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A color filter of the present invention includes a large
number of colored layers of a plurality of colors regularly
arranged together. The color filter is such that

Xy—0.05 =g Exgy+0.05 and yyr-0.03 Sy Syt
0.05

or
Forr—0.10 =3 Exgry and yyyp-0.10 2y Spery

is satisfied, where (Xg13, Ywy) 15 the chromaticity in the CIE
1931 chromaticity diagram when the filter alone is irradiated
with light to produce a white display, and (xg, vg) is the
chromaticity in the CIE 1931 chromaticity diagram when the
filter is irradiated with the same light while being interposed
between a pair of polarization plates arranged in a crossed
Nicols state each having a degree of polarization of 99.98%
or more.

0

TSNS SSS NAAAAAAA LA AAAARARARE 12
NSNS SN SN RSN EESNESS SN

r
-
-
’
,—
-
rd
e
-
r'd
-
-
P
-
4
-
P
R
4
-
'
-
41
’
v
.
P
’
4




Patent Application Publication Oct. 25,2007 Sheet 1 of 8 US 2007/0247569 A1

FIG. 1

0.9

0.8 L o ]
I \~

0.7 :

0.6 S
; \

0.5p Blackbody L

y + radiation locus AN

‘l e ———

0.4 L. \
\ )/ .
0.3 / ™
' /

0.21—% — L
0.1 ‘\_ '1"'
1] ”
0 Nt
0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8
X

FIG. 2

0. 40
T T
0.38 Blackbody
radiation locus
o3 il 5000
a
0.34 5556K
0.32 T143K Tgp 6250k
0. 30
y T0G00K 8334K
0.28 |
/I’ZSOOK
0.26 20000K
0.24
100000K
0.22
0.20

0.20 0.22 0.24 0.26 0.28 0.30 0.32 Q.34 0.36 0.38 0.40
‘ X



Patent Application Publication Oct. 25,2007 Sheet 2 of 8 US 2007/0247569 A1

——400

Module contrast ratio +ggg
w/o color filter __:__1000
(Yw/ Y= c0) —+—1200
—0—1400

L
600 | /?//:/’/ ﬁ

400 +//.
+
e =

300 )r/.,
200 ] 1 1 1

2500 3000 3500 4000 4500 5000
Ym/Ys of color filter

Module contrast ratio




US 2007/0247569 Al

Patent Application Publication Oct. 25,2007 Sheet 3 of 8

FIG. 4

he

HOOOH O

1

-1

1
2

-

17}11
13
™15

AMOAISSASNNNA NSNS O NNSANAINAINANNANANNIT

L2 Ll L L L2l Tl L L L LT T T T T T T T T I I T 777747

\\o‘\\\\\\\‘\\\'\\\\1\\\\\“\:‘\\4\-

21

"/////‘/////‘/////‘/////\/////(////////////////////////////////1/]7[ "/-

Z ko d W VAN SV SNV SV SN SN AVA SN AN SN LA &K,

~ N ~ S S . ~ Y Y . ~, K . ~ ~ Y T S
-

CITLTLIILTILTIILTIISTI SIS
< * t

r

4 —r—
’ 4 - / - a - s , ’ .
’ 4 s . G / / * ¢ ’ ,
. / % / # 3 4 / / /! /! s /4
4 G , / / . - / » 0 0

FIG. 5

?4

(

§

23B ZER 236

(

23R 23G

(




Patent Application Publication Oct. 25,2007 Sheet 4 of 8 US 2007/0247569 A1

FIG. 6A FIG. 6B

plate axis
Color fllter;Zii::::::::;;7 o //// )7<iColor filter
Polarization
plate Polarization
axis
Light source Light source

~ FIG. 7




Patent Application Publication Oct. 25,2007 Sheet 5 of 8

FIG. 8

FI1G. 9

FI1G. 10

Polarization
axls

™34

31
34
L
36 33
7777 L2 gV///S///J
32 —hessx
ya —(
]
31 35

US 2007/0247569 Al




Patent Application Publication Oct. 25,2007 Sheet 6 of 8 US 2007/0247569 A1

FIG. 11
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COLOR FILTER AND LIQUID CRYSTAL DISPLAY
DEVICE USING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This nonprovisional application claims priotity
under 35 U.S.C. §119(a) on Patent Application No. 2003-
347927 filed in Japan on Oct. 7, 2003, and Patent Applica-
tion No. 2004-271906 filed in Japan on Sep. 17, 2004, and
is a Division of U.S. application Ser. No. 10/958,387, the
entire contents of which are hereby incorporated by refer-
ence.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a color filter and a
liquid crystal display device using the same.

[0004] 2. Description of the Background Art

[0005] 1In a liquid crystal display device capable of dis-
playing color images, a color filter including a large number
of red, green and blue colored layers regularly arranged
together is provided on the display-surface-side substrate.
The pigment dispersion method has been a mainstream
method for manufacturing a color filter because the method
is superior in terms of heat resistance, light resistance and
cost. However, as compared with the dyeing method using
dyes, the pigment dispersion method is inferior in terms of
the depolarization of pigment particles.

[0006] For example, Japanese Laid-Open Patent Publica-
tion No. 11-6911 states that color filters manufactured by the
pigment dispersion method are inferior in terms of the
depolarization, as compared with those manufactured by the
dyeing method, because of scattering of light occurring due
to pigment particles and surface configuration, that the
amount of light transmitted is reduced by the scattering of
light, thus failing to obtain sufficient brightness for the same
chromaticity, and that the chromaticity of a combination
color shifts if the transmittance decreases for even just one
of red, blue and green, depending on the degree of scatter-
ing. In view of this, a technique has been disclosed in the art
in which an ink receiving layer made of a photosensitive
resin composition is subjected to a pattern exposure process
to form non-colored portions, and a colored ink is applied
onto the unexposed portions using an inkjet head to color the
unexposed portions, after which the colored portions are
subjected to an air flow or vacuum drying, and then the
entire ink receiving layer is cured.

[0007] Japanese Laid-Open Patent Publication No.
08-171014 is directed to an improvement through yellow
added to red and green. Specifically, the gray-scale display
is improved through an increase in the contrast ratio of the
color filter by using a color resist in which yellow is added
to red and green colored compositions while reducing the
particle size of the pigment in the colored composition by
using a benzimidazolone derivative as the dispersant. How-
ever, the publication fails to disclose specific gray-scale
display data and fails to describe the chromaticity in a black
display.

[0008] Japanese Laid-Open Patent Publication No. 2001-
188120 discloses a colored composition for a color filter

1. Field of the Invention
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including at least a pigment, a polymer and a solvent, in
which the content of a yellow pigment in the pigment
component is 30% by weight or more and the relative
surface area of the yellow pigment is 70 m*/g or more. The
publication states that by optimizing the relative surface area
of the yellow pigment, it is possible to form a colored film
having a high contrast ratio and to obtain a color filter having
a high display quality.

[0009] Japanese Laid-Open Patent Publication No. 2001-
194658 discloses a liquid crystal display device including a
pair of opposing substrates and a liquid crystal material
sealed therebetween, with a color filter including red, green
and blue color patterns being formed on one substrate, in
which an adjustment is made so that CR1/CR2=1.6, where
CR1 is the contrast ratio of the color pattern of the highest
contrast ratio and CR2 is that of the color pattern of the
smallest contrast ratio while the contrast ratio of the panel is
400 or more, thereby improving the color reproducibility.

