DESCRIPTION
TITLE OF THE INVENTION: COLOR FILER AND DISPLAY DEVICE
TECHNICAL FIELD |
[0001]

The present invention relates to a color filter and a
display device.
BACKGROUND ART
[0002]

Liguid crystal display devices take advantage of
properties thereof, such as light weight, small thinness or
reduced power consumptlon, to be used for various apparatuses,
such as televisions, noteboock personal computers, portable
information terminals, swmartphones, or digital assistants.
[0003]

A color filter is a member necessary for allowing a liguid
crystal display device té attain color display, _emci is generally ~
a three-color cclor filter in which pixels each ccmposed of
three~color auxiliary pixels that are a red auxiliary pixel,
a green auxiliary pixel and a blue auxiliary pixel are finely
patterned (Patent Document 1). In the three-color color filter,
a white color is obtained by additive color mixzture of the
auxiliary pixels‘of three colors of red, green and blue,
{00047

In recent years, as a means for improving a l1iguid crystal

display device in transmittance, a four-color color filter has
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heen proposed, ‘in which pixels eacﬁ having a white auxiliary
pixel, in addition to auxiliary pixels of three colors of red,
green.and blue, are finely patterned (Patent Document 2). In
this four-color .collor filter, the white auxiliary pixel
contains no coleorant to be transparent, and thus whit@: light
froma light source isused as it is, resulting in an improvement
in transmittance. The transparent white auxiliary pixel is
formed using a resin composition containing a polymerization
polymer, a cationic polymerizable compound and a
thermosensitive acld~generating agent.
00053

In the meantime, as a method for improving a color filter
in aperture ratio, a method of making a line width of a b'lacic
matrix.narrow To 1 Lo 2 um has been proposed {(Patent Document
3).
PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0006]

Patent Document 1: Japanese Patent L\aid~open Publication
No. 2004-309537

Patent Document 2: Japanese Patent Laid-cpen Publication
No. 2012-83794

Patent Document 3: Japanese Patent Laid-open Publication
‘No.' 9-265006

SUMMARY OF THE INVENTION



PROBLEMS TO BE SOLVED RBY THE INVENTION
[0007]

However, in order that a conventional four-color color
filter improved in transmittance gains a brighter white color,
it is necesgsary to use not only the chromaticity of a white
auxiliary pixel, which is equal to the chromaticity of a color
source, but also the chromaticity of a white color based on
additive color mixture of auxiliary pixels of three colors of
red, green and green. However, it is very difficult to make
both the chromaticities equal to each other, namely, match both
the chromaticities with each other. Thus, the color filter has
the problem of being poor in white balance.

[ooos]

When a line width of a black matrix is made narrow for an
improvement of a color filter in aperture ratio, white spots are
easily generated so that there arises a problem that color shift
due to the white spots are easily generated. Embodiments of the
present invention provide a color filter having a high
transmittance, an excellent white balance and a high aperture
ratio, and causing no color shift due to white spots.

SOLUTIONS TO THE PROBLEMS
[0009]
Thus, the present inventors have made eager investigations,

and as a result have found out that, for the



white balance of a four-color color filter, not the chromaticity
of an additively mixed color of auxiliary pixels of three colors
of red, green and blue ig one-sidedly matched with the
chromaticity of a white auxiliary pixel, but the chromaticity of
a white auxiliary pixel is simultaneously matched with the
chromaticity of an additively mixed color of auxiliary pixels of
three colors of red, green and blue, namely, the white auxiliary
pixel is allowed to serve as an auxiliary pixel of a fourth
color, which has a specified amount of a colorxant and has a
specified chromaticity.

[0010]

The present inventors have further made eager
investigations, and have found out that, about the shape of the
color filter, while the difference in transmittance between each
of the three colors of red, green and blue, and white spots is
large in the red, green and blue auxiliary pixels so that color
shift due to the white spots is largely affected, the difference
in transmittance between the fourth color and the white spots is
small in the auxiliary pixel of the fourth color so that the
influence of color shift due to the white spots is small, and
thus, a line width of a black matrix adjacent to the auxiliary
pixel of the fourth color can be made narrow.

[c011]
Embodiments of the present invention provide a color filter

and a display device as described below:



According to an aspect, there is provided a color filter in
which a black matrix is formed on a transparent substrate, a
pixel including a red auxiliary pixel, a green auxiliary pixel,

a blue auxiliary pixel and an auxiliary pixel of a fourth color
is formed at an opening in the black matrix, or at the opening
in the black matrix and on the black matrix, the line width L1

of the black matrix between the auxiliary pixel of the fourth
color and each of other auxiliary pixels ig from 0 to 4.5 um, the
auxiliary pixels each contain a colorant and a resin, and the
tristimulus value (Y) of the auxiliary pixel of the fourth color
according to the CIE 1931 color system is in the range of 70 < ¥<

99.

In an embodiment, the line width L1B of the black matrix between

the auxiliary pixel of the fourth color and the blue auxiliary

pixel is from 0 to 3.5 um.

In an embodiment, a relationship between the value L1 and the

broadest line width L2 of the black matrix satisfies the

following: 0 £ L1/L2 £ 0.8.

In an embodiment, in the pixel, the width L3 of the auxiliary

pixel of the fourth color on the black matrix is from 0 to 2.0

pm.

In an embodiment, the area of each of the auxiliary pixels of

red, green, blue and the fourth color is from 240 to 3120 um?.

In an embodiment, the concentration of the colorant in the

auxiliary pixel of the fourth color is from 0.3 to 3% by mass.
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In an embodiment, the film thickness of the auxiliary pixel of

the fourth color is from 0.8 to 2.0 um.

In an embodiment, the tristimulus value (Y) of the auxiliary

pixel of the fourth color according to the CIE 1931 color system

is in the range of 75 £ Y £ 90.

Digclosed herein is a display device comprising the above color

filter.

EFFECTS OF THE INVENTION
[0012]

The color filter as per embodiments of the present
invention can obtain a high transmittance and a good white
balance, can prevent color sghift due to white spots, and can be

improved in aperture ratio.

[0013]
The display device having the color filter as per the
above disclosure is high in both of transmittance and aperture

ratio, and thus can be improved in light-use-efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

Fig. 1 is a schematic view illustrating a cross section of
a black matrix formed on a transparent substrate, the section
being vertical to the longitudinal direction of an opening in

the black matrix.
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igs. 2(a) and 2(b) are, respectively, a cross section
and a plan view of a CF model according to a first embodiment
of the present invention.

-~

igs. 3{a) and 3(b) are, respectively, a cross section

rxj

and a plan view of a CF model according to an embodiment which
ig not according to the present invention.

Figs. 4{a} and 4 (b)) are, respectively, a cross section
and a plan view of a CF model according to a second embodiment
of the present invention.

Figs. &5(a) and 5{b) are, respectively, a cross section
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and a plan view-of a CF model according to a third embodiment
of the present invention.

Figs. 6{a) and 6 (b) are; respectively, a cross section
and a plan view of a CF model according to a fourth smbodiment

of the present invention.

Bl

figs. 7(a) and 7{(b) are, respectively, cross section

1

h

and a plan view of a CF model according to a fifth embodiment

on.

k,..f.

of the present invent

EMBODIMENTS OF THE INVENTION

&3]

(00153

The color filter (hereinafter, “CF”) of the present
invention is a color filter in which a black matrix is forﬁed
on a transparent substrate, a pixel inéluding a red auxiliary

pixel, a green auxiliary pixel, a blue auxiliary pixel and an

auxiliary pixel of a fourth color is formed at an opening in
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the black matrix, or at the opening in the black matrix and on
the black matrix, the line width L1 of the black matrix between
The auxiliary pixel of the fourth color and each of other

auxiliary pixels is from O to 4.5 um, the auxiliary pixels each
c;ontain a colorant and a resin, and the tristimulus value (Y}
of the auxiliary pixel of the fourth color according to the CIE

1931 color system is in the range of 70 £ ¥< 89,

[

O

016]

—

By setting the tristimulus value (Y) (hereinafter, “(Y)")
of the auxiliary pixel of the fourth color according to the CIE
1831 color system in the above-mentioned fange, the color filter
can be improved in transmittance and white balance. By setting
the line width L1 between the auxiliary pixel of the fourth color

3 3

and each of other auxiliary pixels inthe amovefmentioned range,
color shift due towhite spots can be prevented in the red, gréeen
and blue auxiliary pixels, and the aperture ratio of each of
the auxiliary pixels can be improved.
10017}

First, the transmittance and the white balance of the CF
of the present invention will be described.
[0018]

The auziliary pixels ’of red, green, blue and the fourth
color each need to contain a colorant and a resin. The

concentration of the colorant in the auxiliary pixel of the

fourth color is preferably from 0.3 to 3% by mass, further

8



preferably from 0.5 to 2% by masé, more preferably from 0.6 to
1.9% bymass. If the concentration of the colorant is less than
0.3% by mass, the CF' may ke poor in white balance. If the
concentration of the colorant is more than 3% by mass, the CF
may be lowered in transmittance.

