl lactate, N-methyl-2-pyrrolidone, and ethyl lactate,
but the present invention is not limited thereto.

[0590] (Water)

[0591] In a case where the composition contains water, a
content thereof is preferably 0.001% to 5.0% by mass, more
preferably 0.01% to 3.0% by mass, and even more prefer-
ably 0.1% to 1.0% by mass, with respect to the total mass of
the composition.

[0592] In particular, the content of the water is equal to or
less than 3.0% by mass (more preferably equal to or less than
1.0% by mass) with respect to the total mass of the com-
position, deterioration of the viscosity stability over time
due to hydrolysis or the like of the components in the
composition is easily suppressed, and the content is equal to
or greater than 0.01% by mass (preferably equal to or greater
than 0.1% by mass), precipitation stability over time is
easily improved.

[0593] [Other Optional Components]

[0594] The composition may further contain optional
components other than the aforementioned components.
Examples thereof include a polymerization inhibitor, a sen-
sitizer, a co-sensitizer, a crosslinking agent, a curing accel-
erator, a filler, a heat curing accelerator, a plasticizer, a
diluent, and an oil sensitizer, and known additives such as an
adhesion promoter to the surface of the substrate and other
auxiliaries (for example, conductive particles, a filling agent,
an anti-foaming agent, a flame retardant, a leveling agent, a
peeling accelerator, an antioxidant, a fragrance, a surface
tension adjuster, a chain transfer agent, and the like) may be
added, if necessary.

[0595] Regarding these components, reference can be
made to, for example, the descriptions in paragraphs 0183 to
0228 of JP2012-003225A (corresponding to paragraphs
0237 to 0309 of US2013/0034812A), paragraphs 0101,
0102, 0103, 0104, and 0107 to 0109 of JP2008-250074A,
and paragraphs 0159 to 0184 of JP2013-195480A, the
contents of which are incorporated into the specification of
the present application.

[0596] [Method for Producing Composition]

[0597] The composition is preferably obtained by first
producing a dispersion composition in which a light-shield-
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ing pigment and a colorant are dispersed, and further mixing
the obtained dispersion composition with other components.
[0598] The dispersion composition is preferably prepared
by mixing a light-shielding pigment, a colorant, a resin
(preferably, a dispersant), and a solvent. Moreover, it is also
preferable that a polymerization inhibitor is incorporated
into the dispersion composition.

[0599] The dispersion composition can be prepared by
mixing the respective components described above by
known mixing methods (for example, mixing methods using
a stirrer, a homogenizer, a high-pressure emulsification
device, a wet-type pulverizer, a wet-type disperser, or the
like).

[0600] At the time of preparing the composition, the
respective components may be formulated at once, or each
of the components may be dissolved or dispersed in a
solvent and then sequentially formulated. Moreover, the
input order and the operation conditions during the formu-
lation are not particularly limited.

[0601] For the purpose of removing foreign substances,
reducing defects, and the like, the composition is preferably
filtered with a filter.

[0602] The filter can be used without particular limitation
as long as the filter has been used in the related art in a
filtration application or the like. Examples of the filter
include filters made of a fluorine resin such as polytetrafluo-
roethylene (PTFE), a polyamide-based resin such as nylon,
a polyolefin-based resin (having a high density and an
ultrahigh molecular weight) such as polyethylene and poly-
propylene (PP), or the like. Among these materials, poly-
propylene (including high-density polypropylene) and nylon
are preferable.

[0603] A pore size of the filter is preferably 0.1 to 7.0 pm,
more preferably 0.2 to 2.5 um, even more preferably 0.2 to
1.5 um, and particularly preferably 0.3 to 0.7 um. In a case
where the pore size is within the above range, it is possible
to reliably remove fine foreign substances such as impurities
and aggregates contained in a pigment while suppressing
filtration clogging of the pigment (including a light-shield-
ing pigment).

[0604] In a case of using a filter, different filters may be
combined. In this case, filtering with a first filter may be
performed only once or may be performed twice or more
times. In a case where filtering is performed twice or more
times with a combination of different filters, the pore sizes
of the filters used in the second and subsequent filtering are
preferably the same as or larger than the pore size of the filter
used in the first filtering. Moreover, the first filters having
different pore sizes within the above range may be com-
bined. Regarding the pore size mentioned here, reference
can be made to nominal values of filter manufacturers. A
commerecial filter can be selected from, for example, various
filters provided by Nihon Pall Ltd., Advantec Toyo Kaisha,
Ltd., Nihon Entegris K. K. (formerly Nippon Microlith Co.,
Ltd.), Kitz Micro Filter Corporation, and the like.

[0605] As a second filter, a filter formed of the same
material as that of the first filter, or the like can be used. A
pore size of the second filter is preferably 0.2 to 10.0 um,
more preferably 0.2 to 7.0 um, and even more preferably 0.3
to 6.0 um.

[0606] The composition preferably does not contain impu-
rities such as a metal, a halogen-containing metal salt, an
acid, and an alkali. A content of impurities contained in these
materials is preferably equal to or less than 1 ppm, more
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preferably equal to or less than 1 ppb, even more preferably
equal to or less than 100 ppt, and particularly preferably
equal to or less than 10 ppt, and it is most preferable that the
impurities are substantially not contained (the content is
equal to or less than the detection limit the measuring
device).

[0607] Furthermore, the impurities can be measured using
an inductively coupled plasma mass spectrometer (manu-
factured by Agilent Technologies, Inc., Agilent 7500cs
model).

[0608] [Method for Manufacturing Cured Film]

[0609] A composition layer (composition layer) formed of
the composition is cured to obtain a pattern-like cured film.

[0610] The method for manufacturing a cured film is not
particularly limited, but preferably includes the following
steps.

[0611] Composition layer forming step

[0612] Exposure step

[0613] Development step
[0614] Hereinafter, each of the steps will be described.
[0615] <Composition Layer Forming Step>
[0616] In the composition layer forming step, prior to

exposure, the composition is applied on a support or the like
to form a layer (composition layer) of the composition. As
the support, for example, a substrate for a solid-state imag-
ing element, in which an imaging element (light-receiving
element) such as a charge coupled device (CCD) and a
complementary metal-oxide semiconductor (CMOS) is pro-
vided on a substrate (for example, a silicon substrate), can be
used. Moreover, in order to improve adhesion with the upper
layer, prevent the diffusion of substances, and planarize the
surface of the substrate, an undercoat layer may be provided
on the support, if necessary.

[0617] As a method for applying the composition onto the
support, various coating methods such as a slit coating
method, an ink jet method, a spin coating method, a cast
coating method, a roll coating method, and a screen printing
method can be applied. The thickness of the composition
layer is preferably 0.1 to 10 um, more preferably 0.2 to 5 pm,
and even more preferably 0.2 to 3 um. The composition
layer applied on the support can be dried (pre-baked) at a
temperature of 50° C. to 140° C. for 10 to 300 seconds using
a hot plate, an oven, or the like.

[0618] [Exposure Step]

[0619] In the exposure step, the composition layer formed
in the composition layer forming step is subjected to expo-
sure by being irradiated with actinic rays or radiation, and
the composition layer irradiated with light is cured.

[0620] The method of light irradiation is not particularly
limited, but light irradiation is preferably performed through
a photo mask having a pattern-like opening portion.
[0621] The exposure is preferably performed by irradia-
tion with radiation, ultraviolet rays such as a g-line, a h-line,
and an i-line are particularly preferable as the radiation
which can be used during the exposure, and a high-pressure
mercury lamp is preferable as a light source.

[0622] The irradiation intensity is preferably 5 to 1,500
ml/cm? and more preferably 10 to 1,000 mJ/cm?.

[0623] In addition, in a case where the composition con-
tains a thermal polymerization initiator, the composition
layer may be heated in the exposure step. A heating tem-
perature is not particularly limited, but is preferably 80° C.
to 250° C. A heating time is not particularly limited, but is
preferably 30 to 300 seconds.
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[0624] Furthermore, in a case where the composition layer
is heated in the exposure step, the exposure step may serve
as a post-heating step which will be described later. In other
words, in a case where the composition layer is heated in the
exposure step, the method for manufacturing a cured film
may not include the post-heating step.

[0625] [Development Step]

[0626] The development step is a step of developing the
exposed composition layer to form a cured film. By this step,
the composition layer in a portion which is not irradiated in
the exposure step is eluted, only a photo-cured portion
remains, and thus a pattern-like cured film can be obtained.
[0627] A type of a developer used in the development step
is not particularly limited, but an alkaline developer which
does not damage the underlying imaging element and circuit
or the like is desirable.

[0628] The development temperature is 20° C. to 30° C.,
for example.
[0629] The development time is 20 to 90 seconds, for

example. In order to further remove the residues, in recent
years, the development may be performed for 120 to 180
seconds. Furthermore, in order to improve residue remov-
ability, a step of shaking off the developer every 60 seconds
and further supplying a fresh developer may be repeated
several times.

[0630] The alkaline developer is preferably an alkaline
aqueous solution which is prepared by dissolving an alkaline
compound in water so that the concentration thereof is
0.001% to 10% by mass (preferably 0.01% to 5% by mass).

[0631] Examples of the alkaline compound include
sodium hydroxide, potassium hydroxide, sodium carbonate,
sodium silicate, sodium metasilicate, aqueous ammonia,
ethylamine, diethylamine, dimethylethanolamine, tetram-
ethylammonium hydroxide, tetraethylammonium hydrox-
ide, tetrapropylammonium hydroxide, tetrabutylammonium
hydroxide, benzyltrimethylammonium hydroxide, choline,
pyrrole, piperidine, and 1,8-diazabicyclo[5.4.0]-7-undecene
(among them, organic alkalis are preferable.).

[0632] Furthermore, in a case where the alkaline com-
pound is used as an alkaline developer, the alkaline com-
pound is generally subjected to a washing treatment with
water after development.

[0633] [Post-Baking]

[0634] A heating treatment (post-baking) is preferably
performed after the exposure step. The post-baking is a
heating treatment after development to complete the curing.
The heating temperature is preferably equal to or lower than
240° C. and more preferably equal to or lower than 220° C.
The lower limit thereof is not particularly limited, but is
preferably equal to or higher than 50° C. and more prefer-
ably equal to or higher than 100° C., in consideration of an
efficient and effective treatment.

[0635] The post-baking can be performed continuously or
batchwise by using a heating unit such as a hot plate, a
convection oven (hot-air circulating dryer), and a radio-
frequency heater.

[0636] The post-baking is preferably performed in an
atmosphere of a low oxygen concentration. The oxygen
concentration is preferably equal to or lower than 19% by
volume, more preferably equal to or lower than 15% by
volume, even more preferably equal to or lower than 10% by
volume, particularly preferably equal to or lower than 7% by
volume, and most preferably equal to or lower than 3% by
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volume. The lower limit thereof is not particularly limited,
but is practically equal to or higher than 10 ppm by volume.
[0637] In addition, the curing may be completed by irra-
diation with ultraviolet rays (UV) instead of the post-baking
by heating.

[0638] In this case, it is preferable that the composition
further contains a UV curing agent. The UV curing agent is
preferably a UV curing agent which can be cured at a
wavelength shorter than 365 nm that is an exposure wave-
length of a polymerization initiator added for a lithography
step by ordinary i-line exposure. Examples of the UV curing
agent include CIBA IRGACURE 2959 (trade name). In a
case where UV irradiation is performed, the composition
layer is preferably a material which is cured at a wavelength
equal to or less than a wavelength of 340 nm. The lower
limit value of the wavelength is not particularly limited, but
is generally equal to or greater than 220 nm. Moreover, an
exposure amount of the UV irradiation is preferably 100 to
5,000 mJ, more preferably 300 to 4,000 mJ, and even more
preferably 800 to 3,500 mJ. The UV curing step is preferably
performed after the lithography step because low-tempera-
ture curing is more effectively performed. As an exposure
light source, an ozoneless mercury lamp is preferably used.

[0639] [Physical Properties of Cured Film and Application
of Cured Film]

[0640] [Physical Properties of Cured Film]

[0641] From the viewpoint that excellent light-shielding

properties are exhibited, in a cured film formed of the
composition according to the embodiment of the present
invention, an optical density (OD) per film thickness of 1.0
um in a wavelength range of 400 to 1,200 nm is preferably
equal to or higher than 2.0 and more preferably equal to or
higher than 3.0. Moreover, the upper limit value thereof is
not particularly limited, but is preferably equal to or lower
than 10, in general. The cured film can be preferably used as
a light-shielding film.

[0642] Furthermore, in a case where the cured film (light-
shielding film) is used as a light-attenuating film, the optical
density per film thickness of 1.0 um in a wavelength range
of 400 to 1,200 nm is preferably 0.1 to 1.5 and more
preferably 0.2 to 1.0, for example.

[0643] In the present specification, the expression that the
optical density per film thickness of 1.0 um in a wavelength
range of 400 to 1,200 nm is equal to or higher than 3.0 means
that an optical density per film thickness of 1.0 um in the
entire wavelength range of 400 to 1,200 nm is equal to or
higher than 3.0.

[0644] Moreover, in the present specification, as a method
for measuring the optical density of the cured film, a cured
film is first formed on a glass substrate, measurement using
a transmission densitometer (X-rite 3617 (visual) densitom-
eter) is performed, the film thickness at a measurement
location is also measured, and an optical density per prede-
termined film thickness is calculated.

[0645] The thickness of the cured film is preferably 0.1 to
4.0 um and more preferably 1.0 to 2.5 um, for example. The
cured film may be a thinner film or a thicker film than the
above range depending on the application.