[0010] In recent years, the contrast and the luminance of
liquid crystal display device have been increased. This has
led to cause a problem that light leakage of a color, e.g.,
magenta, is observed in a black display, and the magenta
color in a black display can be quite conspicuous. This
problem is particularly pronounced with liquid crystal dis-
play devices having a high contrast ratio and a high back-
light brightness, e.g., LCD televisions.

[0011] Note that Japanese Laid-Open Patent Publication
No. 08-171014, supra, only discloses improvements on the
red and green colored layers and fails to give limitations on
the blue colored layer. Thus, it is difficult with such a
disclosure to realize a desirable black display.

SUMMARY OF THE INVENTION

[0012] It is therefore an object of the present invention to
provide a color filter with which it is possible to prevent
conspicuous coloring in a black display due to light leakage,
and a liquid crystal display device using the same.

[0013] A color filter the present invention, which achieves
the object set forth above, is a color filter including a large
number of colored layers of a plurality of colors regularly
arranged together, wherein:

Fgr=0.05 =3 Exg,+0.05 and ygyp-0.05 =y Sygpt
0.05

or
For—0.10 23 Sxy and yygp=0.10 Sy Zywm

is satisfied, where (X, Ywy) 18 @ chromaticity in a CEE
1931 chromaticity diagram when the filter alone is irradiated
with light to produce a white display, and (xg, yg) is a
chromaticity in the CIE 1931 chromaticity diagram when the
filter is irradiated with the same light while being interposed
between a pair of polarization plates arranged in a crossed
Nicols state each having a degree of polarization of 99.98%
or more.

[0014] Herein, the term “CIE 1931 chromaticity diagram”
refers to a chromaticity diagram based on a CIE color system
using color matching functions, which was adopted in 1931
by CIE (Commission Internationale d’Eclairage).
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[0015] Another color filter of the present invention is a
color filter including colored layers of a number n of colors
regularly arranged together, wherein:

NS
—~

is satisfied, where Y, (i=1 to n) is a luminance of the colored
layers of the n colors when the filter alone is irradiated with
light, Y;' (i=1 to n) is a luminance of the colored layers of the
n colors when the filter is irradiated with the same light
while being interposed between a pair of polarization plates
arranged in a crossed Nicols state each having a degree of
polarization of 99.98% or more, Y.,/ Y .. 15 @ maximum
valueof Y/Y/,and Y, /Y .. is a minimum value of Y,/Y/,
and

Ywn
— = 4001
Y = 4000

is satisfied, where Y+, is a luminance when the filter alone
is irradiated with light to produce a white display, and Yy is
a luminance when the filter is irradiated with the same light
while being interposed between a pair of polarization plates
arranged in a crossed Nicols state each having a degree of
polarization of 99.98% or more and a transmittance of 36%
when arranged in a parallel position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Other objects, features and advantages of the
present invention will become apparent from the following
detailed description, taken in conjunction with the accom-
panying drawings, wherein:

[0017] FIG.1is a CIE 1931 chromaticity diagram show-
ing the blackbody radiation locus;

[0018] FIG. 2 shows a portion of FIG. 1 on an enlarged
scale;

[0019] FIG. 3 is a graph showing the relationship between
Y/ Y of a color filter and the contrast ratio of a liquid
crystal display module;

[0020] FIG. 4 is a cross-sectional view of a liquid crystal
display device according to an embodiment of the present
invention;

[0021] FIG. 5 is a cross-sectional view of a color filter
according to an embodiment of the present invention;,

[0022] FIG. 6A and FIG. 6B illustrate a method for
obtaining the chromaticity and the transmittance ratio of a
color filter;

[0023] FIG. 7 is a CEE 1931 chromaticity diagram show-
ing the chromaticity of a color filter according to an embodi-
ment of the present invention;

[0024] FIG. 8 illustrates a method for evaluating the
luminance and the chromaticity of a color filter alone;

[0025] FIG. 9 illustrates a method for evaluating the
luminance and the chromaticity of a color filter with a
polarization plate attached thereto;
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[0026] FIG. 10 shows an arrangement of a color filter and
a pair of polarization plates;

[0027] FIG. 11 is a CIE 1931 chromaticity diagram show-
ing the chromaticity in a white display and that in a black
display for color filters of Examples 1 to 4;

[0028] FIG. 12 is a CIE 1931 chromaticity diagram show-
ing the chromaticity in a white display and that in a black
display for liquid crystal display devices using the color
filters of Examples 1 to 4;

[0029] FIG. 13 is a graph showing the relationship
between Y/ Yy of a color filter and the contrast ratio of a
liquid crystal display device; and

[0030] FIG. 14(a) to FIG. 14(d) are CIE 1931 chromaticity
diagrams showing (Xyqg, Ywyr) and (Xg. y) for Examples 6
to 9, respectively.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0031] An embodiment of the present invention will now
be described.

[0032] (Color Filter And Liquid Crystal Display Device)

[0033] The present inventors have found that coloring in a
black display is caused by the depolarization being different
for each color of the colored layer of the color filter. For
example, in a liquid crystal display device using a color filter
having colored layers of three colors, i.e., red, green and
blue, magenta coloring in a black display is observed
because the depolarization for green is better than those for
the other colors, i.e., because the contrast ratio for green is
higher than those for the other colors, as shown in Table 1
below, and there is less light leakage for green than for red
and blue in a black display, resulting in the complementary
color (magenta) being observed.

TABLE 1
Red (R)  Green (G) Blue (B)
Single color contrast ratio (Y/Y") 2821 7302 5102

[0034] Thus, according to the present invention, coloring
in a black display is reduced by making an adjustment such
that the ratio of the light amount in a black display between
the individual colors of the colored layers of the color filter
is substantially within a certain range, as opposed to simply
improving the depolarization of the color filter to improve
the contrast ratio thereof, or improving the decrease in the
transmittance due to scattering by the color filter.

[0035] A color filter of the first configuration of the present
invention is a color filter including a large number of colored
layers of a plurality of colors regularly arranged together,
wherein:

Xy 0.05 S Zxgr+0.05 and yo-0.05 Syp Sygup+
0.05

or
Koy 0.10=wp Zxgry and yo—0.1023 vy Syyy
is satisfied, where (X1, Yw) 18 the chromaticity in the CIE

1931 chromaticity diagram when the filter alone is irradiated
with light to produce a white display, and (xg, vg) is the
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chromaticity in the CIE 1931 chromaticity diagram when the
filter is irradiated with the same light while being interposed
between a pair of polarization plates arranged in a crossed
Nicols state each having a degree of polarization of 99.98%
or more.

[0036] A color filter adjusted as described above and
interposed between a pair of polarization plates arranged in
a crossed Nicols state each having a degree of polarization
of 99.98% or more has a close-to-white chromaticity or a
bluish dark chromaticity, and does not have conspicuous
coloring. A liquid crystal display device produces colors
dominantly by its color filter. Therefore, when such a color
filter as described above is used in a liquid crystal display
device, the liquid crystal display device will have a close-
to-white chromaticity or a bluish dark chromaticity in a
black display, thus preventing conspicuous coloring.

[0037] Since the pair of polarization plates arranged in a
crossed Nicols state each have a degree of polarization of
99.98% or more, they do not affect the evaluation of light
leakage of the color filter itself. If a polarization plate having
a smaller degree of polarization is used, the polarization
plate affects the evaluation of light leakage of the color filter
itself so that the measured amount of light leakage is greater
than the actual amount of light leakage, thereby making it
difficult to perform an accurate evaluation.

