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DESCRIPTION 

Black Composition, Black Coating Composition, Resin Black Matrix, Color Filter 

for Liquid Crystal Display and Liquid Crystal Display 

Technical Field 

The present invention relates to a black composition and black coating 

composition, and a resin black matrix utilizing the same, as well as to a color filter 

for liquid crystal displays and a liquid crystal display having the color filter. 

Liquid crystal displays are apparatuses for displaying images and characters, 

and for carrying out information processing, utilizing electro-optical responses of 

10 liquid crystal, and are concretely used in personal computers, navigation systems, 

liquid crystal televisions, liquid crystal projectors and liquid crystal space modulation 

elements. 

Background Art 

Liquid crystal displays have a structure in which a liquid crystal layer is 

15 sandwiched between a pair of substrates, and can express light and dark utilizing the 

electro-optical response caused by external electric field. They can also display 

colors by using color filters comprising pixels having color selectivity. 

In liquid crystal displays, black matrix is used as a light shading film for 

shading the regions at which prevention of light transmittance is required, such as the 

2 0 regions between the pixels, and tbe regions carrying driving circuits. As the 

materials forming the light shading film, metallic materials having large extinction 

factors, such as chromium, nickel and aluminum, are used. 

The light shading films made of these metals are usually formed by vapor 

deposition, sputtering or vacuum deposition, and the patterning of the formed light 

2 5 shade films is carried out by photolithography. In a typical method, the black 

matrix is formed by coating tbe metal thin film formed by the above-mentioned 

method with a photoresist, drying the coated photoresist, irradiating the dried 



2 

photoresist with ultraviolet light through a photomask to form a resist pattern, 

etching the metal thin film and by peeling off the photoresist. The thus obtained 

black matrix made of a metal thin film has a film thickness of about 0.2 µm, and an 

optical density (OD value) of not less than 4.0. In color filters using the black 

5 matrix made of a metal thin film, the height of the surface steps after forming the red, 

green and blue pixels is as small as not more than 0.2 µm, so that the color filters 

have an advantage that formation of an over-coat for decreasing the height of the 

steps is not necessary. However, the production process of the black matrix made 

of a metal thin film is complicated so that the production cost is high. As a result, 

10 there is a problem in that the cost of the color filters is high accordingly. Further, 

with the liquid crystal displays having a black matrix made of a metal thin film, since 

the reflectance at the surface of the metal thin film is high, the reflected light is 

strong, so that the display quality is drastically degraded, which is problematic. To 

decrease the reflectance, a method has been proposed in which a metal oxide film is 

15 formed between the metal thin film and the substrate to form a bilayered or trilayered 

strncture. However, even with this method, the problem of the production cost 

cannot be overcome. 

On the other hand, as light shading agents, carbon black, titan black and the 

like have been used. The black matrix using the light shading agent such as carbon 

2 0 black or titan black is generally prepared by the following process: 

First, a black composition comprising a light shading agent dispersed in a 

resin solution is prepared. Then the black composition is applied on a substrate, and 

patterning of the black composition is conducted by photolithography in the san1e 

manner as described above. The thus obtained black matrix has advantageous 

2 5 features that the production cost is low because the film is formed by the paste­

coating method and the reflectance can be made lower than that of the metal light 

shading film. The "paste-coating method" herein means the method in which the 
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composition (paste) is applied on a substrate and the composition is then patterned by 

photolithography. However, the OD value per a unit film thickness thereof is much 

lower than those made of the metal thin films described above, so that it is necessary 

to increase the concentration of the light shading agent contained in the film, or to 

5 increase the thickness of the film for securing the sufficient l.ight shading property. 

However, increasing the concentration of the light shading agent causes a problem in 

that the adhesiveness of the film with the substrate is decreased because the polymer 

content is decreased. On the other hand, if the thickness of the film is increased, the 

height of the surface steps after forming the red, green and blue pixels is made large, 

10 so that formation of an over-coat on the red, green and blue pixels is necessary in 

order to decrease the height of the surface steps. 

As a black matrix, resin black matrix comprising carbon black dispersed in a 

non-photosensitive polyimide resin is known (Patent Literature 1 ). This resin black 

matrix has an improved dispersion stability by using a carbon black having a defined 

15 amount of functional groups at its surface, and has an OD value per 1 µm of film 

thickness of 3.1 to 3.4. 

A resin black matrix comprising titan black and a resin is also known (see 

Patent Literature 2). The OD value of this black matrix is 3.0 at a film thickness of 

0.9 µm. Further, a resin black matrix comprising titanium nitride oxide and a resin 

2 0 is also known (see Patent Literature 3). This resin black matrix attains increase in 

the OD value by employing a titanium nitride oxide whose R1 defined below is not 

less than 0.24. The maximum OD value of this resin black matrix per 1 µm of film 

thickness is 3.72. 

R1=I1/ {IJ+ 1.8(11+ 1.8!z)} 

25 wherein 

11 represents the maximum diffraction intensity when the angle of diffraction 

20 is 25° to 26° ; 
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h represents the maximum diffraction intensity when the angle of diffraction 

28 is 27° to 28° ; and 

Ii represents the maximum diffraction intensity when the angle of diffraction 

28 is 36° to 38° . 

The term "28" herein means the angle of diffraction of the titanium nitride 

oxide determined by using CuKa line as the X-ray source. A resin black matrix 

comprising titanic acid and a resin is known (Patent Literature 4). This resin black 

matrix has an increased OD value by using a titanium nitride oxide having a 

psychometric lightness L defined by Hunter's color difference equation of not more 

10 than 12.0 (The maximum OD value per I µm of film thickness is 4.0). A black 

radiosensitive resin composition comprising titan black is lrnown (see Patent 

Literature 5). This resin black matrix has an OD value of 3.0 at a film thickness of 

I. I µm. A black pigment composition comprising a macromolecular compound 

and titan black is known (see Patent Literature 6). This resin black matrix has an 

15 OD value of3.5 at a film thickness of 1.5 µm. 

With any of the above-described known black matrices, the OD value per l 

µm of film thiclrness is not so high because the light shading propetiy of the light 

shading agent used is not so high. Although a black matrix with which the OD 

value per 1 µm of film thickness is 4.0 is described as an example of the above-

2 0 described resin black matrix comprising titanium nitride oxide and a resin, the 

concentration of the light shading agent in this resin black matrix is high (the weight 

ratio of the light shading agent to the resin is 70:30) in order to attain a high OD 

value. When the concentration of the light shading agent is high, the adhesion 

between the resin black matrix and the glass is not sufficient. There is also a 

2 5 problem in that a pattern of the resin black matrix cannot be formed in cases where 

the width of the pattern is small. This problem is even more serious in case of black 

radiosensitive resin compositions. That is, in addition to the problem in the 
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adhesion, there is also a problem in that the edge portions have tapered shape or 

inverse tapered shape, and the vertical edge shape desired for the resin black matrix 

cannot be obtained. 

In fact, with the color filters using a resin black matrix, the problem in that the 

adhesion of the resin black matrix is poorer than in the case of using metal thin film 

black matrix, that is, the problem in that the black matrix is peeled at the sealed 

portions, and the problem in that a narrow pattern having a width of not more than I 0 

µm cannot be formed have actually occurred. 

Patent Literature 1: Japanese Patent No. 3196638 (pages 1and9-11, and Table 1) 

Patent Literature 2: Japanese Laid-open Patent Application (Kokai) No. 2000-66018 

(pages 2, 7-8) 

Patent Literature 3: Japanese Laid-open Patent Application (Kokai) No. 2000-143985 

(pages 2 and 5-7) 

Patent Literature 4: Japanese Laid-open Patent Application (Kokai) No. 2001-40292 

(pages 2 and 5-7) 

Patent Literature 5: Japanese Patent No. 3230800 (pages 1 and 11) 

Patent Literature 6: Japanese Laid-open Patent Application (Kokai) No. 10-114836 

(pages 2 and 9-10) 

Disclosure of the Invention 

Summary 

In a first aspect, there is provided a black composition comprising as 

indispensable components a titanium 

nitride oxide, a resin, a solvent and a compound having a siloxane bond and a 

carbon-carbon double bond in a single molecule and having no silanol group; X-ray 

intensity ratios R1 and R2 represented by the Equations (I) and (2) below, 

respectively, satisfying the relationships represented by Formulae (3) and ( 4) below: 



5a 

R1=h/{h+l.8(I1+1.8I2)} (1) 

Rz=h/I1 (2) 

Rr > 0.70 (3) 

0.85 < Rz < 1.80 ( 4) 

wherein I1 represents the maximum diffraction intensity of the titanium nitride oxide 

when the angle of diffraction 28, determined by using CuKa line as the X-ray source, 

is 25° to 26° , I2 represents the maximum diffraction intensity of the titanium 

nitride oxide when the angle of diffraction 28 is 27° to 28° , and h represents the 

maximum diffraction intensity of the titanium nitride oxide when the angle of 

diffraction 28 is 36° to 38° . 

In a second aspect, there is provided a black composition as defined above, 

wherein the black coating film obtained from said black composition as defined 

above has an optical density (OD value) of not less than 4.4 per 1 µm of film 

thickness, and wherein the minimum exposure energy required for photo-curing is 

not more than 60 mJ/cm
2

. 

In a third aspect, there is provided a black coating composition comprising as 

indispensable components a 

titanium nitride oxide,a resin and a compound having a siloxane bond and a carbon-

carbon double bond in a single molecule and having no silanol group; X-ray intensity 

ratios R 1 and R2 represented by the Equations (1) and (2) below, respectively, 

satisfying the relationships represented by Formulae (3) and ( 4) below: 

R1=h/{h+l.8(I1+1.8h)} (1) 

Rz=I2/I1 (2) 

R1 > 0.70 (3) 

0.85 < Rz < 1.80 (4) 
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wherein I1 represents the maximum diffraction intensity of the titanium nitride oxide 

when the angle of diffraction 28, determined by using CuKa line as the X-ray source, · 

is 25° to 26° , h represents the maximum diffraction intensity of the titanium nitride 

oxide when the angle of diffraction 28 is 27° to 28° , and I3 represents the 

maximum diffraction intensity of the titanium nitride oxide when the angle of 

diffraction 28 is 36° to 38° . 