[0646] Furthermore, in a case where the cured film is used
as a light-attenuating film, it is also preferable that the
light-shielding properties are adjusted by making the cured
film thinner (for example, 0.1 to 0.5 um) than the above
range.
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[0647] In addition, it is also preferable that the cured film
has a rugged surface structure. This makes it possible to
reduce the reflectivity of the cured film in a case where the
cured film is used as a light-shielding film. The surface of the
cured film may have a rugged structure, or another layer may
be provided on the cured film to impart a rugged structure.
A shape of the rugged surface structure is not particularly
limited, but it is preferable that the surface roughness is in
a range of 0.55 pm to 1.5 pm.

[0648] The reflectivity of the cured film is preferably equal
to or less than 5%, more preferably equal to or less than 3%,
and even more preferably equal to or less than 2%.

[0649] A method for forming the rugged surface structure
is not particularly limited, but may be a method for incor-
porating an organic filler and/or an inorganic filler into the
cured film or other layers, a lithography method utilizing
exposure development, or a method for roughening the
surface of the cured film or other layers by an etching
method, a sputtering method, a nanoimprint method, and the
like.

[0650] Furthermore, examples of the method for reducing
the reflectivity of the cured film include, in addition to the
aforementioned method, a method for providing a layer of
low refractive index on the cured film, a method for further
providing a plurality of layers (for example, layers of high
refractive index) having different refractive indices, and a
method which is for forming a low-optical-density layer and
a high-optical-density layer and described in JP2015-
001654A.

[0651] In addition, the cured film is suitable for a light-
shielding member, a light-shielding film, an antireflection
member, and an antireflection film of optical filters and
modules used in portable instruments such as a personal
computer, a tablet PC, a mobile phone, a smartphone, and a
digital camera; office automation (OA) instruments such as
a printer composite machine and a scanner; industrial instru-
ments such as monitoring camera, a barcode reader, an
automated teller machine (ATM), a high-speed camera, an
instrument having a personal authentication function using
face image authentication; in-vehicle camera instruments;
medical camera instruments such as an endoscope, a capsule
endoscope, and a catheter; a biosensor, a military reconnais-
sance camera, a camera for a three-dimensional map, a
camera for observing weather and sea, a camera for a land
resource exploration, space instruments such as an explora-
tion camera for the astronomy of the space and a deep space
target; and the like.

[0652] The cured film can also be used in applications of
a micro light emitting diode (LED), a micro organic light
emitting diode (OLED), and the like. The cured film is
suitable for an optical filter and an optical film used in the
micro LED and the micro OLED and for a member which
imparts a light-shielding function or an antireflection func-
tion.

[0653] Examples of the micro LED and the micro OLED
include the examples described in JP2015-500562A and
JP2014-533890A.

[0654] The cured film is also suitable as an optical filter
and an optical film used in a quantum dot sensor and a
quantum dot solid-state imaging element. Moreover, the
cured film is suitable as a member which imparts a light-
shielding function or an antireflection function. Examples of
the quantum dot sensor and the quantum dot solid-state
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imaging element include the examples described in US2012/
0037789A and WO2008/131313A.

[0655] [Light-Shielding Film, Solid-State Imaging Ele-
ment, and Solid-State Imaging Device]

[0656] It is also preferable that the cured film according to
the embodiment of the present invention is used as a
so-called light-shielding film. It is also preferable that such
a light-shielding film is used in a solid-state imaging ele-
ment.

[0657] Furthermore, the light-shielding film is one of the
preferable applications in the cured film according to the
embodiment of the present invention, and the light-shielding
film according to the embodiment of the present invention
can be manufactured in the same manner as the method for
manufacturing a cured film. Specifically, a light-shielding
film can be manufactured by applying the composition to a
substrate to form a composition layer, and performing
exposure and development on the composition layer.
[0658] In addition, the solid-state imaging element accord-
ing to the embodiment of the present invention is a solid-
state imaging element which includes the cured film (light-
shielding film) according to the embodiment of the present
invention.

[0659] As described above, the solid-state imaging ele-
ment according to the embodiment of the present invention
includes the cured film (light-shielding film). An aspect in
which the solid-state imaging element includes the cured
film (light-shielding film) is not particularly limited, and
examples thereof include an aspect in which a plurality of
photodiodes and light-receiving elements consisting of poly-
silicon or the like constituting a light-receiving area of a
solid-state imaging element (a CCD image sensor, a CMOS
image sensor, or the like) are provided on a substrate, and
solid-state imaging element includes the cured film on a
surface side (for example, a portion other than light receiv-
ing sections and/or pixels for adjusting color, and the like)
of a support on which the light-receiving elements are
formed or on a side opposite to the surface on which the
light-receiving elements are formed.

[0660] Moreover, in a case where the cured film (light-
shielding film) is used as a light-attenuating film, for
example, by disposing a light-attenuating film so that a part
of light passes through the light-attenuating film and then is
incident on a light-receiving element, the dynamic range of
the solid-state imaging element can be improved.

[0661] The solid-state imaging device includes the afore-
mentioned solid-state imaging element.

[0662] Examples of the constitutions of the solid-state
imaging device and the solid-state imaging element will be
described with reference to FIGS. 1 and 2. In FIGS. 1 and
2, in order that each portion is clearly seen, some portions
are magnified in disregard of a thickness ratio and/or a width
ratio between the portions.

[0663] As shown in FIG. 1, a solid-state imaging device
100 comprises a rectangular solid-state imaging element 101
and a transparent cover glass 103 which is held above the
solid-state imaging element 101 and seals the solid-state
imaging element 101. Moreover, on the cover glass 103, a
lens layer 111 is superposably provided through a spacer
104. The lens layer 111 includes a support 113 and a lens
material 112. The lens layer 111 may have a constitution in
which the support 113 and the lens material 112 are inte-
grally formed. In a case where stray light is incident on the
peripheral region of the lens layer 111, due to the diffusion
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of light, an effect of light condensation on the lens material
112 is weakened, and thus the light reaching an imaging
portion 102 is reduced. Moreover, noise is also generated
due to the stray light. Therefore, a light-shielding film 114 is
provided in the peripheral region of the lens layer 111 so that
light is shielded. The cured film obtained by the manufac-
turing method of the present invention can also be used as
the light-shielding film 114.

[0664] The solid-state imaging element 101 performs pho-
toelectric conversion on an optical image formed on the
imaging portion 102 serving as a light-receiving surface of
the solid-state imaging element 101, and outputs the con-
verted optical image as an image signal. The solid-state
imaging element 101 comprises a laminated substrate 105
obtained by laminating two sheets of substrates. The lami-
nated substrate 105 consists of a chip substrate 106 and a
circuit substrate 107 which have the same size and a
rectangular shape, and the circuit substrate 107 is laminated
on the rear surface of the chip substrate 106.

[0665] A material of the substrate used as the chip sub-
strate 106 is not particularly limited, and known materials
can be used.

[0666] The imaging portion 102 is provided in the central
portion of the surface of the chip substrate 106. Moreover,
in a case where stray light is incident on the peripheral
region of the imaging portion 102, a dark current (noise) is
generated from the circuit in the peripheral region, and thus
a light-shielding film 115 is provided in the peripheral region
so that light is shielded. The cured film obtained by the
manufacturing method of the present invention is preferably
used as the light-shielding film 115.

[0667] A plurality of electrode pads 108 are provided at an
edge of the surface of the chip substrate 106. The electrode
pads 108 are electrically connected to the imaging portion
102 through a signal wire (a bonding wire can also be used)
which is provided on the surface of the chip substrate 106
and is not shown in the drawing.

[0668] On the rear surface of the circuit substrate 107,
external connection terminals 109 are provided at positions
approximately below the electrode pads 108. The external
connection terminals 109 are respectively connected to the
electrode pads 108 through a through electrode 110 verti-
cally passing through the laminated substrate 105. More-
over, the external connection terminals 109 are connected to
a control circuit controlling the driving of the solid-state
imaging element 101, an image processing circuit perform-
ing image processing on an imaging signal output from the
solid-state imaging element 101, and the like through wiring
which is not shown in the drawing.

[0669] As shown in FIG. 2, the imaging portion 102
includes the portions, such as a light-receiving element 201,
a color filter 202, and a microlens 203, provided on a
substrate 204. The color filter 202 has a blue pixel 2055, a
red pixel 2057, a green pixel 205g, and a black matrix
205bm. The cured film obtained by the manufacturing
method of the present invention may be used as the black
matrix 205bm.

[0670] As the material of the substrate 204, the same
material as that of the chip substrate 106 can be used. On the
surface layer of the substrate 204, a p-well layer 206 is
formed. In the p-well layer 206, the light-receiving elements
201, which consist of an n-type layer and generate and
accumulate signal charges by photoelectric conversion, are
formed to be arranged in the form of square grids.
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[0671] On one lateral side of each light-receiving element
201, through a reading gate portion 207 on the surface layer
of the p-well layer 206, a vertical electric charge transfer
path 208 consisting of an n-type layer is formed. Moreover,
on the other lateral side of each light-receiving element 201,
through an element separation region 209 consisting of a
p-type layer, a vertical electric charge transfer path 208
belonging to the adjacent pixel is formed. The reading gate
portion 207 is a channel region for the signal charges
accumulated in the light-receiving element 201 to be read
out toward the vertical electric charge transfer path 208.
[0672] On the surface of the substrate 204, a gate insulat-
ing film 210 consisting of an oxide-nitride-oxide (ONO) film
is formed. On the gate insulating film 210, vertical electric
charge transfer electrodes 211 consisting of polysilicon or
amorphous silicon are formed to cover the portions which
are approximately immediately above the vertical electric
charge transfer path 208, the reading gate portion 207, and
the element separation region 209. The vertical electric
charge transfer electrodes 211 function as driving electrodes
for driving the vertical electric charge transfer path 208 and
performing charge transfer and as reading electrodes for
driving the reading gate portion 207 and reading out signal
charges. The signal charges are transferred to a horizontal
electric charge transfer path and an output portion (floating
diffusion amplifier), which are not shown in the drawing, in
this order from the vertical electric charge transfer path 208,
and then output as voltage signals.

[0673] On each of the vertical electric charge transfer
electrodes 211, a light-shielding film 212 is formed to cover
the surface of the electrode. The light-shielding film 212 has
an opening portion at a position immediately above the
light-receiving element 201 and shields a region other than
the opening portion from light. The cured film obtained by
the manufacturing method of the present invention may be
used as the light-shielding film 212.

[0674] On the light-shielding film 212, a transparent inter-
layer which consists of an insulating film 213 consisting of
borophosphosilicate glass (BPSG), an insulating film (pas-
sivation film) 214 consisting of P—SiN, and a planarization
film 215 consisting of a transparent resin or the like is
provided. The color filter 202 is formed on the interlayer.
[0675] [Image Display Device]

[0676] An image display device manufactured by the
manufacturing method of the present invention includes the
cured film obtained by the manufacturing method of the
present invention.

[0677] Furthermore, the method for manufacturing the
image display device according to the embodiment of the
present invention is a method for manufacturing an image
display device having the cured film, which includes a step
of manufacturing a cured film through the aforementioned
manufacturing method of the present invention.

[0678] Examples of the aspect in which the image display
device has a cured film include an aspect in which a cured
film is contained in a black matrix and a color filter including
such a black matrix is used in an image display device.
[0679] Next, a black matrix and a color filter including the
black matrix will be described, and a liquid crystal display
device including such a color filter will be described as a
specific example of the image display device.

[0680] <Black Matrix>

[0681] It is also preferable that the cured film obtained by
the manufacturing method of the present invention is con-
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tained in the black matrix. The black matrix is incorporated
into a color filter, a solid-state imaging element, and an
image display device such as a liquid crystal display device
in some cases.

[0682] Examples of the black matrix include those
described above; a black rim provided in the peripheral
portion of an image display device such as a liquid crystal
display device; a lattice-like and/or stripe-like black portion
between pixels of red, blue, and green; and a dot-like and/or
linear black pattern for shielding a thin film transistor (TFT)
from light. The definition of the black matrix is described in,
for example, “Glossary of Liquid Crystal display Manufac-
turing Device”, written by Yasuhira KANNO, 2nd edition,
NIKKAN KOGYO SHIMBUN, LTD., 1996, p. 64.

[0683] In order to improve the display contrast and to
prevent image quality deterioration resulting from current
leakage of light in a case of an active matrix driving-type
liquid crystal display device using a thin film transistor
(TFT), the black matrix preferably has high light-shielding
properties (the optical density OD is equal to or higher than
3).

[0684] The method for manufacturing the black matrix is
not particularly limited, but the black matrix can be manu-
factured in the same manner as the method for manufactur-
ing the cured film. Specifically, by applying the composition
on a substrate to form a composition layer and performing
exposure and development on the composition layer, a
pattern-like cured film (black matrix) can be manufactured.
Moreover, the film thickness of the cured film used as the
black matrix is preferably 0.1 to 4.0 pm.

[0685] The material of the substrate is not particularly
limited, but preferably has a transmittance equal to or greater
than 80% for visible light (wavelength of 400 to 800 nm).
Specific examples of such a material include glass such as
soda lime glass, alkali-free glass, quartz glass, and borosili-
cate glass, and plastic such as a polyester-based resin and a
polyolefin-based resin, and from the viewpoints of chemical
resistance and heat resistance, alkali-free glass, quartz glass,
or the like is preferable.

[0686] <Color Filter>

[0687] It is also preferable that the cured film obtained by
the manufacturing method of the present invention is
included in a color filter.

[0688] The aspect in which the color filter includes the
cured film is not particularly limited, but examples thereof
include a color filter comprising a substrate and the afore-
mentioned black matrix. That is, examples thereof include a
color filter comprising colored pixels of red, green, and blue
which are formed in the opening portion of the black matrix
formed on a substrate.