[0038] Typically, a liquid crystal display device is
designed so that the white display is located on the black-
body radiation locus, and the color temperature is in many
cases in the range of 5500 K to 20000 K. FIG. 1 shows the
CIE 1931 chromaticity diagram with the blackbody radia-
tion locus, and FIG. 2 is an enlarged view of a portion
corresponding to a color temperature range of 5500 K to
20000 K. As can be seen from these figures, in the CIE 1931
chromaticity diagram, the color temperature range of 5500
K to 20000 K corresponds to a straight line between (0.332,
0.342) and (0.256, 0.258) whose gradient is substantially 1.
In a chromaticity coordinate range near the blackbody
radiation locus, no particular coloring can be perceived. For
example, yellowish white is observed at a color temperature
of 5500 K, and bluish white at 20000 K. Further away from
the blackbody radiation locus in the CIE 1931 chromaticity
diagram, particular coloring is perceived, green above the
blackbody radiation locus and magenta below the blackbody
radiation locus. Thus, when a liquid crystal display device
switches from a white display to a black display, conspicu-
ous coloring is less likely to occur if the color is shifted
along the blackbody radiation locus in the CIE 1931 chro-
maticity diagram.

[0039] With the color filter of the first configuration,
substantially neutral black is perceived in a black display if

Fwywr-0.03=xp—yp Sxw-ywut0.03
is satisfied. More preferably,

Ky 0.05 Sxp Sxgy+0.05 and yoyp-0.05 SypSygp+
0.05

is satisfied.

[0040]

K= 0.02=xp Zayyr+0.02 and yuy—0.02 Zygey+0.02

Even more preferably,

and
sw—ywa—0-01 53—y vy ywert0.01

1s satisfied.
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[0041] With a color filter satisfying such a condition, the
chromaticity difference between a white display and a black
display is small and the shift from the white display to the
black display is more closely along the blackbody radiation
locus, whereby the black display is perceived to be com-
pletely achromatic.

[0042]
satisfies

The color filter of the first configuration preferably

Ywy
T = 4000

where Yy is the luminance when the filter alone is irradi-
ated with light to produce a white display, and Yy, is the
luminance when the filter is irradiated with the same light
while being interposed between a pair of polarization plates
arranged in a crossed Nicols state each having a degree of
polarization of 99.98% or more and a transmittance of 36%
when arranged in a parallel position.

[0043] With such a configuration, it is possible to suppress
the luminance increase in a black display by the color filter
to a sufficiently practical level. FIG. 3 shows the contrast
ratio for each of six liquid crystal display modules having no
color filter and having different contrast ratios to which six
color filters of different Yy,;;/Yy values are respectively
attached. As can be seen from the figure, it is possible to
easily realize a contrast ratio of 600 or more, which is
typically required in a high-contrast liquid crystal display
device such as an LCD television, by using a color filter
where Y2/ Y5 24000 in combination with a liquid crystal
display device whose contrast ratio is 1000 or more in the
absence of a color filter.

[0044] More preferably, a color filter where Y/
Y524400 is used in combination with a liquid crystal
display device whose contrast ratio is 1200 or more in the
absence of a color filter, in which case it is possible to obtain
a color liquid crystal display device having a contrast ratio
of about 700.

[0045] 1In the color filter of the first configuration, the
plurality of colors are the three colors of red, green and blue.

[0046] The color filter of the second configuration is a
color filter including colored layers of a number n of colors
regularly arranged together, wherein:

1 Yoax _ Youin
=<

=X =
2V Y

max

is satisfied, where Y; (i=1 to n) is the luminance of the
colored layers of the n colors when the filter alone is
irradiated with light, Y;' (i=1 to n) is the luminance of the
colored layers of the n colors when the filter is irradiated
with the same light while being interposed between a pair of
polarization plates arranged in a crossed Nicols state each
having a degree of polarization of 99.98% or more, Y, ../
Y e 18 the maximum value of Y,/Y,, and Y, /Y .."is the
minimum value of Y/Y}', and
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Ywy
—= > 4001
Y = 4000

is satisfied, where Yy is the luminance when the filter
alone is irradiated with light to produce a white display, and
Yy is the luminance when the filter is irradiated with the
same light while being interposed between a pair of polar-
ization plates arranged in a crossed Nicols state each having
a degree of polarization of 99.98% or more and a transmit-
tance of 36% when arranged in a parallel position.

[0047] With a color filter of such a configuration, the ratio
between the luminance of the filter alone and the luminance
of the filter when interposed between a pair of polarization
plates arranged in a crossed Nicols state each having a
degree of polarization of 99.98% or more does not substan-
tially vary among the colored layers of n colors, thus
preventing colored layers of one color from coloring the
output light conspicuously with respect to colored layers of
the other colors due to light leakage in a black display.

[0048] Moreover, it is possible to suppress the luminance
increase in a black display by the color filter to a sufficiently
practical level, and it is possible to easily realize a contrast
ratio of 600 or more, which is typically required in a
high-contrast liquid crystal display device such as an LCD
television, by using the color filter in combination with a
liquid crystal display device whose contrast ratio is 1000 or
more in the absence of a color filter, as shown in FIG. 3.

[0049] More preferably, a color filter where Y/
Y,Z4400 is used in combination with a liquid crystal
display device whose contrast ratio is 1200 or more in the
absence of a color filter, in which case it is possible to obtain
a color liquid crystal display device having a contrast ratio
of about 700.

[0050] Inthe color filter of the second configuration where
the n colors are the three colors of red, green and blue,

lx&é&ézx_c
2 T ® T¢
and

1 T T,
_x_Bé_Gézx_B
2T T T T}
and

1 T T T
_X_Ré_Bézx_R
2 TR T Tk

is satisfied, where Ty, T and Ty, are the transmittance values
of the red, green and blue colored layers, respectively, when
the filter alone is irradiated with light, and T, T4 and T
are the transmittance values of the red, green and blue
colored layers, respectively, when the filter is irradiated with
the same light while being interposed between a pair of
polarization plates arranged in a crossed Nicols state each
having a degree of polarization of 99.98% or more, and
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Yy
L i
Y = 4000

is satisfied, where Yy is the luminance when the filter
alone is irradiated with light to produce a white display, and
Yy is the luminance when the filter is irradiated with the
same light while being interposed between a pair of polar-
ization plates arranged in a crossed Nicols state each having
a degree of polarization of 99.98% or more and a transmit-
tance of 36% when arranged in a parallel position.

[0051] With such a configuration, the ratio between the
transmittance of the filter alone and the transmittance of the
filter when interposed between a pair of polarization plates
arranged in a crossed Nicols state does not substantially vary
among the red, green and blue colored layers, thus prevent-
ing colored layers of one color from coloring the output light
conspicuously with respect to colored layers of the other
colors due to light leakage in a black display.

[0052] The transmittance values Ty, T, Tp, Tg', Tg' and
Tg' are defined as follows:

Ta=Ye/Yy To=Yo/Yyand Ty=Yy/¥,, and
To =Y /¥, To'=Yy /¥, and Ty=¥, Y,

where Y, is the luminance of the measurement light source,
Yg, Yg and Yy, are the luminance values of the red, green
and blue colored layers, respectively, as measured when the
filter alone is placed over the measurement light source, and
Yy, Yo' and Yy' are the luminance values of the red, green
and blue colored layers, respectively, as measured when the
color filter interposed between a pair of polarization plates
arranged in a crossed Nicols state each having a degree of
polarization of 99.98% or more is placed over the measure-
ment light source.