In a fourth aspect, there is provided a resin black matrix obtained from said 

black coating composition as defined above. 

In a fifth aspect, there is provided a color filter for liquid crystal displays, 

which color filter comprises said resin black matrix as defined above. 

In a sixth aspect, there is provided a liquid crystal display comprising said 

color filter for liquid crystal displays, as defined above. 

Problems to be solved by the Invention 

In view of the above-described drawbacks of the prior art, an object of the 

present invention is to provide a black coating composition which gives a highly 

adhesive resin black matrix that exhibits a high OD value which was able to be 

attained only by metal thin film black matrices. By using such a black coating 

composition, a resin black matrix which is thin, which has a high OD value and 

which is highly adhesive is obtained. As a result, a color filter having no over-coat, 

which could be attained only by using a metal thin film black matrix, may be attained 
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by using a resin black matrix. 

To solve the problems in the prior art, the present inventors intensively 

studied to discover that the above-described object of the present invention may be 

attained by using a specific titanic nitride oxide described below is used as a light 

5 shading agent. 

That is, the present invention provides a black composition comprising as 

indispensable components a titanium nitride oxide, a resin and a solvent; X-ray 

intensity ratios R 1 and R 2 represented by the Equations (1) and (2) below, 

respectively, satisfying the relationships represented by Formulae (3) and ( 4) below: 

10 R1=!3/{l3+1.8(l1+1.8h)} (1) 

R1=h/I1 

R1 > 0.70 

0.85 < R2 < 1.80 

(2) 

(3) 

(4) 

wherein 11 represents the maximum diffraction intensity of the titanium nitride oxide 

15 when the angle of diffraction 28, determined by using CuKcx line as the X-ray source, 

is 25° to 26° , Ii represents the maximum diffraction intensity of the titanium 

nitride oxide when the angle of diffraction 28 is 27° to 28° , and 13 represents the 

maximum diffraction intensity of the titanium nitride oxide when the angle of 

diffraction 28 is 36° to 3 8° . 

2 0 The present invention also provides a black coating composition comprising 

25 

as indispensable components a titanium nitride oxide and a resin; X-ray intensity 

ratios R 1 and R2 represented by the Equations(!) and (2) below, respectively, 

satisfying the relationships represented by Formulae (3) and (4) below: 

R1=IJ/{]i+l.8(!1+1.8h)} (I) 

R2=hil1 

Rr > 0.70 

0.85 < R2 < 1.80 

(2) 

(3) 

(4) 
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wherein ! 1 represents the maximum diffraction intensity of the titanium nitride oxide 

when the angle of diffraction 28, detennined by using CuKa: line as the X-ray source, 

is 25° to 26° , h represents the maximum diffraction intensity of the titanium 

nitride oxide when the angle of diffraction 28 is 27° to 28° , and !3 represents the 

5 maximum diffraction intensity of the titanium nitride oxide when the angle of 

diffraction 28 is 36° to 38° . 

The present invention further provides a resin black matrix obtained from the 

black coating composition according to the present invention; a color filter for liquid 

crystal displays, which color filter comprises the above-described resin black matrix; 

10 and a liquid c1ystal display comprising the above-described color filter for liquid 

crystal displays. 

Advantageous effect of the Invention 

By the present invention, a black coating composition which gives a highly 

adhesive resin black matrix that exhibits a high OD value which was able to be 

15 attained only by metal thin film black matrices may be obtained. Since the black 

composition according to the present invention can form a resin black matrix which 

is thin, which has a high OD value and which is highly adhesive, a color filter having 

no over-coat, which conld be hithe1io attained only by using a metal thin film black 

matrix, may be attained by using a resin black matrix. By virtue of the present 

2 0 invention, the necessity to form an over-coat is eliminated, so that the present 

invention will greatly contribute to the prevention of decrease in the yield and to cost 

reduction in the production of color filters. 

Best Mode for Canying Out the Invention 

The black composition according to the present invention contains at least a 

2 5 light shading agent, a resin and a solvent. The black coating composition is in the 

form of a black thin film having light shading property, which is formed on a 

substrate, and contains titanium nitride oxide as an indispensable component. 
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The titanium nitride oxide used as the light shading agent in the present 

invention generally has a composition represented by the formula TiNxOy (wherein 

O<x<2.0, 0.1 <y<2.0). 

The present inventors intensively searched a titanium nitride oxide having a 

5 higher light shading property to discover that the titanium nitride oxide with which 

the X-ray intensity ratios R 1 and R2 represented by the Equations (1) and (2) below, 

respectively, satisfy the relationships represented by Formulae (3) and (4) below: 

10 

R1=I1/{Ii+l.8(I1+1.8h)} (1) 

R2=hil1 

R1>0.70 

0.85 < R1 < 1.80 

(2) 

(3) 

(4) 

wherein !1 represents the maximum diffraction intensity of the titanium nitride oxide 

when the angle of diffraction 28, determined by nsing CuKa line as the X-ray source, 

is 25° to 26° , h represents the maximum diffraction intensity when the angle of 

15 diffraction 20 is 27° to 28° , and Ii represents the maximwn diffraction intensity 

when the angle of diffraction 28 is 36° to 38° . 

The above described Equation (1) is described in the above-mentioned Patent 

Literature 3 in which it is described that the larger the Ri, the higher the light shading 

property. However, the present inventors discovered that by optimizing the 

2 0 production conditions of the titanium nitride oxide taking the Equation (1) alone into 

consideration, R1 cannot be made large with good reproducibility. Therefore, the 

present inventors intensively studied other parameters to discover that the above­

described Equation (3) is satisfied with good reproducibility when the R2 defined by 

the above-described Equation (2) satisfies the above-described Equation ( 4 ). 

25 By using the titanium nitride oxide satisfying the Equations (3) and (4) as the 

light shading agent, the resin black matrix according to the present invention may 

attain a high OD value while keeping a low concentration of the light shading agent 
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in the black coating composition. As a result, the resin black matrix according to 

the present invention may secure a high adhesion. Further, since the resin black 

matrix according to the present invention has a high OD value per a unit film 

thickness, the practical OD value (3.5) is attained at a film thickness of not more than 

5 0.8 µm. As a result, a color filter having a practically acceptable flatness may be 

attained even using a resin black matrix without using an over-coat. 

Further, it was discovered surprisingly, that with a photosensitive black 

coating composition containing the titanium nitride oxide satisfying the Equations (3) 

and (4), in addition to the high OD value and good adhesion, a resin black matrix 

l 0 having vertical edge portions may be obtained. This is because that the curing of 

the film during the iITadiation with light is easy to specifically proceed up to the 

lower portion of the film, in spite of the fact that the light hardly reaches the lower 

po1iion of the film due to the high OD value. Although the mechanism thereof has 

not yet been clarified, the present inventors presume that the radicals generated by the 

15 irradiation with light diffuse into the lower po1iion of the film because the titanium 

nitride oxide used in the present invention has the properties that (1) the 

transmittance of ultraviolet light (especially, i-ray (365 nm)) is higher than those of 

the usual light shading agents, and (2) its ability to trap the radicals generated by the 

iITadiation with light is much lower than those of the usual light shading agents. 

20 The X-ray intensity ratio R1 is required to be more than 0.7, and is preferably 

not less than 0.80 because a higher OD value may be attained at the same 

concentration of the light shading agent. On the other hand, if the production is 

carried out under conditions under which the X-ray intensity ratio R1 is too large, the 

X-ray intensity ratio R2 becomes not more than 0.85. Therefore, the X-ray intensity 

2 5 ratio R 1 is preferably not more than 0.99. 

The titanium nitride oxide having the above-described X-ray intensity ratios 

R 1 and R2 may be produced by appropriately adjusting production parameters so that 
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the X-ray intensity ratios R1 and R1 fall within the above-described ra11ges in known 

production processes of titanium nitride oxide, such as a process in which titanium 

dioxide or tita11ium hydroxide is reduced at a high temperature in the presence of 

ammonia (see Japanese Laid-open Patent Application (Kokai) Nos. 60-65069 and 61-

5 20161 O); and (2) a process in which a vanadium compound is attached to titanium 

dioxide or titanium hydroxide, and reducing the resulting product at a high 

temperature in the presence of ammonia (see Japanese Laid-open Patent Application 

(Kokai) No. 61-201610). For example, in the process (1) mentioned above, a 

titanium nitride oxide having the above-described X-ray intensity ratios R1 and R2 

10 within the ranges defined above may be produced by adjnsting the feed rate of the 

ammonia gas and the time period of the heat treatment. In general, there is a 

tendency that the higher the feed rate of the ammonia gas, the larger the R1 and the 

smaller the R2. Further, there is a tendency that the longer the heat treatment time, 

the larger the R1 and the smaller the R2. Thus, by adjusting these, a titanium nitride 

15 oxide having the above-described X-ray intensity ratios R1 and R1 within the ranges 

defined above may be produced. The feed rate of the ammonia gas may 

appropriately be about 5.5 cm/sec to 6.5 cm/sec in terms of in-furnace line velocity, 

and the heat treatment conditions may appropriately be at 800°C to 850°C for 8 to 9 

hours, although the conditions are not restricted thereto. Concrete conditions for 

2 0 producing the titanium nitride oxide having the above-described X-ray intensity 

ratios R1 and R2 within the ranges defined above are described in Examples below. 

The black coating composition according to the present invention preferably 

has an optical density (OD value) of not less than 4.4 per 1 µm of film thickness. 

This is because that if the OD value within the visible wavelength region between 

2 5 430 nm and 640 nm is not less than 4.4 at a film thickness of 1 µrn, an OD value of 

not less than 3.5 is attained at a film thickness of0.8 µm. The OD value is more 

preferably not less than 4.6. This is because that if the OD value is not less than 4.6, 
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the film thickness at which the OD value is 3.5 may be made even smaller. The 

"OD value" herein means that calculated by the equation below using, for example, a 

microspectrophotometer (MCPD2000 manufactured by Otsuka Electronics Co., Ltd). 

OD Value= log1o(Io/I) 

5 (wherein Io represents the incident light intensity and I represents the transmitted 

light intensity). 

