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(57) ABSTRACT 

A photosensitive coloring composition including a photo 
polymerizable monomer, a resinous binder, a polymerization 
initiator, a coloring agent and a solvent, and having an expo 
sure sensitivity property in which Y (tan 0) is confined to 
1.33 or more and a residual rate of a film of the photosensitive 
coloring composition after development is 0% at an exposure 
dose of not more than 23% of the minimum exposure dose 
that makes the residual rate of the film not lower than 85%, 
when a rising angle of an exposure sensitivity curve is defined 
as 0 in the exposure sensitivity curve to be derived by plotting 
exposure sensitivity in coordinates with an abscissa thereof 
representing common logarithm of the exposure dose and 
with an ordinate thereof representing the residual rate of the 
film after development. 

14G 11 12 14B 

N NY 

  

      



Patent Application Publication Jul. 17, 2008 Sheet 1 of 5 US 2008/0170187 A1 

13 
14R 14G 14B 14R 14G 

Y-21 YM/Y-4/-/-L/ h 
SNNENSTSNNESSINSE 

7 Y 7 Y 7 Z 7 ZZ Z 7 ZZZ 7 Y 777 777 ZZ 7 Z 7 
EYNY YNN N. Y. Ya YYYYYYY YYYYYYYNY YYYYY 

15 
16 

F1 24, 4/-, 4-1, 4, 47.4 
23 21 22 

F. G. 1 

14) 12 

/ / / / 13 

U2U2UE 
11 

14 
16 

  

  

    

  

    

  

  

  



Patent Application Publication Jul. 17, 2008 Sheet 2 of 5 US 2008/0170187 A1 

13 13 13 13 13 13 13 13 13 

F. G. 3 

  



Patent Application Publication Jul. 17, 2008 Sheet 3 of 5 US 2008/0170187 A1 

13 

F. G. 5A 

31r 13 

III.I.I.I.III 

// / / / / / / 11 

31R 31R 

31Rb 31 Ra 31Rb 31 Ra 13 31Rb 

31X 31X 31X 

F. G.5C 

    

  

  

  



Patent Application Publication Jul. 17, 2008 Sheet 4 of 5 US 2008/0170187 A1 

31G 31G 31G 

31Gb 31Ga 31Gb 31Ga 31Gb 31 Ga. 
---- ---- ---- 

BIESSN) 

31B 31B 31B 
-- -- --- 
31 Bb 31Ba. 31Bb 31Ba 31 Bb 31 Ba 

d E SEEN ENNNEEE 

31X 31X 31X 

F. G. 5E 

ISSN 

F. G. 5F 

  

  

  

  

  

  

  



Patent Application Publication Jul. 17, 2008 Sheet 5 of 5 US 2008/0170187 A1 

O 

log (Exposure dose) 

F. G. 6 

  



US 2008/O 1701. 87 A1 

PHOTOSENSITIVE COLORING 
COMPOSITION, COLOR FILTER 

SUBSTRATE AND SEMITRANSMISSIVE 
TYPE LIQUID CRYSTAL DISPLAY DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This is a Continuation Application of PCT Applica 
tion No. PCT/JP2006/316600, filed Aug. 24, 2006, which was 
published under PCT Article 21(2) in Japanese. 
0002 This application is based upon and claims the ben 

efit of priority from prior Japanese Patent Application No. 
2005-247349, filed Aug. 29, 2005, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0003 1. Field of the Invention 
0004. The present invention relates to a photosensitive 
coloring composition, a color filter Substrate produced by 
using this photosensitive coloring composition, and a liquid 
crystal display device provided with this color filter substrate. 
As for specific examples of the liquid crystal display device, 
they include a semitransmissive type liquid crystal display 
device which is capable of displaying images not only by 
means of transmitted light from a light Source built into the 
display device but also by means of reflected light to be 
obtained from the reflection of external light such as sunlight 
or indoor light. 
0005 2. Description of the Related Art 
0006. A color liquid crystal display device is typically 
constructed as shown in the cross-sectional view of FIG. 1, 
wherein a liquid crystal 3 is encapsulated in a space between 
a color filter substrate 1 and an array substrate 2. The color 
filter Substrate 1 comprises a transparent Substrate 11 as a 
structural Support, and a polarizing film 12 which is arranged 
on the observer's side surface of transparent substrate 11. 
Further, the opposite side (back face side) of transparent 
Substrate 11 is partitioned into a large number of pixel regions 
wherein spaces between these pixel regions are filled with a 
light-shielding film 13 and these pixel regions are respec 
tively provided with a transparent colored layer 14. This 
transparent colored layer 14 is designed to apply a color to the 
transmitted light passing through each of the pixels, so that 
transparent colored layers 14 of three different colors, i.e. red 
(R), green (G) and blue (B) corresponding to three primary 
colors of light, are generally arrayed for each of these pixels. 
Incidentally, the aforementioned light-shielding film 13 is 
designed to prevent the mixing of colors of transmitted light 
that has been colored by any one of these colors. 
0007. The color filter substrate 1 is further provided with 
an over-coat layer 15 for burying the step portions that have 
been formed by the transparent colored layers 14. Thereafter, 
a transparent electrode 16 and an orientation film (not shown) 
are successively formed on the over-coat layer 15, thereby 
accomplishing the color filter substrate 1. 
0008. On the other hand, the array substrate 2 which is 
disposed to face the color filter substrate 1 comprises a trans 
parent substrate 21 as a structural support. Electrodes 23 and 
an orientation film (not shown) are arranged on the liquid 
crystal side Surface of the transparent Substrate 21, and a 
polarizing film 22 is arranged on the opposite side surface of 
the transparent substrate 21. 
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0009. The pixels are designed to be respectively impressed 
with a voltage applied between the transparent electrode 16 
and the electrodes 23, thereby controlling the transmission or 
non-transmission of light with the transmitted light being 
taken up as a display light for displaying images. 
0010. There are known various methods with respect to 
the method of forming the transparent colored layers 14 of the 
color filter substrate 1. Among them, the method which is now 
most commonly employed is a method using a negative type 
photosensitive coloring composition, wherein the coating 
film of this photosensitive coloring composition is Subjected 
to the exposure of a proximity exposure system using a proX 
imity aligner. More specifically, a photosensitive coloring 
composition is coated on a Surface of a transparent Substrate 
11 having the aforementioned light-shielding film 13 formed 
thereon to form a coated film, to which ultraviolet rays are 
irradiated through a photomask which is provided with a 
light-shielding layer patterned corresponding to the transpar 
ent colored layers 14, wherein the photomask is disposed at a 
location spaced away from the coating film by a distance 
ranging from several ten to several hundred micrometers. As 
a result, the coating film is selectively exposed and cured. 
Then, the resultant coating film is subjected to a developing 
process using a developing Solution to remove unexposed 
portions (un-cured portions) of the coated film, thereby 
accomplishing the transparent colored layers 14. Incidentally, 
the aforementioned procedures are repeated with respect to 
each coloring photosensitive coloring composition, thereby 
making it possible to form transparent colored layers of three 
colors 14R, 14G and 14B. 
0011. Meanwhile, the liquid crystal display device can be 
roughly classified into a device which utilizes, as a display 
light, the light of a light source Such as a back-light, which is 
disposed on the rear side of the array Substrate 2, and a device 
which utilizes, as a display light, the light that can be derived 
from the reflection of external light, such as outdoor light. The 
former is called a transmissive type liquid crystal display 
device, which is accompanied with a problem that, although 
it is capable of displaying a bright image, it requires a large 
magnitude of power since the light source thereof is required 
to be built in the interior of the device. On the other hand, the 
latter is called a reflective type liquid crystal display device, 
which is accompanied with a problem that, although it 
requires a relatively small magnitude of power, it is difficult to 
obtain a bright display image in a room where there is insuf 
ficient external light. 
0012 For these reasons, there has been proposed a liquid 
crystal display device which makes good use of not only the 
advantages of the transmissive type liquid crystal display 
device but also the advantages of the reflective type liquid 
crystal display device, whereby a bright images can be dis 
played by making use of the light of a built-in light source in 
a room while minimizing the power consumption through the 
utilization of external outdoor light. This liquid crystal dis 
play device is called a semitransmissive type liquid crystal 
display device. A semitransmissive type liquid crystal display 
device is already actually employed as a display device in 
mobile instruments, such as a cellular phone or digital still 
CaCa. 