[0053] Aliquid crystal display device of the present inven-
tion includes:

[0054] a liquid crystal cell including a first substrate, a
second substrate provided so as to oppose the first substrate,
and a liquid crystal layer provided between the first and
second substrates; and

[0055] a pair of polarization plates arranged in a crossed
Nicols state and provided so as to interpose the liquid crystal
cell therebetween,

[0056] wherein a color filter of the first configuration or a
color filter of the second configuration is provided on the
first substrate.

[0057] In a liquid crystal display device of this type
without a color filter of the present invention, coloring due
to light leakage is significant when the liquid crystal layer of
the liquid crystal cell is of a vertical alignment type or when
the contrast ratio (the ratio of the transmittance in a direction
normal to the display surface in a white display to that in a
black display) is 400 or more (even more so when it is 600
or more). Thus, the color filter of the present invention as
described above is particularly advantageous.

[0058] Note that a colorless transparent resin layer (white)
is in some cases provided in place of a colored layer in a
color filter in order to ensure sufficient luminance, and a
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black matrix is typically provided on a color filter. The color
filter of the first or second configuration may include the
resin layer or the black matrix. Note however that the resin
layer or the black matrix is not included as a colored layer
of the color filter of the first or second configuration.

[0059]

[0060] Specific configurations of the present invention
will now be described in detail with reference to the draw-
ings.

[0061] FIG. 4 shows a liquid crystal display device 10
according to an embodiment of the present invention.

[0062] The liquid crystal display device 10 includes a
liquid crystal cell C and polarization plates 13 and 14
provided on opposite sides of the liquid crystal cell C. The
liquid crystal cell C includes a TFT substrate 11, a color filter
substrate (hereinafter referred to as the “CF substrate™) 12
provided so as to oppose the TFT substrate 11, and a liquid
crystal layer 21 interposed therebetween. Moreover, a back-
light 15 is provided on one side of the liquid crystal cell C
that is closer to the TFT substrate 11.

[0063] The TFT substrate 11 includes a transparent sub-
strate 16, scanning lines and signal lines (not shown) formed
on the transparent substrate 16 so as to cross each other to
form a lattice pattern, and a pixel electrode 17 being a
transparent electrode of ITO (Indium Tin Oxide), 1270
(Indium Zinc Oxide), or the like, connected via a TFT (Thin
Film Transistor) as a switching element at each intersection
between a scanning line and a signal line. The TFT substrate
11 is placed so that the transparent substrate 16 is on the
outer side. The pixel electrodes 17 are provided so as to form
a matrix as a whole, and each pixel electrode 17 defines one
pixel. Note that an alignment film may be provided on one
side of the TFT substrate 11 that is to be in contact with the
liquid crystal layer 21. The transparent substrate 16 is
preferably a glass substrate in view of the heat resistance and
the large dimension stability.

[0064] The CF substrate 12 includes a transparent sub-
strate 18, a color filter 19 provided so as to form a layer on
the transparent substrate 18, and a counter electrode 20
being a transparent electrode made of ITO, 120, or the like,
and provided so as to form a layer on the color filter 19. The
CF substrate 12 is placed so that the transparent substrate 18
is on the outer side. The color filter 19 includes a large
number of colored layers of a number n of colors (e.g., three
colors of red (R), green (G) and blue (B)) regularly arranged
together, each colored layer corresponding to one pixel.
Note that an alignment film may be provided on one side of
the CF substrate 12 that is to be in contact with the liquid
crystal layer 21. The transparent substrate 18 is preferably a
glass substrate in view of the heat resistance and the large
dimension stability. A colorless transparent resin layer
(white) may be provided in place of a colored layer in the
color filter 19 in order to ensure sufficient luminance, and a
black matrix may be provided on a color filter. These
elements are not included as colored layers.

[0065] The liquid crystal layer 21 is made of a nematic
liquid crystal material and is of a vertical alignment type, for
example.

(Specific Configurations)

[0066] The polarization plates 13 and 14 are obtained by
drawing in one direction a transparent film such as a
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polyvinyl alcohol film with iodine or a dye mixed therein,
for example. The pair of polarization plates 13 and 14 on
opposite sides of the liquid crystal cell C, are arranged in a
crossed Nicols state, i.e., so that their polarization axes are
perpendicular to each other. The polarization plates 13 and
14 preferably have a degree of polarization of 99% or more.

[0067] The backlight 15 includes a fluorescent lamp, a
light guide plate, a reflection plate and a diffusion plate, for
example, so as to produce a plane emission of light from the
fluorescent lamp, thereby uniformly providing light to the
entire surface of the liquid crystal cell C.

[0068] The liquid crystal display device 10 operates as
follows. In each pixel defined by the pixel electrode 17, a
predetermined voltage is applied between the pixel electrode
17 and the counter electrode 20 so as to modulate the
orientation of the liquid crystal molecules of the liquid
crystal layer 21 to adjust the degree by which light from the
backlight 15 is transmitted, whereby the liquid crystal dis-
play device 10 as a whole displays an image. In other words,
the liquid crystal cell C functions as a light bulb. Colored
light is produced by combining together n colors of light,
e.g., three light beams of red (R), green (G) and blue (B),
adjacent to one another. Moreover, since the liquid crystal
layer 21 of the liquid crystal cell C is of a vertical alignment
type, it is possible to produce a high-contrast display with
the contrast ratio (i.e., the ratio of the transmittance in a
direction normal to the display surface in a white display to
that in a black display) being 400 or more (600 or more, or
700 or more depending on the conditions).

[0069] Next, the color filter 19 of the liquid crystal display
device 10 will be described in detail.

[0070] FIG. 5 shows an example of the color filter 19
including a large number of colored layers of three colors of
red (R), green (G) and blue (B) regularly arranged together.

[0071] Specifically, the color filter 19 includes, on the
glass substrate 18, a black matrix 22 having openings therein
corresponding to the pixels, and red (R), green (G) and blue
(B) colored layers 23R, 23G and 23B are provided in the
openings of the black matrix 22. The arrangement of the red
(R), green (G) and blue (B) colored layers 23R, 23G and
23B is not limited to any particular arrangement, and may
be, for example, a stripe arrangement, a mosaic arrange-
ment, etc.

[0072] Each of the colored layers 23R, 23G and 23B is, for
example, made of a novolac resin or a phenol resin with a
phthalocyanine pigment dispersed therein.

First Configuration>

[0073] Thecolor filter 19 of the first configuration satisfies

Xoyrr=0.05 =g Exgypr+0.05 and yyrpr-0.05 Syp Sygupt
0.05

or
Xy—0.10=xp =Xy and yyp—0.10Zygy

where (Xy, Ywip) 18 the chromaticity in the CEE 1931
chromaticity diagram when the filter alone is irradiated with
light to produce a white display, as shown in FIG. 6A, and
(Xp, ¥p) 1s the chromaticity in the CEE 1931 chromaticity
diagram when the filter is irradiated with the same light
while being interposed between a pair of polarization plates
arranged in a crossed Nicols state each having a degree of
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polarization of 99.98% or more, as shown in FIG. 6B. Thus,
as shown in the CIE 1931 chromaticity diagram of FIG. 7,
(Xg, Yp) 1s in either area delimited by a dotted line, i.e., an
area around (Xy 1y, V) OF @n area on the lower left side of
(Xwip Ywr)- In the CIE 1931 chromaticity diagram, (X5, yg)
being in such an area means that the chromaticity, when
interposed between a pair of polarization plates arranged in
a crossed Nicols state each having a degree of polarization
of 99.98% or more, is a close-to-white chromaticity or a
bluish dark chromaticity. Therefore, when the liquid crystal
display device 10 is producing a black display, coloring
occurring due to light leakage is in a color of such a
chromaticity. Thus, conspicuous coloring in a black display
due to light leakage is prevented.