The titanium nitride oxide used in the present invention preferably has a 

diameter of primary particle of not more than 100 nm, more preferably not more than 

60 run, still more preferably not more than 30 nm. As described below, the smaller 

l 0 the paiiicle diameter, the more unlikely the precipitation occurs, so that smaller 

particle diaineter is preferred. However, if the diameter of primary paiiicle is less 

than 10 nm, aggregation is likely to occur during dispersion and a problem in that 

irregularities are formed on the surface of the resin black matrix, or the like may 

occur, which is not preferred. The diameter of primary particle may be determined 

15 by calculating arithmetic mean of the diameters observed with an electron 

microscope. 

In the black composition according to the present invention, selection of the 

solvent is one of the important factors. The reason is that resides in the specific 

gravity of titanium nitride oxide. The specific gravity of titanium nitride oxide is 

20 between 4.2 and 4.8, and precipitation of titanium nitride oxide in the black 

composition containing titanium nitride oxide is problematic when the composition 

is stored for a long time. Methods for preventing the precipitation include a method 

in which the particle diameter of the titanium nitride oxide is made small, a method 

in which the viscosity of the black composition is made large, and a method in which 

2 5 the storing temperature is made as low as possible. In these three methods, the 

solvent largely influences on the viscosity of the black composition. That is, a 

solvent having a high viscosity may preferably be employed in order to increase the 
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viscosity of the black composition. However, in general, a solvent having a high 

viscosity has a high boiling point. If the boiling point of the solvent is high, 

problems in that the drying is slow so that the production efficiency is decreased and 

that the solvent may be left in the black coating film formed from the black 

5 composition, and so on may occur. 

In view of the above, it is preferred to use a solvent having a boiling point of 

120°C to 180°C, and a viscosity of 3 mPa·s to 10 mPa·s. If the boiling point is not 

higher than l 20°C, the volatilization rate is too high so that various coating defects 

may be formed. If the boiling point is not lower than 180°C, problems in the rate of 

10 drying and the remaining of the solvent in the film occur. It should be noted, 

however, in cases where the curing temperature of the resin is sufficiently high, a 

solvent having a boiling point of not lower than l 80°C may also be used. On the 

other hand, if the viscosity is smaller than 3 mPa·s, precipitation of titanium nitride 

oxide cannot be prevented. If the viscosity is higher than l 0 mPa·s, aggregation of 

15 titanium nitride oxide is likely to occur. Examples of the solvent having a boiling 

point of 120°C to 180°C and a viscosity of3 mPa·s to 10 mPa·s include ethylene 

glycol butyl ether, 3-methoxy-3-methyl-1-butanol, propylene glycol-tert-butyl ether 

and mixtures thereof. The amount of the solvent to be used may appropriately be 

selected and is not restricted. Usually, the amount of the solvent is about 95 to 60% 

2 0 by weight, preferably about 90 to 70% by weight based on the entire black 

composition. The viscosity herein is the measured value at 25°C, and the 

measurement is carried out by using a cone-plate viscometer or the like. 

As the resin to be used in the present invention, resins used in known black 

matrices may be employed, and either photosensitive or non-photosensitive resins 

2 5 may be employed. Preferred examples of the resins include epoxy resins, acrylic 

resins, siloxane polymer resins and polyimide resins. Since acrylic resins and 

polyimide resins are excellent in heat resistance, shelf stability and so on, they are 
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preferably employed. 

In most cases, acrylic resins are used in photosensitive resin compositions. 

In that case, the photosensitive resin composition at least comprises an acrylic resin, 

photo polymerizable monomer and a photoinitiator. 

::i Examples of the acrylic resin include copolymers of a plurality of acrylate(s) 

and/or methacrylate(s) selected from the group consisting of alkyl acrylates and 

methacrylates such as acrylic acid, methacrylic acid, methyl acrylate and methyl 

methacrylate; cyclic acrylates and cyclic methacrylates; and acrylates and 

methacrylates having a functional group, such as hydroxyethyl acrylate and 

10 hydroxyethyl methacrylate. The acrylic resin may be a copolymer having other 

monomer(s) such as styrene, cx-methylstyrene, acrylonitrile, itaconic acid esters and 

fumaric acid esters. It is preferred to use an acrylic resin having a weight average 

molecular weight of about 1000 to 200,000. 

As the photo polymerizable monomer, a bifunctional, trifw1ctional or 

15 multifunctional monomer may be used. Examples of the bifunctional monomer 

include 1,6-hexanediol diacrylate, ethylene glycol diacrylate, neopentyl glycol 

diacrylate and triethylene glycol diacrylate, as well as acrylates containing (an) 

alicyclic structure(s), such as dicyclopentane diene, and acrylates containing (a) 

polycyclic aromatic ring(s) such as fluorene. Examples of the trifunctional 

2 0 monomer include trimethylolpropane triacrylate and pentaerythritol triacrylate; and 

examples of the multifunctional monomer include ditrimethylolpropane tetracrylate, 

dipentaerytl1i-itol penta- and hexaacrylates. 

As the photoinitiator, benzophenone-, thioxanthone-, imidazole-, oxime­

and/or triazine-based compounds may be used individually or in combination. 

2 5 To the acrylic resin to be used in the present invention, (an) epoxy 

compound(s) and/or (an) epoxy curing agent(s) may be blended. The acrylic resin 

may contain epoxy group. By blending these, the solvent resistance and heat 
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resistance of the black matrix may be improved. 

Examples of the epoxy compound to be used include bisphenol A type epoxy 

compounds, bisphenol F type epoxy compounds, phenolic novolac epoxy compounds, 

cresol novolak epoxy compounds, trishydroxyphenyl methane-type epoxy 

5 compounds, alicyclic epoxy compounds, glycidyl ester-based epoxy compounds, 

glycidylamine-based epoxy compounds, heterocyclic epoxy compounds and fluorene-

containing epoxy compounds. 

As the curing agent, usual curing agents such as alcohols, phenols, amines, 

acid anhydrides, carboxylic acids and compounds having active hydrogen may be 

10 used. Cationic curing catalysts such as onium salts may also be used. 

Polyimide resins which may preferably be used as the resin in the present 

invention are, in most cases, used as non-photosensitive resins, and are formed by 

ring closure imidization by heat of the precursor poly(amic-acid). The poly(amic-

acid) usually has the structural unit represented by the Formula (5) below as a major 

15 constituent. 

NH-R2 -NHCO-R 1 -CO­
I 

(COOH)n 

In the above Formula (5), n represents an integer of 1 to 4. 

(5) 

I R represents an 

acid component residue and is a trivalent or tetravalent organic group having at least 

two carbon atoms. From the viewpoint of heat resistance, R 1 is preferably a C6-c30 

trivalent or tetravalent group containing (a) cyclic hydrocarbon(s), aromatic ring(s) or 

2 0 aromatic heterocyclic ring(s). Examples ofR1 
include, but not limited to, groups 

derived from phenyl, biphenyl, terphenyl, naphthalene, perylene, diphenyl ether, 

diphenyl sulfone, diphenylpropane, benzophenone, biphenyl trifluoropropane, 

cyclobutyl, cyclopentyl group or the like. R2 
represents a divalent organic gronp 

having at least two carbon atoms. From the viewpoint of heat resistance, R2 is 
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preferably a C6-C3o divalent group containing (a) cyclic hydrocarbon(s), aromatic 

ring(s) or aromatic heterocyclic ring(s). Examples ofR
2 

include, but not limited to, 

groups derived from phenyl, biphenyl, te11)henyl, naphthalene, pe1ylene, di phenyl 

ether, diphenyl sulfone, diphenylpropane, benzophenone, biphenyl trifluoropropane, 

5 diphenylmethane, cyclohexylmethane group or the like. The polymer containing the 

structural unit represented by the above-described Formula (5) as the major 

component may be one in which each ofR1 and R
2 

is a single type of group, or may 

be a copolymer containing two or more types of groups as R 
1 

and R
2

, respectively. 

In cases where either the acrylic resin or the polyimide resin is nsed, an 

10 adhesion promotor may be added to the black composition. As the adhesion 

promotor, silane coupling agents and titan coupling agents may be used. 

In the present invention, as the adhesion promotor, an organoalkoxysilane 

hydrolysis condensate may preferably be used. The organoalkoxysilane is a 

compound represented by the following Formula (6): 

15 R1nSi(OR2)4-n (6) 

(wherein R1 is an organic group selected from the group consisting of alkyl 

(preferably C1-C4, especially C1 or C2), vinyl, phenyl and y-glycidoxypropyl; R
2 

is 

hydrogen or an organic group selected from alkyl; and n represents an integer of 1 to 

3). Specific examples thereof include, but not limited to, methyltrimethoxysilane, 

2 0 dimethyldimethoxysilane, trimethylmethoxysilane, methyltriethoxysilane, 

dimethyldiethoxysilane, trirnethylethoxysilane, vinyltrimethoxysilane, 

divinyldimethoxysilane, vinyltriethoxysilane, divinyldiethoxysilane, 

phenyltrimethoxysilane, diphenyldimethoxysilane, phenyltriethoxysilane, 

diphenyldiethoxysilane, y-glycidoxypropyltrimethoxysilane, y-

2 5 glycidoxypropyltriethoxysilane, y-glycidoxypropyldimethoxysilane and 1'­

glycidoxypropylmethyldiethoxysilane. These organoalkoxysilanes may be used 

individually, or two or more of these may be used in combination. Although these 
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organoalkoxysilanes may be used as they are, hydrolysate and hydrolysis condensate 

thereof may also be nsed. Hydrolysis may be caJTied out by adding water to the 

orga11oalkoxysila11e and allowing the mixture to react at a low temperature. 

Hydrolysis condensation may be caJTied out by adding water to the 

5 organoalkoxysilane, heating the resulting mixture and distilling off water and alcohol. 

For the hydrolysis and hydrolysis condensation, an acid catalyst may be added. It is 

not preferred, however, to use the organoalkoxysilane as it is because it is unstable to 

moisture and is highly reactive. It is not preferred to use an organoalkoxysilane 

hydrolysate in the black composition because low-boiling components such as water 

10 and alcohol may remain in the black composition, which may cause coating defects. 

From these viewpoints, it is most preferred to use a hydrolysis condensate in the 

present invention. 