0013 However, there is a problem with this semitransmis 
sive type liquid crystal display device, as follows. Namely, 
when the light of a light source is to be utilized as a display 
light, this display light is caused to pass through the transpar 
ent colored layers 14 only once. Whereas, when the reflected 
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light to be derived through the reflection of external light is to 
be utilized as a display light, this display light is caused to 
pass through the transparent colored layers 14 back and forth, 
i.e. twice. For this reason, when the reflected light to be 
derived through the reflection of external light is to be utilized 
as a display light, the loss of light is caused to increase due to 
the transparent colored layers 14, thus resulting in increased 
darkness of the display image. 
0014. There have been proposed various methods to over 
come the aforementioned problem to thereby secure a 
brighter display image. For example, there is known a method 
wherein the pixel region is partitioned into two sections, i.e. a 
reflection section “b' and a transmission section “a”, the 
reflection section “b' being utilized in a case where the 
reflected light is used as a display light for displaying an 
image, and the transmission section 'a' being utilized in a 
case where the light from a light source is used as a display 
light for displaying an image. Namely, a reflective film is 
selectively provided at the reflection section and the external 
light entering this reflection section is utilized as a display 
light. On the other hand, the light from light source that can be 
derived from the rear side of the transmission section “a” is 
permitted to pass therethrough and be utilized as a display 
light. 
0015 The pixel regions of color filter substrate 1 of this 
semitransmissive type liquid crystal display device are con 
structed as shown in FIG. 2. Namely, the transparent colored 
layer 14 which is located at the reflection section “b' is 
provided with a through-hole 14x, so that the transparent 
colored layer 14 does not exist in this through-hole 14x 
Because of this, the display light passing through this 
through-hole 14x is free from any loss of light based on the 
existence of transparent colored layer 14, thereby making it 
possible to create a bright display image. The transparent 
colored layer 14 provided with this through-hole 14.x can be 
also formed by a method wherein a negative type photosen 
sitive coloring composition layer is Subjected to exposure 
through a photomask provided with a light-shielding film 
having a corresponding pattern. 
0016 Incidentally, the display device for the aforemen 
tioned mobile instruments is also demanded to have a display 
image of higher definition, and hence the aforementioned 
through-hole 14x is also demanded to be of higher fineness. 
For example, if it is desired to enhance the resolution of a 
2.4-inch type cellular phone with a conventional QVGA 
(320x240 pixels) resolution up to as high as QVGA (640x480 
pixels), it is required to reduce the width of individual pixels 
of the RGB material layer from about 75 um downto about 25 
um. Therefore, the through-hole to be formed in a pixel hav 
ing a width of 25 um is also required to be smaller in size. For 
example, the size of the through-hole is required to be 
decreased down to 10 Lim or less in diameter. 
0017. However, when the exposure of a coated layer of a 
photosensitive coloring composition of a negative type is to 
be performed by making use of a photomask which is pro 
vided with a finely patterned light-shielding layer in order to 
form a color layer having Such fine through-holes, diffraction 
of light is generated from the edge portions of light-shielding 
layer of the photomask, and the coated layer of the photosen 
sitive coloring composition of the negative type is sensitized 
by this diffracted light, thereby raising a problem that the 
diameter of these through-holes cannot be accurately con 
trolled. 
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0018. Since the intensity of the diffracted light is generally 
smaller than the intensity of transmitted light (zeroth-order 
diffracted light), it is conceivable to accurately control the 
diameter of through-holes by taking advantage of this differ 
ence in intensity between the diffracted light and the trans 
mitted light. Namely, based on an exposure sensitivity curve 
derived from the plotting of exposure sensitivity with the 
abscissa representing the common logarithm of the exposure 
applied to a coated layer of the photosensitive coloring com 
position of the negative type and the ordinate representing the 
residual rate of the film after development that, as the tangent 
of rising angle 0 (tan 0) becomes higher, the contrast between 
the exposed portion and un-exposed portion after develop 
ment becomes higher, thereby making it possible to enhance 
the resolution of through-holes. The details related to this 
phenomenon are described in “General Review on Latest 
Polymer Materials and Technology': 37 (1988); Ishikawa et 
al., Tech. Publ. Co., Ltd.; and in "Organic Electronics Mate 
rials: Science Forum; 15 (1986); Taniguchi et al. 
0019. When the exposure of the coated layer of a photo 
sensitive coloring composition of the negative type is per 
formed with the minimum possible quantity required of expo 
Sure by taking advantage of this principle, the coated layer 
would be sensitized by the transmitted light (zeroth-order 
diffracted light) while making it possible to prevent the 
coated layer from being sensitized by diffracted light which is 
lower in intensity than the transmitted light. Subsequently, 
when the sensitized coated layer is developed, it would be 
possible to form a transparent color layer wherein the residual 
rate of the film differs between the exposed portion and un 
exposed portion. Accordingly, it is conceivable, in this man 
ner, to accurately form through-holes each having a refined 
diameter. 
0020. However, it has been found out as a result of studies 
made by the present inventor that it was difficult to accurately 
create through-holes each having a diameter of 10 um or less 
if only the tan 0 was controlled as described above. For 
example, when the photosensitive coloring composition of 
the negative type was highly sensitive and hence the mini 
mum possible quantity required of exposure was Small, the 
coated layer of the photosensitive coloring composition of 
negative type was rendered sensitive also to diffracted light 
and, because of this, it was found difficult to accurately form 
through-holes each having a fine diameter. 

BRIEF SUMMARY OF THE INVENTION 

0021. An object of the present invention is to provide a 
photosensitive coloring composition which makes it possible 
to form a transparent color layer having fine through-holes 
each having a diameter of 10 um or less. 
0022. Another object of the present invention is to provide 
a color filter substrate formed by the employment of the 
aforementioned photosensitive coloring composition. 
0023. A further object of the present invention is to pro 
vide a semitransmissive type liquid crystal display device 
provided with the aforementioned color filter substrate. 
0024. According to a first aspect of the present invention, 
there is provided a photosensitive coloring composition 
which comprises a photo-polymerizable monomer, a resinous 
binder, a polymerization initiator, a coloring agent and a 
Solvent; and has an exposure sensitivity property in which Y 
(tan 0) is confined to 1.33 or more and a residual rate of a 
film of the photosensitive coloring composition after devel 
opment is 0% at an exposure dose of not more than 23% of the 
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minimum exposure dose that makes the residual rate of the 
film not lower than 85%, when a rising angle of an exposure 
sensitivity curve is defined as 0 in the exposure sensitivity 
curve to be derived by plotting exposure sensitivity in coor 
dinates with an abscissa thereof representing common loga 
rithm of the exposure dose and with an ordinate thereof rep 
resenting the residual rate of the film after development. 
0025. According to a second aspect of the present inven 

tion, there is provided a color filter substrate to be disposed on 
the observer's side surface of a liquid crystal display device, 
the color filter Substrate comprising a transparent Substrate, 
and a transparent color layer disposed on each of a large 
number of pixel regions which are formed through partition 
ing of the transparent Substrate; wherein the pixel region is 
divided into a transmissive portion and a reflective portion, 
the transmissive portion being assigned to colorize a trans 
mitted light from a light source disposed on the rear Surface 
side of the liquid crystal display device and the reflective 
portion being assigned to colorized a reflected light to be 
derived from reflection of an external light entering from the 
observer's side; and wherein through-hole is formed in a 
region of the transparent color layer where the reflective 
portion is located, and part of the transparent color layer is 
formed of a cured layer of a photosensitive coloring compo 
sition comprising a photo-polymerizable monomer, a resin 
ous binder, a polymerization initiator, a coloring agent and a 
Solvent; the photosensitive coloring composition having an 
exposure sensitivity property in which Y (-tan 0) is confined 
to 1.33 or more and a residual rate of a film of the photosen 
sitive coloring composition after development is 0% at an 
exposure dose of not more than 23% of the minimum expo 
sure dose that makes the residual rate of the film not lower 
than 85%, when a rising angle of an exposure sensitivity 
curve is defined as 0 in the exposure sensitivity curve to be 
derived by plotting exposure sensitivity in coordinates with 
an abscissa thereof representing common logarithm of the 
exposure dose and with an ordinate thereof representing the 
residual rate of the film after development. 
0026. According to a third aspect of the present invention, 
there is provided a semitransmissive type liquid crystal dis 
play device comprising the aforementioned color filter Sub 
strate, an array substrate disposed to face the color filter 
Substrate, and a liquid crystal layer interposed between the 
color filter substrate and the array substrate. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0027 FIG. 1 is a cross-sectional view for explaining the 
construction of an ordinary color liquid crystal display 
device; 
0028 FIG. 2 is a cross-sectional view for explaining the 
construction of a color filter for a semitransmissive type liq 
uid crystal display device; 
0029 FIG. 3 is a cross-sectional view for explaining the 
construction of a color filter Substrate according to one 
embodiment of the present invention; 
0030 FIG. 4 is a cross-sectional view for explaining the 
construction of a semitransmissive type liquid crystal display 
device wherein the color filter substrate shown in FIG. 3 is 
employed; 
0031 FIG. 5A is a cross-sectional view showing one step 
in the manufacturing method of a color filter Substrate accord 
ing to one embodiment of the present invention; 
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0032 FIG. 5B is a cross-sectional view showing one step 
in the manufacturing method of a color filter Substrate accord 
ing to one embodiment of the present invention; 
0033 FIG. 5C is a cross-sectional view showing one step 
in the manufacturing method of a color filter Substrate accord 
ing to one embodiment of the present invention; 
0034 FIG.5D is a cross-sectional view showing one step 
in the manufacturing method of a color filter Substrate accord 
ing to one embodiment of the present invention; 
0035 FIG. 5E is a cross-sectional view showing one step 
in the manufacturing method of a color filter Substrate accord 
ing to one embodiment of the present invention; 
0036 FIG. 5F is a cross-sectional view showing one step 
in the manufacturing method of a color filter Substrate accord 
ing to one embodiment of the present invention; and 
0037 FIG. 6 is a graph illustrating curves of examples of 
the present invention and of comparative examples, each 
curve representing the residual rate of the film after the devel 
opment of film. 