[0074] With the color filter 19, substantially neutral black
is perceived in a black display if

TP 0-03 25— SXyp—Yws+0.03
is satisfied. More preferably,

o= 0.05 S Exgr+0.05 and yory-0.05 Sy Epgp+
0.05

is satisfied.

[0075] Even more preferably,

Xy—0.02 = xp Sxyy+0.02 and yy-0.02 Syp S+
0.02

and
Fwaywr—0-01=xp—yp Exwr—ywat0.01

is satisfied, in which case the chromaticity difference
between a white display and a black display is small and the
change from the white display to the black display is more
closely along the blackbody radiation locus in the CIE 1931
chromaticity diagram, whereby the black display is pet-
ceived to be completely achromatic.

[0076] Moreover, the color filter 19 preferably satisfies

Ywn
Y_B 2 4000

where Yy, is the luminance when the filter alone is irradi-
ated with light to produce a white display, and Yy is the
luminance when the filter is irradiated with the same light
while being interposed between a pair of polarization plates
arranged in a crossed Nicols state each having a degree of
polarization of 99.98% or more and a transmittance of 36%
when arranged in a parallel position. In such a case, the
contrast ratio of the filter alone is very high, whereby it is
possible to suppress the luminance increase in a black
display by the color filter 19 to a sufficiently practical level,
and if the contrast ratio of the liquid crystal display device
10 in the absence of the color filter 19 is 1000 or more, it is
possible to easily realize a contrast ratio of 600 or more,
which is typically required in a high-contrast liquid crystal
display device such as an LCD television.
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[0077] More preferably,

Y
Y 5 4400
]

is satisfied, in which case it is possible to obtain the color
liquid crystal display device 10 having a contrast ratio of
about 700, if the contrast ratio of the liquid crystal display
device 10 in the absence of the color filter 19 is 1200 or
more.

Second Configuration>

[0078]
such that

In the second configuration, the color filter 19 is

is satisfied, where Yy, Yq and Yy are the luminance values
of the colored layers 23R, 23G and 23B, respectively, when
the filter alone is irradiated with light, Y3', Yo' and Yy' are
the luminance values of the colored layers 23R, 23G and
23B, respectively, when the filter is irradiated with the same
light while being interposed between a pair of polarization
plates arranged in a crossed Nicols state each having a
degree of polarization of 99.98% or more, Y ../ Y .. is the
maximum value of the luminance values, and Y_, /Y . '1s
the minimum value thereof, and

Ywy
LA i
Y 2 4000

is satisfied, where Y is the luminance when the filter
alone is irradiated with light to produce a white display, and
Yy is the luminance when the filter is irradiated with the
same light while being interposed between a pair of polar-
ization plates arranged in a crossed Nicols state each having
a degree of polarization of 99.98% or more and a transmit-
tance of 36% when arranged in a parallel position.

[0079] This is equivalent to a state where

Llo T, T
2 T T TR T T
and

EXESESQXE
2 Ty T Tp
and

l><E5E52><E
2 T T Th

is satisfied, where Ty, T and Ty are the transmittance values
of the red, green and blue colored layers, respectively, when
the filter alone is irradiated with light, and Ty', T' and Ty'
are the transmittance values of the red, green and blue
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colored layers, respectively, when the filter is irradiated with
the same light while being interposed between a pair of
polarization plates arranged in a crossed Nicols state each
having a degree of polarization of 99.98% or more, and

Ywy
— > 4001
Y = 4000

[0080] is satisfied, where Yy is the luminance when the
filter alone is irradiated with light to produce a white display,
and Yy, is the luminance when the filter is irradiated with the
same light while being interposed between a pair of polar-
ization plates arranged in a crossed Nicols state each having
a degree of polarization of 99.98% or more and a transmit-
tance of 36% when arranged in a parallel position.

[0081] The transmittance values Ty, Tg, Ty, Tg', Tg' and
Tg' are defined as follows:

Te=Ya/Ye Ta=Ye/Yo and Tp=Ye/¥, and
Tp'=Y /Yy, To'=Ye /Yy and Ty'=Yy Y,

where Y, is the luminance of the measurement light source,
Yy, Y and Yy, are the luminance values of the red, green
and blue colored layers, respectively, as measured when the
filter alone is placed over the measurement light source, and
Yi', Yo' and Yy' are the luminance values of the red, green
and blue colored layers, respectively, as measured when the
color filter interposed between a pair of polarization plates
arranged in a crossed Nicols state each having a degree of
polarization of 99.98% or more is placed over the measure-
ment light source.

[0082] In such a case, the ratio between the luminance of
the filter alone and the luminance of the filter when inter-
posed between a pair of polarization plates arranged in a
crossed Nicols state each having a degree of polarization of
99.98% or more does not substantially vary among the red
(R), green (G) and blue (B) colored layers 23R, 23G and
23B, thus preventing the colored layers 23R, 23G or 23B of
one color from coloring the output light conspicuously with
respect to colored layers of the other colors due to light
leakage in a black display.

[0083] Moreover, the contrast ratio of the filter alone is
very high, whereby it is possible to suppress the luminance
increase in a black display by the color filter 19 to a
sufficiently practical level, and if the contrast ratio of the
liquid crystal display device 10 in the absence of the color
filter 19 is 1000 or more, it is possible to easily realize a
contrast ratio of 600 or more, which is typically required in
a high-contrast liquid crystal display device such as an LCD
television.

[0084] More preferably,

Y
M 5 4400
Yp

is satisfied, in which case it is possible to obtain the color
liquid crystal display device 10 having a contrast ratio of
about 700, if the contrast ratio of the liquid crystal display
device 10 in the absence of the color filter 19 is 1200 or
more.
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[0085] The color filter 19 of the first or second configu-
ration can be manufactured by a method known in the art,
such as a spin coat method, a slit coat method or a dry film
method, and characteristics as described above can be real-
ized by appropriately selecting and combining stains for the
red (R), green (G) and blue (B) colored layers 23R, 23G and
23B.

[0086] While coloring due to light leakage in a black
display is particularly significant when a high-contrast dis-
play is produced, the liquid crystal layer 21 of the liquid
crystal cell C of the liquid crystal display device 10 is of a
vertical alignment type and the liquid crystal display device
10 produces a high-contrast display with a contrast ratio of
400 or more (600 or more, or 700 or more depending on the
conditions). Thus, the effect of using the color filter 19, i.e.,
to prevent conspicuous coloring in a black display, is par-
ticularly advantageous.

[0087] While the color filter 19 of the present embodiment
has three colors of red (R), green (G) and blue (B) both in
the first configuration and in the second configuration, the
present invention is not limited to this. Alternatively, the
color filter 19 may have six colors of red (R), green (G), blue
(B), yellow (Y), cyan (C) and magenta (M) to produce more
natural intermediate colors, as disclosed in Japanese Laid-
Open Patent Publication No. 2002-286927, for example.
Thus, more generally, the color filter 19 may have a number
of n colors.

[0088] Then, with the first configuration, as with the
three-color configuration,

Xyrr=0.05 Zog Sxgypr+0.035 and YW=
0.05Zyp Syyy0.05

or
Fou0-10 =X, =Xy and pop=0.10=y, Sygoy

is satisfied, where (X, V) is the chromaticity in the CIE
1931 chromaticity diagram when the filter alone is irradiated
with light to produce a white display, and (xg, vy) is the
chromaticity in the CIE 1931 chromaticity diagram when the
filter is irradiated with the same light while being interposed
between a pair of polarization plates arranged in a crossed
Nicols state each having a degree of polarization of 99.98%
or more.