In the present invention, as an adhesion promotor, a compound having a 

siloxane bond and a carbon-carbon double bond in a single molecule and having no 

15 silanol group may be used. This compound exerts adhesion with glass substrate at 

its siloxane moiety, and binds to the resin tlu·ough the carbon-carbon double bond, 

thereby improving the adhesion between the black coating film and the glass 

substrate. Further, since this compound does not have an active silanol group, it 

does not bring about a problem such as deterioration of shelf stability of the black 

2 0 composition or the generation of residues during the patterning. This compound is 

represented by the Formula (7) below, and specific examples thereof include a 

reaction product ofbis-3-(aminopropyl)tetramethylsiloxane and 4 times equivalents 

of glycidyl methacrylate. 
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R1 R1 
I I 

CH2=C\ R3 Rs C=CH 
I I I z 

R2 Si-0 Si-R2 (7) 
I I I \ 

CH =C R4 R6 C=CH 
z I n I z 

R1 R1 

(wherein each R
1 

independently represents hydrogen or alkyl group (preferably C 1-

C4); each R 
2 

independently represents an organic g1:oup containing amide bond, 

imide bond, ester bond or urethane bond; R
3 

to R 
6 

independently represent alkyl 

5 group (preferably C1-C4); and n represents an integer of 1 to 3.) 

Preferred examples ofR
2 

include the following organic groups: 

-COOCH2CH(OH)CH2 
'N-CH2CH2CH2-

/ 
-COOCH2CH(OH)CH2 

-COOCH20CH2CH(OH)CH2 
'N-CH2CH2CH2-

/ 
-COOCH20CH2CH(OH)CH2 

-co 
' /N-CH2CH2CH2-

-CO 

-CONHCH20CH2CH(OH)CH2 
'N-CH2CH2CHo-
/ -

-CONHCH20CH2CH(OH)CH2 

-COONHCH20CH2CH(OH)CH2, 

/N-CH2CH2CH2-
-COONHCH20CH2CH(OH)CH2 
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In the above formulae, propylene group (-CFhCH2CHr) may also preferably 

be another C1-C6 alkylene group, and hydroxypropylene group (-CH2CH(OH)CHr) 

may also preferably be another C1-C6 hydroxyalkylene group. 

The above-described adhesion promotors may be used individually or two or 

5 more of them may be used in combination. Although the amount of the adhesion 

pro motor to be used may appropriately be selected and is not restricted, it is usually 

about 0.1 to 10% by weight based on the entire black composition. 

In the black composition according to the present invention, the weight ratio 

of titanium nitride oxide/resin is preferably within the range between 75/25 and 

10 60/40 in order to obtain a black coating film having a high resistance and high OD 

value. The weight ratio of titanium nitride oxide/resin is more preferably within the 

range betwee11 73/27 and 65/35 from the viewpoint of the balance of adhesion, ease 

of patterning and OD value. If the weight ratio is more than 75/25, adhesion and 

ease of patterning of the black coating film are deteriorated because the content of 

15 titanium nitride oxide is too high. On the other hand, if the weight ratio is less than 

60140, the OD value sharply decreases, and the aimed OD value of not less than 4.4 

at a film thickness of 1 µm may not be attained. It should be noted, however, that a 

part of the titanium nitride oxide may be replaced with other pigment(s) to the extent 

that the OD value is not decreased. 

20 By using carbon black as the other pigment, the decrease of OD value of the 

black coating film may be minimized, while the resistance and color of the black 

coating film may be adjusted. That is, since titanium nitride oxide has a high 

resistance while carbon black has a low resistance, the resistance of the black coating 

film may be controlled by controlling the mixing ratio of these materials. Further, 

2 5 by using surface-treated carbon black as the carbon black, more freedom in the 

control of the resistance may be given. On the other hand, as for the color, since the 

transmitted color through titanium nitride oxide is blue while that through carbon 
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black is red, neutral black may be obtained by mixing these materials. Further, 

surprisingly, by using a carbon black whose surface is treated with an acid, a new 

advantageous effect that the development margin is increased, that is, resolution is 

not decreased even if the developing time is extended. Although the mechanism 

5 thereof has not yet been clarified, this effect is presumably obtained by the 

combination of titani\1111 nitride oxide having a basic surface and carbon black having 

an acidic surface. In case of using carbon black, the content may appropriately be 

selected, and is usually about 5 to 20% based on the weight of titanium nitride oxide, 

although the content is not restricted thereto. 

10 The black coating film obtained from the black composition according to the 

present invention has advantageous features that it has a high OD value and good 

adhesion. In spite of the fact that the light hardly reaches the lower portion of the 

film due to the high OD value, since the curing of the film during irradiation with 

light is easy to specifically proceed up to the lower portion of the film, a resin black 

15 matrix having vertical edge p01iions may be obtained. Although the mechanism 

thereof has not yet been clarified, it is presumed that the radicals generated by the 

irradiation with light diffuse into the lower p01iion of the film because the titanium 

nitride oxide used in the present invention bas the properties that (1) the 

transmittance of ultraviolet light (especially, i-ray (365 1m1)) is higher than those of 

2 0 the usual light shading agents, and (2) its ability to trap the radicals generated by the 

irradiation with light is much lower than those of the usual light shading agents. 

Since the black coating film obtained from the black composition according to the 

present invention has such advantageous features, the black coating film is of high 

OD value and high sensitivity such that the OD value per 1 µm of film thickness is 

2 5 not less than 4.4, and the minimum exposure energy required for photo-curing is not 

2 more than 60 mJ/cm . The exposure energy herein means the intensity ofi-ray (365 

nm) radiated to a substrate from the light source of an exposure apparatus. 
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In the present invention, this black coating film is used as the resin black 

matrix. In general, in the production processes of resin black matrix, a coating 

composition is applied on a substrate by dipping method, roll coater method, spinner 

method, die coating method, wire bar method or the like, and the coated composition 

5 is dried under heat and cured, thereby obtaining a coating film. The conditions of 

the heat treatment vary depending on the resin and solvent used and on the amount of 

the coated composition, the heat treatment may preferably be cairied out usually at 

5 0°C to 400°C for I to 300 minutes. 

The thus obtained coating film is then patterned usually using 

10 photo lithography or the like. That is, the coating film is then exposed and 

developed into a desired pattern after forming a coating photoresist film thereon in 

cases where the resin is a non-photosensitive resin, or as it is or after forming an 

oxygen-impermeable film thereon in cases where the resin is a photosensitive resin. 

Thereafter, as required, the photoresist or the oxygen-impermeable film is removed, 

15 and the coating composition is cured by heating. Although the heat curing 

conditions vmy depending on the resin, in case of an acrylic resin, the heat treatment 

is usually canied out at 200°C to 250°C for I to 60 minutes, ai1d in case of a 

polyimide resin, the heat treatment is usually cmried out at 200°C to 350°C for I 

minute to 60 minutes. 

2 0 The thus obtained resin black matrix retains good adhesion, and the film 

thickness at which the OD value (not less than 3.5) required for color filters for liquid 

crystal displays is attained is not more than 0.8 .um. In cases where the film 

thickness at which an OD value of 3.5 is attained is larger than 0.8 µm, the height of 

the surface steps on the color filter is lmge, so that it is necessary to form an over-

2 5 coat on the pixels to as to reduce the height of the surface steps to 0.3 µm. As a 

result, the yield of the color filter is decreased, and the cost is increased. On the 

other hand, if the film thickness is made to be not more than 0.8 µm, the OD value of 
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the coating film is not more than 3 .5, so that the contrast of the display when the 

liquid crystal is driven is decreased, and so the display quality is drastically decreased. 

Further, since light is not sufficiently shaded by the black matrix, the thin film 

transistors may erroneously operated when light impinges on the thin-film transistors 

5 formed in the liquid display apparatus. 

The resin black matrix according to the present invention comprises as 

indispensable components a titanium nitride oxide and a resin, wherein X-ray 

intensity ratios R 1 and R2 represented by the Equations (1) and (2) below, 

respectively, satisfy the relationships represented by Formulae (3) and (4) below: 

10 R1=Ii/{I3+1.8(I1+1.8h)} (1) 

R2=hiI1 

R1>0.70 

0.85 < R1 < 1.80 

(2) 

(3) 

(4) 

wherein !1 represents the maximum diffraction intensity of the titanium nitride oxide 

15 when the angle of diffraction 28, determined by using CuKa: line as the X-ray sonrce, 

is 25° to 26° , h represents the maximum diffraction intensity of the titanium 

nitride oxide when the angle of diffraction 28 is 27° to 28° , and I3 represents the 

maximum diffraction intensity of the titanium nitride oxide when the angle of 

diffraction 28 is 36° to 38° . 

20 By using the above-described titaniwn nitride oxide, the resin black matrix 

according to the present invention has an OD value of not less than 4.4 per 1 µm of 

film thickness. 

Further, since the transmittance of ultraviolet light (especially, i-ray (365 nm)) 

through the titanium nitride oxide used in the present invention is higher than those 

2 5 of the usual light shading agents, the transmittance of i-ray through the resin black 

matrix according to the present invention is more than 0.2% when the OD value is 

2.0. The transmittance of i-ray when the OD value is 2.0 may be calculated 
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approximately by proportional calculation based on the measured OD value and i-ray 

transmittance of the resin black matrix. The OD value may be calculated using a 

microspectrophotometer (MCPD2000 manufactured by Otsuka Electronics Co., Ltd) 

as mentioned above, and the i-ray transmittance may be measured with an ultraviolet 

5 and visible spectrophotometer. According to the present invention, a color filter for 

liquid crystal displays may be produced using the resin black matrix. In case of 

using the resin black matrix according to the present invention in the production of 

the color filter for liquid crystal displays, the black matrix is coated on a transparent 

substrate, then pixels having color selectivities of red, green and blue, respectively, 

10 are formed, and then an over-coat is formed thereon as required, as described in 

Japanese Patent Publication (Kokoku) No. 2-1311. Concrete materials of the pixels 

include inorganic films whose film thickness is so controlled as to allow transmission 

of an specified light alone, and colored resin films which are dyed or in which a dye 

or pigment is dispersed. The order of forming the pixels may be changed optionally 

1 5 as required. 