[0689] The color filter including a black matrix (cured
film) can be manufactured, for example, by the following
method.

[0690] First, in an opening portion of a pattern-like black
matrix formed on a substrate, a coating film (composition
layer) of a composition containing pigments corresponding
to the colored pixels of the color filter is formed. Moreover,
the composition for each color is not particularly limited,
known compositions can be used, but in the composition
described in the present specification, it is preferable that a
composition in which the light-shielding pigment is replaced
with a colorant corresponding to each pixel is used.

[0691] Subsequently, the composition layer is subjected to
exposure through a photo mask having a pattern correspond-
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ing to the opening portion of the black matrix. Next, colored
pixels can be formed in the opening portion of the black
matrix by removing an unexposed portion by a development
treatment, and then performing baking. In a case where the
series of operations are performed using, for example, a
composition for each color containing red, green, and blue
pigments, a color filter having red, green, and blue pixels can
be manufactured.

[0692] <Liquid Crystal Display Device>

[0693] It is also preferable that the cured film obtained by
the manufacturing method of the present invention is
included in a liquid crystal display device. The aspect in
which the liquid crystal display device includes the cured
film is not particularly limited, but examples thereof include
an aspect in which the liquid crystal display device includes
a color filter including the black matrix (cured film)
described above.

[0694] Examples of the liquid crystal display device
according to the present embodiment include an aspect in
which the liquid crystal display device comprises a pair of
substrates disposed to face each other and a liquid crystal
compound sealed into the space between the substrates. The
substrates are as described above as the substrate for a black
matrix.

[0695] Examples of a specific aspect of the liquid crystal
display device include a laminate having polarizing plate/
substrate/color filter/transparent electrode layer/alignment
film/liquid crystal layer/alignment film/transparent electrode
layer/thin film transistor (TFT) element/substrate/polarizing
plate/backlight unit in this order from the user side.

[0696] In addition, the liquid crystal display device is not
limited to the aforementioned liquid crystal display devices,
and examples thereof include the liquid crystal display
devices described in “Electronic display device (written by
Akio SASAKI, Kogyo Chosakai Publishing Co., Ltd., pub-
lished in 1990)”, “Display Device (written by Sumiaki
IBUKI, Sangyo Tosho Publishing Co., Ltd., published in
1989)”, or the like. Moreover, examples thereof include the
liquid crystal display device described in “Next-Generation
Liquid Crystal Display Technology (edited by Tatsuo
UCHIDA, Kogyo Chosakai Publishing Co., Ltd., published
in 1994)”.

[0697] [Infrared Sensor]

[0698] It is also preferable that the cured film obtained by
the manufacturing method of the present invention is
included in an infrared sensor.

[0699] The infrared sensor according to the embodiment
will be described with reference to FIG. 3. In an infrared
sensor 300 shown in FIG. 3, a reference 310 represents a
solid-state imaging eclement.

[0700] An imaging region provided on the solid-state
imaging element 310 is constituted with a combination of an
infrared absorption filter 311 and a color filter 312 according
to the embodiment of the present invention.

[0701] The infrared absorption filter 311 is a film which
transmits light (for example, light having a wavelength of
400 to 700 nm) in the visible light range and shields light
(for example, light having a wavelength of 800 to 1,300 nm,
preferably having a wavelength of 900 to 1,200 nm, and
more preferably having a wavelength of 900 to 1,000 nm) in
the infrared range, and a cured film containing an infrared
absorber (the aspect of the infrared absorber is as described
above) as a colorant can be used.
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[0702] The color filter 312 is a color filter in which pixels
transmitting or absorbing light having a specific wavelength
in the visible light range are formed, a color filter in which
pixels of red (R), green (G), and blue (B) are formed, or the
like is used as an example of the color filter, and the aspect
thereof is as described above.

[0703] Between an infrared transmission filter 313 and the
solid-state imaging element 310, a resin film 314 (for
example, a transparent resin film or the like), which trans-
mits light having a wavelength transmitted through the
infrared transmission filter 313, is disposed.

[0704] The infrared transmission filter 313 is a filter which
has visible light-shielding properties and transmits infrared
rays having a specific wavelength, and a cured film which is
obtained by the manufacturing method of the present inven-
tion and contains a colorant (for example, a perylene com-
pound and/or a bisbenzofuranone compound) which absorbs
light in a visible light range, and an infrared absorber (for
example, a pyrrolopyrrole compound, a phthalocyanine
compound, a naphthalocyanine compound, a polymethine
compound, and the like) can be used. It is preferable that the
infrared transmission filter 313 shields light having a wave-
length of 400 to 830 nm and transmits light having a
wavelength of 900 to 1,300 nm, for example.

[0705] On an incidence ray hv side of the color filter 312
and the infrared transmission filter 313, microlenses 315 are
arranged. A planarization film 316 is formed to cover the
microlenses 315.

[0706] In the aspect shown in FIG. 3, the resin film 314 is
disposed, but the infrared transmission filter 313 may be
formed instead of the resin film 314. That is, on the
solid-state imaging element 310, the infrared transmission
filter 313 may be formed.

[0707] Inthe aspect shown in FIG. 3, the film thickness of
the color filter 312 is the same as the film thickness of the
infrared transmission filter 313, but both the film thicknesses
may be different from each other.

[0708] In the aspect shown in FIG. 3, the color filter 312
is provided to be closer to the incidence ray hv side than the
infrared absorption filter 311, but the order of the infrared
absorption filter 311 and the color filter 312 may be switched
so that the infrared absorption filter 311 is provided to be
closer to the incidence ray hv side than the color filter 312.
[0709] In the aspect shown in FIG. 3, the infrared absorp-
tion filter 311 and the color filter 312 are laminated to be
adjacent to each other, but both the filters do not need to be
adjacent to each other, and another layer may be provided
between the filters. The cured film obtained by the manu-
facturing method of the present invention can be used as a
light-shielding film on an edge of the surface and/or a lateral
surface of the infrared absorption filter 311, and, by being
used as a device inner wall of an infrared sensor, can prevent
internal reflection and/or unintended incidence of light on
the light receiving section and can improve sensitivity.
[0710] According to the infrared sensor, image informa-
tion can be simultaneously taken in, and thus motion sensing
or the like by which a subject whose movement is to be
detected is recognized can be carried out. Furthermore,
because distance information can be obtained, images
including 3D information and the like can be captured.
[0711] Next, a solid-state imaging device to which the
aforementioned infrared sensor is applied will be described.
[0712] The solid-state imaging device includes a lens
optical system, a solid-state imaging element, an infrared
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emission diode, and the like. Furthermore, regarding each of
the constituents of the solid-state imaging device, reference
can be made to paragraphs 0032 to 0036 of JP2011-
233983A, the contents of which are incorporated into the
specification of the present application.

EXAMPLES

[0713] Hereinafter, the present invention will be described
in more detail based on Examples. The materials, the
amounts of the materials used, the proportions, the treatment
contents, the treatment procedure, and the like shown in the
following Examples can be appropriately modified as long
as the gist of the present invention is maintained. Accord-
ingly, the scope of the present invention is not limited to the
following Examples.
[0714] <<Production of Light-Shielding Pigment>>
[0715] [Production of Light-Shielding Pigment Pig-1]
[0716] A light-shielding pigment Pig-1 was produced by
the following method.
[0717] First, a Zr powder (powder containing zirconium)
(hereinafter, referred to as a “metal raw material powder” as
well) as a transition metal was prepared.
[0718] Subsequently, the metal raw material powder was
subjected to a plasma treatment (treatment conditions were
according to the following plasma treatment (1)) in an Ar gas
to form fine metal particles. An average primary particle
diameter of the obtained fine metal particles was measured,
and, as a result, was 90 nm. Moreover, the average primary
particle diameter was determined by the following method.
[0719] Sample: A sample obtained by preparing a disper-
sion liquid (25% by mass of fine metal particles, 7.5% by
mass of the following dispersant H-2A, and 67.5% by mass
of a propylene glycol monomethyl ether acetate (PGMEA)
solvent) in the same manner as in [Preparation of light-
shielding pigment dispersion liquid] which will be described
later, diluting the obtained dispersion liquid to 100 times
with PGMEA, then adding the resultant dropwise on a
carbon foil, and drying the resultant
[0720] The sample was observed with a transmission
electron microscope (TEM) at a magnification of 20,000 to
obtain an image. Areas of the fine metal particles in the
obtained image were calculated by image processing. Sub-
sequently, diameters in a case where the obtained areas were
converted into circles were calculated. This operation was
performed on a total of 400 fine metal particles for 4 visual
fields, and the evaluated circle-converted diameters were
arithmetically averaged to obtain an average primary par-
ticle diameter of the fine metal particles.
[0721] In addition, as a result of measuring impurities
contained in the fine metal particles by the following
method, no impurities were detected. Moreover, the expres-
sion that no impurities are detected means that the content of
the impurities is less than 20 ppm with respect to the total
mass of the fine metal particles.
[0722] <Plasma Treatment (1)>
[0723] The plasma treatment (1) was performed by the
following method. That is, the plasma treatment (1) was
performed under the following conditions by using, as a fine
metal particle production apparatus, an apparatus equivalent
to the black composite fine particle production apparatus
shown in FIG. 1 of WO2010/147098A.

[0724] Radio frequency voltage applied to radio-fre-

quency oscillating coil: Frequency of about 4 MHz, and
voltage of about 80 kVA
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[0725] Plasma gas: Argon gas (supply rate of 100
L/min)

[0726] Carrier gas: Argon gas (supply rate of 10 L/min)

[0727] Atmosphere in chamber: Argon gas (supply rate
of 1,000 I/min, and flow rate in chamber of 5 m/sec)

[0728] Atmosphere in cyclone: Argon gas, and internal
pressure of 50 kPa

[0729] Material supply speed from chamber to cyclone:
10 m/s (average value)

[0730] Next, a Hf powder was prepared as a raw material
powder containing an atom A, and subjected to the plasma
treatment under the conditions of the plasma treatment (1) to
atomize the atom A. In this case, as a result of measuring
impurities contained in the obtained fine particles by the
following method, no impurities were detected.

[0731] Subsequently, the fine metal particles and the atom-
ized atom A, which were obtained as described above, were
mixed to obtain a metal raw material powder. The metal raw
material powder was subjected to a plasma treatment (treat-
ment conditions were according to the following plasma
treatment (2)) in a nitrogen gas to obtain a light-shielding
pigment.

[0732] <Plasma Treatment (2)>

[0733] The plasma treatment (2) was performed by the
following method. Moreover, the apparatus used is the same
as that used in the plasma treatment (1).

[0734] Radio frequency voltage applied to radio-fre-
quency oscillating coil: Frequency of about 4 MHz, and
voltage of about 80 kVA

[0735] Plasma gas: Argon gas and nitrogen gas (each
supply rate of 50 L/min)

[0736] Carrier gas: Nitrogen gas (supply rate of 10
L/min)

[0737] Atmosphere in chamber: Nitrogen gas (supply
rate of 1,000 I/min, and flow rate in chamber of 5
m/sec)

[0738] Atmosphere in cyclone: Nitrogen gas, and inter-
nal pressure of 50 kPa

[0739] Material supply speed from chamber to cyclone:
10 m/s (average value)

[0740] In a case where the light-shielding pigment after
the completion of the plasma treatment (2) was in the
atmosphere using an Ar gas and a split flow-type humidity
supply apparatus SRH manufactured by NIHON SHIN-
TECH CO., LTD., a nitrogen gas at 20° C. was introduced
under a condition where the relative humidity was 95%, and
the resultant was left to stand for 24 hours. Thereafter, the
obtained light-shielding pigment was classified using a
TTSP separator manufactured by Hosokawa Micron Corpo-
ration under a condition where a yield was 10% to obtain a
powder of the light-shielding pigment Pig-1. Moreover, a
nitrogen gas was supplied to the separator.

[0741] An average primary particle diameter of Pig-1 was
measured, and, as a result, was 35 nm.

[0742] Furthermore, the average primary particle diameter
is an average primary particle diameter measured by the
aforementioned method.

[0743] [Production of Light-Shielding Pigments Pig-2 to
Pig-45 and Pig-C1 to Pig-C7]

[0744] With reference to the method for producing the
light-shielding pigment Pig-1, the type of the metal raw
material powder, the type of the raw material powder
containing the atom A, and the addition amount were
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changed as shown in Tables 1-1 and 1-2 to produce light-
shielding pigments Pig-2 to Pig-45 and Pig-C1 to Pig-C7.
[0745] Furthermore, the light-shielding pigments Pig-C1
to Pig-C7 for comparison were produced without using the
raw material powder containing the atom A, or by using a
raw material powder for comparison corresponding to the
raw material powder containing the atom A.
[0746] Moreover, in the production of Pig-22 and Pig-23,
a Si powder was also subjected to the plasma treatment
under the conditions of the plasma treatment (1) to produce
silicon atom fine particles. The silicon atom fine particles
were mixed with the fine metal particles together with the
atomized atom A to obtain a metal raw material powder, and
thereafter, the same treatment as in the production of Pig-1
was performed to obtain Pig-22 or Pig-23.
[0747] The abbreviations for the transition metal raw
materials and the raw materials of atom Ain Tables 1-1 and
1-2 are as follows.
[0748] Zr powder: Zirconium powder produced by
FUJIFILM Wako Pure Chemical Corporation
[0749] Nb powder: Niobium (powder)<100 to 325
mesh> produced by Mitsuwa Chemicals Co., Ltd.
[0750] V powder: Metal vanadium powder VHO pro-
duced by TAIYO KOKO Co., Ltd.
[0751] Tantalum Nodular: Tantalum Nodular produced
by Global Advanced Metals Pty Ltd.
[0752] Y powder: Yttrium powder produced by NIP-
PON YTTRIUM CO., LTD.
[0753] Cr powder: Degassing electrolytic metal chro-
mium powder produced by Kohsei Co., Ltd.
[0754] W powder: Tungsten powder AW3110 produced
by Eurotungsten
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[0755] 'Ti powder: Titanium powder NM-0031-UP pro-
duced by IoLiTec lonic Liquids Technologies GmbH
[0756] Al powder: Aluminum powder No. 22000 pro-
duced by YAMATO METAL POWDER CO., LTD.
[0757] Si powder: Silicon powder produced by Furu-
uchi Chemical Corporation
[0758] Hf powder: Hafnium powder produced by Furu-
uchi Chemical Corporation
[0759] Fe powder: Fe powder, JIP 270M produced by
FE Steel Corporation
[0760] Ni powder: Ni powder, 300-nano product pro-
duced by TOHO TITANIUM CO., LTD.
[0761] Ag powder: Ag powder, SPQO3R produced by
Mitsui Mining & Smelting Co., Ltd.
[0762] In addition, “%” in Tables 2-1 and 2-2 below
means % by mass with respect to the total mass of the
light-shielding pigment.
[0763] In the tables, “Not detected” indicates that no
impurities were detected as a result of the measurement by
the aforementioned measuring method, and specifically indi-
cates that the content is less than 20 ppm by mass.