[0089] With the second configuration,
I Yow Yo
2 Vo Yo

is satisfied, where Y, (i=1 to n) is the luminance of the
colored layers of the n colors when the filter alone is
irradiated with light, Y;' (i=1 to n) is the luminance of the
colored layers of the n colors when the filter is irradiated
with the same light while being interposed between a pair of
polarization plates arranged in a crossed Nicols state each
having a degree of polarization of 99.98% or more, Y, ../

Y e 18 the maximum value of Y,/Y,, and Y, /Y .."is the
minimum value of Y/Y}', and
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Ywy
—= > 4001
Y = 4000

where Y, 1s the luminance when the filter alone is irradi-
ated with light to produce a white display, and Yy is the
luminance when the filter is irradiated with the same light
while being interposed between a pair of polarization plates
arranged in a crossed Nicols state each having a degree of
polarization of 99.98% or more and a transmittance of 36%
when arranged in a parallel position.

[0090] Moreover, while the liquid crystal display device
10 of the present embodiment is of an active matrix type, the
present invention is not limited to this, and may alternatively
be a passive matrix type liquid crystal display device as long
as a color filter is provided.

[0091] Moreover, while the liquid crystal layer 21 is of a
vertical alignment type in the present embodiment, the
present invention is not limited to this, and may alternatively
be of a horizontal alignment type.

[0092] The following evaluation tests were performed.
[0093] [Evalvation Test 1]

[0094] (Evaluation of Colored Resist)

[0095] A color filter used in a liquid crystal display device

having a vertical alignment type liquid crystal layer is
required to have high color purity and high transmittance.
First, red (R), green (G) and blue (B) colored pigment resists
satisfying these conditions were selected, as shown in Table
2 below.

TABLE 2

w/Polarizers

Color filter alone (crossed)
Y X y Y YN =TT
R1 1311 0.62 033 0.465 2821
R2 1187 0.65 033 0.335 3542
R3 1162 0.65 033 0.242 4800
G1 2810 0.30 0.59 0.385 7302
G2 2685 0.30 0.60 0.428 6272
G3 2539 0.29 0.61 0.567 4477
Bl 584 0.15 0.08 0.115 5102
B2 513 0.15 0.07 0.144 3557
B3 474 0.15 0.06 0.125 3780

[0096] RI1,R2 and R3 are the selected red (R) resists, G1,
G2 and G3 are the selected green (G) resists, and B1, B2 and
B3 are the selected blue (B) resists.

[0097] The combination of R1, G1 and Bl is commer-
cially available, with which magenta coloring is conspicu-
ous in a black display.

[0098] R2 and R3 use different types of pigments from that
of R1 in order to improve the depolarization and increase the
color purity. Particularly, R3 uses a refined pigment to
improve the depolarization.

[0099] Typically, the green (G) pigment is a pigment
obtained by combining together a phthalocyanine green
pigment and a yellow pigment. The depolarization and the
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chromaticity can be adjusted by controlling the particle sizes
of the phthalocyanine green and yellow pigments and the
contents thereof with respect to each other.

[0100] For example, G2 is obtained by decreasing the
yellow pigment content of G1 so as to increase the color
purity while decreasing the value x in the CIE 1931 chro-
maticity diagram. Since yellow has desirable depolarization,
G2 has poor depolarization and has a lower contrast ratio
Y/Y' than that of G1.

[0101] @3 is a pigment resist using a green pigment and a
yellow pigment both having a large particle size so as to
intentionally increase the depolarization so that the contrast
ratio thereof is close to those of red (R) and blue (B).

[0102] Typically, a blue (B) pigment is obtained by com-
bining together a phthalocyanine blue pigment and a violet
pigment. However, since a violet pigment has poor depo-
larization, the contrast ratio decreases as the content of the
violet pigment increases. The violet pigment contents of B1,
B2 and B3 increase in this order.

[0103] Since B2 has a larger violet pigment content than
B1, B2 has poorer depolarization.

[0104] B3 uses refined pigments for both a phthalocyanine
blue pigment and a violet pigment in order to prevent
deterioration of the depolarization, thereby maintaining a
contrast ratio close to that of B2.

[0105] Note that all of the resists described above are
negative-type pigment-dispersed resists for spin coat.

[0106] (Production of Single-Color Substrate for Evalua-
tion Test)

[0107] A single-color substrate for test evaluation was
produced as follows for each of the nine negative-type
pigment-dispersed resists of R1 to R3, G1 to G3 and B1 to
B3.

[0108] First, a resist to be evaluated was applied onto a
transparent glass substrate with a spin coater and dried under
a reduced pressure. Then, the entire surface of the resist was
irradiated with UV light to be cured, and then developed.
Then, the resist was baked to be completely cured to obtain
a single-color substrate for test evaluation.

[0109] The spin-coating conditions were adjusted so as to
obtain desirable color purity after baking. Moreover, a glass
substrate similar to that typically used in a liquid crystal
display device was used as the glass substrate in order to
eliminate the influence of coloring of the glass itself and the
influence of scattering due to a difference in the surface
condition. The conditions for the drying under a reduced
pressure, the UV light irradiation and the development
process were set to be the same as those when producing a
color filter of a liquid crystal display device. If these
conditions are different from those used when producing a
color filter, the surface configuration of the colored layers to
be evaluated will be different from that of the color filter,
whereby accurate measurement may not be done. Table 3
below shows conditions for the production of the single-
color substrate for test evaluation.
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TABLE 3
Substrate Glass AN100 0.7t (Asahi Glass Co., Ltd.)
Spin coat 450 rpm x 10 sec
Exposure 100 mi
Development 1.5% Na,CO;/NaHCO,
Baking 230° C. x 60 min
[0110] (Evaluation Test Method)

[0111] The evaluation test method will be described with
reference to FI1G. 8 to FIG. 10.

[0112] Referring to FIG. 8, for each resist, a single-color
substrate 32 for test evaluation was placed over, and parallel
to, a backlight unit 31, and a light blocking object 33 was
placed over the single-color substrate 32 for blocking sur-
rounding light leakage. A spectroradiometer 34 (“SR-3”
manufactured by Topcon Corporation) was fixed above the
single-color substrate 32, and the backlight unit 31 was
turned ON to measure the luminance Y5 and the chroma-
ticity (Xwip Ywr) With the spectroradiometer 34. The back-
light unit 31 was similar to that used as the light source in
a liquid crystal display device. Specifically, the backlight
unit 31 was a 3-wavelength fluorescent lamp having a
luminance Y of 5087, and a chromaticity (x, y) of (0.300,
0.270) in the CEE 1931 chromaticity diagram. Note that the
chromaticity was measured in order to confirm that an
intended color density is realized.

[0113] Then, referring to FIG. 9, for each resist, a reverse-
side polarization plate 35 and a surface-side polarization
plate 36 were attached to the single-color substrate 32 for
test evaluation so as to be arranged in a crossed Nicols state,
the single-color substrate 32 was placed over, and parallel to,
the backlight unit 31, and the light blocking object 33 was
placed over the single-color substrate 32 for blocking sur-
rounding light leakage. The spectroradiometer 34 (“SR-3”
manufactured by Topcon Corporation) was fixed above the
single-color substrate 32, and the backlight unit 31 was
turned ON to measure the luminance Y' with the spectrora-
diometer 34.