[0019]

The concentration of the colorant in each of the auxiliary
pixels means the proportion ¢f the colorant in the entire solid
content in each of the auxiliary pixels. The concentration of
the colorant in each of the auxiliary pixels can be adjusted
in the above-mentioned range by controlling the mixing ratio
of the colorant and the resin in preparation of a colorant
composition. The concentration of the colorant in each of the
auxiliary pixels can be measured by a method described
hereinafter. First, about any auxiliary pifx:ei to be measured,
the' colorant and tﬂe resin are extracted through a
micro-manipulator. More specifically, asg solvents, ethanol,
chloroform, hexane, N-methylpyrrolidone and dimethylsulfoxide
are sach separately w"ejﬂghed in a weight ¢f 99 mg. The colorant

and the resin to be extracted, the amount of which is 1 mg, are

then added to each of the scolvents. The resultants are left

n

to stand at 40°C for 12 hours. The resin is extracted into each
of the solvents, and then each of the solutions is filtrated
to separate a solution of the resin and the colorant from each

other. Next, a transparent and colorless solution, out of the
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resin solutions after the filtration, is weighed in a weight
of 50 mg, and then left to stand at 150°C for 5 hours to volatilize
the solvent, drying the resin. Whether the resin solutions are
each transparent or not can be determined as follows: the
respective sclvents are visually compared with the respective
;esim solutions after the filtration, respectively, and then
a solution having no color difference, out of the resin
solutions, can be determined to be transparent.
[0020]

Next, in the case of'using each of the solwvents, the mass
of the resin after drying is measured. The highest
concentrafion value of the resin, ouz ¢of the resultant

concentration values, is defined as the resin mass A (A = 0 to

0.50 mg). In accordance with expressions 1 and 2 described
below, the resin concentration and the colorant concentration

each can be calculated. By using a plurality of sclvents as
described above to make such a measurement, the accuracy of the

measurement can be heightened.

Resin concentration (% by mass) = (A x 2)/1 .. expression 1
Colorant concentration (% by mass) = (1 ~Ax 2)/1 .. expression

2

The concentration of the colorant in the red auxiliary
pixel is preferably from 20 to 50% by mass. That of the colorant
in the green auxiliary pixel is preferably from 30 to 50% by

mass. That of the colorant in the blue auxiliary pixel is
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preferably from 15 to 40% by mass.
[0021]

The txistimulﬁs value (Y) of the auxiliary pixel of the
fourth color according to the CIE 1931 color Systeﬁ needs to
be in the range of 70 £ Y £ 99, and is preferably in the range

o

of 71 £ Y £ 98, more preferably in the range of 75

IA

Y £ 90.
If thevalue Y is less than 70, the CF is lowered in transmittance.
I1f the value Y is more than 99, the CF is poor in white balance.
The value (YY) of the auxiliary pixel of the fourth color can
pe controlled in accordance with the kind, the mixing ratio and
the concentration of the colorant used in the auxiliary pixel
of the fourth color.
[0022]

Examples ¢f the colorant used in the auxiliary pixel of
thg fourth color include a pigment aﬁd a dye. Exam?les of a
blue pigment include C.I. Pigment Blue (PB)-15, PB-15:1,
PB-15:2, PB~15:3, PB~15:4, PB-15:5, PB-15:6, PBR~10, and PB~60.
Examples of a violet pigment include C.I. Pigment Violet {PV)-19,
PB—ZB, and PV-37. Examples cf a red pigment include C.I.
Pigment (PR)-149, PR-166, PR~177, PR~179, PR-209, and PR-254.
[0023]

Examples of a blue dye include C.I. Basic Blue (BRB)-5,
BE*?, BR~2, and BB-26. Exampi@s cf a violet dye include C.1I.
Basic Violet (BV)-1, BV-3, and BV-10. Examples of a red dye

include C.I. Acid Red (AR)-51, AR~87, and AR-289.
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100247

The hue of the auxilia:y pixel of the fourth color can
be selected from biue, red, violet, yellow, green, or bluish
greeni. The hue is preferably light blue, light violet, or 1ight

3

red. More specifically, the chromaticity (x, y) of the
auxiliary pixel of the fourth color according to the CIE 1831
color system, the chromaticity being measured by use of a C light
source, (hereinafter, (x, y)), is preferably in the range of
0.250 £ x < 0.305 and 0.285 <y £ 0.315, more preferably in the
range of 0.275 £ x £ 0.305 and 0.295 <y £ 0.305. By setting
the chromaticity in the range, the white balance and a high
transmittance of the CF 1s easily satisfied at the same time.
[0025]

Examples of the resin used in the auxiliary pixel of the
fourth color include an acrylic resin, an epoxy resin, and a
polyimide resin. A photosensitive acrylic resin is preferred
since the resin can make production costs for the CF low. The
photosensitive acrylic resin generally contains an
alkali-soluble resin, a photopolymerizable monomer and a
photopolymerization initiator.

[0026]
Examples of the alkali-soluble resin include a copclymer
of an unsaturated carboxylic acid and an ethylenic unsaturated

compound. Examples of the unsaturated carboxylic acid include

acrylic aclid, methacrylic acid, itaconic acid, crotonic acid,
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maleic acid, fumaric acid, and vinyl acetate, and acid
anhydrides thereof.
EOO27]
Examples of the photopolymerizable monomer include
rimethylolipropane tri{meth)acrylate, pentaervythrito
tri{meth)acrylate, triacrylformal, pentaerythritol
tetra (meth)acrylate, dipentaerythiitol hexa (meth)acrylate,

and dipentserythritol penta{meth)acrylate.

'_..I..

Examples of the photopolymerization initiator include
benzophenone, N,N’-tetraethyl-4,4’-diaminobenzophenone,
4~methoxyw4’«dimethyiaminobenzophenone,
2,2-diethoxyacetophencne, oa-~hydroxyisobutylphenone,
thioxanthone, and 2-chlorothioxanthone.
[0029]

Examples of the solvent for dissolving the photosensitive
acrylicresinincludepropyleneglycolﬂmnomethyletheracetate,

propylene glycol monoethyl ether acetate, ethyl acetoacetate,

methyl-3-methoxy propionate, ethyl-3-ethoxy propionate,

Lot

methoxybutyl acetate, and 3-methyl-3-methoxybutyl acetate.
{00301

In the case of using the photosensitive acrylic resin as
ﬁhe.resin,eazesin.component iﬁcludingtjmaalkalimsolubie:Eesin,

the photopolymerizable monomer and a polymer dispersing agent,

and the colorant are handled as the entire sclid content.

13



As described above, the concentration of the colorant in
the auxiliary pixel of the fourth color is far lower than that

of the colorant in each of the red, green and blue auxiliary

vixel

@

. In order to cancel the difficulty in patterning of the
auxiliary pixels, which is due to a low concentration of the
colorant excellent in alkalil resistance, it is preferred to set
the mixing ratio by mass of the alkali-soluble resin and the
photOpolymerizableHwnomexsztheauxiliarypixelcﬁfthefourth
color in the range of 50 : 50 to 10 : %0. If the proportion
of the alkali-soluble resin is more than 50% by mass, the

auxiliary pizel of the fourth color may be c:ack@d. If the
proportimaofthealkali;solubleresmgislessthanl@%bynmss,

residue may be generated in an unexposed portion of the
P

s

auxlliary pixel of the fourth color.
10032)

Bxamples of the colorant used in each of the red, green,
and blue auxiliary pixels include a pigment and a dya. The red
auxiliary pixel preferably contains PR~254; the green auxiliary
pixel preferably contains PG-7, PG~36, or PG~58; and the blue

auxiliary pixel preferably contains PB-15:6. Examples of the

.

plgment used in the red auxiliary pixel, which is other than
PR~254, include PR~149, PR~-166, PR-177, PR-209, PY-138, PY-130,
and PYP-139. Examples of the pigment used in the green

auxiliary pixel, which is other than PG~7, PG~3%, and PG~-58,
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include ?G-37, PB-14, PY-129, PY-138, PY-139, BY-150, and
PY-185. \Examp¢es of the pigment used in the blue auxiliary
pixel, which is other than PB-15:6, include PV-23.

[0033]

Examples of the resin used in each of the red, green and
blue auxiliary pixels include an acrylic resin, an epoxy resin,
and a polyimide resin. A photosensitive acrylic resin is
pfeferred since the resin can make production costs for the CF
low.