DETAILED DESCRIPTION OF THE INVENTION 

0038 Next, the best mode for carrying out the present 
invention will be explained. 
0039. The photosensitive coloring composition according 
to the first aspect of the present invention has an exposure 
sensitivity property in which Y (-tan 0) is confined to 1.33 or 
more and a residual rate of a film of the photosensitive color 
ing composition after development is 0% at an exposure dose 
of not more than 23% of the minimum exposure dose that 
makes the residual rate of the film not lower than 85%, when 
a rising angle of an exposure sensitivity curve is defined as 0 
in the exposure sensitivity curve to be derived by plotting 
exposure sensitivity in coordinates with an abscissa thereof 
representing common logarithm of the exposure dose and 
with an ordinate thereof representing the residual rate of the 
film after development. 
0040. According to the photosensitive coloring composi 
tion according to the first aspect of the present invention, 
since the value of Y-tan 0 representing the contrastis confined 
to 1.33 or more, the difference in intensity between the trans 
mitted light and the diffracted light sensitively reflects in the 
residual rate of the film, and, moreover, since the residual rate 
of the film after development is turned to 0% at the exposure 
dose of not more than 23% of the minimum exposure dose 
that makes the residual rate of the film not lower than 85%, it 
is possible to prevent the coloring composition from being 
cured by the diffracted light which is weak in intensity. 
Because of these reasons, it is now possible to accurately 
create a transparent color layer having fine through-holes. 
0041. By contrast, if a photosensitive coloring composi 
tion which does not satisfy the aforementioned conditions is 
employed, it would become difficult to accurately create a 
transparent color layer having fine through-holes. 
0042. Incidentally, the control of the exposure dose so as 
to limit the aforementioned contrast Y and to make the 
residual rate of the film after development 0% can be per 
formed by suitably adjusting the formulation of the photo 
sensitive coloring composition. For example, the kind and 
quantity of the polymerization initiator, which is one of the 
essential components, may be suitably adjusted, or a suitable 
quantity of polymerization inhibitor may be added to the 
photosensitive coloring composition. Preferable examples of 
the polymerization inhibitor are hydroquinone and metho 
quinone. 
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0043. For example, the compounds represented by the 
following chemical formula (I) can be employed as a poly 
merization inhibitor. 

OH 

R 

0044 (wherein R is hydroxyl group or alkoxy group; and 
R is C.H. (n 0-4)) 
0045. Further, as for the polymerization initiator, it is pos 
sible to employ an oxime ester-based polymerization initia 
tOr 

0046 According to the photosensitive coloring composi 
tion according to the first aspect of the present invention, 
since the difference in intensity between the transmitted light 
and the diffracted light can sensitively reflect in the residual 
rate of the film and, moreover, since it is possible to prevent 
the coloring composition from being cured by the diffracted 
light which is weak in intensity, it is now possible to accu 
rately create a transparent color layer having fine through 
holes. Because of this, it is possible to manufacture a semi 
transmissive type liquid crystal display device which is high 
in resolution and in fineness. 
0047. The photosensitive coloring composition according 
to one embodiment of the present invention comprises, as 
essential components, a photo-polymerizable monomer, a 
resinous binder, a polymerization initiator, a coloring agent 
and a solvent. In addition to these components, it is also 
preferable that the photosensitive coloring composition fur 
ther comprises a polymerization initiator. Furthermore, the 
photosensitive coloring composition may comprise additives 
Such as a dispersing agent, a photosensitizer, and a chain 
transfer agent. 
0048. The photosensitive coloring composition according 

to one embodiment of the present invention should beformu 
lated such that Y (=tan 0) is confined to 1.33 or more and 
preferably 1.4 or more, when a rising angle of an exposure 
sensitivity curve is defined as 0 in the exposure sensitivity 
curve to be derived by plotting exposure sensitivity in coor 
dinates with an abscissa thereof representing common loga 
rithm of the exposure dose and with an ordinate thereof rep 
resenting the residual rate of the film after development. 
Incidentally, Y-tan 0 represents a contrast in exposure sensi 
tivity. 
0049. This exposure sensitivity curve can be easily deter 
mined through experiments wherein a coated film obtained 
through the coating of a photosensitive coloring composition 
on a substrate is Subjected to exposure to the irradiation of 
ultraviolet rays and then subjected to development by making 
use of a developing Solution, thereby making it possible to 
plot the relationship between the exposure dose and the 
residual rate of the film after development, thereby obtaining 
the exposure sensitivity curve. 
0050. Further, the photosensitive coloring composition 
according to the present invention should be formulated Such 
that the residual rate of the film after development is turned to 
0% at the exposure dose of not more than 23%, preferably not 
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more than 25% of the minimum exposure that makes the 
residual rate of the film not lower than 85%. This residual rate 
of the film after development can be determined concurrently 
with the aforementioned exposure sensitivity curve. 
0051. Incidentally, by incorporating a polymerization 
inhibitor formed of hydroquinone or methoduinone in the 
photosensitive coloring composition, the quantity or expo 
sure dose that enables to limit the aforementioned contrasty 
(contrast) and to make the residual rate of the film after 
development 0% can be easily controlled. 
0.052 Next, each of the components constituting the pho 
tosensitive coloring composition according to one embodi 
ment of the present invention will be explained. 
0053 (Photopolymerizable Monomer) 
0054 The photopolymerizable monomer is designed such 
that it can be polymerized by the irradiation of exposure light 
to make a coated film of photosensitive coloring composition 
insoluble to a developing Solution. Generally, the photopoly 
merizable monomer is a monomer whose polymerization can 
be induced by radicals. 
0055 As for specific examples of such a photopolymeriz 
able monomer which are useful in this case, they include 
poly-functional urethane acrylate which can be obtained 
through a reaction between (metha)acrylate having hydroxyl 
group and poly-functional isocyanate. 
0056. As for specific examples of (metha)acrylate having 
hydroxyl group, they include 2-hydroxyethyl(metha)acry 
late, 4-hydroxybutyl(metha)acrylate, trimethylolpropane 
di(metha)acrylate, pentaerythritol tri(metha)acrylate, ditrim 
ethylolpropane tri(metha)acrylate, dipentaerythritol penta 
(metha)acrylate, dipentaerythritol ethylene oxide-modified 
penta(metha)acrylate, dipentaerythritol caprolactone-modi 
fied penta(metha)acrylate, glycerol acrylate methacrylate, 
glycerol dimethacrylate, 2-hydroxy-3-acryloyl propyl 
methacrylate, a reaction product of an epoxy-containing 
compound with carboxy(metha)acryalte, hydroxyl group 
containing polyol polyacrylate, etc. 
0057. As for specific examples of poly-functional isocy 
anate, they include tolylene diisocyanate, hexamethylene 
diisocyanate, diphenylmethylene diisocyanate, isophorone 
diisocyanate, polyisocyanate, etc. 
0.058 Incidentally, it is preferable that the content of the 
photopolymerizable monomer in the composition of the 
present invention be confined to not more than 20% by weight 
based on 100% by weight of a total of the composition in view 
of the developing properties of the composition, the tackiness 
of the composition after being coated on a Substrate and dried, 
and the stability of the composition. Furthermore, in view of 
the exposure sensitivity, resolution of pattern to be obtained 
and solvent resistance of the composition, the content of the 
photopolymerizable monomer in the composition should 
preferably be confined to not less than 1% by weight. 
0059 (Resinous Binder) 
0060. The resinous binder can be selected from those 
which enable an unexposed coated film of the photosensitive 
coloring composition to adhere and fix to a transparent Sub 
strate and which can be dissolved in a developing Solution on 
the occasion of development. The resinous binder can be 
either photosensitive or non-photosensitive. 
0061. Nowadays, alkaline developing solutions which are 
less harmful to the environment are extensively employed as 
developing solutions. Because of this, it is desirable to use an 
alkali-soluble resin as the resinous binder. For example, it is 
possible to employ non-photosensitive resins having an 
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acidic functional group Such as a carboxyl group or Sulfone 
group. Specific examples of Such a non-photosensitive resin 
include acrylic resin, C-olefin-(anhydrous) maleic acid 
copolymer, styrene-(anhydrous) maleic acid copolymer, Sty 
rene-styrene Sulfonic acid copolymer, ethylene-(metha) 
acrylic acid copolymer, isobutylene-(anhydrous) maleic acid 
copolymer, etc. More preferable examples of Such a non 
photosensitive resin are acrylic resin, an O-olefin-(anhy 
drous) maleic acid copolymer and styrene-styrene Sulfonic 
acid copolymer. Since acrylic resin is especially high in heat 
resistance and transparency among these resins, the employ 
ment of acrylic resin is most preferable. Further, it is prefer 
able to employ the resin having a weight average molecular 
weight ranging from 1,000 to 500,000, more preferably 5,000 
to 100,000. 
0062. As for the photosensitive resin, it is possible to 
employ resins having an ethylenic unsaturated double bond 
introduced into the linear macromolecule thereof which can 
be attained through the reaction of a linear macromolecular 
compound having a reactive functional group with a (metha) 
acrylic compound having a Substituent group which is 
capable of reacting with aforementioned reactive functional 
group, cinnamic acid, etc. Alternatively, it is possible to 
employ resins having an ethylenic unsaturated double bond 
introduced into the linear macromolecule thereof which can 
be attained through the reaction of a (metha)acrylic com 
pound having a reactive functional group, cinnamic acid, etc. 
with a linear macromolecular compound having a substituent 
group which is capable of reacting with the aforementioned 
reactive functional group. As for specific examples of the 
reactive functional group, they include a hydroxyl group, 
carboxylic group, amino group, etc. As for specific examples 
of the Substituent group which is capable of reacting with 
aforementioned reactive functional group, they include iso 
cyanate group, aldehyde group, epoxy group, etc. 
0063. Further, it is also possible to employ, as a photosen 
sitive resin, those which can be obtained through the half 
esterification of a linear macromolecular compound, includ 
ing acid anhydrides such as a styrene-anhydrous maleic acid 
copolymer and an O-olefin-maleic anhydride copolymer by 
making use of a (metha)acrylic compound having a hydroxyl 
group, such as a hydroxyalkyl (metha)acrylate, etc. 
0064. These photosensitive resins should preferably be 
selected from those having a weight average molecular 
weight ranging from 5,000 to 100,000. 
0065 (Coloring Agent) 
0066. The coloring agent is employed for coloring the 
transparent color layer, thereby coloring the display light of a 
liquid crystal display device. Although it is possible to utilize 
pigments and dyes as a coloring agent, it is more preferable to 
use pigments, in view of the higher durability thereof. As for 
the pigments, although they may be either organic pigments 
orinorganic pigments, it is more preferable to employ organic 
pigments. With respect to the mixing ratio of the coloring 
agent, although there is no particular limitation, it is prefer 
able to confine the mixing ratio of the coloring agent to the 
range of about 1 to 20% by weight based on 100% by weight 
of the total quantity of the photosensitive coloring composi 
tion. 
0067 Incidentally, as for the tint of the coloring agent, 
although it can be optionally selected, when the tint of the 
photosensitive coloring composition is blue, the advantages 
of the present invention can be sufficiently realized. For 
example, the pigment may be formulated Such that a blue or 
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violet pigment is employed as a main component and red, 
orange, green and yellow pigments may be included therein 
as additive complementary colors. 
0068. Next, specific examples of organic pigments for use 
in the color layer will be described by the color index (C.I.) 
number system. 
0069 Pigment Blue: <C.I> 1, 1:2, 1:x,9:X, 15, 15:1, 15:2, 
15:4, 15:5, 15:6, 16, 22, 24, 24:X, 56, 60, 61, 62, 80. 
(0070 Pigment Violet: <C.I> 1, 1:x,3,3:3,3:X,5:1, 19, 23, 
27, 29, 30, 32, 37, 40, 42, 50. 
(0071 Pigment Green: <C.I> 1, 1:x, 2, 2:X, 4, 7, 10,36,37. 
(0072 Pigment Orange: <C.I> 2, 5, 13, 16, 17:1, 31,34,36, 
38, 43,46, 48, 49, 51, 52, 52, 55, 59, 60, 61, 62, 64, 71, 73. 
(0073 Pigment Red: <C.I> 1,2,3,4,5,6,7,8,9, 10, 14, 17, 
18, 22, 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, 81:3, 81:x, 83, 88, 
90, 97,98, 112, 119, 122, 123, 144, 146, 149, 166, 168, 169, 
170, 171, 172, 175, 176, 177, 178, 179, 180, 184, 185, 187, 
188, 190, 192, 200, 202, 206, 207, 208, 209, 210, 215, 216, 
217, 220, 223, 224, 226, 227, 228, 240, 246, 254, 255, 264, 
272,279. 
(0074 Pigment Yellow: <C.I> 1,2,3,4, 5, 6, 10, 12, 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, 83,93, 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, 144, 146, 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. 
0075. Further, in order to secure excellent coating proper 