[0764] Moreover, “Not added” indicates that the atom A
was not added.
[0765] A column of “Flement ratio” indicates a ratio (mass

ratio) of contents of respective elements in the light-shield-
ing pigment.

[0766] For the measurement of contents (a ratio of con-
tents) of respective elements in the light-shielding pigment
and the raw material (the fine metal particles, the raw
material powder, and the like) thereof, a scanning-type
X-ray fluorescence spectrometer “ZSX Primus II” manufac-
tured by Rigaku Corporation was used.

TABLE 1-1

Before plasma treatment

Atom A After plasma treatment (1)
(or silicon atom) Fine metal particles Atomized
Metal raw material powder Type of raw Average primary atom A
Type Impurities material powder particle diameter Impurities Impurities
Pig-1 Zr powder Hf Hf powder 90 nm Not detected Not detected
Pig-2 Zr powder Hf Hf powder 90 nm Not detected Not detected
Pig-3 Zr powder Hf Hf powder 90 nm Not detected Not detected
Pig-4 Zr powder Hf Hf powder 90 nm Not detected Not detected
Pig-5 Zr powder Hf Hf powder 90 nm Not detected Not detected
Pig-6 Zr powder Hf W powder 90 nm Not detected Not detected
Pig-7 Zr powder Hf W powder 90 nm Not detected Not detected
Pig-8 Zr powder Hf W powder 90 nm Not detected Not detected
Pig-9 Zr powder Hf W powder 90 nm Not detected Not detected
Pig-10  Zr powder Hf W powder 90 nm Not detected Not detected
Pig-11  Zr powder Hf Hf powder 90 nm Not detected Not detected
Pig-12  Zr powder Hf Hf powder 90 nm Not detected Not detected
Pig-13  Zr powder Hf Hf powder 90 nm Not detected Not detected
Pig-14  Zr powder Hf Hf powder 90 nm Not detected Not detected
Pig-15  Zr powder Hf Hf powder 90 nm Not detected Not detected
Pig-16  Zr powder Hf W powder 90 nm Not detected Not detected
Pig-17  Zr powder Hf W powder 90 nm Not detected Not detected
Pig-18  Zr powder Hf W powder 90 nm Not detected Not detected
Pig-19  Zr powder Hf W powder 90 nm Not detected Not detected
Pig-20  Zr powder Hf W powder 90 nm Not detected Not detected
Pig-21  Zr powder Hf Hf powder/W powder 90 nm Not detected Not detected
Pig-22  Zr powder Hf Hf powder/Si powder 90 nm Not detected Not detected
Pig-23  Zr powder Hf W powder/Si powder 90 nm Not detected Not detected
Pig-24  Zr powder Hf W powder 90 nm Not detected Not detected
Pig-25  Zr powder Hf W powder 90 nm Not detected Not detected
Pig-26  Zr powder Hf W powder 90 nm Not detected Not detected
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TABLE 1-1-continued

Before plasma treatment

Atom A After plasma treatment (1)

(or silicon atom) Fine metal particles Atomized
Metal raw material powder Type of raw Average primary atom A
Type Impurities material powder particle diameter Impurities Impurities
Pig-27  Zr powder Hf W powder 90 nm Not detected Not detected
Pig-28  Zr powder Hf W powder 90 nm Not detected Not detected
Pig-29  Nb powder Fe/Ni Hf powder 80 nm Not detected Not detected
Pig-30  Nb powder Fe/Ni W powder 80 nm Not detected Not detected
TABLE 1-2
Before plasma treatment
Atom A After plasma treatment (1)
(or silicon atom) Fine metal particles Atomized
Metal raw material powder Type of raw Average primary atom A
Type Impurities material powder particle diameter Impurities Impurities
Pig-31 Nb powder  Fe/Ni Hf powder/W powder 80 nm Not detected Not detected
Pig-32 Nb powder  Fe/Ni Hf powder/Si powder 80 nm Not detected Not detected
Pig-33 Nb powder  Fe/Ni W powder/Si powder 80 nm Not detected Not detected
Pig-34  V powder Al/Si/Fe/Mo Hf powder 90 nm Not detected Not detected
Pig-35 V powder Al/Si/Fe/Mo W powder 90 nm Not detected Not detected
Pig-36  V powder Al/Si/Fe/Mo Hf powder/W powder 90 nm Not detected Not detected
Pig-37  V powder Al/Si/Fe/Mo Hf powder/Si powder 90 nm Not detected Not detected
Pig-38  V powder Al/Si/Fe/Mo W powder/Si powder 90 nm Not detected Not detected
Pig-39  Tantalum Fe/Ni Hf powder 90 nm Not detected Not detected
Nodular
Pig-40  Tantalum Fe/Ni W powder 90 nm Not detected Not detected
Nodular
Pig-41 Y powder Al/Fe/Cu Hf powder 90 nm Not detected Not detected
Pig-42 Y powder Al/Fe/Cu W powder 90 nm Not detected Not detected
Pig-43 Crpowder Fe/Mg/Al Hf powder 90 nm Not detected Not detected
Pig-44 Crpowder Fe/Mg/Al W powder 90 nm Not detected Not detected
Pig-45  Ti powder Fe/Ni W powder 90 nm Not detected Not detected
Pig-C1  Zr powder  Hf Fe powder/Si powder 90 nm Not detected Not detected
Pig-C2 Nb powder  Fe/Ni Ni powder/Ag powder 80 nm Not detected Not detected
Pig-C3  V powder Al/Si/Fe/Mo Al powder/Si powder 90 nm Not detected Not detected
Pig-C4 Zr powder  Hf Not added 90 nm Not detected —
Pig-C5 V powder Al/Si/Fe/Mo Not added 90 nm Not detected —
Pig-C6 Al powder  Fe/Si Not added 80 nm Not detected —
Pig-C7  Si powder Fe/Al/Ca Not added 120 nm Not detected —
TABLE 2-1
After plasma treatment (2)
Light-shielding pigment
Addition amount of Average primary
atomized atom A particle diameter Element ratio
Pig-1 0.2% 35 nm Zr/N/O/HS = 77.4%/12.9%/9.5%/0.2%
Pig-2 0.5% 36 nm Zr/N/O/HS = 77.3%/12.8%/9.4%/0.5%
Pig-3 1.0% 30 nm Zr/N/O/HS = 77.1%/12.6%/9.3%/1.0%
Pig-4 2.0% 34 nm Zr/N/O/HS = 76.7%/12.3%/9.0%/2.0%
Pig-5 3.0% 35 nm Zr/N/O/HS = 76.5%/12.0%/8.5%/3.0%
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After plasma treatment (2)
Light-shielding pigment

Addition amount of Average primary
atomized atom A particle diameter Element ratio

Pig-6 0.2% 33 nm Zr/N/O/W = 77.4%/12.9%/9.5%/0.2%
Pig-7 0.5% 35 nm Zr/N/O/W = 77.3%/12.8%/9.4%/0.5%
Pig-8 1.0% 34 nm Zr/N/O/W = 77.1%/12.6%/9.3%/1.0%
Pig-9 2.0% 34 nm Zr/N/O/W = 76.7%/12.3%/9.0%/2.0%
Pig-10 3.0% 35 nm Zr/N/O/W = 76.5%/12.0%/8.5%/3.0%
Pig-11 2.0% 34 nm Zr/N/O/HT = 76.7%/8.3%/13.0%/2.0%
Pig-12 2.0% 34 nm Zr/N/O/HT = 76.7%/10.3%/11.0%/2.0%
Pig-13 2.0% 34 nm Zr/N/O/HT = 76.7%/15.3%/6.0%/2.0%
Pig-14 2.0% 34 nm Zr/N/O/HF = 76.7%/18.3%/3.0%/2.0%
Pig-15 2.0% 34 nm Zr/N/O/HT = 76.7%/20.3%/1.0%/2.0%
Pig-16 2.0% 34 nm Zr/N/O/W = 76.7%/8.3%/13.0%/2.0%
Pig-17 2.0% 34 nm Zr/N/O/W = 76.7%/10.3%/11.0%/2.0%
Pig-18 2.0% 34 nm Zr/N/O/W = 76.7%/15.3%/6.0%/2.0%
Pig-19 2.0% 34 nm Zr/N/O/W = 76.7%/18.3%/3.0%/2.0%
Pig-20 2.0% 34 nm Zr/N/O/W = 76.7%/20.3%/1.0%/2.0%
Pig-21 2.0%/1.5% 40 nm Zr/N/O/HIW = 76.0%/12.0%/8.5%/2.0%/1.5%
Pig-22 2.0%/1.5% 40 nm Zr/N/O/HI/SI = 76.0%/12.0%/8.5%/2.0%/1.5%
Pig-23 2.0%/1.5% 40 nm Zr/N/O/W/SI = 76.0%/12.0%/8.5%/2.0%/1.5%
Pig-24 2.0% 15 nm Zr/N/O/W = 76.7%/12.3%/9.0%/2.0%
Pig-25 2.0% 25 nm Zr/N/O/W = 76.7%/12.3%/9.0%/2.0%
Pig-26 2.0% 55 nm Zr/N/O/W = 76.7%/12.3%/9.0%/2.0%
Pig-27 2.0% 65 nm Zr/N/O/W = 76.7%/12.3%/9.0%/2.0%
Pig-28 2.0% 85 nm Zr/N/O/W = 76.7%/12.3%/9.0%/2.0%
Pig-29 2.0% 31 nm Nb/N/O/HF = 76.7%/12.3%/9.0%/2.0%
Pig-30 2.0% 33 nm Nb/N/O/W= 76.7%/12.3%/9.0%2.0%
TABLE 2-2
After plasma treatment (2)
Light-shielding pigment
Addition amount of Average primary
atomized atom A particle diameter Element ratio
Pig-31 2.0%/1.5% 41 nm Nb/N/O/HEW = 76.0%/12.0%/8.5%/2.0%/1.5%
Pig-32 2.0%/1.5% 40 nm Nb/N/O/HI/Si = 76.0%/12.0%/8.5%/2.0%/1.5%
Pig-33 2.0%/1.5% 39 nm Nb/N/O/W/Si = 76.0%/12.0%/8.5%/2.0%/1.5%
Pig-34 2.0% 31 nm V/N/O/HT = 76.7%/12.3%/9.0%/2.0%
Pig-35 2.0% 33 nm V/IN/O/W = 76.7%/12.3%/9.0%/2.0%
Pig-36 2.0%/1.5% 41 nm V/N/O/HIW = 76.0%/12.0%/8.5%/2.0%/1.5%
Pig-37 2.0%/1.5% 40 nm V/N/O/HE/SI = 76.0%/12.0%/8.5%/2.0%/1.5%
Pig-38 2.0%/1.5% 39 nm V/N/O/W/Si = 76.0%/12.0%/8.5%/2.0%/1.5%
Pig-39 2.0% 30 nm Ta/N/O/HT = 76.7%/12.3%/9.0%/2.0%
Pig-40 2.0% 31 nm Ta/N/O/W = 76.7%/12.3%/9.0%/2.0%
Pig-41 2.0% 33 nm Y/N/O/HT = 76.7%/12.3%/9.0%/2.0%
Pig-42 2.0% 30 nm Y/N/O/W = 76.7%/12.3%/9.0%/2.0%
Pig-43 2.0% 35 nm Cr/N/O/HS = 76.7%/12.3%/9.0%/2.0%
Pig-44 2.0% 33 nm Cr/N/O/W = 76.7%/12.3%/9.0%/2.0%
Pig-45 2.0% 38 nm TYN/O/W = 76.7%/12.3%/9.0%/2.0%
Pig-C1 2.0%/1.5% 35 nm Z1/N/O/Fe/Si = 76.0%/12.0%/8.5%/2.0%/1.5%
Pig-C2 2.0%/1.5% 34 nm Nb/N/O/Ni/Ag = 76.0%/12.0%/8.5%/2.0%/1.5%
Pig-C3 2.0%/1.5% 31 nm V/N/O/AL/SI = 76.0%/12.0%/8.5%/2.0%/1.5%
Pig-C4 — 33 nm Z1/N/O = 77.5%/13.0%/9.5%
Pig-C5 — 38 nm V/N/O = 77.5%/13.0%/9.5%
Pig-C6 — 18 nm AlN/O = 77.7%/13.3%/9.0%
Pig-C7 — 18 nm SI/N/O = 75.7%/12.5%/11.8%
[0767] <<<Preparation of Light-Shielding Resin Compo- [0771] <Dispersant>
sition>> [0772] As a dispersant, dispersants H-1 to H-4 having the
[0768] A light-shielding resin composition was prepared following structures were used. A numerical value described

using raw materials shown below.