[0114] In this process, the reverse-side polarization plate
35 and the surface-side polarization plate 36 were attached
directly to the single-color substrate 32 for test evaluation on
the resist colored side and on the glass side, respectively, so
that the polarization plates 35 and 36 were arranged in a
crossed Nicols state, as shown in FIG. 10. The reverse-side
polarization plate 35 and the surface-side polarization plate
36 were both a polarization plate for a vertical alignment
type liquid crystal layer with a degree of polarization of
99.98% having characteristics as shown in Table 4 below
(manufactured by Nitto Denko Corporation).

TABLE 4
Luminance Luminance w/ Luminance Deg. of
w/polarizers (parallel) polarizers (crossed) ratio polarization
1824 0.303 6026 99.98%
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[0115] (Evaluation Test Results)

[0116] The luminance Yy,,;. the chromaticity (Xyyyy, Yvr)
and the luminance Y' of the nine negative-type pigment-
dispersed resists of R1 to R3, G1 to G3 and B1 to B3 are
shown in Table 2 above.

[0117]
combinations of one of R1 to R3, one of G1 to G3 and one
of B1 to B3 to obtain Example 1 (R1, G1, B1), Example 2
(R2, G2, B2), Example 3 (R2, G3, B3) and Example 4 (R3,
G3, B3), and the four color filters were evaluated as to
whether

Four color filters were produced using different

1 T T, T

X _G = _R =2x ¢

I T T-

and

1 Ty Te Tp

—X— < — & DTN —

AT T}

and

1 Tp Tp R

—X— < — & IX —

T T}
[0118] is satisfied. The results are shown in Table 5 below.

TABLE 5
Combination T/T'(=Y/Y")
R G B Tl TgTg TyTy Eval

Ex 1 Rl Gl Bl 281 7302 5102 X
Ex 2 R2 G2 B2 3542 62712 3551 O
Ex 3 R2 G3 B3 3542 4477 3780 @
Ex 4 R} G3 B3 4800 4477 3780 @
[0119] It can be seen from Table 5 that Examples 2, 3 and

4 all satisfy the condition above. Moreover, it can be seen
that Examples 3 and 4 are superior to Example 2 because the
Y/Y' variation among different colors is less significant.

[0120]
examined for the luminance Y;; and the chromaticity
(Xwip Ywrp) 10 the CIE 1931 chromaticity diagram when the
filter alone was irradiated with light to produce a white
display, and the luminance Y and the chromaticity (X, ¥g)
in the CIE 1931 chromaticity diagram when the filter was
irradiated with the same light while being interposed
between a pair of polarization plates arranged in a crossed
Nicols state each having a degree of polarization of 99.98%.
The color filters were evaluated as to whether

Next, the color filters of Examples 1 to 4 were

Xy—0.05 Zxg Exgy+0.05 and yyrp-0.05 Sy Syt
0.05

or
Tgu—0.10=3, Exgy and yyuy-0.10 2y Speoy

[0121] is satisfied. The results are shown in FIG. 11. Table
6 shows the measured values and the results.
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TABLE 6
w/Polarizers
Filter alone (crossed) Evaluation Ywu'
Ywn Xwm Ywn YB XB Y8 XB-Xwm Y- Ywm bval. Yy

Ex1 1141 0308 0.288 0.234 0.313 0.225 0.005 -0.063 X 4880
Ex2 1057 0305 0.286 0.220 0.290 0.241 -0.015 -0.044 C 4803
Ex3 1010 0304 0.277 0249 0.310 0.266 0.006 -0.011 ® 4052
Ex4 1012 0304 0.277 0227 0.285 0.259 -0.019 -0.018 © 4465
[0122] In the color filter of Example 1, yp—ywi=—0.063, were used. The liquid crystal display device all had contrast

the absolute value of which exceeds 0.05. Visual observation
showed that there was significant magenta coloring in a
black display.

[0123] In contrast, in the color filter of Example 2,
V—Ywi=—0.044, the absolute value of which is smaller than
that of Example 1. Visual observation showed that coloring
in a black display was reduced to a practical level.

ratios of 600 or more, and luminance values of 450 ¢d or
more in a white display.

[0127] The white display chromaticity and the black dis-
play chromaticity of these liquid crystal display devices are
shown in FIG. 12. Table 7 shows. in addition to those
chromaticity values, the values of Xg—Xy5; and Y=y, and
the results of visual observation.

TABLE 7
White Black Chromaticity Evaluation
display display difference Black display Display
_chromaticity _chromaticity (white to black) as visually device
Xwu Ywu X Y8 Xs~-Xwn VYB -~ YwH observed Eval. %, Yo
Ex1 0291 0291 0325 0.205 0.034 -0.086 Magenta X 0271 0.255
Ex2 0.293 0.297 0306 0.256 0.013 -0.041 Slightly O 0.294 0.273
magenta
Ex3 0294 0297 0312 0.302 0.018 0.005 Substantially ® 0294 0273
achromatic
Ex4 0.294 0298 0.289 0.278  -0.005 -0.020 Completely ® 0293 0272
achromatic

[0124] In the color filter of Example 3, Xp—X5=0.006
and yg-ywyu=-0.011, the absolute values of which are
sufficiently small. Visual observation showed that substan-
tially no coloring was perceived in a black display, which
was very close to being completely achromatic.

[0125] In the color filter of Example 4, Xp—Xy;=-0.019
and yp-ywy=—-0.018. Although the absolute value of
X ~Xyy Was larger than that of Example 3, the condition

,3“6}2120.02 Exp Sxyyyt+0.02 and yyyp—0.02 Sy S pyp+
0.

and
YwaYwa—0.01=x5-yp Sxwp-Ywrt0.01
was satisfied, and visual observation showed that substan-

tially no coloring was perceived in a black display, which
was very close to being completely achromatic.

[0126] Liquid crystal display devices were produced using
the color filters of Examples 1, 2. 3 and 4. A vertical
alignment type liquid crystal layer was used. The backlight
was not the same one as that used in the evaluation test, but
the chromaticity thereof was adjusted to be around (0.29,
0.30) in the CIE 1931 chromaticity diagram. A pair of
polarization plates whose degree of polarization was 99.98%

[0128] With both of the liquid crystal display devices
using the color filters of Examples 3 and 4, it was possible
to produce a black display close to being completely ach-
romatic. Particularly, with the liquid crystal display device
using the color filter of Example 4, it was possible to
produce a black display completely achromatic and with a
chromaticity close to that in a white display.

[0129] Another liquid crystal display device was produced
using a color filter of Example 5 (reference example) with
Y, /Yy lower than those of Examples 1 to 4. The contrast
ratio of the liquid crystal display device was measured. The
results are shown in FIG. 13 and Table 8 below.

TABLE 8

Ywi/Yg of color filter  Contrast ratio of display device

Ex 1 4880 680
Ex 2 4803 650
Ex 3 4052 630
Ex 4 4465 660
Ex 5 3520 590
[0130] With the liquid crystal display devices using the

color filters of Examples 1 to 4 where Y,/ Y>4000, the
contrast ratio was 600 or more, and a high display quality
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with a solid black color was realized. Particularly, with
Examples 1, 2 and 4 where Y1,/ Y5>4400, a high contrast
ratio of 650 or more was obtained. In contrast, in Example
5 where the value Yv,/Yy is as low as 3520, the contrast
ratio was less than 600, resulting in an un-solid black color
and a lower display quality than those of Examples 1 to 4.

[0131] [Evaluation Test 2]

[0132] Next, Evaluation Test 2 will be described.