Although the pigments which may be used for the pixels of the color filter 

according to the present invention are not restricted, pigments having excellent heat 

resistance and chemical resistance are desired. Specific examples of representative 

pigments include Pigment Red (PR-) 2, 3, 22, 38, 149,166, 168, 177,206, 207, 209, 

2 0 224, 242 and 254; Pigment Orange (PO-) 5, 13, 17, 31, 36, 38, 40, 42, 43, 51, 55, 59, 

61, 64, 65 and 71; Pigment Yellow (PY-) 12, 13, 14, 17, 20, 24, 83, 86, 93, 94, 109, 

110, 117, 125, 137, 138, 139, 147, 148, 150,153, 154, 166, 173 and 185; Pigment 

Blue (PB-) 15 (15:1, 15:2, 15:3, 15:4, 15:6), 21, 22, 60 and 64; and Pigment Violet 

(PV-) 19, 23, 29, 32, 33, 36, 37, 38, 40 and 50. In the present invention, the 

2 5 pigments are not restricted thereto, and various pigments may be used. 

As the above-mentioned pigments, those of which surfaces have been 

subjected to surface treatments such as treatments with rosin, acidic groups, basic 
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groups or pigment derivatives may be employed. 

The symbols PR (Pigment Red), PY (Pigment Yellow), PV (Pigment Violet), 

PO (pigment orange) and so on are symbols of color index (C.l.; published by The 

Society of Dyers ;md Colourists"), and, formally, the symbol "C.l." is attached to the 

5 head of the each symbol (e.g., C.l. PR254 and the like). These identifications define 

the standards of pigments and dyeing, and each symbol identify the specific standard 

pigment and its color. In the description of the present invention, the above­

mentioned symbol "C.l." is omitted, in principle (for example, "C.l. PR254" is 

refened to as "PR254"). 

10 The resins which may be used as the colored resin films are not restricted, and 

either photosensitive or non-photosensitive resins may be employed. Concretely, 

epoxy resins, acrylic resins, siloxane polymer resins, polyimide resins and the like are 

preferably employed. From the viewpoint of simplicity of the production process, 

heat resistance, light resistance and the like, it is preferred to use colored resin films 

15 in which pigments are dispersed. From the viewpoint of ease of forming patterns, it 

is preferred to use a photosensitive acrylic resin in which a pigment is dispersed. 

From the viewpoint of heat resistance m1d chemical resistance, it is prefened to use a 

polyimide resin in which a pigment is dispersed. 

In the color filter according to the present invention, a transparent 

2 0 electroconductive film may be formed as required after forming the color layers of 

three primary colors. As the transparent electrode, oxide thin films such as ITO 

(indium tin oxide) are preferably employed. Usually, ITO film with a thiclmess of 

about 0.1 µmis formed by sputtering method or vacuum deposition method. An 

example of preparing the color filter according to the present invention will now be 

2 5 described. 

First, black matrix is formed on a non-alkali glass plate using poly(amic-acid) 

and titanium nitride oxide. Then a blue color layer is formed such that it embeds 
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the apertural areas in the black matrix. In the same maimer, red color layer is 

formed in the apertural areas in the black matrix, and then green color layer is formed 

in the apertural areas in the black matrix. Then a transparent electroconductive film 

is !aI11inated thereon, thereby completing the color filter according to the present 

5 invention. 

An example of liquid crystal display apparatuses using the color filter will 

now be described. The color filter and an electrode substrate, each on which a 

liquid crystal alignment layer subjected to rubbing treatment for aligning liquid 

crystal is formed, are faced and laminated through spacers for retaining cell gap. On 

10 the electrode substrate, thin-film transistor (TFT) elements or thin-film diode (TFD) 

elements, scanning line, data line and so on may be formed to prepme a TFT liquid 

crystal display or TFD liquid crystal display. Then liquid crystal is injected from an 

injection port formed at the sealing region, and then the injection port is sealed. 

Then an IC driver and the like are mounted, thereby completing the liquid crystal 

15 display. 

20 

Examples 

The present invention will now he described concretely based on the 

examples thereof. However, the present invention is not limited to the examples. 

Example l 

Titai1ium dioxide powder ( 4.0 kg) having an average diameter of primary 

particle of 40 nm was fed to a reaction furnace and then ammonia gas was flown in 

the furnace at a linear velocity of 6 cm/sec, followed by carrying out reaction at a 

furnace temperature of 850°C for 9 hours to obtain titanium nitride oxide A (3.2 kg). 

The diffraction spectrum of the powdery titanium nitride oxide A as a light shading 

2 5 agent was measured with an X-ray diffractometer manufactured by Rigaku 

Corporation. As a result, the !1, !2 and !3 were 36 cps, 36 cps and 818 cps, 

respectively, the X-ray intensity ratio R1 was 0.82 and the X-ray intensity ratio R2 
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was 1.00. 

In y-butyrolactone solvent (3 825 g), pyromellitic dianhydride (149 .6 g), 

benzophenone tetracarboxylic dianhydride (225.5 g), 3,3'-diaminodiphenyl sulfone 

(69.5 g), 4,4'-diaminodiphenyl ether (210.2 g) and bis-3-

5 (aminopropyl)tetramethylsiloxane (17.4 g) were reacted at 60°C for 3 hours. Maleic 

anhydride (2.25 g) was added, and the resulting mixture was allowed to react at 60°C 

for another 1 hour to obtain a poly( amic-acid) solution (polymer concentration: 15% 

by weight) as a precursor. 

A mixture of 11.2 g of the above-described titanium nitride oxide A, 18. 7 g of 

10 the above-described poly(amic-acid) solution having a polymer concentration of 15% 

by weight, 57.2 g ofN-methyl-2-pyrrolidone and 12.9 g of 3-methyl-3-methoxybutyl 

acetate was subjected to dispersion treatment together with 100 g of glass beads 

using a homogenizer at 7000 rpm for 30 minutes, and then the glass beads were 

removed by filtration to obtain a dispersion liquid having a solid content of 14% by 

15 weight. To 27.5 g of this dispersion liquid, 5.9 g of the above-described poly(amic­

acid) solution having a polymer concentration of 15% by weight, 1.0 g of y­

butyrolactone, 6.0 g ofN-methyl-2-pyrrolidone and 1.8 g of 3-methyl-3-

methoxybutyl acetate were added to prepare a black composition. The thus 

obtained black composition was applied to a non-alkali glass substrate, and the 

2 0 composition was prebaked at l 45°C to form a polyimide precursor black coating film. 

The thus obtained black coating film was heated to 290°C to carry out heat curing to 

convert the poly( amic-acid) lo polyimide, thereby forming a light shading film for 

resin black matrix. The weight ratio of titanium nitride oxide/polyimide resin was 

65/35. The obtained light shading film for resin black matrix had a film thickness 

25 of0.8 elm and an OD value of3.60. The obtained light shading film for resin black 

matrix was subjected to cross-cut peeling test by adhesion tape in accordance with 

JIS K 5600, and peeling was not observed at all. 
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Example 2 

Titanium dioxide powder ( 4. 0 kg) having an average diameter of primary 

particle of 50 nm was fed to a reaction furnace and then ammonia gas was f1own in 

the furnace at a linear velocity of 5.5 cm/sec, followed by carrying out reaction at a 

5 furnace temperature of 850°C for 8 hours to obtain titanium nitride oxide B (3. 1 kg). 

The diffraction spectrum of the powdery titanium nitride oxide B was measured with 

an X-ray diffractometer manufactured by Rigaku Corporation. As a result, the Ii, !2 

and !3 were 41 cps, 73 cps and 775 cps, respectively, the X-ray intensity ratio R1 was 

0.71 and the X-ray intensity ratio R2 was 1.78. The same procedure as in Example 

10 1 was can-ied out except that the titanium nitride oxide B was used as a light shading 

agent to form a light shading film for resin black matrix. The obtained light shading 

film for resin black matrix had a film thickness of 0.8 µm and an OD value of 3.51. 

The obtained light shading film for resin black matrix was subjected to cross-cut 

peeling test by adhesion tape in the same mam1er as in Example I, and peeling was 

15 not observed at all. 

Example 3 

Titanium dioxide powder (4.0 kg) having an average diameter of primary 

particle of 45 nm was fed to a reaction furnace and then ammonia gas was flown in 

the furnace at a linear velocity of 6.5 cm/sec, followed by carrying out reaction at a 

2 0 furnace temperature of 800°C for 8 hours to obtain titanium nitride oxide C (3 .2 kg). 

The diffraction spectrum of the powdery titanium nitride oxide C was measured with 

an X-ray diffractometer manufactured by Rigaku Corporation. As a result, the !1, Ii 

and !3 were 49 cps, 42 cps and 802 cps, respectively, the X-ray intensity ratio R1 was 

0.78 and the X-ray intensity ratio R2 was 0.86. The same procedure as in Example 

2 5 I was can-ied out except that the titanium nitride oxide C was used as a light shading 

agent to form a light shading film for resin black matrix. The obtained light shading 

film for resin black matrix had a film thickness of0.8 µm and an OD value of3.55. 
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The obtained light shading film for resin black matrix was subjected to cross-cut 

peeling test by adhesion tape in the same manner as in Example 1, and peeling was 

not observed at all. 

Example 4 

The same procedure as in Example I was carried out except that the acrylic 

resin solution described below was used in place of the poly(amic-acid) solution, and 

that the prebaking and the baking were conducted at temperatures of ! 20°C and 

220°C, respectively, to form a light shading film for resin black matrix. The 

exposure energy was 200 mJ/cm
2 

using i-ray. The mixture of acrylic copolymer 

10 solution (Cyclomer-P (registered trademark), ACA-250, manufactured by Daicel 

Chemical Industries, Ltd.), pentaerythritol tetramethacrylate, a photoinitiator Irgacure 

(registered trademark) 369 (manufactured by Ciba Specialty Chemicals K.K.) and 

propylene glycol monomethyl ether acetate was used as the acrylic resin solution. 

The weight ratio of titanium nitride oxide/(acrylic copolymer+ pentaerythritol 

15 tetramethacrylate) was 65/3 5. The obtained light shading film for resin black 

matrix had a film thickness of 0.8 'lm and an OD value of 3.60. The obtained light 

shading film for resin black matrix was subjected to cross-cut peeling test by 

adhesion tape in the same manner as in Example I, and peeling was not observed at 

all. 