[0034f

The black matrix (hereinafter, “BM”) in the CF of the
present invention is preferably a resin BM contalning a
light-shielding agent and a resin. Examples of the
light-shielding agent include carbon black, titanium oxide,
titanium oxynitride, titanium nitride, and iron tetraoxide.
[0035]

The resin used in the resin BM is preferably a
norni-photosensitive polyiﬁide resin since a fine pattern is
easily formed. The non~photosensitive polyimide resin is
preferably a polyimide resin obtained by subjecting a polyamic
acid resin synthesized by an acid anhydride and a diamine to
patterning, and then thermally curing the resin. Examples of
the acid anhydride include pyromellitic dianhydride,
3,3",4,4" ~oxydiphthalcarboxylic dianhydride,

3,3",4,4 -benzophenonetetracarboxylic dianhydride, and
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3,37 ,4,4" -piphenyltrifluoropropanetetracarboxylic
dianhydride. Examples of the diamine include
p~phenylenediamine, 3,3’~diaminodiphenyl ether,

4,4’ ~diaminodiphenyl ether, and 3,4’-diaminodiphenyl ether.
Examples of a solvent for dissolving the polvamic acid resin
include N-methyl-2-pyrrolidone and ywbutyéolactone.

[003¢€]

It is preferzéd.to form a transparent protective film on
the CF in which the BMas well as the red, green and blue auxiliary
pixels and the auxiliary pixel of the fourth color are formed.
Lxamples of a resin used in the transparent protective film
inciu@sanepoxyresmm-anacrylicepoxyrésin,anacrylicresin,
a siloxane resin, and a polyimide resin.

(00371

The following will describe the respective shapes of the
BM and the'pixéls which constitute ihe CE of the present
invention.

[0038]

Fig. 1 is a schematic view illustrating a cross section

of a blackmatrix formed on a transparent substrate, the section
(rectangular in this example) being vertical to the
longitudinal direction of an opening in the black matrix. In

" +he sectional view, the broadest line width of the BM is
represented by the BM line width 2W; the broadest width of an

auxiliary pixel therein is represented by the auxiliary pixel
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width 3W; the narrowest width between two lines of the BM is
represented by the opening width 4W; and the broadest width of
an auxiliary'ﬁixel on one line of the BM is represented by the
on-BM~-line width 5W.

[0039]

23]

"igs. Z(a) and 2 ({b) are, respectively, a sectional view
and a plan view cf a CF model according to a first embodiment
of the present invention. Asillustratedinthe secticnal view,
lines (2-1) to (2-4) of the BM are formed on.a transparent
substrate (1). EBEach of a red auxiliary pixel (2-1), an
auxiliary pixel 3-4 of a fourth color, a blue auxiliary pixel
3-2, and a green auxiliary pixel 3-3 is formed at an opening
iﬁ the BM and on the BM. As also illustrated in the plan view,
the BM is formed in a region 2-2 between the red auxiliary pizel
and the auxiliary pixel of the fourth color, in a region 2-3
between the auxiliary pixel of the fourth coclor and the blue
auxiliary pixel, in a region 2-4 between the blue and green
auxiliary pizels, and in a region 2-1 between the green and rad
auxiliary pixels.

[0040]

The BM line width 2W, the auxiliafy pixel width 3W, the
opening width éW; and the on-BM~line width 5W in Fig. 1 may be
varied among the respective auxillary pixels, and among the
respective BM lines in accordance with the variation in

production. Thus, a scanning electronmicroscope (hereinafter,
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“SEM”) is used to obse;:ve auxiliary pixels selected at random
and BM lines formed on both sides of'each of the auxiliary pixels
from above the upper surface of the CF, and each of the BM l:i-ne'
width 2W, the auxiliary pixel width 3W, the opening width 4W,
and the on-BM-line width 5W is determined. Such an.operation
is made as follows.

[(0041]

Using ten of each of the auxiliary pixels, a measurement
of each of the values 2Z2W to 5W is repeated 10 times. Tﬁe
respective ave}'g.‘agés are defined as the BM line width value (2W'),
the auxiliary pizel width value (3W ), the opening width value

(4W") , and the on~BM~line width value {(5W'). namere specific

=

'example, for ten of the auxiliary pixels of the fourth color,

to be measured, which are selected at random from a CF, a scanning

electron microscope is used to wholly cbserve the auxiliary -
pixels and BM lines formed on both sides of each of the auxiliary

pixels. The respective BM line width 2W values determined are

averaged, and the resultant average is defined as the BM line

width (2W) of the auxiliary pixels of the fourth color.

10042

Sk

The value of “the line width L1 of the black ma;trix between
the auxiliary pixel of the fourth color and sach of other
auxiliary pixels” correspoﬁds to the value 2W' of the suxiliary
pixel of th‘e fourth color. The value of “the broadest line width

L2 of the black matrix” corresponds to the largest value out
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of the respective values 2W of the auxiliary pixels of red,
green, blue, and the fourth ceclor. "The value of “the
on-black-matrix-line width L3 of the auxiliary pixel of the
fourth coloxr” corresponds to the value 5W of the auxiliary
pixel of the fourth color.

[0043]

In the embodinent in Pig. 2, the values 2W are cach 4.0

gm, and the values 4W' are esach 36.0 um.

e

00

spos

4]

The value L1 needs to be from 0 to 4.5 pm. If the value
LlisnmxethanQiSQm,theapertureratiooftheauxiliarybixel
of the fourth color is lowered. .The value 2W" of each of fhe
red, green and blue auxiliary pixels is preferably from 3.5 to

5.5 um. If the value 2W of each of the red, green and blue

!ml

auxiliary pixels is more than 5.5 um, the aperture ratio of each
of the pixzels is easily lowered. If the value 2W’ is less than
3.5 um, white spots are esasily generated in each of the red,
green and blue auxéliary pixels. The value L3 is preferably
from 0 to 2.0 pm. If the value L3 is more than 2.0 upm, the

aperture ratio may be lowered.

[0045]

td

n the CF model in Fig. 2, the value L1 ranges from 0 to
4.5 pm, and the value 2W’' of each of the red, green and biue
auxiliary pixels ranges from 3.5 to 5.5 um. BAccordingly, no

white spcts are genarated in the red, green and blue auxiliary
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pixels sco that the aperture ratio of the pixel is high.
EOQ46]

Figs. 3{a) and 3{(b) are, respectively, a cross section
and a plan view of a CF model according to an embodiment which
is not according to the present invention. The respective
values 2W of auxiliary pixels, including the value L1, are each
6.0 pm, and the opening width of each of the auxiliary pixels
is 34.0 um, so that the CF is lowered in aperture ratio.
[0047} |

Figs. 4{a) and 4&(b) are, respectively, a cross section
and a plan view of a CF nodel accbrdingvto a second embcdiment
of the present invention. The respective values 2W of
auxiliary pixels, including the value L1, are each 3.0 pm, so
that the CFlis high in aperture ratio.

[0048]

Figs. 5(a) and 5(b} are, respectively, a cross section
and é plan view of a CF model according to a third embodiment
of the present invention. The value L1 is 3.0 pum, and the
respective values 2W of red, green and blue auxiliary pixels
are each 4.0 um, so that no white spots are generated in the
red, green and blue auxilliary pixels and an auxiliary pixel of
a fourth color is high in aperture ratio.

[0049]
Figs. 6(a) and 6(b) are, respectively, a cross section

and a plan view ¢f a CF model according to a.fourth empodiment
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of the present invention. The value L1 is 2.0 pm, and the
respective values 2ZW of red, green and blue auxiliary pixels
are each 4.0 um, so that no white spots are generated in the
red, green and blue auxiliary pixels and an auxiliary pixel of
a fourth color is very high in aperture ratio.

[0050]

Figs. 7(a) and 7(b) are, respectively, a cross section
and a plan view of a CF model according to a fifth embodiment
of the present invention. The valueLl is 0.0 um. Furthermore,
nc BM line is present between an auxiliary pixel of a fourth
color and a blue auxiliary pixel, and the respective values 2W’
of red, green and blue auxiliary pixels are each 4.0 pm. Thus,
the aperture ratioc is very high. Since the auxiliary pixel of
the fourth color is adjacent te the blue auxiliary pixel, no
white spots are generated zlthough no BM line is present between

these auxiliary pixels.

In the CF model in Fig. 7, the hue of the auxiliary pixel
of the fourth caiqr is preferably light blue or light violet.
This is because the hue system of the auxiliary pixel of the
fourth color is made egual to that of the blue auxiliary pixel,
thereby causing no problem of color shift due to color mixing
even when no BM line is present betwaen_ihe auxiliary pixzel of
the fourth color and the blue auxiliary pixel.