[0769] <Light-Shielding Pigment>

[0770] As alight-shielding pigment, Pig-1 to Pig-47 and
Pig-C1 to Pig-C7 were used. Moreover, Pig-C1 to Pig-C7
were used in Comparative Examples.

in each structural unit means % by mole of each structural
unit with respect to all structural units.
[0773] Furthermore, all of H-1 to H-4 correspond to resins
which are graft polymers.
[0774] H-1 (acid value=100 mgKOH/g, and weight-
average molecular weight=39,000)
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[0775] H-2 (acid value=60 mg KOH/g, and weight- [0777] H-4 (acid value=33 mg KOH/g, and weight-
average molecular weight=33,000) average molecular weight=23,000)
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[0778] <Alkali-Soluble Resin>

[0779] As an alkali-soluble resin, the following resins C-1

and C-2 were used. The structures of the resins C-1 and C-2

are shown below. A numerical value described in each

[0776] H-3 (acid value=100 mg KOH/g, and weight- structural unit means % by mole of each structural unit with
average molecular weight=19,000) respect to all structural units.
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[0780] C-1 (acid value=110 mg KOH/g, and weight-
average molecular weight=33,000)

Pﬁo pjjo
O O O OH
MAA
BzMA

[0781] C-2 (acid value=70 mg KOH/g, and weight-

average molecular weight=11,000)
M (/j/%j
COOMe COOMe' o o

/Qjﬁ; (/j/f;
0 (|) 0 on
25 O
oH

<Polymerizable Compound>

O
0

[0782]
[0783] As a polymerizable compound, the following D-1
and D-2 were used.

[0784] D-1: KAYARAD DPHA (produced by Nippon
Kayaku Co., Ltd.)

[0785] D-2: NK ESTER A-TMMT (produced by Shin-
Nakamura Chemical Co., Ltd.)

[0786] D-1 is a compound containing four ethylenically
unsaturated groups in one molecule, and D-2 is a mixture of
a compound containing five ethylenically unsaturated
groups in one molecule and a compound containing six
ethylenically unsaturated groups in one molecule.

[0787] <Polymerization Initiator (Photopolymerization
Initiator)>

[0788] As a polymerization initiator (photopolymerization
initiator), the following E-1 to E-4 were used.

[0789] E-1: IRGACURE OXEO02 (oxime compound)
(produced by BASF SE)

[0790] E-2: IRGACURE OXEO03 (oxime compound
represented by General Formula (C-13)) (produced by
BASF SE)

[0791] E-3: IRGACURE 369 (produced by BASF SE)

[0792] E-4: IRGACURE 379 (produced by BASF SE)

Mar. 11, 2021

[0793] <Surfactant>

[0794] As another component, the following compound
(weight-average molecular weight=15,000) was used.

[0795] Here, in the following formula, contents of a left
structural unit and a right structural unit are 62% by mass
and 38% by mass, respectively.

/\/CsHls
(6] O

38%
62%
LI+NI+1L2+N2=14
M1 +M2 =17

[0796] <Solvent>

[0797] PGMEA: Propylene glycol monomethyl ether
acetate

[0798]

[0799]

[0800]
[0801]

[0802] As other components, the following G-1 to G-4
were used.

[0803] G-1: EHPE 3150 (produced by DAICEL COR-
PORATION) (epoxy group-containing compound)

[0804] G-2: EPICLON N-695 (produced by DIC
CORPORATION) (epoxy group-containingcom-
pound)

[0805] G-3: The following compound (ultraviolet
absorber (diethylamino-phenylsulfonyl-based
ultraviolet absorber))

PGME: Propylene glycol monomethyl ether
Butyl acetate
Cyclopentanone

<Other Components>

o
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[0806]
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G-4: The following compound (adhesive agent)
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[0807] [Preparation of Light-Shielding Pigment Disper-
sion Liquid]
[0808] First, a light-shielding pigment, a dispersant, and

an organic solvent were mixed for 15 minutes by a stirrer
(EUROSTAR manufactured by IKA Works GmbH & Co.
KG) to obtain a mixed solution of the aforementioned
components. Subsequently, the obtained mixed solution was
subjected to a dispersion treatment using NPM-Pilot manu-
factured by Shinmaru Enterprises Corporation under the
following conditions to obtain a pigment dispersion liquid
(light-shielding pigment dispersion liquid).
[0809] <Dispersion Conditions>

[0810] Bead size: $0.05 mm, (zirconia beads manufac-

tured by NIKKATO CORPORATION, YTZ)

Ov [0811] Bead filling rate: 65% by volume

[0812] Circumferential speed of mill: 10 m/sec

[0813] Circumferential speed of separator: 13 m/s

[0814] Amount of mixed solution subjected to disper-

sion treatment: 15 kg
[0815] Circulation flow rate (pump supply rate): 90
kg/hour

[0816] Temperature of treatment liquid: 19° C. to 21° C.

[0817] Coolant: water

[0818] Treatment time: about 22 hours

[0819] The compositions of the pigment dispersion liquids
are shown in the tables below.
TABLE 3-1
Light-shielding pigment Dispersant Solvent
Addition amount Addition amount Addition amount
Type (parts by mass) Type (parts by mass) Type (parts by mass)

Dispersion liquid 1 Pig-9 24.2 H-1 73 PGMEA 68.5
Dispersion liquid 2 Pig-9 24.2 H-2 73 PGMEA 68.5
Dispersion liquid 3  Pig-9 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 4 Pig-9 24.2 H-4 73 PGMEA 68.5
Dispersion liquid 5 Pig-1 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 6 Pig-2 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 7 Pig-3 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 8 Pig-4 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 9  Pig-5 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 10 Pig-6 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 11 Pig-7 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 12 Pig-8 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 13 Pig-10 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 14 Pig-11 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 15 Pig-12 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 16 Pig-13 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 17 Pig-14 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 18 Pig-15 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 19 Pig-16 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 20 Pig-17 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 21 Pig-18 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 22 Pig-19 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 23 Pig-20 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 24 Pig-21 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 25 Pig-22 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 26 Pig-23 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 27 Pig-24 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 28 Pig-25 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 29 Pig-26 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 30 Pig-27 24.2 H-3 73 PGMEA 68.5
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Light-shielding pigment

Dispersant

Solvent

Addition amount

Addition amount

Addition amount

Type (parts by mass) Type (parts by mass) Type (parts by mass)
Dispersion liquid 31 Pig-28 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 32 Pig-29 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 33 Pig-30 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 34 Pig-31 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 35 Pig-32 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 36 Pig-33 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 37 Pig-34 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 38 Pig-35 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 39 Pig-36 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 40 Pig-37 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 41 Pig-38 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 42 Pig-39 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 43 Pig-40 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 44 Pig-41 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 45 Pig-42 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 46 Pig-43 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 47 Pig-44 24.2 H-3 73 PGMEA 68.5
Dispersion liquid 48 Pig-9 24.2 H-3 73 PGMEA 48.5
PGME 20.0
Dispersion liquid 49 Pig-9 24.2 H-3 73 PGMEA 385
PGME 20.0
Butyl acetate 10.0
Dispersion liquid 50 Pig-9 24.2 H-3 73 Cyclopentanone 48.5
PGME 20.0
Dispersion liquid 51 Pig-45 24.2 H-3 73 PGMEA 68.5
Comparative dispersion  Pig-Cl 24.2 H-3 73 PGMEA 68.5
liquid 1
Comparative dispersion  Pig-C2 24.2 H-3 73 PGMEA 68.5
liquid 2
Comparative dispersion ~ Pig-C3 24.2 H-3 73 PGMEA 68.5
liquid 3
Comparative dispersion  Pig-C4 24.2 H-3 73 PGMEA 68.5
liquid 4
Comparative dispersion  Pig-C5 24.2 H-3 73 PGMEA 68.5
liquid 5
Comparative dispersion  Pig-C6 24.2 H-3 73 PGMEA 68.5
liquid 6
Comparative dispersion  Pig-C7 24.2 H-3 73 PGMEA 68.5

liquid 7

[0820]
[0821]

[Preparation of Composition]
Next components shown in Tables 4-1 and 4-2

below were mixed with the pigment dispersion liquids at
ratios shown in Tables 4-1 and 4-2 to obtain compositions of
Examples and Comparative Examples.

[0822] The compositions of the obtained compositions are
shown in Tables 4-1 and 4-2.
TABLE 4-1
Pigment dispersion  Alkali-soluble Polymerizable Photopolymerization
liquid resin compound initiator
parts by parts by parts by parts by

Type mass Type mass Type mass Type mass
Example Dispersion 541 C-1 25 D-1 52 E-1 1.5
Composition 1 liquid 3
Example Dispersion 541 C-2 25 D-1 52 E-1 1.5
Composition 2 liquid 3
Example Dispersion 541 C-2 25 D=2 52 E-1 1.5
Composition 3 liquid 3
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 4 liquid 3
Example Dispersion 541 C-2 25 D=2 52 E3 1.5
Composition 5 liquid 3
Example Dispersion 541 C-2 25 D=2 52 E4 1.5
Composition 6 liquid 3

Mar. 11, 2021
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TABLE 4-1-continued
Example Dispersion 541 C-2 25 D=2 52 E-1 1.5
Composition 7 liquid 3
Example Dispersion 541 C-2 25 D=2 52 E-1 1.5
Composition 8 liquid 3
Example Dispersion 541 C-2 25 D=2 52 E-1 1.5
Composition 9 liquid 3
Example Dispersion 541 C-2 25 D=2 52 E-1 1.5
Composition 10 liquid 3
Example Dispersion 541 C-1 1.0 D-1 20 E-1 1.3
Composition 11 liquid 3 C-2 1.5 D-2 3.2 E4 0.2
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 12 liquid 1
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 13 liquid 2
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 14 liquid 4
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 15 liquid 5
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 16 liquid 6
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 17 liquid 7
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 18 liquid 8
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 19 liquid 9
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 20 liquid 10
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 21 liquid 11
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 22 liquid 12
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 23 liquid 13
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 24 liquid 14
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 25 liquid 15
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 26 liquid 16
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 27 liquid 17
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 28  liquid 18
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 29 liquid 19
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 30 liquid 20
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 31 liquid 21
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 32 liquid 22
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 33 liquid 23
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 34 liquid 24
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 35 liquid 25
Solvent Other components Surfactant
parts by parts by parts by
Type mass Type mass Type mass
Example PGMEA 36.7 W-1 0.01
Composition 1
Example PGMEA 36.7 W-1 0.01
Composition 2
Example PGMEA 36.7 W-1 0.01
Composition 3
Example PGMEA 36.7 W-1 0.01
Composition 4
Example PGMEA 36.7 W-1 0.01
Composition 5
Example PGMEA 36.7 W-1 0.01

Composition 6
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TABLE 4-1-continued
Example PGMEA 362 G-1 0.5 W-1 0.01
Composition 7
Example PGMEA 362 G-2 0.5 W-1 0.01
Composition 8
Example PGMEA 364 G-3 03 W-1 0.01
Composition 9
Example PGMEA 362 G4 0.5 W-1 0.01
Composition 10
Example PGMEA 10.7 W-1 0.01
Composition 11 Cyclopentanone 26.0
Example PGMEA 36.7 W-1 0.01
Composition 12
Example PGMEA 36.7 W-1 0.01
Composition 13
Example PGMEA 36.7 W-1 0.01
Composition 14
Example PGMEA 36.7 W-1 0.01
Composition 15
Example PGMEA 36.7 W-1 0.01
Composition 16
Example PGMEA 36.7 W-1 0.01
Composition 17
Example PGMEA 36.7 W-1 0.01
Composition 18
Example PGMEA 36.7 W-1 0.01
Composition 19
Example PGMEA 36.7 W-1 0.01
Composition 20
Example PGMEA 36.7 W-1 0.01
Composition 21
Example PGMEA 36.7 W-1 0.01
Composition 22
Example PGMEA 36.7 W-1 0.01
Composition 23
Example PGMEA 36.7 W-1 0.01
Composition 24
Example PGMEA 36.7 W-1 0.01
Composition 25
Example PGMEA 36.7 W-1 0.01
Composition 26
Example PGMEA 36.7 W-1 0.01
Composition 27
Example PGMEA 36.7 W-1 0.01
Composition 28
Example PGMEA 36.7 W-1 0.01
Composition 29
Example PGMEA 36.7 W-1 0.01
Composition 30
Example PGMEA 36.7 W-1 0.01
Composition 31
Example PGMEA 36.7 W-1 0.01
Composition 32
Example PGMEA 36.7 W-1 0.01
Composition 33
Example PGMEA 36.7 W-1 0.01
Composition 34
Example PGMEA 36.7 W-1 0.01
Composition 35
TABLE 4-2
Pigment Alkali- Polymerizable Photopolymerization
dispersion liquid soluble resin compound initiator
parts by parts by parts by parts by
Type mass Type mass Type mass Type mass
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 36  liquid 26
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5

Composition 37 liquid 27
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TABLE 4-2-continued

Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 38 liquid 28
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 39 liquid 29
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 40 liquid 30
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 41 liquid 31
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 42 liquid 32
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 43 liquid 33
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 44 liquid 34
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 45 liquid 35
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 46 liquid 36
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 47 liquid 37
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 48  liquid 38
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 49 liquid 39
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 50  liquid 40
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 51 liquid 41
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 52 liquid 42
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 53 liquid 43
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 54 liquid 44
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 55 liquid 45
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 56  liquid 46
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 57 liquid 47
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 58  liquid 48
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 59 liquid 49
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 60 liquid 50
Example Dispersion 541 C-2 25 D=2 52 E-2 1.5
Composition 61 liquid 51
Comparative Comparative 541 C-2 25 D=2 52 E-2 1.5
Composition 1 dispersion

liquid 1
Comparative Comparative 541 C-2 25 D=2 52 E-2 1.5
Composition 2 dispersion

liquid 2
Comparative Comparative 541 C-2 25 D=2 52 E-2 1.5
Composition 3 dispersion

liquid 3
Comparative Comparative 541 C-2 25 D=2 52 E-2 1.5
Composition 4 dispersion

liquid 4
Comparative Comparative 541 C-2 25 D=2 52 E-2 1.5
Composition 5 dispersion

liquid 5
Comparative Comparative 541 C-2 25 D=2 52 E-2 1.5
Composition 6 dispersion

liquid 6
Comparative Comparative 541 C-2 25 D=2 52 E-2 1.5
Composition 7 dispersion

liquid 7
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Solvent Other components Surfactant
parts by parts by parts by

Type mass Type mass Type mass
Example PGMEA 36.7 W-1 0.01
Composition 36
Example PGMEA 36.7 W-1 0.01
Composition 37
Example PGMEA 36.7 W-1 0.01
Composition 38
Example PGMEA 36.7 W-1 0.01
Composition 39
Example PGMEA 36.7 W-1 0.01
Composition 40
Example PGMEA 36.7 W-1 0.01
Composition 41
Example PGMEA 36.7 W-1 0.01
Composition 42
Example PGMEA 36.7 W-1 0.01
Composition 43
Example PGMEA 36.7 W-1 0.01
Composition 44
Example PGMEA 36.7 W-1 0.01
Composition 45
Example PGMEA 36.7 W-1 0.01
Composition 46
Example PGMEA 36.7 W-1 0.01
Composition 47
Example PGMEA 36.7 W-1 0.01
Composition 48
Example PGMEA 36.7 W-1 0.01
Composition 49
Example PGMEA 36.7 W-1 0.01
Composition 50
Example PGMEA 36.7 W-1 0.01
Composition 51
Example PGMEA 36.7 W-1 0.01
Composition 52
Example PGMEA 36.7 W-1 0.01
Composition 53
Example PGMEA 36.7 W-1 0.01
Composition 54
Example PGMEA 36.7 W-1 0.01
Composition 55
Example PGMEA 36.7 W-1 0.01
Composition 56
Example PGMEA 36.7 W-1 0.01
Composition 57
Example PGMEA 36.7 W-1 0.01
Composition 58
Example PGMEA 36.7 W-1 0.01
Composition 59
Example PGMEA 36.7 W-1 0.01
Composition 60
Example PGMEA 36.7 W-1 0.01
Composition 61
Comparative PGMEA 36.7 W-1 0.01
Composition 1
Comparative PGMEA 36.7 W-1 0.01
Composition 2
Comparative PGMEA 36.7 W-1 0.01
Composition 3
Comparative PGMEA 36.7 W-1 0.01
Composition 4
Comparative PGMEA 36.7 W-1 0.01
Composition 5
Comparative PGMEA 36.7 W-1 0.01
Composition 6
Comparative PGMEA 36.7 W-1 0.01

Composition 7
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[0823] In addition, concentrations of solid contents of
Example Compositions 7 to 10 were 26.7% by mass, 26.7%
by mass, 26.5% by mass, and 26.7% by mass in numerical
order, and concentrations of solid contents of other compo-
sitions were all 26.2% by mass.

[0824] Furthermore, a ratio (content mass of resin as graft
polymer/content mass of light-shielding pigment) of a con-
tent mass of the resin as a graft polymer to a content mass
of the light-shielding pigment in each composition was 0.30
in all the compositions.

[0825] <<Evaluation>>

[0826] The obtained compositions were used for the fol-
lowing tests and evaluations.

[0827] [Test Method]
[0828] [Light-Shielding Properties (OD Value)]|
[0829] A coating film was formed on a glass plate (Eagle

X @G, manufactured by Corning Incorporated) having a thick-
ness of 0.7 mm and 10 cm square through spin coating by
using the compositions of Examples and Comparative
Examples obtained above and adjusting the rotation speed so
that the film thickness was 1.5 pm. The formed coating film
was dried on a hot plate by a heat treatment at 100° C. for
2 minutes to obtain a cured film. Regarding the substrate
containing the obtained cured film, the OD value for light
having a wavelength of 400 to 1,000 nm was measured with
a spectrophotometer U-4100 (manufactured by Hitachi
High-Technologies Corporation). As the OD value is higher,
the cured film has superior light-shielding properties. The
evaluation was performed according to the following deter-
mination standards.

[0830] In the following determination standards, A to C
are levels which are unproblematic for practical use.
[0831] A: The minimum OD value at 400 to 1,000 nm was
equal to or higher than 4.0

[0832] B: The minimum OD value at 400 to 1,000 nm was
equal to or higher than 3.0 and less than 4.0

[0833] C: The minimum OD value at 400 to 1,000 nm was
equal to or higher than 2.5 and less than 3.0

[0834] D: The minimum OD value at 400 to 1,000 nm was
less than 2.5

[0835] [Viscosity Stability Overtime]

[0836] The change in viscosity of the composition

obtained above after 1 year lapsed in an environment of a
temperature of 7° C. was evaluated.

[0837] The viscosity was measured with a standard cone
rotor (1° 34'xR24) and E-type rotational viscometer RE8SL
manufactured by TOKI SANGYO CO., LTD. by setting a
rotation speed to 50 rpm and adjusting the temperature of a
sample cup to 23+0.2° C. The evaluation was performed
according to the following determination standards.

[0838] The change in viscosity is determined based on the
following expression.

Change in viscosity (%)=(Iviscosity before lapse of
time (mPa-s)-viscosity after lapse of time
(mPa-s|))/viscosity before lapse of time
(mPa-s)x100

[0839] In the following determination standards, A to D
are levels which are unproblematic for practical use.
[0840] A: The change in viscosity before and after the
lapse of time was equal to or greater than 0.0% and less than
3.0%

[0841] B: The change in viscosity before and after the
lapse of time was equal to or greater than 3.0% and less than
5.0%
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[0842] C: The change in viscosity before and after the
lapse of time was equal to or greater than 5.0% and less than
10.0%

[0843] D: The change in viscosity before and after the
lapse of time was equal to or greater than 10.0% and less
than 15.0%

[0844] E: The change in viscosity before and after the
lapse of time was equal to or greater than 15.0%

[0845] [Precipitation Stability Over Time]

[0846] Volatile components in each composition obtained
above were dried using an oven under conditions of 160° C.
and 1 hour. The drying loss before and after drying was
measured to determine a volatilization amount, and a dif-
ference between the mass of each composition before drying
and the volatilization amount was calculated to calculate a
“solid content before precipitation over time”.

[0847] Furthermore, for a supernatant obtained after stor-
ing the obtained composition at room temperature in a
constant temperature and humidity room with a temperature
of 23° C. and a humidity of 50% for 3 months, a “solid
content after precipitation over time” was calculated in the
same manner as above.

[0848] A difference between the “solid content after pre-
cipitation over time” and the “solid content before precipi-
tation over time” was divided by the “solid content before
precipitation over time”, and a solid content precipitation
rate was calculated as a percentage, classified as follows,
and used as a test for liquid temporal stability.

[0849] In the following determination standards, A to D
are levels which are unproblematic for practical use.
[0850] A: The solid content precipitation rate was less
than 2% by mass

[0851] B: The solid content precipitation rate was equal to
or greater than 2% by mass and less than 5% by mass
[0852] C: The solid content precipitation rate was equal to
or greater than 5% by mass and less than 10% by mass
[0853] D: The solid content precipitation rate was equal to
or greater than 10% by mass and less than 15% by mass
[0854] E: The solid content precipitation rate was equal to
or greater than 15% by mass

[0855] [Solvent Resistance]

[0856] FEach composition obtained above was applied onto
an 8-inch glass wafer with an undercoat layer using a spin
coater so that the film thickness after drying was 1.5 um, and
subjected to a heating treatment (pre-baking) for 120 sec-
onds using a hot plate at 110° C.

[0857] Next, using an i-line stepper exposure device FPA-
3000i5+(manufactured by Canon Inc.), the resultant was
exposed to light having a wavelength of 365 nm at 1,000
mJ/cm? through a mask having a pattern of 2 cmx2 cm.
[0858] Thereafter, the glass wafer on which the exposed
coating film was formed was placed on a horizontal rotary
table of a spin shower developing machine (DW-30 type,
manufactured by Chemitronics Co., [.td.), and subjected to
puddle development at 23° C. for 60 seconds using an
aqueous solution of 0.3% tetramethylammonium hydroxide
(TMAH), thereby forming a pattern (pattern-like cured film)
of 2 cmx2 cm on the glass wafer.

[0859] The glass wafer on which a pattern of 2 cmx2 cm
was formed was fixed to the horizontal rotary table by a
vacuum chuck method, subjected to a rinse treatment by
supplying pure water in a form of a shower from a spray
nozzle from above the rotation center while rotating the
glass wafer at a rotation speed of 50 rpm by a rotation
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device, and then spray-dried. Then, a heating treatment
(post-baking) was performed for 5 minutes using a hot plate
at 220° C.
[0860] The OD value at a wavelength of 400 to 1,000 nm
was measured with the spectrophotometer U-4100 (manu-
factured by Hitachi High-Technologies Corporation), after
the production of the pattern of 2 cmx2 cm formed above
and after immersing the pattern in cyclohexanone for 15
minutes, respectively.
[0861] The change in the OD values before and after the
immersion was examined, and solvent resistance was evalu-
ated based on a change rate at a wavelength showing the
maximum change rate.
[0862] A change rate for light having each wavelength is
determined based on the following expression.

Change rate (%)=(10D value before immersion-OD

value after immersion|)/OD value before
immersionx100

[0863] In the following determination standards, A to C
are levels which are unproblematic for practical use.
[0864] A: The change rate was equal to or greater than 0%
and less than 3%

[0865] B: The change rate was equal to or greater than 3%
and less than 5%

[0866] C: The change rate was equal to or greater than 5%
and less than 10%

[0867] D: The change rate was equal to or greater than
10%

[0868] [Undercut resistance]

[0869] The composition obtained above was applied onto

an 8-inch silicon wafer with an undercoat layer by a spin
coating method so that the film thickness after application
was 1.5 um, and then heated on a hot plate at 110° C. for 2
minutes to obtain a composition layer.

[0870] Next, using the i-line stepper exposure device
FPA-3000i5+(manufactured by Canon Inc.), the obtained
composition layer was exposed (exposure amount of 500
ml/cm?) in a form of a line-and-space pattern of 300 um
through a mask.

[0871] Subsequently, a development treatment was per-
formed using a development device (Act-8 manufactured by
Tokyo Electron Limited). Shower development was per-
formed at 23° C. for 60 seconds by using an aqueous
solution of 0.3% tetramethylammonium hydroxide (TMAH)
as a developer. Thereafter, rinse was performed with a spin
shower using pure water to obtain a line-and-space pattern
of 300 um. An undercut width was measured by observing
the cross section of the obtained pattern with a scanning
electron microscope (SEM) (S-4800, manufactured by
Hitachi High-Technologies Corporation), and evaluated
according to the following determination standards.

[0872] In the following determination standards, A to D
are levels which are unproblematic for practical use.
[0873] A: The undercut width was equal to or greater than
0.0 um and less than 0.2 pm

[0874] B: The undercut width was equal to or greater than
0.2 um and less than 0.5 pm

[0875] C: The undercut width was equal to or greater than
0.5 um and less than 1.0 pm

[0876] D: The undercut width was equal to or greater than
1.0 um and less than 1.5 um

[0877] E: The undercut width was equal to or greater than
1.5 pm
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[0878] [Moisture Resistance (Moisture-Resistant Spectral
Stability)]
[0879] The obtained composition was applied onto a glass

wafer with an undercoat layer using a spin coater so that the
film thickness after drying was 1.5 um, and subjected to a
heating treatment (pre-baking) for 120 seconds using a hot
plate at 110° C.
[0880] Next, using the i-line stepper exposure device
FPA-3000i5+(manufactured by Canon Inc.), the resultant
was exposed to light having a wavelength of 365 nm at 500
ml/cm? through a mask having a pattern of 2 cmx2 cm.
[0881] Thereafter, the glass wafer on which the exposed
coating film was formed was placed on a horizontal rotary
table of a spin shower developing machine (DW-30 type,
manufactured by Chemitronics Co., [.td.), and subjected to
puddle development at 23° C. for 60 seconds using a 60%
diluted solution of CD-2000 (produced by FUJIFILM Elec-
tronic Materials Co., Ltd., alkaline developer).
[0882] The glass wafer was fixed to the horizontal rotary
table by the vacuum chuck method, subjected to a rinse
treatment by supplying pure water in a form of a shower
from a spray nozzle from above the rotation center while
rotating the wafer at a rotation speed of 50 rpm by a rotation
device, and then spray-dried.
[0883] A heating treatment (post-baking: 200° C./8 min-
utes) using a hot plate was performed to obtain a pattern
(pattern-like cured film) of 2 cmx2 cm.
[0884] The glass wafer with the formed pattern of 2 cmx2
cm was subjected to a treatment of being left to stand for
1,000 hours in an atmosphere of a temperature of 85° C. and
a relative humidity of 85% using a constant temperature and
humidity machine (EHS-221M) manufactured by Yamato
Scientific Co., Ltd. The OD value at a wavelength of 400 to
1,000 nm was measured with U-4100 (manufactured by
Hitachi High-Technologies Corporation) before and after
the treatment, respectively.
[0885] The change in the OD values before and after the
treatment was examined, and moisture resistance (moisture-
resistant spectral stability) was evaluated based on a change
rate at a wavelength showing the maximum change rate.
[0886] A change rate for light having each wavelength is
determined based on the following expression.
Change rate (%)=(I0D value before treatment-OD

value after treatment|)/OD value before treat-

mentx100
[0887] In the following determination standards, A to C
are levels which are unproblematic for practical use.
[0888] A: The change rate was equal to or greater than 0%
and less than 3%
[0889] B: The change rate was equal to or greater than 3%
and less than 5%
[0890] C: The change rate was equal to or greater than 5%
and less than 10%

[0891] D: The change rate was 10%

[0892] [Moisture Resistance (Moisture-Resistant Peeling
Inhibitory)]

[0893] The composition obtained above was applied onto

an 8-inch silicon wafer with an undercoat layer by a spin
coating method so that the film thickness after application
was 1.5 um, and then heated on a hot plate at 110° C. for 2
minutes.