ties, sensitivity, and developing properties while making it 
possible to retain the balance between the chroma and light 
ness through the combination of the aforementioned organic 
pigments, inorganic pigments may be used in combination 
with these organic pigments. As for the inorganic pigments 
useful in this case, it is possible to employ a metal oxide 
powder, metal Sulfide powder, metal powder Such as yellow 
lead, Zinc chrome, red iron oxide (III), cadmium red, ultra 
marine blue, Prussian blue, chromium oxide green, cobalt 
green, etc. Further, for the purpose oftoning, the photosensi 
tive coloring composition may further contain dyes within the 
limits which do not deteriorate the heat resistance of the 
photosensitive coloring composition. 
0076 (Dispersing Agent) 
0077. When pigments are to be employed as a coloring 
agent, a dispersing agent should preferably be incorporated in 
the photosensitive coloring composition in order to facilitate 
the dispersion of the pigments. As for the dispersing agent, it 
is possible to employ a surfactant, an intermediate of pigment, 
an intermediate of dye, Solsperse, etc. Although there is no 
particular limitation with regard to the mixing ratio of the 
dispersing agent, it is preferable to confine the mixing ratio of 
the dispersing agent within the range of 1 to 10% by weight 
based on 100% by weight of the content of the pigment. 
(0078 (Polymerization Initiator) 
0079. As for the polymerization initiator, it is preferable to 
employ an oxime ester-based polymerization initiator Such 
as, for example, 1.2-octane dione, 1-4-(phenylthio)-2-(O- 
benzoyl oxime), and O-(acetyl)-N-(1-phenyl-2-oxo-2-(4- 
methoxy-naphthyl)ethylidene)hydroxylamine. 
0080 Further, in addition to this oxime ester-based poly 
merization initiator, it is also possible to co-use another kind 
of polymerization initiator. Specific examples of this addi 
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tional polymerization initiator include an acetophenone 
based compound, a benzoin-based compound, a benzophe 
none-based compound, a thioxanthone-based compound, a 
triazine-based compound, a phosphine-based compound, a 
quinone-based compound, aborate-based compound, a car 
bazole-based compound, an imidazole-based compound, a 
titanocene-based compound, etc. 
0081. As for specific examples of the acetophenone-based 
compound, they include 4-phenoxy dichloroacetophenone, 
4-t-butyl-dichloroacetophenone, diethoxyacetophenone, 
1-(4-isopropylphenyl)-2-hydroxy-2-methylpropan-1-one, 
1-hydroxycyclohexylphenylketone, 2-benzyl-2-dimethyl-1- 
(4-morpholinophenyl)-butan-1-one, etc. 
0082. As for specific examples of the benzoin-based com 
pound, they include benzoin, benzoin methyl ether, benzoin 
ethyl ether, benzoin isopropyl ether, benzyldimethyl ketal, 
etc. 

0083. As for specific examples of the benzophenone 
based compound, they include benzophenone, benzoylben 
Zoic acid, benzoylmethylbenzoate, 4-phenylbenzophenone, 
hydroxybenzophenone, acrylated benzophenone, 4-benzoyl 
4'-methyldiphenyl sulfide, etc. 
0084 As for specific examples of the thioxanthone-based 
compound, they include thioxanthone, 2-chlorothioxan 
thone, 2-methylthioxanthone, isopropylthioxanthone, 2,4-di 
isopropylthioxanthone, etc. 
0085. As for specific examples of the triazine-based com 
pound, they include 2,4,6-trichloro-s-triazine, 2-phenyl-4,6- 
bis(trichloromethyl)-s-triazine, 2-(p-methoxyphenyl)-4,6- 
bis(trichloromethyl)-s-triazine, 2-(p-tolyl)-4,6-bis 
(trichloromethyl)-s-triazine, 2-piperonyl-4,6-bis 
(trichloromethyl)-s-triazine, 2.4-bis(trichloromethyl)-6- 
styryl-s-triazine, 2-(naphtho-1-yl)-4,6-bis(trichloromethyl)- 
S-triazine, 2-(4-methoxynaphtho-1-yl)-4,6-bis 
(trichloromethyl)-s-triazine, 2,4-trichloromethyl 
(piperonyl)-6-triazine, 2,4-trichloromethyl(4'- 
methoxystyryl)-6-triazine, etc. 
I0086. As for specific examples of the phosphine-based 
compound, they include bis(2,4,6-trimethylbenzoyl)phe 
nylphosphine oxide, 2,4,6-trimethylbenzoyl diphenylphos 
phine oxide, etc. 
0087 As for specific examples of the quinone-based com 
pound, they include 9,10-phenanthrene quinone, camphor 
quinone, ethylanthraquinone, etc. 
0088. The mixing ratio of the polymerization initiator 
should preferably be confined to 0.5-50% by weight, more 
preferably 3-30% by weight based on a total weight of solid 
matter of the photosensitive coloring composition. 
I0089 (Photosensitizer) 
0090 The photosensitive coloring composition of the 
present invention should preferably be formulated so as to 
contain a photosensitizer in addition to the polymerization 
initiator. 
0091. As for the photosensitizer, it is possible to employ 
amine-based compounds. For example, it is possible to 
employ triethanol amine, methyldiethanol amine, triisopro 
panol amine, 4-dimethylaminomethylbenzoate, 4-dimethy 
laminoethyl benzoate, 4-dimethylaminoisoamyl benzoate, 
2-dimethylaminoethyl benzoate, 4-dimethylamino-2-ethyl 
hexyl benzoate, N,N-dimethylparatoluidine, 4,4'-bis(dim 
ethylamino) benzophenone, 4,4'-bis(diethylamino) ben 
Zophenone, 4,4'-bis(ethylmethylamino) benzophenone, etc. 
0092. Further, it is also possible to employ, as a photosen 
sitizer, C-acyloxy ester, acylphosphine oxide, methylphenyl 
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glyoxylate, benzyl, 9,10-phenanthrene quinone, camphor 
quinine, ethylanthraquinone, 4,4'-diethyl isophthalophe 
none, 3,3',4,4-tetra(t-butyl peroxycarbonyl)benzophenone, 
etc. 