(00527
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e line width of the black matrixr between the auxiliary

+3

pixaL5§thefburthcolofandeachaﬁftheothexauxiliarypixeis
is represented by Ll. The line width of the blackmatrix between
the auxiliary pixel of the fourth color and the red auxiliary
pixel 1s represented by L1R; that of the black matrix between
the auxiliary pixel of the fourth color and the green auxiliary
pixel is represented by L1G; and that of the blackmatrix between
the auxiliary pixel of the fourth color and the blue auxiliary
pixel is represented by L1B. The value L1B is preferably from
0 to 3.5 pm, more éreferabiy from 0 te 2.5 um. The ﬁalue LiB
is even more pxeferébly 0 pm, namely, no BM line is present
'thezebetween; in this case, the pixel iS'very'high,iﬁ‘aperture
ratic.

[0053]

The relationship between the values L1 and L2 prefetably
satisfies: 0 € L1/L2 £ 0.8. By setting the ratio of L1/L2 in
this range, while white spots are prevented in the red, green
and blue pizels, the aperture ratio of the pixel can be made
maximum. In the CF model in Fig. 2, the ratioc of L1/L2 is 1;
in that in Fig. 3, the ratio of L1/L2 is 0.75; in that in Fig.
6, the ratio of L1/L2 is 0.5; and in that in Fig. 7, the ratio
of L1/L2 is 0.

[0054] |
It is considered that the state of any adjacent two of

:

the auxiliary pixels is any one of a state that the two auxiliary
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pixels never contact each other, a state that one of the two
auxiliary pixels rides on the other auxiliary pizel so thaﬁ the
two contact each other, and a state that one of the two auxiliary
pixels contacts the other auxiliary pixel without riding on the
other. In the state that one of the auxiliary pixels rides on
the other auxiliary pixel, a difference in level of the surface
~of the CF is unfavorably made large by the resultant projections.
However, even in such a state, the flatness of the CF can be
adjusted in a permissible range, that is, the level difference
can be decreased to 0.5 um or less by forming a flat film thereon

afterward, if the level difference of the pro .G

foncd

ections is

Lode

um or less.
[0055]

In the present invention, the value L3 is preferably from
0 to 2.0 pm, more preferably from 0 to 1.0 pm. If the value
L3 is more than 2.0 um, the CF is lowered in aperture ratio.
fheﬁalueSW’ofe%uﬂ1ofthered,greenandblueauxiiiarypixels
ig preferably from 1.5 to 2.5 um. If the value 5W' of each o}
the red, green and blue auxiliarf pixels is less than 1.5 um,
white spots are easily generated. If the value 5W’ is more than
2.5 um, the CF is easily lowered in aperture ratio.

[0056]

[l

Examples of the shape of the pixel including the red,

green and blue auxiliary pixels and the auxiliary pixel of the

fourth colox include stripe, mosalc, and triangular shapes.
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The width of each of the auxiliary pixels is preferably from
10 to 100 pm, more preferably from 20 to 50 um. If the width
of the auxiliary pixel is more than 100 um, the CF is lowered
in resolution so that the resultant liguid crystal display
device is deteriorated in display performance. If the pixel
width is less than 10 pm, the CF is lowered in aperture ratio.
(057}

In the red, green and biue auxiliary pixels and the
auxiliary pixel cf the fourﬁh coloxr in the present invention,
the area of an opening in each of the auxiliary pixels is
preferably from 240 to 312_0 pum?. When the area of the opening
in each of the auxiliary pixels in the CF is set in this rangse,
a high resolution and a rise in the brightness of the CF and
the ligquid crystal display device can be satisfied at the same
time.

[0058]

Aunit dot is obtained from the BM and each of the auxiliary
pixels. The total of the area of the BM and the area of the
opening in each of the auxiliary pixels is the area of the unit
dot. The shape of the unit dot is preferably square or

rectangular. The area of the unit dot is preferably from 1500

4 .

to 17000 pm?,

=
A

o

£ the area of the unit dot is larger “han 17000
um®, the CF is low in resolution so that the liguid crystal
display device is deteriorated in display performance. If the

area is less than 1500 um®, it is feared that the CF is lowered
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in aperture ratio. In the CFmodel in Fig. 2, the unit dot shape -
is square, and the wlidth and the length thereof are each 160

pm. Thus, the area of the unit dot is 25600 umz,

The following will describe an example of a method for
produciné the CF of the present invention.
[0060]

Examples of the transparent substrate include sodium
glass, non-alkaline glass, and guartz glass.
(0061]

Preferably, a light-shielding agent composition is used
on the transparent substrate to form a resin BM, and then a
colorant composition is used to form each of auxiliary pixels

of red, green, blue and a fourth color.

The light-shielding agent composition is prepared by
mixing a polyamic acid resin and a solvent with a

light-shielding agent, subjecting the mixture to dispersing

cr

i~

treatment, and then adding various additives thereto. n this

e

case, the entire solid content therein is the total of the
polyamide acid resin, which is a resin component, and the
light-shielding agent.

{0063]'

Next, the light-shielding agent composition is applied

by a method using, for example, a spin coater or a die coater,
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then vacuum-dried and semi~cured at 90 to 130°C to £ o 2 coating
filmof the light~shielding agent. }lpositivefesistisapplied
thereon, and thenvvacuum~dried to form a resist film.
Thereafter, for example, a super-high-pressure mercury lamp,
a chemical lamp or a high-pressure mercury lamp is used to
selectively expose the resist film to ultraviolet rays or the
like through a positive mask, and then an exposed portion is
removed with an alkaline developing solution of, for example,
potassium hydroxide or tetramethylammonium hydroxide to yield
a pattern. A stripping solution is used to strip the positive

resist, then the resultant is heated at 270 to 300°C to advance

4

the imidization of the polyamic acid resin, and a resin BM is
vielded. By varying the pattern shape of the positive mask,
and the semi-curing teﬁperature, the line width of the resin
BM can be changed.
[0064]

The colorant composition is produced using a colorant and
a resin. When a pigment is used as the coiozant, a pclymer
dispersing agent and a solvent are mixed with the pigment, and
the mixture is subjected to dispersing treatment. Thereafter,
thereto are added an alkali~soluble resin, a monomer, a
photopolymerization initiator, and the like “o produce the
composition. When a dye is used as the colorant, to the dys

are added a solvent, an alkali-soluble resin, a monomer, a

photepolymerization initiator, and the like to produce the
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composition., In tﬁis case, the entire solid content therein
is the total of the polymer dispersing agent and the
alkali-soluble resin, which are resin components, the monomer,
and the colorant.

[0065]

The resultant colorant composition is applied onto the

3 [

the resin BM is formed, by a

b

transparent substrate, on whic

-

method using, for example, a spin coater or a die coater, and

gl

—

then vacuunm~dried to form a ceating film of the colorant. Next,

a negative mask is disposed thereon, and then, for example, a

super-high-pressure mercury lamp, chemical lamp or a

0]

high-pressure mercury lamp is used to selectively expose the

coating film to ultraviolet rays or the like. Thereafter, the
resultant is developed with an alkaline developing‘solﬁtion to
remove the unexposed portion, thereby providing a pattern. The
resultant coating f£ilm pattern is subjected to heating
treatment to produce a CF in which auxiliary pixels are

patterned. By using the colorant composition produced for each

h

of the auxiliary pixels, the patterning step as described above
is performed successgively for the red auxiliary pixel, the green

auxiliary pixel, the blue auxiliary pixel, and the auxiliary

pixel of the fourth color, thereby producing the pixel of the

@
Fxi

of the present invention. The order of patterning of the
auxiliary pixels is not particularly limited.

[0C66]
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The type of the CF cof the present invention may be any
of transmissive, reflective and transflective types. The type
is preferably the transmissive type since the CF of this type
is low in production costs and high in contrast ratic.
[0067)

The following will describe methods for evaluating the
CF of the present invention.

[0068]

About the chromaticity of each of the auxiliary pixels

h

of red, green, b;ue and the fourth color, a micxoséopic
spectrophotometer (for example, MCPD-2000, manufactured by
Otsuka Electronics Co., Ltd.) is used to measure the
transmittancespectrwnofeachoftheauxiliarygﬁxels,andthen
the tristimulus value (Y) and the chromaticity (x, y) are
calculated on the basis of the CIE 1931 standard.