[0894] Next, using the i-line stepper exposure device
FPA-3000i5+(manufactured by Canon Inc.), the resultant
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was exposed (exposure amount of 500 mJ/cm?) in a form of
a line-and-space pattern of 300 pm through a mask.

[0895] Subsequently, a development treatment was per-
formed using a development device (Act-8 manufactured by
Tokyo Electron Limited). Shower development was per-
formed at 23° C. for 60 seconds by using an aqueous
solution of 0.3% tetramethylammonium hydroxide (TMAH)
as a developer. Thereafter, rinse was performed with a spin
shower using pure water to obtain a pattern (pattern-like
cured film).

[0896] The silicon wafer with the obtained pattern was left
to stand for 750 hours, 1,000 hours, and 1,500 hours,
respectively, in an atmosphere of a temperature of 85° C. and
a relative humidity of 85% using a constant temperature and
humidity machine (EHS-221M) manufactured by Yamato
Scientific Co., Ltd.

[0897] The presence or absence of peeling was observed
by observing the cross section of the pattern after each
moisture resistance test with the scanning electron micro-
scope (SEM) (S-4800, manufactured by Hitachi High-Tech-
nologies Corporation).

[0898] In the following determination standards, A to C
are levels which are unproblematic for practical use.
[0899] A: There was no peeling in a case of being left to
stand for 1,500 hours

[0900] B: There was no peeling in a case of being left to
stand for 1,000 hours, and there was peeling in a case of
being left to stand for 1,500 hours

[0901] C: There was no peeling in a case of being left to
stand for 750 hours, and there was peeling in a case of being
left to stand for 1,000 hours
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[0903] Furthermore, in a case where both the moisture-
resistant spectral stability and the moisture-resistant peeling
inhibitory are levels (C evaluation or higher) which are
unproblematic for practical use, the moisture resistance can
be determined to be favorable.

[0904] [Result]

[0905] The features of the compositions used in the test
and the test results are shown in the tables below.

[0906] In Tables 5-1, 5-2, and 5-3, columns of “Ethyleni-
cally unsaturated group” in columns of “Dispersant” and
“Alkali-soluble resin” indicate whether or not the “disper-
sant” and “alkali-soluble resin” used in the composition used
a resin containing an “ethylenically unsaturated group”,
respectively. A indicates that the resin was used, and B
indicates that the resin was not used.

[0907] A column of “Number of ethylenically unsaturated
groups” in a column of

[0908] “Polymerizable compound” indicates the number
of ethylenically unsaturated groups contained in the used
polymerizable compound.

[0909] A column of “Oxime compound” in a column of
“Photopolymerization initiator” indicates the type of the
used photopolymerization initiator. A indicates that the
oxime compound represented by General Formula (C-13)
was used, B indicates that an oxime compound other than
the oxime compound represented by General Formula
(C-13) was used, and C indicates that a photopolymerization
initiator other than the oxime compound was used.

[0910] A column of “Other components” indicates the
types of components used as other components. “Epoxy”

[0902] D: Peeling was observed in a case of being left to indicates that an epoxy group-containing compound was
stand for 750 hours used.
TABLE 5-1
Light-shielding Alkali- Polymerizable
pigment soluble compound Photo-
Average Dispersant resin Number of  polymerization
primary  Element Ethylenically FEthylenically ethylenically initiator Other
particle  ratio unsaturated unsaturated unsaturated Oxime components
Composition diameter  (mass ratio) group group groups compound Type
Example 1 Example 34nm  Zi/NO/W = A B 4 B —
Composition 1 76.7/12.3/9.0/2.0
Example 2 Example 34nm  Zi/NO/W = A A 4 B —
Composition 2 76.7/12.3/9.0/2.0
Example 3 Example 34nm  Zi/NO/W = A A 5/6 B —
Composition 3 76.7/12.3/9.0/2.0
Example 4 Example 34nm  Zi/NO/W = A A 5/6 A —
Composition 4 76.7/12.3/9.0/2.0
Example 5 Example 34nm  Zi/NO/W = A A 5/6 C —
Composition 5 76.7/12.3/9.0/2.0
Example 6 Example 34nm  Zi/NO/W = A A 5/6 C —
Composition 6 76.7/12.3/9.0/2.0
Example 7 Example 34nm  Zi/NO/W = A A 5/6 B Epoxy
Composition 7 76.7/12.3/9.0/2.0
Example 8 Example 34nm  Zi/NO/W = A A 5/6 B Epoxy
Composition 8 76.7/12.3/9.0/2.0
Example 9 Example 34nm  Zi/NO/W = A A 5/6 B Ultraviolet
Composition 9 76.7/12.3/9.0/2.0 absorber
Example 10 Example 34nm  Zi/NO/W = A A 5/6 B Adhesive
Composition 10 76.7/12.3/9.0/2.0 agent
Example 11 Example 34nm  Zi/NO/W = A A 4/5/6 B —
Composition 11 76.7/12.3/9.0/2.0
Example 12 Example 34nm  Zi/NO/W = B A 5/6 A —

Composition 12 76.7/12.3/9.0/2.0
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TABLE 5-1-continued

Example 13 Example 34nom  Zi/NO/W = B A 5/6 A —
Composition 13 76.7/12.3/9.0/2.0

Example 14 Example 34nom  Zi/NO/W = B A 5/6 A —
Composition 14 76.7/12.3/9.0/2.0

Example 15 Example 35nm  Zr/N/O/Hf = A A 5/6 A —
Composition 15 77.4/12.9/9.5/0.2

Example 16 Example 36 nm  Zr/N/O/Hf = A A 5/6 A —
Composition 16 77.3/12.8/9.4/0.5

Example 17 Example 30 nm  Zr/N/O/Hf = A A 5/6 A —
Composition 17 77.1/12.6/9.3/1.0

Example 18 Example 34nm  Zr/N/O/Hf = A A 5/6 A —
Composition 18 76.7/12.3/9.0/2.0

Example 19 Example 35nm  Zr/N/O/Hf = A A 5/6 A —
Composition 19 76.5/12.0/8.5/3.0

Example 20 Example 330m  Zi/NO/W = A A 5/6 A —
Composition 20 77.4/12.9/9.5/0.2

Example 21 Example 35om  Zi/NO/W = A A 5/6 A —
Composition 21 77.3/12.8/9.4/0.5

Example 22 Example 34nom  Zi/NO/W = A A 5/6 A —
Composition 22 77.1/12.6/9.3/1.0

Example 23 Example 35om  Zi/NO/W = A A 5/6 A —
Composition 23 76.5/12.0/8.5/3.0

Example 24 Example 34nm  Zr/N/O/Hf = A A 5/6 A —
Composition 24 76.7/8.3/13.0/2.0

Example 25 Example 34nm  Zr/N/O/Hf = A A 5/6 A —
Composition 25 76.7/10.3/11.0/2.0

Evaluation

Moisture- Moisture-
Light- Viscosity Precipitation resistant  resistant
shielding  stability stability Solvent ~ Undercut  spectral peeling
properties over time  over time  resistance resistance stability  inhibitory

Example 1 B B C C C B C
Example 2 B B C B C B C
Example 3 B B C B B B C
Example 4 B B C B A B B
Example 5 B B C C C B C
Example 6 B B C C C B C
Example 7 B B C A B B B
Example 8 B B C A B B B
Example 9 B B C B A B C
Example 10 B B C B B B A
Example 11 B B C C C B C
Example 12 B B C C C B C
Example 13 B B C C C B C
Example 14 B B C C C B C
Example 15 B D C B A B B
Example 16 B C C B A B B
Example 17 B B B B A B B
Example 18 B B B B A B B
Example 19 B B B B A C B
Example 20 B D D B A B B
Example 21 B C D B A B B
Example 22 B B C B A B B
Example 23 B B C B A C B
Example 24 B B B B A B B
Example 25 B B B B A B B
TABLE 5-2
Light-shielding Alkali- Polymerizable

pigment soluble compound Photo-

Average Dispersant resin Number of  polymerization

primary  Element Ethylenically Fthylenically ethylenically initiator Other

particle  ratio unsaturated — unsaturated unsaturated Oxime components

Composition diameter (mass ratio) group group groups compound Type
Example 26 Example 34nm  Zr/N/O/Hf = A A 5/6 A —
Composition 26 76.7/15.3/6.0/2.0
Example 27 Example 34nm  Zr/N/O/Hf = A A 5/6 A —

Composition 27 76.7/18.3/3.0/2.0
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TABLE 5-2-continued

Example 28 Example 34nm  Zr/N/O/Hf = A A 5/6 A —
Composition 28 76.7/20.3/1.0/2.0

Example 29 Example 34nom  Zi/NO/W = A A 5/6 A —
Composition 29 76.7/8.3/13.0/2.0

Example 30 Example 34nom  Zi/NO/W = A A 5/6 A —
Composition 30 76.7/10.3/11.0/2.0

Example 31 Example 34nom  Zi/NO/W = A A 5/6 A —
Composition 31 76.7/15.3/6.0/2.0

Example 32 Example 34nom  Zi/NO/W = A A 5/6 A —
Composition 32 76.7/18.3/3.0/2.0

Example 33 Example 34nom  Zi/NO/W = A A 5/6 A —
Composition 33 76.7/20.3/1.0/2.0

Example 34 Example 40 nm  Zr/N/O/HfIW = A A 5/6 A —
Composition 34 76.0/12.0/8.5/2.0/1.5

Example 35 Example 40 nm  Zr/N/O/Hf/Si = A A 5/6 A —
Composition 35 76.0/12.0/8.5/2.0/1.5

Example 36 Example 40 nm  Zr/N/O/W/Si = A A 5/6 A —
Composition 36 76.0/12.0/8.5/2.0/1.5

Example 37 Example 15 nm  Zi/N/O/W = A A 5/6 A —
Composition 37 76.7/12.3/9.0/2.0

Example 38 Example 25nm  Zi/NO/W = A A 5/6 A —
Composition 38 76.7/12.3/9.0/2.0

Example 39 Example 55nm  Zi/NO/W = A A 5/6 A —
Composition 39 76.7/12.3/9.0/2.0

Example 40 Example 65 nm  Zr/N/O/W = A A 5/6 A —
Composition 40 76.7/12.3/9.0/2.0

Example 41 Example 85 nm  Zr/N/O/W = A A 5/6 A —
Composition 41 76.7/12.3/9.0/2.0

Example 42 Example 31 nm  Nb/N/O/Hf = A A 5/6 A —
Composition 42 76.7/12.3/9.0/2.0

Example 43 Example 33nm  Nb/N/O/W = A A 5/6 A —
Composition 43 76.7/12.3/9.0/2.0

Example 44 Example 41 nm  Nb/N/O/HW = A A 5/6 A —
Composition 44 76.0/12.0/8.5/2.0/1.5

Example 45 Example 40 nm  Nb/N/O/Hf/SI = A A 5/6 A —
Composition 45 76.0/12.0/8.5/2.0/1.5

Example 46 Example 39 nm  Nb/N/O/W/Si = A A 5/6 A —
Composition 46 76.0/12.0/8.5/2.0/1.5

Example 47 Example 31nm  V/N/O/Hf = A A 5/6 A —
Composition 47 76.7/12.3/9.0/2.0

Example 48 Example 330m  V/NO/W = A A 5/6 A —
Composition 48 76.7/12.3/9.0/2.0

Example 49 Example 41 nm  V/N/O/HfW = A A 5/6 A —
Composition 49 76.0/12.0/8.5/2.0/1.5

Example 50 Example 40 nm  V/N/O/HfSi = A A 5/6 A —
Composition 50 76.0/12.0/8.5/2.0/1.5

Evaluation

Moisture- Moisture-
Light- Viscosity Precipitation resistant  resistant
shielding  stability stability Solvent ~ Undercut  spectral peeling
properties over time  over time  resistance resistance stability  inhibitory

Example 26 A B B B A B B
Example 27 A B B B A B B
Example 28 A B B B B B B
Example 29 B B C B A B B
Example 30 B B C B A B B
Example 31 A B C B A B B
Example 32 A B C B A B B
Example 33 A B C B B B B
Example 34 B B B B A B B
Example 35 B A A B A A B
Example 36 B A A B A A B
Example 37 C B A B A B B
Example 38 C B B B A B B
Example 39 B B C B A B B
Example 40 B B C B A B B
Example 41 A B D B A B B
Example 42 A B B B B C B
Example 43 A B C B B C B
Example 44 A B B B B C B
Example 45 A A A B B B B
Example 46 A A A B B B B
Example 47 A B B B B B B
Example 48 A B C B B B B
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TABLE 5-2-continued