2 0 Example 5 

The same procedure as in Example 4 was carried out except that propylene 

glycol-t-butyl ether (boiling point: 153°C, viscosity: 3.4 mPa·s) was used in place of 

propylene glycol monomethyl ether to prepare a black composition and to form a 

black coating film. The black coating film had a film thickness of0.8 µm and an 

25 OD value of3.60. The obtained black coating film was subjected to cross-cut 

peeling test by adhesion tape in the same manner as in Example 1, and peeling was 

not observed at all. Further, after leaving the black composition to stand at 5°C for 
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2 months, the upper portion of the black composition was carefully collected and 

used to form a black coating film in the same manner as in Example 4. The film 

had a thickness of0.8 µm and an OD value of3.60. No change was observed in the 

relationship between the film thickness and the OD value, indicating that the 

5 sedimentation of titanium nitride oxide particles had not occurred. 

Comparative Example I 

Titanium dioxide powder ( 4.0 kg) having an average diameter of primary 

particle of 40 run was fed to a reaction furnace and then ammonia gas was flown in 

the furnace at a linear velocity of 4.0 cm/sec, followed by carrying out reaction at a 

10 furnace temperature of 800°C for 6 hours to obtain titanium nitride oxide D (3.0 kg). 

The diffraction spectrum of the powdery titanium nitride oxide D was measured with 

an X-ray diffractometer manufactured by Rigaku Corporation. As a result, the I1, I2 

and I3 were 77 cps, 65 cps and 790 cps, respectively, the X-ray intensity ratio R1 was 

0.69 and the X-ray intensity ratio R2 was 0.84. The same procedure as in Example 

15 l was carried out except that the titanium nitride oxide D was nsed as a light shading 

agent to form a light shading film for resin black matrix. The obtained light shading 

film for resin black matrix had a film thickness of0.8 µm and an OD value of3.3. 

In the case where the OD value was 3.5, the film thickness was 0.85 µm. The 

obtained light shading film for resin black matrix was subjected to cross-cut peeling 

2 0 test by adhesion tape in the same manner as in Example I, and peeling was not 

observed at all. 

Comparative Example 2 

Titanium dioxide powder ( 4.0 kg) having an average diameter of primary 

particle of 50 nm was fed to a reaction furnace and then ammonia gas was flown in 

2 5 the furnace at a linear velocity of 3 .5 cm/sec, followed by carrying out reaction at a 

furnace temperature of 800°C for 6 hours to obtain titanium nitride oxide E (2.9 kg). 

The diffraction spectrum of the powdery titanium nitride oxide E was measured with 
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an X-ray diffractometer manufactured by Rigaku Corporation. As a result, the 11, !2 

and l3 were 60 cps, 112 cps and 745 cps, respectively, the X-ray intensity ratio R 1 

was 0.61 and the X-ray intensity ratio R2 was 1.81. The same procedure as in 

Example 1 was carried out except that the titanium nitride oxide E was used as a light 

5 shading agent to form a light shading film for resin black matrix. The obtained light 

shading film for resin black matrix had a film thickness of 0.8 µm and an OD value 

of 3.0. In the case where the OD value was 3.5, the film thickness was 0.93 µm. 

The obtained light shading film for resin black matrix was subjected to cross-cut 

peeling test by adhesion tape in the san1e manner as in Example 1, and peeling was 

1 0 not observed at all. 

Example 6 

The same procedure as in Example 4 was carried out except that the 

organoalkoxysilane hydrolysis condensate was added to form a black coating film. 

The organoalkoxysilane hydrolysis condensate used herein was prepared as described 

15 below. The condensation product was added to a black composition in an amount 

of 1 % by weight based on the acrylic resin. 

A mixture of24.0 g ofphenyltrimethoxysilane, 258.8 g of 

methyltrimethoxysilane, 108.12 g of water and 336.0 g of propylene glycol 

monomethyl ether acetate was prepared, and reacted at 110°C for 2 hours to obtain a 

2 0 organoalkoxysilane hydrolysis condensate. Methanol and water generated during 

the reaction were distilled off. 

The thus obtained black coating film had a film thickness of 0.8 µm and an 

OD value of3.55. The black coating film was subjected to cross-cut peeling test by 

adhesion tape in the same manner as in Example 1, and peeling was not observed at 

2 5 all. Fwiher, the black coating film formed on a glass substrate was kept for 3 hours 

w1der the condition of pressure cooker test (PCT) at 121°C under 2 atm, and 

thereafter the black coating film was subjected to cross-cut peeling test by adhesion 
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tape. As a result, peeling was not observed at all. 

Example 7 

The same procedure as in Example 4 was carried out except that the reaction 

product between bis-3-(aminopropyl)tetramethylsiloxane and 4 equivalents of 

5 glycidyl methacrylate was added to form a black coating film. The reaction product 

was prepared as described below. The reactant was added to a black composition in 

an amount of 1 % by weight based on the acrylic resin. 

A mixture of 49 .6 g of bis-3-(aminopropyl)tetramethylsiloxane, 113 .72 g of 

glycidyl methacrylate and 0.1 g ofhydroguinone was prepared and reacted at 50°C 

10 for 2 hours. To the resulting mixture, 163.32 g of propylene glycol monometJ1yl 

ether acetate was added, and reacted for another 2 hours at 50°C, thereby obtaining 

the reaction product mentioned above. 

The thus obtained black coating film had a film thickness of 0.8 µm and an 

OD value of 3.55. The black coating film was subjected to cross-cut peeling test by 

15 adhesion tape in the same manner as in Example 1, and peeling was not observed at 

all. Further, the black coating film formed on a glass substrate was kept for 3 hours 

under the condition of pressure cooker test (PCT) at 121°C under a pressure of 2 atm, 

and thereafter the black coating film was subjected to cross-cut peeling test by 

adhesion tape. As a result, peeling was not observed at all. 

20 Example 8 

The same procedure as in Example 4 was carried out except that CGI242 

(manufactured by Ciba Specialty Chemicals K.K.) was used as a photoinitiator to 

prepare a black composition. Tbe obtained black composition was applied to a 

substrate at a film thickness after postbaking of 0.8 µm, and then pre baking was 

2 5 carried out as in Example 4. 

The obtained black coating film was exposed to lights at varying light 

exposure energies within the range of 30 mJ/cm2 
to 210 mJ/cm

2 
at intervals of every 
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20 mJ/cm
2 

and then each substrate was immersed in 0.04 wi% aqueous potassium 

hydroxide solution for 120 seconds, followed by postbaking as in Example 4 after 

washing with water, thereby obtaining a black coating film. The regions of the 

obtained black coating film, at which the exposure energy was not less than 50 

5 mJ/cm
2

, had a thickness of 0.8 µm. Thus, it was confirmed that the minimum 

exposure energy required for the photo-curing was 50 mJ/cm2
. On the other hand, 

additional 5 substrates were prepared, each of which was coated with the pre baked 

black composition, by following the procedure in Example 4 until the prebaking step, 

and then exposing the substrates through a photomask having line-and-space patterns 

10 with widths of 1, 2, 3, 5, 6, 10, 15, 20, 30 and 50 µm, respectively. The obtained 

substrates were immersed in 0.04 wt% potassium hydroxide solution for varying 

period of time. As a result, it was proved that coating films having a line-and-space 

pattern of not less than 6 µm could be obtained within the range of immersion time 

between 90 seconds and 130 seconds. 

15 Example 9 

The same procedure as in Example 8 was carried out except that the mixture 

of titanium nitride oxide A obtained in Example I and an acidic carbon black in the 

ratio of 50/50 (in weight) was used as a light shading agent, and that the exposure 

energy for preparing a coating film having a line-and-space pattern was 60 mJ/cn}, 

2 0 to obtain a black composition, black coating film and a coating film having a line-

and-space pattern. The regions of the obtained black coating film, at which the 

exposure energy was not less than 80 mJ/cn}, had a thickness of 0.8 ~tm. Thus, it 

was confirmed that the minimum exposure energy required for the photo-curing was 

2 60 mJ/cm . By observing the black coating film by holding it up to a fluorescent 

2 5 lamp, it was confirmed that the black coating film had a black color without 

coloration. Further, the obtained coating films having a line-and-space pattern had a 

line-and-space pattern with a width of not less than 5 µm within the range of 
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immersion time between 90 seconds and 150 seconds. That is, it was confirmed 

that the black composition obtained herein had higher resolution and wider 

development margin than that obtained in Example 8, which was prepared using 

titanium nitride oxide alone. 

5 Comparative Example 3 

The same procedure as in Example 8 was carried out except that acidic carbon 

black alone was used as a light shading agent, and that the exposure energy for 

preparing a coating film having a line-and-space pattern was 120 mJ/cm2
, to obtain a 

black composition, black coating film and a coating film having a line-and-space 

10 pattern. The regions of the obtained black coating film, at which the exposure 

energy was not less than 120 mJ/cm2
, had a thickness of0.8 µm. Thus, it was 

confirmed that the minimum exposure energy required for the photo-curing was 120 

2 
mJ/cm . By observing the black coating film by holding it up to a fluorescent lamp, 

it was confirmed that the black coating film had a reddish black color. Further, the 

15 obtained coating films having a line-and-space pattern had a line-and-space pattern 

with a width of not less than 6 µm within the range of immersion time between 90 

seconds and 130 seconds. That is, it was confirmed that the sensitivity was reduced 

in the case where acidic carbon black alone was used. 

Example 10 

2 0 (Preparation of Color Filter) 

After preparing the polyimide precursor black film by the same method as in 

Example 1, the film was cooled and coated with a positive type photoresist, followed 

by drying at 90°C to form a photoresist coating film. The resulting pbotoresist 

coating film was exposed through a photomask using a UV exposure machine. 

2 5 After exposure, the resultant was immersed in an alkaline developer to 

simultaneously carry out development of the photoresist and etching of the polyimide 

precursor black film, thereby forming apertural areas. Af1er the etching, the 
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photoresist layer which became no longer necessary was peeled off by methyl 

cellosolve acetate. The etched polyimide precursor black film was heated to 290°C 

to carry out heat curing to convert the precursor to polyimide, thereby forming a resin 

black matrix. The resin black matrix had an OD value of 3.6 and a film thickness of 

5 0.8 µm. The measured i-ray transmittance of the resin black matrix was 0.14%. 