[0069]

The white balance of the CF can be evaluated from the
apsolute value (JAx|, |JAyl} of the difference (A%, Ay) between
the chromaticity (x, y) of the auxiliary pixel of the fourth
coler and {he chromaticity (x, y) of an additively mixed color
of the red, green and blue auxiliary pixels. The [Ax| and |Ay

are preferably smaller because the CF is better in white

The transmittance of pixels of the CF can be evaluated
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from the value (Y) of the auxiliary pixel of the fourth color
and the value (Y} of the additively mixed color of the red, green
apd blue auxiliary pixels, the wvalues (Y) being obtained as
described above.
100713

The color reproduction range of the CF can be obtained
by calculating the area of a triangle obtained by connecting
the respective chromaticities (x, y) of the red, green and blue
auxiliary pixels to one ancther, the area-of a triangle cbtained
by connecting the NTSC standard chromaticities (x, v} to one
another, and thén calculating the ratio between the areas. The
NTSC standard chromaticities (x, yv) are red (0.67, 0.33), green
(0.21, 0.71), and blue (0.14, 0.08). The color reproduction
range of the CF is preferably from 70 to 100%. In the CF of
the present invention, the value (Y) of each of the red, green
aﬁd blue auxiliary pixels is in principle lower as the color
reproduction range is broader._ However, the value (Y) of the
auxiliary pixel of the fourth color i1s a high value
notwithstanding the color reproduction range. Accordingly, in
the CF of the present invention, the wvalue (YY) of the CF can
be made high even in the color reproduction range of 70 o 100%,
which is considered to e a sufficiently broad range.
100721

The respective lengths of lines of the BM, and the pixels

are measureable by, for example, observation throuch an optical
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microscope.
[10073)

The aperture ratic of each of the auxiliary pixels can
be calculated from the ratio between the area Qf the whole of
the unit dot, and that of the cpéning in each of the auxiliary
pixels. More specifically, the aperture ratic can be
calculated in accordance with the following expression (3):

Aperture ratio (%) of each~of auxiliary pixels = (area
of opening in auxiliary pixel)/(area of BM + area of openings
in ali auxiliary pixels) x 100 .. expression (3)
wherein the area of the copening in each of the auxiliary pixels
means the product of the value 4W of the auxiliary pixel and

he length of the pixel, and the area of the BMmeans the product

O
h

the value 2W’ of the BM and the length of the BM.
{0074]

The total transmittance of the CF can be calculated from
the respective products of the respective transmittances of the
auxiliary pixels and the respective aperture ratios of the
auxiliary pixels. More specifically, they can be calculated
in accordance with the following expressions 4 to 6:

Total transmittance (%) of CF = (total transmittance of
red, gresn and blue auxiliary'pigels} + {(total transmittance
of auxiliary pixel of fourth coloxr) .. expression 4
Total transmittance (%) of red, green and blue auxiliary

pixels = (transmittance of additively mixed color of red, green
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and blue auxiliary pixe

l_.l

g8) x {aperture ratio of red, green and
blue auxiliary pixels) /100 .. expression 5

Total transmittance (%) of auxiiiary pixel of fourt
color = (fransmittance of auxiliary pixel of fourth color) x
{aperture ratio of aux;liéry pixel of fourth color) /100
expression 6

In the C¥ of the present invention, the value (Y) of the
auxiliary pixel of the fourth color is as high as in the range
0f 70 £ Y £ 99. Therefore, by improving the aperture ratio of
the auxiliary pixel of the fourth color, the total transmittance
of the CF can be largely improved. The aperture ratio of the
auxiliary pixel of the fourth color is preferably from 22 to
26%. 1If the aperture ratic of the auxiliary pixel of the fourth

color is less than 22%, the total transmittance of the CF is

easily lowered. 1If the aperture ratio of the auxiliary pixel
of the fourth color is more than 26%, the color purity of the

CF may be lcwered.
[0075]

White spots in the CF can be evaluated by cbservation
through an optical microscope. It is preferred that no white

spots are generated at any interface between the red, green and
blue auxiliary pixels and the BM.
[0076]

The film thickness of the BM and that of each of the

~

auxiliary pixels can be measured with a surface profiler (for
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example, SURFCOM 1400D, manufactured by Tokyo Seimitsu Co.,
Ltd.y . When a transparent protective £ilm laysr, an 1TO ilayer,
or the like is formed on the BM and each of the auxiliary pixels
in the CF, the £ilm thickness of the BM and that of each of the

auxiliary pixels can be measured by SEM observation.

The film thickness of each of the red, green and blue
auxiliary pixels is preferably from 1.5 to 2.5 um. If the film
thickness)is smaller than 1.5 um, the red, green and blue
auxiliary pixels may be poor in chromaticity. If the film
thickness is more than 2.5 pm, the CF may be lowered in flatness.
{00781

The film thickness of the auxiliary pixel of the fourth
color is preferably from 0.8 £5 2.0 pm. If the f£film thickness
is more than 2.0 um, the CF is easily lowered in transmittance

by the yellowing cf the resin in the pixel of the fourth color.

£l
Ih

the

iy
fui v

lm thickness is less than 0.8 pm, the pixel éf the fourth
color is easily poor in patterning ability.
{0079]

The film thickness of the BM is preferably from 0.5 to
1.5 pum. If the film thickness is less than 0.5 um, white spots
may be generated in the red, green and blue auxiliary pixels.
If the £ilm thickness is more than 1.5 um, the CF may be lowered
in flatness,
[oogo]
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The following will describe an example of a liquid crystal
display device having the CF of the present invention. The CF
and an array substrate are opposed and bonded to each other to
interpose, therebetween, a ligquid crystal alignment film laid
on each of the substrate of the CF and the array substrate and
further subjected to rubbing treatment for liguid crystal
alignment, and a spacer for holding a cell gap. On the array
substrate are arranged thin film transistors 'hereinafter,
“rETa”y, thin filmdiodes (hereinafter, “TFDS”) , scanning lines
or signa'l lines, and others, so that a TFT liqguid crystal display
device or TFD liguid crystal display device can be produced.
Next, a liquid crystal is ir-zjected into the device through an.
injection hole provided in its sealing region to seal the
injection hole. Finally, a backlight is fitted to the device,
and then an IC driver and others are mounted thereon, so that
the liguid crystal display device 1s completed. Examples of
the backlight include two-wavelength LED backlights,
three-wavelength LED backlights, and CCFfLs. It is preferred
to use a two-wa vclenoth LED composed of a blue LED and a yellow

YAG phosphor. The chromaticity (x, y) of the backlight is

!‘-h

preferably in the range of 0.250 <x<0.35and 0.300<£y<0.400.
A liguid c¢rystal display device having a backlight having a
chromaticity (%, y) in this range and the CF of the present

invention is good in white display chromaticity (%, v), and is

small in unevenness of the white display chromaticity (%, V)
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in its display screen to be excellent in white balance.
EXBMPLES
[0081}

Hereinafter, the pre

n

ent invention will be described in
more detaill by way of Examples and Comparative Examples.
Standards for evaluating each CF are as follows.

[0082]

(White balance of CF)

1

Rating of being excellent: 0 £ |Ax| < 0.005 and 0 £ |Ay| <

i

Rating of being good: a larger value of the values [Ax|
and JAyl was in the range of 0.05 < (jAxl or |Ay]) < 0.010.

Rating of being allowable: a larger value of tbe values
kAx!andEAy{was in the range of 0.010 < (lAx] or |Ay]) £ 0.020.

Rating of being poor: a larger value of the values |Ax|
and |Ay| was in the range of 0.020 < (JAx| or |Ay]).

(White spots in red, green and blue auxiliary pixels)

Five CFs were produced which each had 100 unit dots each
having a size of 16@ pm in width x 16C pm in length and each
having BM lines and auxiliary pixels of red, green, blue and
a ﬁogxth color. The CFs were observed through an coptical
microscope. In this case,

no white spot was present at all in the red, green and
blue pixels: good, and

at least one white spot was present in the red, green and
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blue pixels: poor.

(Patterning ability of auxiliary pixel of fourth color)

Five CFs were produced which each had 100 unit dots each

1

having a size of 160 um in width x 160 um in length and having

Fh

BM lines and auxiliary pixels of red, green, blue and a fourth

color. The CFs were observed through an optical microscope.

-

n this case,
no chip was present at all in a pattern region of the
auxiliary pixel of the fourth color: good, and
less than five chips were present in the pattern region
of the auxiliary pixel of the fourth color: allowable.
(Adjustment Example 1: Production of red coleorant composition

for forming red auxiliary pixel)

e

As colorants, 50 g of PR-177 (CHROMOFINE (registered
trade mark) Red 6125EC, ménufactur@d.by Dainichiseika Color &
Chemicals Mfg. Co., Ltd.) and 50 g of PR~254 (IRGAPHOR
{registered trade mark) Red BK-CF, manufactured by Ciba
Specialty Chemicals Ltd.) weremixedwith each other. Withthis
mixed cclorant were mixed 100 g of a polymer dispersing agent
(BYK 2000, manufactured by 3YK~Chemie Japan KK; resin
concentration: 40% bv mass), €67 g of an alkali-soluble resin
(CYCLOMER (registered trade mark) ACA 250, manufactured by

Daicel Corp.; resin concentration: 43% by mass), 8

h

(%]
te

&)
propyleneglycoimonomethylether)and650§;ofpropyleneglycol

monomethyl ether acetate to prepare a

35 .
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¥

lurry. A baker in which



the slurry was placed was connected through a tube to a
circulation type bead mill disperser (Dyno-Mill KDL-A,
manufactured by Willy A. Bachofen AG). Zirconia beads having
a diameter of 0.3 mm were used as media to sublject the slurry
¢ dispersing treatment at 3200 rpm for 4 hours, to yield a
colorant dispersion.
(06831

To 45.7 g of this colorant dispersion were added 7.8 g
of the CYCLOMER ACA 250, 3.3 g of a photoyolymérizable monomer

(KAYARAD (registered trade mark) DPHA, manufactured by Nippon

sl

Kayaku Co., Ltd.), 0.2 g of a photopolymerization initiator
(IRGACURE (registered trade mark] 207, manufactured by Ciba
Speciaity Chemicals Ltd.), 0.1 g of a photopolymerization
initiator {KAYACURE (reglstered trade mark) DETX-5,
manufactur@ibyNippénKayahjCo.,Ltd.},0.03gcﬁfasurfactant
{BYK 333, manufactured by BYK—Chemié Japan KKj, and 42.9 g of
propylene glycol monomethyl ether acetate to yield a colorant
compesition. The colorant concentration in the entire solid
in the colorant composition was 31% by mass, and themixing ratio
by mass between the respective colorants was as follows:
PR~177/PR-254 = 50/50.