0093. The mixing ratio of the photosensitizer should pref 
erably be confined to 0.5-60% by weight, more preferably 
3-40% by weight based on the quantity of a total of the 
photopolymerization initiator and the photosensitizer. 
(0094) (Polymerization Inhibitor) 
0.095 The photosensitive coloring composition of the 
present invention may be formulated so as to contain a poly 
merization inhibitor. Since Y (tan 0: contrast) and the expo 
sure dose that makes the residual rate of the film after devel 
opment Zero can be controlled in accordance with the kind 
and mixing ratio of this polymerization inhibitor, the employ 
ment of the polymerization inhibitor is important. 
0096. As for the polymerization inhibitor, it is possible to 
preferably employ compounds represented by the following 
chemical formula (I). For example, it is possible to employ 
hydroquinone, methoduinone, etc. 

OH 

R 

0097 (wherein R is hydroxyl group or alkoxy group; and 
R is C.H. (n 0-4)) 
0098. In addition to these compounds, it is also possible to 
employ pyrogallol, tert-butylcatechol, cuprous chloride, 2.6- 
di-tert-butyl-p-cresol, etc. 
0099. The mixing ratio of the polymerization inhibitor 
should preferably be confined to 0.001-0.050% by weight 
based on a total weight of solid matter of the photosensitive 
coloring composition. If the mixing ratio of the polymeriza 
tion inhibitor is less than 0.001% by weight, the effects 
expected of polymerization initiator may become insuffi 
cient. If the mixing ratio of the polymerization inhibitor is 
higher than 0.050% by weight, the sensitivity of the photo 
sensitive coloring composition may be deteriorated, thus rais 
ing adverse effects. 
0100 (Chain-Transfer Agent) 
0101 The photosensitive coloring composition of the 
present invention may further comprise a polyfunctional thiol 
which is capable of acting as a chain-transfer agent. As for this 
chain-transfer agent, it is possible to employ a compound 
having two or more thiol groups. Specific examples of such a 
compound include hexane dithiol, decane dithiol, 1,4-butane 
diol bisthiopropionate, 1,4-butanediol bisthioglycolate, eth 
yleneglycol bisthioglycolate, ethyleneglycol bisthiopropi 
Onate, trimethylolpropane tristhioglycolate, 
trimethylolpropane tristhiopropionate, trimethylolpropane 
tris(3-mercaptobutylate), pentaerythritol tetrakisthioglyco 
late, pentaerythritol tetrakisthiopropionate, trimercaptopro 
pionate tris(2-hydroxyethyl)isocyanulate, 1,4-dimethylmer 
captobenzene, 2,4,6-trimercapto-s-triazine, 2-(N.N- 
dibutylamino)-4,6-dimercapto-s-triazine, etc. 
0102 The mixing ratio of these polyfunctional thiols 
should preferably be confined to 0.1-30% by weight, more 
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preferably 1-20% by weight based on a total weight of solid 
matter of the photosensitive coloring composition. If the mix 
ing ratio of the polyfunctional thiols is less than 0.1% by 
weight, the effects expected of polyfunctional thiols may 
become insufficient. If the mixing ratio of the polyfunctional 
thiols is higher than 30% by weight, the sensitivity of photo 
sensitive coloring composition may become excessive, 
thereby deteriorating the resolution on the contrary. 
(0103 (Solvent) 
0104. The solvent is used for enabling the photosensitive 
coloring composition to be coated uniformly on the Surface of 
a transparent Substrate and for enabling the coloring agent to 
be uniformly dispersed in the photosensitive coloring com 
position. As for the examples of the solvent, it is possible to 
employ water, an organic solvent, etc. Specific examples of 
Such an organic solvent include cyclohexanone, ethyl Cello 
Solve-acetate, butyl CelloSolve acetate, 1-methoxy-2-propyl 
acetate, diethyleneglycol dimethyl ether, propylene glycol 
monomethylether acetate, ethyl benzene, ethyleneglycol 
diethyl ether, xylene, ethyl Cellosolve, methyl-n-amyl 
ketone, propyleneglycol monomethyl ether, toluene, methyl 
ethyl ketone, ethyl acetate, methanol, ethanol, isopropyl alco 
hol, butanol, isobutyl ketone, petroleum solvent, etc. 
0105 (Method of Preparing the Photosensitive Coloring 
Composition) 
0106 Next, the method of preparing the photosensitive 
coloring composition according to the present invention will 
be explained. The photosensitive coloring composition of the 
present invention can be prepared by following known meth 
ods. For example, the photosensitive coloring composition of 
the present invention, which comprises a photo-polymeriZ 
able monomer, a resinous binder, pigment, a dispersing agent 
and a solvent, can be prepared according to any one of the 
following methods (1)–(4). 
0107 (1) A pigment composition which has been prepared 
in advance by mixing a pigment with a dispersing agent is 
added to and dispersed in a solution of a photopolymerizable 
monomer and/or a resinous binder which is dissolved in a 
solvent. Thereafter, other components of the photosensitive 
coloring composition are added to the resultant solution. 
0108 (2) A pigment and a dispersing agent are separately 
added to and dispersed in a solution of a photopolymerizable 
monomer and/or a resinous binder which is dissolved in a 
solvent. Thereafter, other components of the photosensitive 
coloring composition are added to the resultant solutions. 
0109 (3) A pigment is added to and dispersed in a solution 
of a photopolymerizable monomer and/or a resinous binder 
which is dissolved in a solvent to thereby obtain a dispersion. 
Thereafter, a pigment-dispersing agent is added to the disper 
sion and then other components of the photosensitive color 
ing composition are added to the resultant dispersion. 
0110 (4) Two kinds of solutions, each comprising a pho 
topolymerizable monomer and/or a resinous binder which is 
dissolved in a solvent, are prepared. Thereafter, a pigment and 
a dispersing agent are separately added to and dispersed in 
one of the solutions. Then, these solutions are mixed together 
to obtained a mixed solution to which other components of 
the photosensitive coloring composition are added. Inciden 
tally, solely the pigment or Solely the dispersing agent may be 
dispersed in a solvent. 
0111. The dispersion of the pigment and the dispersing 
agent can be carried out by making use of various dispersing 
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devices, such as a triple roll mill, a twin-roll mill, a sand mill, 
a kneader, a dissolver, a high-speed mixer, a homogenizer, an 
attritor, etc. 
0112 Further, on the occasion of preparing a pigment 
composition through the mixing of a pigment and a dispers 
ing agent, although it can be accomplished by simply mixing 
a powdery pigment with a powdery dispersing agent, it is 
more preferable to employ a mixing method (a) wherein these 
powdery components are mechanically mixed together by 
means of various kinds of mixing machines, such as a 
kneader, rolls, an attritor, a Super-mill, etc.; a mixing method 
(b) wherein a pigment is dispersed in a solvent to obtain a 
dispersion and thena Solution containing a dispersing agentis 
added to the dispersion, thereby enabling the dispersing agent 
to adsorb on the Surface of pigment; and a mixing method (c) 
wherein a pigment and a dispersing agent are co-dissolved in 
a strong solvent exhibiting a strong dissolving power, such as 
Sulfuric acid, etc. and then the pigment and the dispersing 
agent are co-precipitated by making use of a poor solvent 
Such as water. 
0113 (Method of Manufacturing a Color Filter Substrate) 
0114. Next, a method of manufacturing a color filter sub 
strate according to the present invention will be explained. 
0115 FIG.3 schematically illustrates the construction of a 
color filter substrate according to one embodiment of the 
present invention. Referring to FIG. 3, a black matrix 13 is 
formed at predetermined locations of a transparent Substrate 
11. In the regions encircled by this black matrix 13, there are 
formed a transparent red pixel 31R, a transparent green pixel 
31G and a transparent blue pixel 31B, each having through 
holes formed therein. An over-coat layer 41, a transparent 
electrode 51 and an orientation film (not shown) are succes 
sively formed on all the transparent red pixels 31R, transpar 
ent green pixels 31G and transparent blue pixels 31B, thereby 
fabricating a color filter substrate 100 according to one 
embodiment of the present invention. 
0116 FIG. 4 schematically illustrates one example of the 
construction of a semitransmissive type liquid crystal display 
device wherein the color filter Substrate 100 shown in FIG. 3 
is employed. Referring to FIG.4, the color filter substrate 100 
shown in FIG. 3 is laminated with an array substrate 110 
having electrodes 61 formed at predetermined locations of 
the transparent substrate 12 to thereby create a cell into which 
a liquid crystal 81 is encapsulated. Thereafter, a polarizing 
film 71 is disposed on the opposite surfaces of the cell to 
construct the semitransmissive type liquid crystal display 
device 200 according to one embodiment of the present 
invention. 
0117 FIGS. 5A-5F show respectively a cross-sectional 
view for Schematically illustrating the steps in sequence of the 
manufacturing method of a color filter Substrate according to 
one aspect of the present invention 
0118 First of all, a photosensitive black color composition 
containing a black pigment (for example, carbon black) dis 
persed in a photosensitive resin is coated on a transparent 
substrate 11 by means of a roll-coating method, etc. to thereby 
form a black photosensitive layer. The surface of this black 
photosensitive layer is then Subjected to patterning exposure 
and thereafter to development. The pattern thus developed is 
then heated to fix it, thereby creating a black matrix 13 at 
predetermined locations on transparent substrate 11 (FIG. 
5A). 
0119. As for the materials for the transparent substrate 11, 