From this value, the i-ray transmittance at an OD value of 2 is calculated to be 0.25%. 

Then red, green and blue pixels were formed on the resin black matrix. In a mixed 

solvent ofy-butyrolactone and N-methyl-2-pyrrolidone, pyromellitic dianhydride (0.5 

molar equivalents), benzophenone tetracarboxylic acid dianhydride (0.49 molar 

10 equivalents), 4,4'-diaminodiphenyl ether (0.95 molar equivalents) and bis-3-

(aminopropyl)tetramethylsiloxane (0.05 molar equivalents) were reacted to obtain a 

poly(amic-acid) solution (polymer concentration: 20% by weight). To 200g aliquot 

of the thus obtained poly(amic-acid) solution, 186 g ofy-butyrolactone and 64 g of 

butyl cellosolve were added to obtain a poly(amic-acid) solution for forming pixels, 

15 having a polymer concentration of 10% by weight. Four grams of Pigment Red 177 

(anthraquinone red), 40 g ofy-butyrolactone and 6 g ofthyl cellosolve were subjected 

to dispersion treatment together with 100 g of glass beads using a homogenizer at 

7000 rpm for 30 minutes, and the glass beads were removed by filtration, to obtain a 

dispersion liquid having a pigment content of8% by weight. To 30 g of the 

2 0 pigment dispersion liquid, 30 g of the above-described poly(an1ic-acid) solution for 

forming pixels having a polymer concentration of 10% by weight was added to 

obtain a red paste. 

The resin black matrix was coated with the red paste and the resultant was 

subjected to prebaking to form a polyimide precursor red film. By the same method 

2 5 as described above using a positive-type photoresist, red pixels were formed and heat 

curing was carried out at 290°C. 

Using a homogenizer, 3.6 g of Pigment Green 36 (phthalocyaninc green), 0.4 
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g of Pigment Yellow 83 (benzine yellow), 32 g ofy-butyrolactone and 4 g of butyl 

cellosolve were subjected to dispersion treatment together with 120 g of glass beads 

at 7000 rpm for 30 minutes, and the glass beads were removed by filtration, to obtain 

a dispersion liquid having a pigment content of 10% by weight. To 32 g of the 

5 pigment dispersion liquid, 30 g of the above-described poly(amic-acid) solution for 

forming pixels having a polymer concentration of 10% by weight was added to 

obtain a green color paste. Green pixels were fon11ed in the same manner as in 

forming the pixels using the red paste, and heat curing was carried out at 290°C. 

Sixty grams of the poly( amic-acid) solution for forming pixels having a polymer 

10 concentration of 10% by weight, 2.8 g of Pigment Blue 15 (phthalocyanine blue), 30 

g ofN-methyl-2-pyrrolidone and 10 g of butyl cellosolve were subjected to 

dispersion treatment together with 150 g of glass beads using a homogenizer at 7000 

rpm for 30 minutes, and the glass beads were removed by filtration, to obtain a blue 

color paste. 

15 Blue pixels were formed by the same procedure as described above, and heat 

curing was carried out at 290°C, thereby preparing a color filter. The maximum 

height of the surface steps was 0.3 µm, and there was no need to improve the flatness 

by forming an over-coat film on the pixels. Then ITO film was fon11ed on the 

pixels by sputtering method. The film-forming temperature was 230°C. As a 

2 O result, ITO having a film thickness of 1400 angstroms and a surface resistance of 

150./0 was obtained, thereby completing the preparation of a color filter. 

(Preparation of Liquid Crystal Display) 

After washing the obtained color filter with a neutral detergent, an alignment 

layer made of a polyimide resin was applied by the printing method, and the resulting 

2 5 layer was heated with a hot plate at 250°C for 10 minutes. The thickness of the 

layer was 0.07 µm. The color filter substrate was then subjected to rubbing process, 

and a sealing agent was applied by the dispense method, followed by heating the 
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sealing agent with a hot plate at 90°C for 10 minutes. On the other hand, a glass 

substrate on which TFT array was formed was washed in the same manner, and the 

alignment layer was applied and heated. Thereafter, ball spacers having a diameter 

of 5.5 µm were dispersed, and the resulting substrate was overlaid on the color filter 

5 substrate to which a sealing agent had been applied. The resultant was heated in an 

oven under pressure at l 60°C for 90 minutes to cure the sealing agent. The obtained 

cell was left to stand at 120°C under a pressure of 13 .3 Pa for 4 hours, and then in 

nitrogen for 0.5 hours, followed by injection of liquid crystal after placing the cell· 

under vacuum again. The injection of liquid crystal was carried out by placing the 

10 cell in a chamber, reducing the pressure to 13 .3 Pa at room temperature, immersing 

the liquid crystal injection port in the liquid crystal, and then restoring the pressure to 

normal pressure with nitrogen. After injection of the liquid c1ystal, the liquid 

crystal injection port was end-sealed with a UV curing resin. Then a polarizing 

plate was attached to the outer side of each of the two glass substrates. The 

15 obtained cell was made into a module to complete a liquid crystal display. The 

obtained liquid crystal display was observed and no defective display was found. 

Since the light shading effect of the resin black matrix was high, the contrast was 

good. One hundred liquid crystal displays were prepared in the same manner. As 

a result, since the adhesion of the resin black matrix was good, defects such as 

2 0 peeling off of the sealed portion during injection of liquid crystal did not occur at all. 

Example 11 

The same procedure as in Example 5 was carried out except that the light 

shading film obtained in Example 4 was used as the resin black matrix to prepare a 

color filter and a liquid crystal display. The resin black matrix used herein was 

2 5 prepared as follows: The black film comprising the acrylic resin was formed in the 

same maimer as in Example 4 and cooled. The resulting film was exposed through 

a photomask using a UV exposure machine. After exposure, the resultant was 



36 

immersed in an alkaline developer to cany out development, thereby forming 

apertural areas. Thereafter, the resultant was heated to 210°C to carry out heat 

curing, thereby forming a resin black matrix. The thus obtained resin black matrix 

had an OD value of3.6 and a film thickness of0.8 "Lm. The measured i-ray 

5 transmittance of the resin black matrix was 0.17%. From this value, the i-ray 

transmittance at an OD value of 2 is calculated to be 0.3%. Thereafter, the process 

in Example 5 was followed to complete the preparation of a color filter. The 

maximum height of the surface steps of the color filter was 0.3 µm, and there was no 

need to improve the flatness by forming an over-coat on the pixels. Further, by the 

10 same method as in Exan1ple 5 using the thus obtained color filter, a liquid crystal 

display was prepared. The obtained liquid crystal display was observed and no 

defective display was found. Since the light shading effect of the resin black matrix 

was high, the contrast was good. One hundred liquid crystal displays were prepared 

in the same manner. As a result, since the adhesion of the resin black matrix was 

15 good, defects such as peeling off of the sealed portion during injection of liquid 

crystal did not occur at all. 

Comparative Example 4 

The same procedure as in Example 5 was carried out except that the light 

shading film obtained in Comparative Example 1 was used as a resin black matrix to 

2 0 prepare a color filter and a liquid crystal display. The obtained resin black matrix 

had an OD value of3.3 and a film thickness of0.8 µm. The maximum height of the 

surface steps of the obtained color filter was 0.3 "Lrn, and there was no need to 

improve the flatness by forming an over-coat on the pixels. However, due to the 

insufficient light shading effect of the resin black matrix used for the liquid crystal 

25 display, defects such as leak of the backlight and malfunction ofTFT occurred and 

the contrast was low. 

Comparative Example 5 
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The same procedure as in Example 5 was carried out except that the light 

shading film obtained in Comparative Exmnple 1 was used as the resin black matrix 

to prepare a color filter and a liquid crystal display. The obtained resin black matrix 

had an OD value of3.5 and a film thickness of0.85 µm. The maximum height of 

5 the surface steps of the obtained color filter was 0.35 µm. The liquid crystal display 

comprising the color filter obtained herein showed a defective display due to the 

disturbance of the alignment of liquid crystal resulted from the surface steps. 

Example 12 

(Preparation of Color Filter) 

1 0 A resin black matrix was prepared using the black acrylic resin solution used 

in Example 4. After applying the black acrylic resin solution and prebaking, the 

resultant was cooled and exposed through a photomask using a UV exposure 

machine. After exposure, the resultant was immersed in an alkaline developer to 

carry out development m1d then heated to 220°C to carry out heat curing, thereby 

15 forming a resin black matrix. The obtained resin black matrix had a film thickness 

of0.8 µm and an OD value of3.60. The measured i-ray transmittance of the resin 

black matrix was 0.17%. From this value, the i-ray transmittance at an OD value of 

2 is calculated to be 0.3%. The edges of the patterns were observed to be vertical 

and of bluff shape. Then red, green and blue pixels were formed on the resin black 

2 O matrix. The red resist, green resist and blue resist described below were used as 

materials. Pigment Red 177 (anthraquinone red) (12 g), acrylic copolymer solution 

(Cyclomer-P (registered trademark), ACA-250, manufactured by Daicel Chemical 

Industries, Ltd) (8.0 g), polymeric dispersant Solsperse (registered trademark) 24000 

SC (manufactured by Avecia K.K.) (3.6 g) and rnethyl-3-methoxybutyl acetate (76.4 

2 5 g) were subjected to dispersion treatment together with 100 g of glass beads using a 

homogenizer at 7000 rpm for 30 minutes, and the glass beads were removed by 

filtration, to obtain a dispersion liquid having a pigment content of 12%. To the 
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pigment dispersion liquid (13.6 g), diluent varnish (16.4 g) prepared from 

pentaerythritol tetramethacrylate (0.9 g), a photoinitiator Irgacure (registered 

trademark) 369 (manufactured by Ciba Specialty Chemicals K.K.) (0.5 g) and 3-

methyl-3-methoxybutyl acetate (37.8 g) was added to obtain a red resist. 