[0084]
(AdjustmentExampLa2:Productionofgreencoiorantcompoéition
for forming green auxiliary pixel)

As colorants, 65 g of PG-7 (HOSTAPERM {(registered trade
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mark) Green GNX, manufactured by Clariant Japan X.K.) and 35
g of PY-15C (B4GNGT, manufactured by Lanxess) were mixed with
each other. With this mixed colorant were mixed 100 g of the
BYK 2000, 67 g of the CYCLOMER ACA 250, 83 g of propylene glycol
monomethyl ether, and 650 g of propylene glycol monomethyl ether
acetate. The Dyno~Mill KDL-A was used to subject the resultant
slurry to dispersing treatment at 3200 rpm for 6 hours, using
zirconia beads having a diameter of 0.3 mm, tec yield a colorant
dispersion.
[0085]

To 51.7 g of thig'colorant dispersion were added 6.3 g
of the CYCLOMER ACA 250, 2.9 g of the KAYARAD DPHA, 0.2 g of
the IRGACURE 907, 0.1 g of the KAYACURE DETX“S; 0.03 g of the

BYK 333, and 38.8 ¢ of propylene glycocl monomethyl ether acetate

[}

to yield a colorant compcesition. The colorant concentration
in the entire solid in the colorant composition was 35% by mass,

and the mixing ratio was as follows: PG-7 @ PY-150 =

[ext

5 : 33.
[00861] |
(Adjustment.axample-3: Production of blue colorant composition
for forming blue auxiliary pixel)

As a colorant, 100 g of PB-15:6 {LIONOL {(registered trade
mark) Blue 7602, manufacﬁuredAby'Toyo Ink Co., Ltd.) was used.
With this coloxaﬁt were mixed 100 g of the BYXK 2000, &7 g of
the CYCLOMER ACA 250, 83 g of propylene glycol monomethyl ether,

and 650 g cf propylene glycol monomethyl esther acetate o
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prepare a siurry. The disperser Dyno—Mi;l KDL~-A was used to
subject the siuzry to dispersing treatment at 3200 rpm for -
hours, using zirconia beads having adiameter of 0.3 mm, to yield
a colorant dispersion. |

100871

To 41.3 g of this célorant.dispersion were added 8.9 g
of the CYCLOMER ACA 250, 3.5 g of the KAYARAD DPHA, (.2 g of
the IRGACURE 207, 0.1 g of the KAYACURé DETX-S, €0.03 g of the
BYK 333, and 46 g of prepylene glycol monomethyi ether écetate
to yield a colorant composition. The colorant concentration
in the entire solid in the colorént.compositiCW1was 28%kufﬁass,
and the colorant was PB-15:6 alone.

[0088]
(Adiustment Examllé 4: Preoduction of light—célor colorant
composition for forming auxiliary pixel of fourth color)

To 1.00 g of the colorant dispersion yielded in Adjustment
Example 3 were added 8.30 g of the CYCLOMER ACA 250
(alkali~-soluble resin), 5.65 g of the KAYARAD DPHA
(p£ot0polymerizab1emonomerA),o.zag;ofﬁheIRGACURE9o7,0.10
g of the KAYACURE DETX-S5, (.03 g of the BYK 323, and 84.7Z ¢
ofprépyleneglycalnwnomethyletheracetatetoyiebﬁacolorant
composition. The colorant concentration in the entire solid
in the célorant compesition was 1% by mass, énd the colorant
was PB-15:6 alone.

[0089]



{Adjustment Example 5: Production of composition for forming
auxiliary pixel of fourth color)

Th

[0}

Zollowings were mixed with one another to yield a
colorant composition: 8.30-g of the CYCLOMER ACA 250, 5.65 g
of the KAYARAD DPHA, 0.20 g of the IRGACURE 207, 0.1 g of the
KAYACURE DETX-3, 0.03 g of the BYK 333, and 84.72 g of propylene
glycol monomethyl ether acetate. This composition did not
contain any colorant.
[0090]
(Adjustment Bxample 6: Production of light-color colorant
composition for forming auxiliary pixel of fourt£ celexr)
To 0.50 g of the colorant dispersion vielded in Adjustnent
Exampie 3 were added 8.40 g of the CYCLOMER ACA 250, 5.69 g of
the KAYARAD DPHA, 0.2 g of the IRGACURE %07, 0.10 g of the
KAYACURE DETX-8, 0.03 g of the BYK 333, and 85.08 ¢ olf propylene
glycol monomethyl ether acetate to yvield a colorant composition.
The colorant concentration in the entire solid in the colorant
composition was O?S% by mass, and the coloraﬁt was PB-15:6
alone.
[0091]
(Aciustment EZxample 7: Production of light-color colorant
composition for forming auxiliary pixel of fourth color)
To1.98gcﬁfthecoiorantdispersionyieldedjk1Adjustment
Example 3 were added 8.12 g of the CYCLOMER.ACA,250, 5.57 g of

the KAYARAD DPHA, 0.2 g of the IRGACURE 207, 0.1 g of the KAYACURE
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DETX-S, 0.03 ¢ of the BYK 333, and 84.00 g of propylene glycol
monomethyl ether acetate to yield a colorant &omposition. The
colorant concentration in the entire solid in the colorant
composition was 2% by mass, and the coloxant was PB-15:6 alone.
[0092]

{Adjustment Example 8: Production of light—éolo’r colorant
composition for forming auxiliary pixel of fourth color)

To 3.96 g of’ the colorant dispersion yieldéd in Adjustment
Example 10 were added 7.74 g of the CYCLOMER ACA 250, 5.40 g
of the K:AYRRAD DPRA, 0.2 g of the IRGACURE 907, 0.1 g of the
KAYACURE DETX~-S, 0.03 g of the BYK 333, and 82.57 g of propylene
glycol monomethyl ether acetate to yield a colorant composition.
The colorant concentration in the entire solid in the colorant
composition was 4% by‘mass, and the colorant was PB-~1E:6 alone.
10093}

(Adjustment Bxample 9: Production of black light-shielding
agent composition for forming BM)

Into a vessel were charged 4, 4/ —~diaminophenyl ether (0.30
molar eguivalent), p-phenylenediamine (0.65 molar eguivalent)
and bis(3-aminopropyvl)tetramethyldisiloxane (0.05 molar
eguivalent) together with 850 g of *}—butyrolactone and 850 ¢
of N-methyl-Z~pyrrolidone. Thereto was added
3,37 ,4,47 -oxydiphthalcarboxylic dianhydride (0.89873 molar
equivalent), and then the reactive components therein were

allowed to react with one another at 80°C for 3 hours. Thereto
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was added maleic anhydride (0.02 molar equivalent} to further
conduct the reaction at 80°C for 1 hour, to yileld a polyamic
acid resin solution {(resin concentration: 20% by nmass).
[o0o4z

WichSOg;mfthispolyamicacidresiasoluticnwerenﬁxed
50 g of carbon black {(MA 100, manufactured by Mitsubishi
Chemical Corp.} and 200 g of N-methylpyrrolidone. The
Dyno~Mill KDL-A was used to subject the mizxture to dispersing
treatment at 3260 rpm Zor 3 hours, using zirconia beads having
a diameter.of 0.3 mm, to vield a ligltfshielding agent
dispersiocn.

(0095}

To 50 g of this light-shielding agent dispersion were
added 49.9 g of N-methylpyrrolideone and OLl g of a surfactant
(LC 951, manufactured by Kusumoto Chemicals, Ltd.) to yield d
non-photosensitive lightwsﬁielding agent composition. The
concentration of the colorant in the entire solid in the
light-shielding agent composition was 50%, and the colorant was
carbon black alone.