it is possible to suitably utilize not only a glass substrate but 
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also a resinous Substrate made of polycarbonate, polymeth 
ylmethacrylate, polyethylene phthalate, etc. As for the black 
matrix 13, it may be a metallic thin film pattern made of 
chromium. 
0120 Next, a red pigment (for example, dianthraquinone 
based pigment), a polymerization initiator (for example, 
Oxime ester-based polymerization initiator), a dispersing 
agent, a photosensitizer (for example, amine compounds), a 
polymerization inhibitor (for example, hydroquinone) and a 
Solvent are respectively added at predetermined ratios to an 
acrylic photosensitive resin and then the resultant mixture is 
Subjected to mixing and dispersion, thereby preparing a pho 
tosensitive red color composition. 
0121 The photosensitive red color composition thus 
obtained is coated on the surface of transparent substrate 11 
having the black matrix 13 formed thereon by means of a roll 
coating method and the resultant coated layer is prebaked to 
form a red photosensitive layer 31r (FIG. 5B). 
0122. As for the coating method to be employed herein, it 

is also possible to employ a spray coating method, a spin 
coating method, etc. 
0123. Next, the red photosensitive layer 31r is subjected to 
patterning exposure through a photomask and then to devel 
opment, thereby forming, between black matrixes 13, trans 
parent red pixels 31R, each of which is constituted by a red 
reflection portion 31Rb having though-holes 31.x, and by ared 
transmissive portion 31Ra (FIG.5C). 
0.124. It is needless to say that the transparent red pixel 
31R which is constituted by a red reflection portion 31 Rb and 
a red transmissive portion 31Ra is required to be subjected to 
a step to completely fix it, through heat treatment, after fin 
ishing the development. Once the transparent red pixel 31R is 
thermally fixed, it can be completely prevented from being 
adversely influenced by the developing solutions to be 
employed on the occasion of forming green pixels or blue 
pixels in the Subsequent steps. Meanwhile, the measurement 
for assessing the sensitivity for obtaining the aforementioned 
exposure sensitivity curve is performed immediately after the 
development and prior to the thermal fixing. 
0.125. The sensitivity of each of the photosensitive color 
ing compositions prepared in each of Examples and Com 
parative Examples was assessed as follows. 
0126. As for the patterning exposure, it can be suitably 
carried out by way of a proximity exposure system using a 
proximity aligner, wherein the exposure dose is regulated so 
as to make the residual film ratio 85% or more after develop 
ment. 

0127. In this case, regions of the red photosensitive layer 
31r which are located corresponding to the light-shielding 
pattern of photomask, i.e. unexposed regions, are prevented 
from being cured so that these unexposed regions are com 
pletely removed in the developing step. When the exposure is 
performed with the exposure dose which makes the ratio of 
the residual film not lower than 85%, even though the regions 
which are located corresponding to the light-shielding pattern 
of photomask, i.e. unexposed regions, may be slightly sensi 
tized by the diffracted light, the regions which are located 
corresponding to the apertures of photomask, i.e. exposed 
regions, are enabled to sufficiently cure, thereby making it 
possible to create transparent red pixels having a sufficient 
aca. 

0128 Incidentally, a solution of a water-soluble resin oran 
alkaline water-soluble resin (for example, polyvinyl alcohol 
or water-soluble acrylic resin, etc.) may be coated on the 
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surface of red photosensitive layer 31r prior to the step of 
patterning exposure. The coating of these resins is effective in 
minimizing the inhibition of polymerization by the oxygen in 
an ambient atmosphere and also in enhancing the sensitivity 
of red photosensitive layer 31r. 
I0129. As for the developing solution to be employed on 
the occasion of a developing treatment, it is possible to 
employ an alkaline developing solution Such as an aqueous 
alkaline solution or an organic alkaline Solution. As for the 
aqueous alkaline Solution, it is possible to employ sodium 
carbonate, sodium hydroxide, etc. As for the organic alkaline 
Solution, it is possible to employ dimethylbenzyl amine, tri 
ethanolamine, etc. Further, if required, the developing solu 
tion may contain a defoaming agent or a surfactant. 
0.130. Then, in almost the same manner as described in the 
process of forming the aforementioned transparent red pixel 
31R, the transparent green pixel 31G is formed. Namely, a 
green pigment (for example, phthalocyanine green type pig 
ment), a polymerization initiator (for example, oxime ester 
based polymerization initiator), a dispersing agent, a photo 
sensitizer (for example, amine compounds), a polymerization 
inhibitor (for example, hydroquinone) and a solvent are 
respectively added at predetermined ratios to an acrylic pho 
tosensitive resin and then the resultant mixture is subjected to 
mixing and dispersion, thereby preparing a photosensitive 
green color composition. 
I0131 The photosensitive green color composition thus 
obtained is then coated on the Surface of transparent Substrate 
11 having the black matrix 13 and the transparent red pixel 
31R formed thereon by means of a roll coating method and 
the resultant coated layer is prebaked to form a green photo 
sensitive layer. Then, the green photosensitive layer is Sub 
jected to patterning exposure through a photomask, which is 
followed by a step of development and a step of fixing by 
means of heat treatment, thereby forming, between black 
matrixes 13, transparent green pixels 31G each of which is 
constituted by a green reflection portion 31Gb having though 
holes 31.x and by a green transmissive portion 31Ga (FIG. 
5D). 
(0132. Furthermore, in almost the same manner as 
described in the process of forming the aforementioned trans 
parent red pixel 31R, the transparent blue pixel 31B is 
formed. Namely, a blue pigment (for example, phthalocya 
nine blue type pigment), a polymerization initiator (for 
example, oxime ester-based polymerization initiator), a dis 
persing agent, a photosensitizer (for example, amine com 
pounds), a polymerization inhibitor (for example, hydro 
quinone) and a solvent are respectively added at 
predetermined ratios to an acrylic photosensitive resin and 
then the resultant mixture is subjected to mixing and disper 
Sion, thereby preparing a photosensitive blue color composi 
tion. 

I0133. Then, the photosensitive blue color composition 
thus obtained is coated on the Surface of transparent Substrate 
21 having the black matrix 13, the transparent red pixel 31R 
and the transparent green pixel 31G formed thereon by means 
of roll coating method and the resultant coated layer is preb 
aked to form a blue photosensitive layer. Then, the blue pho 
tosensitive layer is subjected to patterning exposure through a 
photomask, which is followed by a step of development and a 
step of fixing by means of heat treatment, thereby forming, 
between black matrixes 13, transparent blue pixels 31B each 
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of which is constituted by a blue reflection portion 31 Bb 
having though-holes 31.x and by a blue transmissive portion 
31Ba (FIG.5E). 
0134. Thereafter, an over-coat layer 41, a transparent elec 
trode 51 and an orientation film (not shown) are successively 
formed on all the transparent red pixels 31R, transparent 
green pixels 31G and transparent blue pixels 31B, thereby 
fabricating a color filter substrate 100 according to one 
embodiment of the present invention (FIG.5F). 
0135. The color filter substrate 100 fabricated as described 
above is laminated with an array substrate 110 having elec 
trodes 61 formed at predetermined locations of the transpar 
ent substrate 12 to thereby create a cell into which a liquid 
crystal 81 is encapsulated. Thereafter, a polarizing film 71 is 
disposed on the opposite Surfaces of the cell to construct the 
semitransmissive type liquid crystal display device 200 as 
shown in FIG. 4. 

EXAMPLES 

0136. Next, examples of the present invention and com 
parative examples will be specifically explained. Incidentally, 
"part(s) mentioned in examples and comparative examples 
means “part(s) by weight'. 