[0133] (Evaluation Test Samples)

[0134] Four color filters of Examples 6 to 9 were produced

using different combinations of stains for the red (R), green
(G) and blue (B) colored layers.

[0135] (Evaluation Test Method)
Chromaticity>

[0136] Examples 6 to 9 were examined for the chroma-
ticity (Xywpp Ywr) 10 the CE 1931 chromaticity diagram
when the filter alone was irradiated with light to produce a
white display, and the chromaticity (xg, yp) in the CIE 1931
chromaticity diagram when the filter was interposed
between a pair of polarization plates arranged in a crossed
Nicols state each having a degree of polarization of 99.9%
or more.

Transmittance Ratio>

[0137] Examples 6 to 9 were examined for the transmit-
tance values (Tg, T and Ty) of the red (R), green (G) and
blue (B) colored layers when the filter alone was irradiated
with light, and the transmittance values (Ty', T5' and Tg") of
the red (R), green (G) and blue (B) colored layers when the
filter was irradiated with the same light while being inter-
posed between a pair or polarization plates arranged in a
crossed Nicols state each having a degree of polarization of
99.9% or more. Then, the values Ty/Ty', To/Tg' and Tp/Tg'
were calculated.

[0138]

[0139] FIG. 14(a) to FIG. 14(d) are CIE 1931 chromaticity
diagrams showing (Xygry, Ywy) and (Xg, yp) of Examples 6
to 9, respectively. Note that each area delimited by a dotted
line in the figure is an area in which the condition

(Evaluation Test Results)

K= 0.05 S Sxg+0.05 and yyr-0.05 Zyp Sygrp+
0.05

or
Xoyp— 010505 Zxgry and por-0.10=yp Sygoy

is satisfied. In these figures, the symbol “O” represents
(Xwip Ywr), and the symbol “X” represents (Xg, Yg)-

[0140] Tt can be seen from the figure that Examples 7 to 9
satisfy the condition while Example 6 does not satisfy the
condition. In Example 6, (Xg, yg) is located on the lower
right side of (X, Ywy)- Therefore, when a liquid crystal
display device using Example 6 produces a black display,
slightly reddish coloring will be observed. In Example 7,
(Xg, Yp) 1s located right under (X, Yw), Or on the lower
left side thereof. Therefore, when a liquid crystal display
device using Example 7 produces a black display, bluish
coloring will be observed. In Examples 8 and 9, (X, yg) is
located near (Xyyy, Ywy)- Lherefore, when a liquid crystal
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display device using Example 8 or 9 produces a black
display, coloring with a chromaticity close to that in a white
display will be observed.

[0141] These results indicate that color filters of Examples
7 to 9 are preferably used for preventing conspicuous
coloring in a black display due to light leakage.

[0142] Table 9 below shows the values Ty/T3', T/T' and
Tx/Tg' of Examples 6 to 9. Table 10 below shows the values
Te/TR', To/ T4 and T/ Ty' as normalized with TR/Ty'=1.

TABLE 9
TR/ T/Tg' Ty/Tg'
Ex 6 1300 5600 3400
Ex 7 1300 4000 1800
Ex 8 2100 2800 2800
Ex 9 2100 2400 2800
[0143]
TABLE 10
To/Tx’ T/To' Ta/Tx
Ex 6 1 43 2.6
Ex7 1 3.1 14
Ex 8 1 13 13
Ex 9 1 L1 13
[0144] Tables 9 and 10 show that in Example 6, To/T'

and T,/Ty' are more than twice T/T;', and in Example 7,
To/Tg' is more than twice T/T'. In contrast, in Examples
8 and 9, T4/T' and T/Ty' are both less than twice Tr/Ty',
thus satisfving the following condition.

lx&éléZxTG
2 T, ™ Tk T;
and

1 TB TG TB
— ___=2><_
2 Tp T T Tg
and

1 Tp Tp R
—X— £ — £2X —
2 Ty " T3 T

Moreover, F1G. 14(c) and FIG. 14(d) show that in Examples
8 and 9, (X, yp) is located near (Xyqy, Yorm)-

[0145] Black and white are by nature achromatic, and
there should be no chromaticity difference therebetween,
and they should differ only in luminance, and it is preferred
for displaying images with high qualities that the chroma-
ticity does not change between black and white. Thus, it is
preferred that the color filters of Examples 8 and 9 are used
because (Xg, yp) is located near Xy, Yw)-

[0146] While the present invention has been described in
a preferred embodiment, it will be apparent to those skilled
in the art that the disclosed invention may be modified in
numerous ways and may assume many embodiments other
than that specifically set out and described above. Accord-



US 2007/0247569 A1l

ingly, it is intended by the appended claims to cover all
modifications of the invention that fall within the true spirit
and scope of the invention.

What is claimed is:
1. A color filter including a large number of colored layers
of a plurality of colors regularly arranged together, wherein:

Fovr—0.05 S Sy +0.05 and yyrg-0.05 Zyp Syt
0.05

or
Yovr—0.10 x5 Exgry and yyrp-0.105 gy

1s satisfied, where (X, Ywy) 18 @ chromaticity in a CEE
1931 chromaticity diagram when the filter alone is
irradiated with light to produce a white display, and
(Xp, V) 18 a chromaticity in the CIE 1931 chromaticity
diagram when the filter is irradiated with the same light
while being interposed between a pair of polarization
plates arranged in a crossed Nicols state each having a
degree of polarization of 99.98% or more.

2. The color filter of claim 1, wherein:

Sw=Ywn—0-03 =gy SXyp=Ywn+0.03

is satisfied.
3. The color filter of claim 2, wherein:

Foypr—0.05 225 Ex4p+0.05 and yoyr-0.05 Eyp Sygm+
0.05

is satisfied.
4. The color filter of claim 3, wherein:

Xy—0.02 =g Xy +0.02 and yg-0.02 SypSpep+
0.02

and
You—Ywiu—0.01=Xg-yp EXy—Ywy+0.01

is satisfied.
5. The color filter of claim 1, wherein:

Ywn
7 2 4000

B

is satisfied, where Y is a luminance when the filter alone
is irradiated with light to produce a white display, and Y is
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a luminance when the filter is irradiated with the same light
while being interposed between a pair of polarization plates
arranged in a crossed Nicols state each having a degree of
polarization of 99.98% or more and a transmittance of 36%
when arranged in a parallel position.

6. The color filter of claim 5, wherein:

Y
2 5 aam0
Yp

is satisfied.

7. The color filter of any one of claims 1 to 6, wherein the
plurality of colors are red, green and blue.

8. A liquid crystal display device, comprising:

a liquid crystal cell including a first substrate, a second
substrate provided so as to oppose the first substrate,
and a liquid crystal layer provided between the first and
second substrates, wherein a color filter including a
large number of colored layers of a plurality of colors
regularly arranged together is provided on the first
substrate; and

a pair of polarization plates arranged in a crossed Nicols
state and provided so as to interpose the liquid crystal
cell therebetween, wherein:

the color filter is such that

Ty 0.05 = Exq+0.05 and yyp—0.05 Zyp Syt
0.05

or

T 0. 1085 =2y and pop—0.10=y, Sy

satisfied, where (X1, Ywe) 15 @ chromaticity in a CEE
1931 chromaticity diagram when the filter alone is
irradiated with light to produce a white display, and
(Xg, Yp) 1s a chromaticity in the CEE 1931 chromaticity
diagram when the filter is irradiated with the same light
while being interposed between a pair of polarization
plates arranged in a crossed Nicols state each having a
degree of polarization of 99.98% or more.
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