[0096]
(Adjustment Example 10: Production of resin compoéition for
forming transparent protective f£ilm)

To 65.05 g of trimellitic acid were added . 280 g of
v-butyroclactone and 74.%5 g of y-aminopropyltriethoxysilane,

and the mixture was heated at 120°C for 2 hours. To 20 g of
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the resultant solution were added 7 g of bisphenoxyethanol

(2=
{n

fluorene diglycidyl ether and g of diethylene glycol dimethyl

ether to vield a resin composition.

[00971]

(Adjustment Example 11: Production of light-color colorant

composition for forming auxiliary pixel of fourth color)
The same materials as in Adjustment Example 1 were used

to produce a colorant composition. The concentration of the

colorant in the entire solid was set to 1.1% by mass, and the

colorant was PB-15:6 alone.

{6098}

(Adjustment Example 12:. Production of light-color colorant

compesition for forming auxiliary pixel of fourth color)

The same materials as in Adjustment Example 1 were used

LS

to produce a colorant composition., The concentration of the

colorant in the entire solid was set to Z.5% by mass, and the

colorant was PB-15:6 alone.

(00891

(Adjustment Example 13: Production of light-color cclorant

composition for forming auxiliary pixel of fourth color)
The same materials as in Adjustment Exanmple 1 were used

to produce colorant composition. The concentration of the

colorant in the entire solid was set to 2.9% by mass, and the

colorant was PB-~15:6 alone.

10100}



(Adjustment Example 14: Production of lith~color colorant

cbmposition for forming auxiliary pixél of fourth color)
The same materials as in Adjustment Example 1 were used

to produce a colorant composition. The concentration of the

colcerant in the entire sclid was set to 0.9% by mass, and the

colorant was PB-15:6 alone.

{0101}

(Example 1: Production of CF having BM and auxiliary pixels of

red, green, blue and fourth color)

3

he light-shielding agent composition vielded in
Adjustment Example 2 was applied onto a non-alkali glass
substrate [0A~10, manufactured by Nippon Electric Glass Co.,

Ltd.} having & size of 300 x 350 mm using a spinner, and

(6}

thereafter subjected to heating treatment at 135°C in a hot air
oven for 20 minutes fo yileld a light-shielding film.
Subsequently, a positive resist (MICROPOSIT (registered trade
mark) RC100, manufactured by Shivley; 30 cp) was applied thereon
using a spinner, and then dried at 90°C for 1C minutes. The
£ilm thickness of the positive‘resist was set to 1.5 um. An
exposing device, PLA-301F (manufactured by Canon Inc.), was
used to expose the resultant through a positive mask. About
the positive mask, the width of its unexposed portion (BM
portion} was set to 4.0 pm, and that of its exposed portion
(auxiliary pixel portion) was set to 36.0 ym. The gap between

the lower surface of the photo mask and the upper surface of
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the glass substrate was adjusted to 100 pm. Next, an agqueous
solution containing 2% by mass of tetramethylammonium hydroxide
at 23°C was used as a developing solution. The éubsfrate was
dipped intec the developing solution and simultanecusly the
substrate was swung to reciprocate in a range of 10 cm width
one time every five secdnds. In this way, the developmen® of
the positive resist and the etching of the polyimide preacursocrn
were simultanecusly performed. Thereafter, the positive
resist was striped with methylcellosolve acetate. The
resultant was then held in the hot air oven at 290°C for 30
minutes to cure the polyimide acid resin, and a resin BM was
yvielded. The rotation number of the spinner was adiusted so
that the fiim thickness of the resin BM was 0.8 um.

0162

-y

The red colorant composition yielded in Adjustment
Example 1 was applied onto the glass substraﬁe, on which the
resin BM was formed, using a spinner, and then subjected to
heating treatment at 90°C in the hot air oven for 10 minutes
toyieldaredcolored £ilm. Next, the exposing device PLA-501F
was used to expose the £ilm through a negative mask. About the
negative mask, the width of its exposed portion (red auxiliary
pixel portion) was set to 36 um. Thereafter, while swung, the
resultant was immersed in an alkaline developing solution, in
which a nonionic surfactant (EMULGEN (registered trade mark)

A-60, manufactured by Kao Corp.) was added in a proportion of
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0.1% by mass of the total of the developing sclution, for 80
seconds. Subsequently, the resultant was washed with pure
water t§ remove the unexposed portion. Thus, a patterned
substrate was yielded. Thereafter, the patterned substrate
was held in the hot air oven at 220°C for 30 minutes to cure
ihe acryvlic resin. In this way, a red auxriliary pixel,was
yielded.

(01037

The greer cclorant composition yielded in Adjustment

~

Example 2 was used to form a green auxiliary pixel in the same

ot
(]

~way as in the case of the red auxriliary pixel. Theblus colorant
compoeosition yielded in Adjustmenf Example 3 was used to form
a blue auxiliary pixel in the same way as in the case of the
red auxiliary pixel. The light-color colorant composition
yvielded in Adjustment Examp}e 4 was used to form a auxiliary
pixel in the fourth color. The rotation number of the spinner
for the composition in each of red, green blue and the fourth
color was adjusted so that the film thickness of the auxiliary
pixel of each of these colors was 2.0 um after curing.
[0104]

Next, the resin composition yielded in Adjustment Example
10 was applied using a spinnex, and then pre-baked at 130°C in
the hot air oven for 5 minutes. Next, the resultant was
subjected to heating treatment at 210°C in the hot air oven for

30 minutes to cure the resin, The rotation number of the spinner
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for each of the compositions was adijusted so that the film

thickness of the transparent protective film after curing was

[G105]
(Examples 2 and 3, and Compafative Examples 1 and 2)

A CF of each of Examples 2 and 3 and Comparative Examples
1 and 2 was produced in the same way as in Example 1 except that

the light~color colorant composition for the auxiliary pizel
of the fourth color was changed. Table 1 shows the respectivs
compositions used to form the BM and each of the auxiliary

pixels. . '
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[0107]

Table 2 shows evaluation results of the respective

tristimulus values (Y} and chromaticities (

RN

%

, v} of the

auxiliary pixels of red, green, blue and the fourth color.
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Table 3 shows evaluation results of the respective white

balances and transmittances of the CFs.

Auxiliary pixel

White bhalance n e o
transmittance (%)

Additive Color
color N reproduction
Ch e d ttrre of | FOWETR | range (%)
i As | | lAy} | Rating | mixture of | L " ~

red, green
and blue

Example 1 | 0.005 | 0.001 (Excellent 25.9 88.2 70

Lomparativel o 351 0.015 | Poor 25.9 99.4 70

Example 1

Example 2 | 0.009 § 0.007 Good 25.59 51.2 70
Example 3 | 0.009 | 0.009 Good 25.9 73.3 70
' [
vombArative| g 032 | 0.018 |  Poor 25.9 65.3 70
Example 2

[0111]

Ag shown in Tables 1 to 3, in each of the CFs of Examples
1 to 3, the concentration of the colorant in the auxiliary pixel
of the fourth color was from 0.3 to 3% by mass and further the
value (Y) of the auxiliary pixel of the fourth color was from

70 to 99, and thus each ¢of the CFs was good in white balance

h

and high in transmittance. In particular, in the CF of Example
1, the.concentration of the colorant in the auxiliary pixel of

the fourth color was 1% by mass and furthexr the value (Y) of

[

the auxiliary pixel of the fourth color was 88.2, sc that the

CF gave the best white balance.

50




(6112}
In the CF of Comparative Example 1, the auxiliary pixel

of the fourth color contained no colorant, and thus the CF was

poor in white balance. In the CF of Comparative Example 2, the

concentration of the colorant in the auxiliary pixel of the
fourth cclor was 4% by mass, and thus the CF was poor in white

ba’ance and low in - -transmittance. In table 4 are shown the

respective measurement values of the CF yielded in Example 1.

ro

[

i3

b

(Comparative Example 3)

A CF was produced in the éame way as in Example 1 except
that when the BM was formed, the width of the unexposed portion
(BM portion) of thé positive mask was set to 6 pum, and that of

‘the exposed portion {auxiliary pixel portionﬁ was set to 34 uym.
[0114)

(Exanmples 4 to 7}

CFs were produced in such a manner that when their BM was
ormed, the respective widths of the unexposed portions and the
exposed portions of thelr positive masks were variously
changed.

[6115]

In table 4 are shown the respective measurement values

of the CFs yielded in Comparative Example 3 and Examples 4 to

7.
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n Table 5 are shown various evaluation results of the

CFs yielded in Ex
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ple 1, Examples 4 to 7, and Comparative
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[0119]

Example 1, Exampies 4 to 7 ama Comparative Example 3 are
examples in which the BM line width 2W’ and the on-BM-line width
L3 were each changed. As shown,in,Tabie 5, Example 1, Examples
4 to 8 and Comparative Example 3 were egual to one another in
the compesition used in each of the auxiliary pixels of red,

.

green, blue and the fourth color, sc as to be equal to one another
in white balance and in auxiliary pixel transmittance.
[0120]

In the CF of Example 1, the values L1 and 13 were 4.0 um
and 2.0 um, respectively, and thus the respective aperture
ratios of the auxiliary pixels could be heightened. In the CF
of Example 1, the total transmittance of the auxiliary pixels
of red, green, blue and the fourtih coior was as high as 37.4%
and no white spots were generated in the auxiliary pixels of
red, green and blue. Thus, the CF gave gocod results.