Example 1 
Preparation of Coloring Compositions 

0.137. A blue coloring composition to be employed for the 
manufacture of a color filter was prepared according to the 
following procedures. 
0138 (Preparation of Pigment Dispersion) 
0.139. A mixture having the following composition was 
homogeneously stirred and then, by making use of an Eiger 
mill (Eiger Japan Co., Ltd.: “Mini-model M-250, MKII) 
using Zirconia beads having a diameter of 1 mm, the disper 
sion of the components of the composition was performed for 
2 hours and the resultant product was subjected to filtration by 
making use of a 5 um aperture filter to obtain a pigment 
dispersion. 

e-type copper phthalocyanine pigment 11.0 parts 
(C.I. Pigment Blue 15:6) 
(BASF Co., Ltd.: “Heliogen Blue-L-6700F.) 
Phthalocyanine pigment derivative represented by 1.0 part 
the following chemical formula (2) 

CH3 

Cu-pc-SO2NH(CH2)3N 

CH 

(2) 

(wherein Cu-pc denotes a copper phthalocyanine 
residue) 
Solution of photosensitive transparent resin 9.9 parts 
Solution of nonphotosensitive transparent resin 30.1 parts 
Cyclohexanone 48.0 parts 

0140 (Preparation of Photosensitive Coloring Composi 
tion) 
0141. Then, a mixture having the following composition 
was homogeneously stirred and the resultant mixture was 
Subjected to filtration by making use of a 1 Lum aperture filter 
to obtain a photosensitive coloring composition. 
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Aforementioned dispersion 52.0 parts 
Acrylic varnish 7.0 parts 
Photopolymerizable monomer 3.5 parts 
(Tohwa Gosei Co., Ltd.; Aronix M-402) 
Oxime ester-based photopolymerization initiator 1.0 part 
(Ciba Speciality Chemicals Co., Ltd.: “IrgOXE01) 
Photopolymerization initiator 1.0 part 
(Ciba Speciality Chemicals Co., Ltd.: “Irg379) 
Photosensitizer 0.2 part 
(Hodogaya Chemicals Co., Ltd.: “EAB-F") 
Cyclohexanone 21.5 parts 
Propyleneglycol monomethylether acetate 13.8 parts 

0142. Thereafter, 0.5 parts of an anone solution containing 
1% of hydroquinone was added to the aforementioned blue 
coloring composition to obtain the blue photosensitive color 
ing composition of this example. 

Example 2 

0143. The blue photosensitive coloring composition of 
this example was manufactured by repeating the same proce 
dures as described in Example 1 except that the quantity of the 
anone solution containing 1% of hydroquinone was changed 
to 0.8 parts. 

Example 3 

0144. A mixture having the following composition was 
homogeneously stirred and then, by making use of a 1 um 
aperture filter, the resultant product was subjected to filtration 
to obtain a blue coloring composition having photosensitiv 

Aforementioned dispersion 52.0 parts 
Acrylic varnish 7.0 parts 
Photopolymerizable monomer 3.5 parts 
(Tohwa Gosei Co., Ltd.; Aronix M-402) 
Photopolymerization initiator 2.0 parts 
(Ciba Speciality Chemicals Co., Ltd.: “Irg379) 
Photosensitizer 0.2 parts 
(Hodogaya Chemicals Co., Ltd.: “EAB-F) 
Cyclohexanone 21.5 parts 
Propyleneglycol monomethylether acetate 13.8 parts 

0145 Thereafter, 1.0 part of an anone solution containing 
1% of hydroquinone was added to the aforementioned blue 
coloring composition to obtain the blue photosensitive color 
ing composition of this example. 

Example 4 

0146 A mixture having the following composition was 
homogeneously stirred and then, by making use of a 1 um 
aperture filter, the resultant product was subjected to filtration 
to obtain a blue coloring composition having photosensitiv 

Aforementioned dispersion 52.0 parts 
Acrylic varnish 7.0 parts 
Photopolymerizable monomer 3.5 parts 
(Tohwa Gosei Co., Ltd.; Aronix M-402) 
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-continued 

Oxime ester-based photopolymerization initiator 2.0 parts 
(Ciba Speciality Chemicals Co., Ltd.: “CGI242) 
Photosensitizer 0.2 parts 
(Hodogaya Chemicals Co., Ltd.: “EAB-F") 
Cyclohexanone 21.5 parts 
Propyleneglycol monomethylether acetate 13.8 parts 

0147 Thereafter, 1.5 parts of an anone solution containing 
1% of hydroquinone was added to the aforementioned blue 
coloring composition to obtain the blue photosensitive color 
ing composition of this example. 

Example 5 
0148. The blue photosensitive coloring composition of 

this example was manufactured by repeating the same proce 
dures as described in Example 1 except that 0.5 parts of the 
anone solution containing 1% of hydroquinone which was 
added to the blue coloring composition prepared in Example 
1 was replaced by 0.8 parts of an anone solution containing 
1% of methoduinone. 

Example 6 

014.9 The blue photosensitive coloring composition of 
this example was manufactured by repeating the same proce 
dures as described in Example 5 except that the quantity of the 
anone solution containing 1% of methoduinone was changed 
to 1.0 part. 

Example 7 

0150. A mixture having the following composition was 
homogeneously stirred and then, by making use of a 1 um 
aperture filter, the resultant product was subjected to filtration 
to obtain a blue photosensitive coloring composition. 

Aforementioned dispersion 52.0 parts 
Acrylic varnish 7.0 parts 
Photopolymerizable monomer 3.5 parts 
(Tohwa Gosei Co., Ltd.; Aronix M-402) 
Oxime ester-based photopolymerization initiator 2.0 parts 
(Ciba Speciality Chemicals Co., Ltd.: “IrgOXE01) 
Photosensitizer 0.2 parts 
(Hodogaya Chemicals Co., Ltd.: “EAB-F) 
Cyclohexanone 21.5 parts 
Propyleneglycol monomethylether acetate 13.8 parts 

Comparative Example 1 

0151. The blue photosensitive coloring composition was 
manufactured by repeating the same procedures as described 
in Example 1 except that neither the anone solution contain 
ing 1% of hydroquinone nor the anone solution containing 
1% of methoduinone was added to the composition. 

Comparative Example 2 

0152. A mixture having the following composition was 
homogeneously stirred and then, by making use of a 1 um 
aperture filter, the resultant product was subjected to filtration 
to obtain a blue coloring composition having photosensitiv 

10 
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Aforementioned dispersion 52.0 parts 
Acrylic varnish 7.0 parts 
Photopolymerizable monomer 7.0 parts 
(Tohwa Gosei Co., Ltd.; Aronix M-402) 
Photopolymerization initiator 4.0 parts 
(Ciba Speciality Chemicals Co., Ltd.: “CGI242) 
Photosensitizer 0.2 parts 
(Hodogaya Chemicals Co., Ltd.: “EAB-F) 
Cyclohexanone 18.0 parts 
Propyleneglycol monomethylether acetate 11.8 parts 

0153 (Assessment of Sensitivity) 
0154 Each of the photosensitive coloring compositions 
prepared in these Examples and Comparative Examples was 
assessed with respect to the sensitivity thereof. 
0155 Namely, first of all, the photosensitive coloring 
composition obtained as described above was coated, by 
means of a spin-coating method, on the Surface of a glass 
substrate and then allowed to dry to form a coated film having 
a film thickness of 2.0 um. Thereafter, the coated film was 
prebaked for 20 minutes at a temperature of 70° C. and then 
exposed, by means of a proximity exposure system using a 
proximity aligner, to ultraviolet rays through a photomask 
with a fine pattern having a line width of 50 um. The exposure 
dose was varied over nine levels within the range of 10 
mJ/cm to 300 m.J/cm. 
0156 Then, by making use of a 1.25 wt % sodium carbon 
ate solution, the coated film thus exposed was subjected to 
shower development, immediately after which the coated 
film thus developed was washed with water, thereby finishing 
the patterning without Subjecting the coated film to heating/ 
fixing treatment. 
0157. Then, the film thickness of the filter segment thus 
obtained was divided by the film thickness (2.0 um) of an 
unexposed/undeveloped region, thereby calculating the 
residual rate of the film. By making use of a coordinate 
system with the abscissa thereof representing the common 
logarithm of the exposure applied to the coated layer and the 
ordinate thereof representing the residual rate of the film after 
development, the sensitivity was plotted to obtain an expo 
sure sensitivity curve, as shown in FIG. 6. Based on the 
exposure sensitivity curve thus obtained, the initial exposure 
dose in the exposure sensitivity curve was defined as a rising 
exposure dose and the minimum exposure dose needed to 
attain a residual rate of 85% or more was defined as a satu 
rated exposure dose, and, from the following equation, the tan 
0 of the exposure sensitivity curve (0 is a rising angle) y 
(contrast) and the sensitivity cut rate were calculated. 