Example 49 A B B B B B B
Example 50 A A A B B A B
TABLE 5-3
Light-shielding Alkali- Polymerizable
pigment soluble compound Photo-
Average Dispersant resin Number of  polymerization
primary  Element Ethylenically Fthylenically ethylenically initiator Other
particle  ratio unsaturated — unsaturated unsaturated Oxime components
Composition diameter (mass ratio) group group groups compound Type
Example 51 Example 39nm  V/N/O/W/Si = A A 5/6 A —
Composition 51 76.0/12.0/8.5/2.0/1.5
Example 52 Example 30 nm  Ta/N/O/Hf = A A 5/6 A —
Composition 52 76.7/12.3/9.0/2.0
Example 53 Example 31nm  Ta/N/O/W = A A 5/6 A —
Composition 53 76.7/12.3/9.0/2.0
Example 54 Example 33om  Y/N/O/Hf = A A 5/6 A —
Composition 54 76.7/12.3/9.0/2.0
Example 55 Example 30 nm  Y/N/O/W = A A 5/6 A —
Composition 55 76.7/12.3/9.0/2.0
Example 56 Example 35om  Cy/N/O/Hf = A A 5/6 A —
Composition 56 76.7/12.3/9.0/2.0
Example 57 Example 33mm  CyN/O/W = A A 5/6 A —
Composition 57 76.7/12.3/9.0/2.0
Example 58 Example 34nom  Zi/NO/W = A A 5/6 A —
Composition 58 76.7/12.3/9.0/2.0
Example 59 Example 34nom  Zi/NO/W = A A 5/6 A —
Composition 59 76.7/12.3/9.0/2.0
Example 60 Example 34nom  Zi/NO/W = A A 5/6 A —
Composition 60 76.7/12.3/9.0/2.0
Example 61 Example 33om  TYN/O/W = A A 5/6 A —
Composition 61 76.7/12.3/9.0/2.0
Comparative Comparative 35nm  Zr/N/O/Fe/Si = A A 5/6 A —
Example 1 Composition 1 76.0/12.0/8.5/2.0/1.5
Comparative Comparative 34 nm  Nb/N/O/Ni/Ag = A A 5/6 A —
Example 2 Composition 2 76.0/12.0/8.5/2.0/1.5
Comparative Comparative 31nm  V/N/O/AV/SI = A A 5/6 A —
Example 3 Composition 3 76.0/12.0/8.5/2.0/1.5
Comparative Comparative 33nm  Zi/NO = A A 5/6 A —
Example 4 Composition 4 77.5/13.0/9.5
Comparative Comparative 33om  V/N/O = A A 5/6 A —
Example 5 Composition 5 77.5/13.0/9.5
Comparative Comparative 18 nm  AUN/O = A A 5/6 A —
Example 6 Composition 6 77.7/11.3/9.0
Comparative Comparative 18 nm  Si/N/O = A A 5/6 A —
Example 7 Composition 7 75.7/12.5/11.8
Evaluation

Moisture- Moisture-
Light- Viscosity Precipitation resistant  resistant
shielding  stability stability Solvent ~ Undercut  spectral peeling
properties over time  over time  resistance resistance stability  inhibitory

Example 51 A A A B B A B
Example 52 C B B B C B B
Example 53 C B C B C B B
Example 54 C B B B C B B
Example 55 C B C B C B B
Example 56 C B B B C B B
Example 57 C B C B C B B
Example 58 B B C B A B B
Example 59 B B C B A B B
Example 60 B B C B A B B
Example 61 B C C B D C C
Comparative B E E B A D B
Example 1

Comparative A E E B B D B

Example 2
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TABLE 5-3-continued

Comparative A E E B B D B
Example 3
Comparative B E E B A D B
Example 4
Comparative B E E B B D B
Example 5
Comparative D E E B C D D
Example 6
Comparative D E E B C D D
Example 7
[0911] From the results shown in the tables, it was con- [0920] It was confirmed that in a case where the light-

firmed that the objects of the present invention can be
achieved by the composition according to the embodiment
of the present invention.

[0912] It was confirmed that in a case where the compo-
sition contains a resin containing an ethylenically unsatu-
rated group in an amount equal to or greater than 65% by
mass with respect to the total mass of the resins, the solvent
resistance of a cured film formed of the composition and/or
the undercut resistance in a case where a cured film is
formed of the composition is excellent (comparison of
Examples 1, 2, and 11 to 14).

[0913] It was confirmed that in a case where the compo-
sition contains a polymerizable compound containing five or
more ethylenically unsaturated groups, the undercut resis-
tance in a case where a cured film is formed of the compo-
sition is excellent (comparison of Examples 2 and 3).
[0914] It was confirmed that in a case where the compo-
sition contains a photopolymerization initiator which is an
oxime compound, the undercut resistance in a case where a
cured film is formed of the composition is excellent, and the
solvent resistance of the cured film is excellent (comparison
of Examples 3 to 6).

[0915] Furthermore, it was confirmed that in a case where
the photopolymerization initiator which is an oxime com-
pound is an oxime compound represented by General For-
mula (C-13), the undercut resistance in a case where a cured
film is formed of the composition is superior, and the
moisture-resistant peeling inhibitory of the cured film is
superior (comparison of Examples 3 and 4).

[0916] It was confirmed that in a case where the compo-
sition contains an epoxy group-containing compound, the
solvent resistance of a cured film formed of the composition
is excellent, and the moisture-resistant peeling inhibitory is
also superior (comparison of Examples 3, 7, and 8).
[0917] It was confirmed that in a case where the compo-
sition contains a polymerizable compound containing an
ultraviolet absorber, the undercut resistance in a case where
a cured film is formed of the composition is excellent
(comparison of Examples 3 and 9).

[0918] It was confirmed that in a case where the compo-
sition contains a polymerizable compound containing an
adhesive agent, the moisture-resistant peeling inhibitory of
a cured film formed of the composition is superior (com-
parison of Examples 3 and 10).

[0919] It was confirmed that in a case where the compo-
sition contains a graft polymer containing an ethylenically
unsaturated group, the undercut resistance in a case where a
cured film is formed of the composition is excellent, the
solvent resistance of the cured film is excellent, and the
moisture-resistant peeling inhibitory of the cured film is
superior (comparison of Examples 3 and 12 to 14).

shielding pigment contains hatnium as the atom A, and the
content of the hafnium is 1.0% to 2.0% by mass with respect
to the total mass of the light-shielding pigment, the viscosity
stability of the composition over time, the precipitation
stability of the composition over time, and the moisture-
resistant spectral stability of the cured film formed of the
composition are excellent in a well-balanced manner (com-
parison of Examples 15 and 18).

[0921] It was confirmed that in a case where the light-
shielding pigment contains tungsten as the atom A, and the
content of the tungsten is 1.0% to 2.0% by mass with respect
to the total mass of the light-shielding pigment, the viscosity
stability of the composition over time, the precipitation
stability of the composition over time, and the moisture-
resistant spectral stability of the cured film formed of the
composition are excellent in a well-balanced manner (com-
parison of Examples 4 and 21 to 23).

[0922] It was confirmed that in a case where the light-
shielding pigment contains an oxygen atom, and the content
of the oxygen atom is equal to or greater than 3% by mass
and less than 9% by mass with respect to the total mass of
the light-shielding pigment, the undercut resistance in a case
where a cured film is formed of the composition and the
light-shielding properties of the cured film formed of the
composition are excellent in a well-balanced manner (com-
parison of Examples 18 and 24 to 28, and comparison of
Examples 4 and 29 to 33).

[0923] It was confirmed that in a case where the light-
shielding pigment contains a silicon atom, the viscosity
stability of the composition over time, the precipitation
stability of the composition over time, and the moisture-
resistant spectral stability of the cured film formed of the
composition are superior (results of Examples 35 and 36).

[0924] It was confirmed that in a case where the average
primary particle diameter of the light-shielding pigment is
equal to or greater than 30 nm, the light-shielding properties
of the cured film formed of the composition are excellent,
and in a case where the average primary particle diameter is
equal to or less than 65 nm, the precipitation stability of the
composition over time is excellent (comparison of Examples
4 and 37 to 41).

[0925] It was confirmed that in a case where the specific
transition metal is zirconium, vanadium, or niobium, the
undercut resistance in a case where a cured film is formed of
the composition is excellent.

[0926] It was confirmed that in a case where the specific
transition metal is zirconium or vanadium, the moisture-
resistant spectral stability of a cured film formed of the
composition is superior.
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[0927] It was confirmed that in a case where the specific
transition metal is vanadium or niobium, the light-shielding
properties of a cured film formed of the composition are
superior.

[0928] (Comparison of Examples 4, 18, 43 to 59, and 61)

EXPLANATION OF REFERENCES

[0929] 100: Solid-state imaging device
[0930] 101: Solid-state imaging element
[0931] 102: Imaging portion

[0932] 103: Cover glass

[0933] 104: Spacer

[0934] 105: Laminated substrate

[0935] 106: Chip substrate

[0936] 107: Circuit substrate

[0937] 108: Electrode pad

[0938] 109: External connection terminal
[0939] 110: Through electrode

[0940] 111: Lens layer

[0941] 112: Lens material

[0942] 113: Support

[0943] 114, 115: Cured film

[0944] 201: Light-receiving element
[0945] 202: Color filter

[0946] 203: Microlens

[0947] 204: Substrate

[0948] 2055: Blue pixel

[0949] 2057 Red pixel

[0950] 205g: Green pixel

[0951] 205bm: Black matrix

[0952] 206: p-well layer

[0953] 207: Reading gate portion
[0954] 208: Vertical electric charge transfer path
[0955] 209: Element separation region
[0956] 210: Gate insulating film

[0957] 211: Vertical electric charge transfer electrode
[0958] 212: Cured film

[0959] 213, 214: Insulating film

[0960] 215: Planarization film

[0961] 300: Infrared sensor

[0962] 310: Solid-state imaging element
[0963] 311: Infrared absorption filter
[0964] 312: Color filter

[0965] 313: Infrared transmission filter
[0966] 314: Resin film

[0967] 315: Microlens

[0968] 316: Planarization film

What is claimed is:

1. A light-shielding resin composition comprising:

a light-shielding pigment which is one or more selected
from the group consisting of metal nitride-containing
particles containing an atom A and metal oxynitride-
containing particles containing the atom A; and

a resin,

wherein the light-shielding pigment contains at least one
of'a nitride or an oxynitride of a transition metal having
an electronegativity of 1.22 to 1.80, among transition
metals of groups 3 to 7, and

the atom A is at least one selected from the group
consisting of hafnium and tungsten, and is an atom
different from the transition metal.
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2. The light-shielding resin composition according to
claim 1, further comprising:
a polymerization initiator; and
a low-molecular compound containing an ethylenically
unsaturated group.
3. The light-shielding resin composition according to
claim 2,
wherein the low-molecular compound contains five or
more ethylenically unsaturated groups.
4. The light-shielding resin composition according to
claim 1,
wherein the light-shielding pigment satisfies at least one
requirement of a requirement 1 in which a content of
the hafnium is 0.5% to 2.0% by mass with respect to a
total mass of the light-shielding pigment, or a require-
ment 2 in which a content of the tungsten is 0.5% to
2.0% by mass with respect to the total mass of the
light-shielding pigment.
5. The light-shielding resin composition according to
claim 1,
wherein a content of the transition metal in the light-
shielding pigment is 50% to 80% by mass with respect
to a total mass of the light-shielding pigment.
6. The light-shielding resin composition according to
claim 1,
wherein the light-shielding pigment contains an oxygen
atom, and a content of the oxygen atom in the light-
shielding pigment is equal to or greater than 3% by
mass and less than 9% by mass with respect to a total
mass of the light-shielding pigment.
7. The light-shielding resin composition according to
claim 1,
wherein the transition metal is one or more selected from
the group consisting of zirconium, vanadium, niobium,
chromium, tantalum, yttrium, and titanium.
8. The light-shielding resin composition according to
claim 1,
wherein the transition metal is one or more selected from
the group consisting of zirconium, vanadium, and nio-
bium.
9. The light-shielding resin composition according to
claim 1,
wherein the light-shielding pigment contains one or more
selected from the group consisting of zirconium oxyni-
tride and zirconium nitride.
10. The light-shielding resin composition according to
claim 1,
wherein the light-shielding pigment contains a silicon
atom.
11. The light-shielding resin composition according to
claim 1,
wherein an average primary particle diameter of the
light-shielding pigment is 30 to 60 nm.
12. The light-shielding resin composition according to
claim 1,
wherein the resin includes a resin containing an acid
group.
13. The light-shielding resin composition according to
claim 1,
wherein the resin includes a resin containing an ethyleni-
cally unsaturated group.
14. The light-shielding resin composition according to
claim 13,
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wherein a content of the resin containing an ethylenically
unsaturated group is equal to or greater than 65% by
mass with respect to a total mass of the resin.
15. The light-shielding resin composition according to
claim 1,
wherein the resin includes a resin which is a graft poly-
mer.
16. The light-shielding resin composition according to
claim 15,
wherein a mass ratio of a content of the resin, which is a
graft polymer, to a content of the light-shielding pig-
ment is 0.05 to 0.35.
17. The light-shielding resin composition according to
claim 1, further comprising:
a solvent,
wherein a solid content is 10% to 40% by mass.
18. The light-shielding resin composition according to
claim 1, further comprising:
one or more selected from the group consisting of an
epoxy group-containing compound, an ultraviolet
absorber, and an adhesive agent.
19. A cured film formed of the light-shielding resin
composition according to claim 1.
20. A color filter comprising:
the cured film according to claim 19.
21. Alight-shielding film comprising:
the cured film according to claim 19.
22. A solid-state imaging element comprising:
the cured film according to claim 19.
23. An image display device comprising:
the cured film according to claim 19.
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