Pigment Green 7 (phthalocyanine green) (10.8 g), Pigment Yellow 83 

(benzine yellow) (1.2 g), acrylic copolymer solution A (Cyclomer-P (registered 

trademark), ACA-250, manufactured by Daicel Chemical Industries, Ltd) (8.0 g), 

polymeric dispersant Solsperse (registered trademark) 24000 SC (manufactured 

by Avecia K.K.) (3.6 g) and 3-methyl-3-methoxybutyl acetate (76.4 g) were 

10 subjected to dispersion treatment together with 100 g of glass beads using a 

homogenizer at 7000 rpm for 30 minutes, and the glass beads were removed by 

filtration, to obtain a dispersion liquid having a pigment content of 12%. To the 

pigment dispersion liquid (13.6 g), diluent varnish (16.4 g) prepared from 

pentaerythritol tetramethacrylate (0.9 g), a photoinitiator Irgacure (registered 

15 trademark) 369 (manufactured by Ciba Specialty Chemicals K.K.) (0.5 g) and 3-

methyl-3-methoxybutyl acetate (37.8 g) was added to obtain a green resist. 

Pigment Blue 15 (phthalocyanine blue) (12.0 g), acrylic copolymer 

solution A (Cyclomer-P (registered trademark), ACA-250, manufactured by 

Daicel Chemical Industries, Ltd) (8.0 g), polymeric dispersant Solsperse 

20 (registered trademark) 24000 SC (manufactured by Avecia K.K.) (3.6 g) and 3-

methyl-3-methoxybutyl acetate (76.4 g) were subjected to dispersion treatment 

together with 100 g of glass beads using a homogenizer at 7000 rpm for 30 

minutes, and the glass beads were removed by filtration, to obtain a dispersion 

liquid having a pigment content of 12%. To the pigment dispersion liquid (13 .6 

25 g), diluent varnish (16.4 g) prepared from pentaerythritol tetramethacrylate (0.9 

g), a photoinitiator Irgacure (registered trademark) 369 (manufactured by Ciba 

Specialty Chemicals K.K.) (0.5 g) and 3-methyl-3-methoxybutyl acetate (37.8 g) 

was added to obtain a blue resist. 

30 
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The resin black matrix was coated with the red resist and the resultant was 

cooled, followed by exposure through a photomask using a UV exposure 

machine. After exposure, the resultant was immersed in an alkaline developer to 

carry out development, thereby forming apertural areas. Thereafter, the resultant 

5 was heated to 220°C to cany out heat curing, thereby f01ming red pixels. The 

green and blue pixels were formed in the same mam1er as the red pixels, thereby 

preparing acolor filter. The maximum height of the surface steps was 0.26 µm, 

and there was no need to improve the flatness by forming an over-coat on the 

pixels. Then ITO film was formed on the pixels by sputtering method. The film-

10 forming temperature was 230°C. As a result, ITO having a film thickness of 

1400 angstroms and a surface resistance of 150/0 was obtained, thereby 

completing the preparation of a color filter. Further, by the same method as in 

Example 5 using the thus obtained color filter, a liquid crystal display was 

prepared. The obtained liquid crystal display was observed and no defective 

15 display was found. Since the light shading effect of the resin black matrix was 

high, the contrast was good. One hundred liquid crystal displays were prepared 

in the same mam1er. As a result, since the adhesion of the resin black matrix was 

good, defects such as peeling off of the sealed portion during injection of liquid 

crystal did not occur at all. 

20 Industrial Applicatibility 

Since a resin black matrix which is thin, which has a high OD value and 

which is highly adhesive is obtained by using the black coating composition 

according to the present invention, a color filter having no over-coat, which could 

be hitherto attained only by using a metal thin film black matrix, may be attained 

25 by using a resin black matrix. By virtue of the present invention, the necessity to 

form an over-coat is eliminated, so that the present invention may greatly 

contribute to the prevention of decrease in the yield and to cost reduction in the 

production of color filters. 
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CLAIMS 

1. A black composition comprising as indispensable components a titanium 

nitride oxide, a resin, a solvent and a compound having a siloxane bond and a 

carbon-carbon double bond in a single molecule and having no silanol group; X-ray 

5 intensity ratios R1 and R2 represented by the Equations (1) and (2) below, 

respectively, satisfying the relationships represented by Formulae (3) and (4) below: 

10 

R1=1J/{I3+1.8(I1+1.8h)} (1) 

R1=hlI1 

R1 > 0.70 

0.85 < R1<1.80 

(2) 

(3) 

(4) 

wherein I 1 represents the maximum diffraction intensity of the titanium nitride oxide 

when the angle of diffraction 28, determined by using CuKa line as the X-ray source, 

is 25' to 26' , h represents the maximum diffraction intensity of the titanium 

nitride oxide when the angle of diffraction 28 is 27' to 28' , and h represents the 

15 maximum diffraction intensity of the titanium nitride oxide when the angle of 

diffraction 28 is 36' to 38' . 

2. The black composition according to claim 1, wherein said X-ray intensity 

ratio R1 is not less than 0.80. 

3. The black composition according to claim 1 or 2, wherein said solvent has a 

2 o boiling point of 120°C to 180°C, and a viscosity of 3 mPa·s to 10 mPa·s. 

4. The black composition according to any one of claims 1 to 3, wherein said 

resin is at least one selected from the group consisting of an acrylic resin and a 

polyimide resin. 

5. The black composition according to any one of claims 1 to 4, further 

2 5 comprising an organosilane hydrolysis condensate. 
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6. The black composition according to claim 1, wherein said compound having a 

siloxane bond and a carbon-carbon double bond in a single molecule and having no 

silanol group has the structure represented by the following Formula (7): 

R1 R1 
I I 

CH 2 =C\ R3 R5 C=CH 
I I I 2 

R2 Si-0 Si-R2 (7) 
I I I \ 

CH =C R4 R6 C=CH 2 I n I 2 
R1 R1 

5 (wherein each R1 independently represents hydrogen or alkyl group; each R2 

independently represents an organic group containing amide bond, imide bond, ester 

bond or urethane bond; R3 to R 6 independently represent alkyl group; and n 

represents an integer of 1 to 3.) 

7. The black composition according to any one of claims 1 to 6, wherein the 

1 O weight ratio of said titanium nitride oxide to said resin is within the range between 

75/25 and 60/40. 

8. The black composition according to any one of claims 1 to 7, further 

comprising carbon black. 

9. A black composition according to any one of claims 1 to 8, wherein the black 

15 coating film obtained from said black composition according to any one of claims 1 

to 8 has an optical density (OD value) of not less than 4.4 per 1 µm of film thickness, 

and wherein the minimum exposure energy required for photo-curing is not more 

than 60 mJ/cm2
. 

10. A black coating composition comprising as indispensable components a 

2 O titanium nitride oxide,a resin and a compound having a siloxane bond and a carbon-

carbon double bond in a single molecule and having no silanol group; X-ray intensity 

ratios Ri and Rz represented by the Equations (1) and (2) below, respectively, 

satisfying the relationships represented by Formulae (3) and (4) below: 
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R1=Ii/ {Ii+ I .8(I1+ I .Sh)} (I) 

R2=h/I1 (2) 

R1 > 0.70 (3) 

0.85 < R1 < 1.80 (4) 

5 wherein I1 represents the maximum diffraction intensity of the titanium nitride oxide 

when the angle of diffraction 28, determined by using CuKa line as the X-ray source, 

is 25° to 26° , I2 represents the maximum diffraction intensity of the titanium 

nitride oxide when the angle of diffraction 28 is 27° to 28° , and I3 represents the 

maximum diffraction intensity of the titanium nitride oxide when the angle of 

1 o diffraction 28 is 36° to 38° . 

11. The black coating composition according to claim 10, wherein said X-ray 

intensity ratio R1 is not less than 0.80. 

12. The black coating composition according to claim 10or11, wherein said 

resin is at least one selected from the group consisting of an acrylic resin and a 

15 polyimide resin. 

13. The black coating composition according to any one of claims I 0 to 12, 

wherein the weight ratio of said titanium nitride oxide to said resin is within the 

range between 75/25 and 60/40. 

14. The black coating composition according to anyone of claims 10 to 13, which 

20 has an optical density (OD value) of not less than 4.4 per I µm of film thickness. 

25 

15. The black coating composition according to any one of claims I 0 to 14, 

wherein the transmittance ofi-ray when the optical density (OD value) is 2.0 is more 

than 0.2%. 

16. The black coating composition according to claim I 0, wherein said compound 
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having a siloxane bond and a carbon-carbon double bond in a single molecule and 

having no silanol group has the structure represented by the following Formula (7): 

R1 R, 
I I 

CH 2 =C\ R3 R5 C=CH 
I I I 2 

R2 Si-0 Si-R2 (7) 
I I I \ 

CH =C R4 R6 C=CH 2 I n I 2 
R1 R, 

(wherein each R 1 independently represents hydrogen or alkyl group; each R2 

5 independently represents an organic group containing amide bond, imide bond, ester 

bond or urethane bond; R3 to R 6 independently represent alkyl group; and n 

represents an integer of 1 to 3 .) 

17. The black coating composition according to any one of claims 10 to 16, 

further comprising carbon black. 

10 18. A resin black matrix obtained from said black coating composition according 

to any one of claims 10 to 17. 

19. A color filter for liquid crystal displays, which color filter comprises said 

resin black matrix according to claim 18. 

20. A liquid crystal display comprising said color filter for liquid crystal displays, 

15 according to claim 19. 
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ABSTRACT 

A black coating composition which gives a highly adhesive resin black matrix 

that exhibits a high OD value which was ahle to be attained only by metal thin film 

black matrices is disclosed. The black coating composition comprises as 

5 indispensable components a titanium nitride oxide and a resin. The X-ray intensity 

ratios R 1 and R2 of the titanium nitride oxide represented by the Equations (1) and (2) 

below, respectively, satisfy the relationships represented by Formulae (3) and (4) 

10 

below: 

Rl=li/ {h+ 1.8(11+ l .8h)} (1) 

R1=h/l1 (2) 

Rl > 0.70 (3) 

0.85<R1<1.80 (4) 

wherein 11 represents the maximum diffraction intensity of the titm1ium nitride oxide 

when the angle of diffraction 28, determined by using CuKcx line as the X-ray source, 

15 is 25° to 26° , h represents the maximum diffraction intensity of the titanium 

nitride oxide when the angle of diffraction 28 is 27° to 28° , and 13 represents the 

maximum diffraction intensity of the titanium nitride oxide when the angle of 

diffraction 28 is 36° to 38° . 