[0121]

In the CF of Comparative Example 3, the values L1 and L3
were 6.0 um and 3.0 um, respectively, and thus the respective
aperture ratioé of the auxiiiary pixels were low. In the CF
of Comparative Example 3, the total transmittance of the
auxiliary pixels of red, green, blue and the fourth color was
as low as 35.3%. Thus, the CF gave bad results.

[C122]

In the C¥ of Example 4, the values Ll and L3 were 3.0 um

ab



and 1.5 um, respectively, and thus the respective aperture
ratios of the auvxiliary pixels could ke heightened. In the CF
of Example 4, the total transmittance of the auxiliary pixels
of red, green, blq@ and the fourth color was as high as 38.4%
and no white spots were generated in the auxiliﬁry pixelis of
red, green and blue. Thus, the CF gave good results.

[0123]

Examples 1 and Examples 5 to 7 are examples in which the
value L1 was changed. As the value L1 was smaller, the total
transmittance was higher, so that a better result was obtained.
InExamples 1 and Examples 5to 7, white spots were not generated.
[0124]

In the CF of Example 7, no BM\was present between the
auxiliary pixel of the fourth color and the blue auxiliary pixel,
so that the auxiliarx pixel of the fourth color partially
overlapped with the blue auxiliary pixel. However, in each
overlapping portion, the level difference was 0.3 um or less,
50 that no problem was caused. In the CIF of Example 4, the
auxiliary pixel of the fourth coleor was light blue to ke clese
in hue to the blue auxiliary pixel, so that the influence of
color shift due to color mixture was small.

10125

[}

(Example 8: Production of ligquid crystal display device)

TFT elements, transparent electrodes and cthers were

[
)

ce to produce an array substrate.

56

formed on a non-alkali glassp



Transparent electrodes were formed on each of this array
substrate and the C¥ yielded in Example 1, and then a polyimide
aliénment film was formed thereon. The alignment film was
subjected to rubbing treatment. Next, a sealing agent into
which micro-rods were kneaded was printed onto the array
substrate,andtﬂuﬂibeadspacershavingaathicknessof(%wnwere)
spread thereon. Thereaftei,thearraysubstrateandtheCFwere
bonded to each other. A neﬁatic liguid crystal (LIXSON
(registered trade mark) JC-5007 LA, ﬁanufactuxed by Chisso
Corp.) was injected through an injection hole providea in its

ealing region. A polarizing film was then bonded onéo each
‘of both surfaces of the liquid crystal cell to make the
polarizationaxis vexrtical. Inthisway, aliguidcrystal panel
was yielded. To this liguid crystal panel was fitted a
two-wavelength backlight composed of a blue LED and a yellow
phosphor. The chromaticity (%, y) of fhis two~wavelength
backlight was (0.324, 0.330). Furthermore, TAR modules, a
printed board and others were mounted thereon to produce a
liquid crystal/display device.

(0126}

In this liguid crystal display device, white display was
made. As a result, the display was uniform without having any
unevenness. The white display chromaticity (x, v) of this
liquidcrystaidisplaydevicewasmeasuredatIH)pointstherebf.A

As & result, the chromaticity (%, y) was in the range of 0.300

57



< x=0.305and 0.305 £y <0.3L0. In the screen of the liquid
crystal display device, the white display chromaticity was
slight in un&venness. Thus, a good result was cbtained.
[0127]

{Comparative Example 4: Production of liguid crystal display

device)

A liguid crystal display device was produced in the same
way as in Example 8 except that the CF yielded in Comparative
Example 1 was used.

(0128

[

In this liquid crystal display device, white display was
made. Asaresult, thedisplaywas non-uniformwithunevenness.
The white display chromaticity (x, y) of this ligquid crystal

display device was measured at 10 points therecf. As a result,

o

the chromaticity (x, y)} was in the range of 0.300 £ x < 0;324
and 9.305 <y £ 0.326. 1In the screen of the ligquid trystal
display device, the white display chromaticity was large in
unevenness. Thus, a bad result was obtained.
{01291
{(Examples S§ to 12)

2 CF of each of Examples 9‘to 12 was produced in the same

way as in Example 1 except that the light-color colorant

[63]
[

cemposition for the auxiliary pixel of the fourth color, and
the film thickness of the auxiliary pixel of the fourth color

were changed. Table 6 shows the compositions used to form the

o8



BM and the respective auxiliary pixrels of the examples.
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In Table 7 are shown evaluation results of the respective
values (x, v, Y) of the suxiliary pixels of red, green, blue

and the fourth color.
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In Table 8 are shown evaluation results of the respective

white balances and transmittances of the CFs.
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(0135]

As shown in Tables 6 to 8, about the CFs of Example 1,
and Examples % and 10, the £ilm thickness of the auxili J:‘y pixel
of the fourth color was from 0.8 to 2.0 um, and thus the
transmittance of the auxiliary pizel of the fourth color was

h

e

gh. The pixel pattern of the fourth color was never chipped.
Thus, good results were obtained. In Example 11, the film
thickness of the pixel of the fourth color was 0.7 um, and thus
twe sites of the pixel pattern of the fourth color were chippéd.
However, the chips were at sucha level that no préblem was caused.
In Example 12, the f£ilm thickness of the pixel of the fourth
color was 2.3 um, and thus the pixel of the fourth color was
decreased in transmittance. Howsver, the decrease wals at such
a level that no problem was caused. The respective pizels of
the fourth color of Example 1, and Examples 9 to 12 were equal
to one another in chromaticity (x, vy;.

[0136)

Py

Examples 13 to 16)
A CF of sach of Examples 13 to 16 was produced in the sanme

7ay as in Example 1 except that the respective pixel widths and

(==

the respective pixel lengths of the auxiliary pixels of red,
green, blue and the fourth color were changed. Table 9 shows

results of the respective measurements.
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(01383
As shown in Table 9, in the CFs of Examples 13 to 15, the
area of the opening in each of the auxiliary pixels of red, green,

plue and the fourth color was from 240 to 3120 um®. Thus, the

A

total aperture ratio of the pixels ¢f red, green, blue and the
fourth color was 60% or more, and the resolution was 200 ppi

or more, so that good results were obtained. In the C¥F of

o

Example 16, the total aperture ratic was as low as 50%.
REFERENCE SIGN LIST

[0139

Tt

2-1: BM line (BM1l) between green auxiliary pixel and xzed
auxiliary pixel

2-2: BM line {BM2) between red auxiliary pixel and
auziliary pixel of fourth color

Z2-3: BM line (BM3) between auxiliary pixel of fourth color
and blue auxiliary pixel
\' : A .
Z2-4: BM line (BM4) between blue auxiliary pixel and green

Jent

auxiliary pizxe
3: Auxiliary pixel
3-1: Red auxiliary pizxel
3-2: Blue auxiliary bixel
3-3: Green auxiliarj pixel

3~4: Auxiliary pixel of fourth colorx
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2W: BM line width

3W: Auxiliary pixel width

4W: Opening width

SW: On-BM~line width
INDUST?IAL APPLICABILITY
(0140}

The CF of the present invention can be suitably used for
display devices such as a liguid crystal display and an organic

EL display.
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CLATIMS

1. A coloxr filter in which a black matrix is formed on a
transparent substrate, a pixel comprising a red auxiliary pixel,
a green auxiliary pixel, a blue auxiliary pixel and an auxiliary
pixel of a fourth color is formed at an opening in the black
matrix, or at the opening in the black matrix and on the black
matrix,
the line width L1 of the black matrix between the

auxiliary pixel of the fourth color and each of other auxiliary
pixels is from 0 to 4.5 um, the auxiliary pixels each contain
a colorant and a resin, and the tristimulus value (Y} of the
auxiliary pixel of the fourth color according to the CIE 1931

color system is in the range of 70 < ¥< 99.

2. The color filter according to c¢laim 1, wherein the line
width L1B of the black matrix between the auxiliary pixel of

the fourth color and the blue auxiliary pixel ig from 0 to 3.5

L .

3. The color filter according to claim 1 or 2, wherein a
relationship between the value L1 and the broadest line width

L2 of the black matrix satisfies the following: 0 < L1/1L2<0.8.
4. The color filter according to any one of claimg 1 to 3,

wherein in the pixel, the width L3 of the auxiliary pixel of

the fourth color on the black matrix is from 0 to 2.0 -um.
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