Y=0.85/((Log(saturated exposure dose)-Log(rising 
exposure dose))) 

Sensitivity cut rate=Rising exposure dose/Saturated 
exposure dose(Assessment of Patterning Properties) 

0158 Each of the photosensitive coloring compositions 
prepared in these Examples and Comparative Examples was 
assessed with respect to the patterning properties thereof. 
0159. Namely, first of all, the photosensitive coloring 
composition obtained as described above was coated by 
means of a spin-coating method on the Surface of a glass 
substrate and then allowed to dry to form a coated film having 
a film thickness of 2.0 um. Thereafter, the coated film was 
prebaked for 20 minutes at a temperature of 70° C. and then 
exposed, by means of proximity exposure system using a 
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proximity aligner, to ultraviolet rays through a photomask 
with an octagonal hole pattern having a width of 6-20 Lum. The 
exposure dose was set to 100 m.J/cm. 
0160 Then, by making use of a 1.25 wt % sodium carbon 
ate Solution, the coated film thus exposed was Subjected to 
shower development, immediately after which the coated 
film thus developed was washed with water, thereby finishing 
the patterning. The developing time was defined as an appro 
priate time needed to wash away the unexposed coated film. 
Then, the residual film was heat-treated for 60 minutes at a 
temperature of 230°C. to manufacture a test substrate. 
0161 The through-holes of the transparent layer thus 
obtained were assessed with respect to (1) the through-hole 
width (the width of a through-hole of the transparent color 
layer relative to the hole width of the photomask), and (2) the 
cross-sectional configuration of through-holes of the trans 
parent layer. 
0162. With respect to the aforementioned item (1), the 
assessment thereof was performed by making use of an opti 
cal microscope. As for the ranks of this assessment, the trans 
parent color layer which made it possible to obtain a through 
hole having a width which was not smaller than the width of 
the through-hole of photomask and also having no color 
residue in the interior of the through-hole was indicated by 
“O'”, and the layer which failed to satisfy these conditions 
was indicated by 'X'. 
0163 With respect to the aforementioned item (2), the 
assessment thereof was performed by making use of a scan 
ning electron microscope (SEM). As for the ranks of this 
assessment, the transparent color layer with a through-hole 
having a cross-sectional configuration tapered ordinary, or 
not tapered, was indicated by “O'”, and the layer with a 
through-hole having a cross-sectional configuration tapered 
reversely was indicated by X-” 
(0164 (Results) 
0165. The results thus obtained are summarized in the 
following Table 1. 

TABLE 1. 

Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. S 

Polymerization initiator HQ HQ HQ HQ MQ 
Content of 1% anone solution 0.5 part 0.8 part 1.0 part 1.5 part 0.8 part 

Initiator Irg379 O O O O 
IrgOXEO1 O O O 
CGI242 O 

Rising exposure (m.J/cm) 40 40 50 60 40 
Saturated exposure (m.J/cm) 100 130 130 130 130 

y 2.1 1.7 2.0 2.5 1.7 
Sensitivity cut rate (%) 40.0 30.8 38.5 46.2 30.8 
Configuration of pattern O O O O O 

Hole width 6 Im X X O O X 
8 Lim O O O O O 

10 m O O O O O 

Note 1: 
HQ: Hydroquinone 
Note 2: 
MQ: Methoduinone 

0166 As shown in Table 1, in the cases of Examples 1-6 
where the blue photosensitive coloring compositions which 
were prepared through the employment of an anone solution 
containing 1% of hydroquinone or methoduinone as a poly 
merization inhibitor were employed, or in the case of 
Example 7 where only the oxime ester-based polymerization 
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initiator was employed as a polymerization initiator, it was 
possible to obtain a photosensitive coloring composition 
wherein they (contrast) of the exposure sensitivity curve of 
the photosensitive coloring composition was 1.33 or more 
and the exposure sensitivity properties thereof were such that 
they were not sensitive to Such a small exposure dose that was 
not more than 23% of the minimum exposure dose that makes 
the residual rate of the film not lower than 85% after devel 
opment. It was also confirmed that, as long as these conditions 
were satisfied, it was possible to form through-holes each 
having a diameter not larger than 10 um and being excellent in 
configuration of pattern and in accuracy. 
0167. Whereas, in the cases of Comparative Examples 1 
and 2, it was impossible to obtain a photosensitive coloring 
composition wherein they was 1.33 or more and the exposure 
sensitivity properties thereof were such that they were not 
sensitive to Sucha Small exposure dose that was not more than 
23% of the minimum exposure dose that makes the residual 
rate of the film not lower than 85% after development. For this 
reason, it was difficult to form a through-hole having a diam 
eter not larger than 10 Jum. 

What is claimed is: 
1. A photosensitive coloring composition which comprises 

a photo-polymerizable monomer, a resinous binder, a poly 
merization initiator, a coloring agent and a solvent; and has an 
exposure sensitivity property in which Y (-tan 0) is confined 
to 1.33 or more and a residual rate of a film of the photosen 
sitive coloring composition after development is 0% at an 
exposure dose of not more than 23% of the minimum expo 
sure dose that makes the residual rate of the film not lower 
than 85%, when a rising angle of an exposure sensitivity 
curve is defined as 0 in the exposure sensitivity curve to be 
derived by plotting exposure sensitivity in coordinates with 
an abscissa thereof representing common logarithm of the 
exposure dose and with an ordinate thereof representing the 
residual rate of the film after development. 

Comp. Comp. 
Ex. 6 Ex. 7 Ex. 1 Ex. 2 

MQ 
1.0 part O.O part 
O O 
O O O 

O 
30 40 2O 5 
120 100 130 25 

1.4 2.1 1.O 1.3 
2SO 40.O 15.4 2O.O 

2. The photosensitive coloring composition according to 
claim 1, wherein Y (-tan 0) is confined to 1.4 or more and the 
residual rate of the film after development is 0% at the expo 
sure dose of not more than 25% of the minimum exposure 
dose that makes the residual rate of the film not lower than 
85%. 
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3. The photosensitive coloring composition according to 
claim 1, which further comprises a polymerization inhibitor 
represented by the following chemical formula (I): 

OH 

O' 
R 

wherein R is hydroxyl group or alkoxy group; and R is 
C.H. (n 0-4). 

4. The photosensitive coloring composition according to 
claim 3, wherein the polymerization inhibitor is hydro 
quinone or methoduinone. 

5. The photosensitive coloring composition according to 
claim 3, wherein the polymerization inhibitor is contained at 
a ratio of 0.001-0.05% by weight based on a total weight of 
Solid matter of the photosensitive coloring composition. 

6. The photosensitive coloring composition according to 
claim 1, wherein the polymerization initiator is an oxime 
ester-based polymerization initiator. 

7. The photosensitive coloring composition according to 
claim 6, wherein the oXime ester-based polymerization ini 
tiator is selected from the group consisting of 1.2-octane 
dione, 1-4-(phenylthio)-2-(O-benzoyl oxime), and 
O-(acetyl)-N-(1-phenyl-2-oxo-2-(4-methoxy-naphthyl)eth 
ylidene)hydroxylamine. 

8. The photosensitive coloring composition according to 
claim 1, wherein the polymerization initiator is formed of a 
combination of an oxime ester-based polymerization initiator 
with at least one kind of other polymerization initiator 
selected from the group consisting of an acetophenone-based 
compound, a benzoin-based compound, a benzophenone 
based compound, a thioxanthone-based compound, a triaz 
ine-based compound, a phosphine-based compound, a 
quinone-based compound, aborate-based compound, a car 
bazole-based compound, an imidazole-based compound, and 
a titanocene-based compound. 
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9. A color filter substrate to be disposed on the observer's 
side Surface of a liquid crystal display device, comprising: 

a transparent Substrate; and 
a transparent color layer disposed on each of a large num 

ber of pixel regions which are formed by partitioning a 
Surface of the transparent Substrate; 

wherein the pixel region is divided into a transmissive 
portion and a reflective portion, the transmissive portion 
being assigned to colorize a transmitted light from a 
light source arranged on the rear Surface side of the 
liquid crystal display device and the reflective portion 
being assigned to colorized a reflected light to be derived 
from reflection of an external light entering from the 
observer's side; and wherein a through-hole is formed in 
a region of the transparent color layer where the reflec 
tive portion is located, and part of the transparent color 
layer is formed of a cured layer of a photosensitive 
coloring composition comprising a photo-polymeriz 
able monomer, a resinous binder, a polymerization ini 
tiator, a coloring agent and a solvent; 

the photosensitive coloring composition having an expo 
sure sensitivity property in which Y (-tan 0) is confined 
to 1.33 or more and a residual rate of a film of the 
photosensitive coloring composition after development 
is 0% at an exposure dose of not more than 23% of the 
minimum exposure dose that makes the residual rate of 
the film not lower than 85%, when a rising angle of an 
exposure sensitivity curve is defined as 0 in the exposure 
sensitivity curve to be derived by plotting exposure sen 
sitivity in coordinates with an abscissa thereof repre 
senting common logarithm of the exposure dose and 
with an ordinate thereof representing the residual rate of 
the film after development. 

10. A semitransmissive type liquid crystal display device 
comprising: 

the color filter substrate claimed in claim 9: 
an array substrate disposed to face the color filter substrate; 

and 
a liquid crystal layer interposed between the color filter 

Substrate and the array Substrate. 
c c c c c 


