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LIQUID CRYSTAL DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 13/792,498, filed Mar. 11, 2013, which is a
continuation of U.S. application Ser. No. 13/605,195, filed
Sep. 6, 2012, now U.S. Pat. No. 8,395,730, which is a
continuation of U.S. application Ser. No. 12/495,910, filed
Jul. 1, 2009, now U.S. Pat. No. 8,269,925, the contents of
which are incorporated herein by reference.

[0002] The present application claims priority from Japa-
nese applications JP2008-171954 filed on Jul. 1, 2008, the
content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] The present invention relates to a liquid crystal
display device, and more particularly to a liquid crystal
display device which performs a color display.

[0005] 2. Description of the Related Art

[0006] In aliquid crystal display device which performs a
color display, a unit pixel for color display is constituted of
neighboring sub pixels of three or more colors.

[0007] Each sub pixel includes a colored layer (color
filter) corresponding to each sub pixel, and a viewer can
sense a predetermined color due to mixing of lights which
pass through the colored layers of the respective sub pixels.
[0008] To realize a monochromatic display, the sub pixels
corresponding to the color are turned on and, at the same
time, the sub pixels corresponding to other colors are turned
off.

[0009] Further, in performing such a monochromatic dis-
play, when a display screen is viewed from oblique direc-
tions, there arises a drawback (expressed as color mixing in
this specification) in which color of the sub pixel in an OFF
state which is arranged adjacent to the sub pixel in an ON
state and is on a side close to the viewer appears to be mixed
with color of the sub pixel in an ON state. This is because
that a path through which light passes the sub pixel in an ON
state and a path through which light passes other sub pixel
adjacent to the sub pixel in an ON state exist in a path of
light from a backlight, for example.

[0010] When substrates which are arranged to face each
other in an opposed manner with liquid crystal sandwiched
therebetween are fixed in a displaced manner in the direction
that sub pixels of different colors are arranged due to
irregularities in the manufacture of a liquid crystal display
device, in a monochromatic display, the colored layer of
other sub pixel adjacent to the sub pixel in an ON state
approaches a region of the sub pixel in an ON state or
overlaps with the region of the sub pixel in an ON state and
hence, the drawback on color mixing becomes particularly
conspicuous. This is because that the colored layer of other
sub pixel is arranged adjacent to or overlaps with the region
of the sub pixel in an ON state and hence, a width of the path
of light expands.

[0011] Recently, due to the development of a liquid crystal
display device which exhibits a so-called excellent wide
viewing angle, chances that the liquid crystal display device
is viewed from oblique directions are increased and hence,

Jan. 19,2017

the deterioration of image quality due to the above-men-
tioned color mixing becomes more easily recognized.
[0012] To cope with such a situation, conventionally, a
drawback attributed to the above-mentioned color mixing is
obviated by uniformly increasing a width of light blocking
layers (black matrixes) each of which is arranged between
respective sub pixels. That is, the above-mentioned color
mixing is obviated by blocking light which passes through
the color filter of other sub pixel adjacent to the sub pixel in
an ON state by the black matrix having a large width.
[0013] As documents relating to the present invention,
JP-A-11-38426 (patent document 1) and JP-A-2005-84097
(patent document 2) are named.

SUMMARY OF THE INVENTION

[0014] However, when the width of black matrixes each of
which is arranged between the respective sub pixels is
uniformly increased as described above, a substantial region
of a pixel excluding a region for forming the black matrix is
narrowed thus giving rise to a drawback that a numerical
aperture of the pixel is lowered.

[0015] This drawback lowers brightness of the liquid
crystal display device.

[0016] Itis an object of the present invention to provide a
liquid crystal display device which can obviate color mixing
of colors of sub pixels when a display screen is viewed from
oblique directions while enhancing a numerical aperture of
a pixel.

[0017] In a liquid crystal display device, retardation of
liquid crystal is set such that efficiency that light which
passes through liquid crystal (transmissivity) and a trans-
missivity ratio (transmission contrast ratio) between an ON
state and an

[0018] OFF state is increased. In this case, when retarda-
tion of liquid crystal is set such that the transmissivity ratio
between an ON state and an OFF state is increased, light
which passes through liquid crystal has property of becom-
ing yellowish compared with color of the light before the
light passes through liquid crystal.

[0019] Accordingly, to prevent the display from becoming
yellowish, it may be possible to adopt a method which uses
a light source having bluish color which is a complementary
color of yellow.

[0020] In a liquid crystal display device which uses such
a bluish light source, when a panel is viewed from oblique
directions in a monochromatic display, color mixing which
is generated by mixing blue becomes more easily visually
recognized.

[0021] That is, in a red monochromatic display, when the
display screen is viewed from oblique directions on a side
where the blue pixel is arranged adjacent to the red pixel,
color mixing which is caused by mixing blue is emphasized
due to a bluish light source and hence, a drawback of color
mixing becomes conspicuous. On the other hand, in the red
monochromatic display, when the display screen is viewed
from oblique directions on a side where the green pixel is
arranged adjacent to the red pixel, a drawback of color
mixing generated by mixing green is hardly visually recog-
nized compared with the drawback of color mixing gener-
ated by mixing blue.

[0022] From such a phenomenon, it is understood that it is
necessary to increase a width of the black matrix between
the red pixel and the blue pixel, while it is unnecessary to
increase a width of the black matrix between the red pixel
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and the green pixel. Accordingly, compared with the case in
which the width of the black matrixes is uniformly
increased, a numerical aperture of the pixel can be enhanced.
[0023] Also in this case, by arranging the black matrix
between the red pixel and the blue pixel toward a center side
of the blue pixel in a displaced manner, it is unnecessary to
increase the width of the black matrix. This is because that
due to the displacement of the black matrix between the red
pixel and the blue pixel toward the center side of the blue
pixel, as described above, when the display screen is viewed
from oblique directions on a side where the blue pixel is
arranged adjacent to the red pixel in a red monochromatic
display, the blue light can be blocked by the black matrix.
[0024] The liquid crystal display device of the present
invention has the following constitutions, for example.
[0025] (1) The present invention is directed to a liquid
crystal display device including: a pair of substrates which
is arranged to face each other in an opposed manner with
liquid crystal sandwiched therebetween; light blocking films
and color filters which are formed on one substrate out of the
pair of substrates; and red sub pixels, green sub pixels, and
blue sub pixels which are determined based on colors of the
color filters, wherein the red sub pixels, the green sub pixels
and the blue sub pixels are arranged such that the sub pixels
having the same color are not arranged adjacent to each
other in the first direction, the light blocking film is arranged
on a boundary portion between the red sub pixel and the
green sub pixel arranged adjacent to each other, on a
boundary portion between the green sub pixel and the blue
sub pixel arranged adjacent to each other, and on a boundary
portion between the blue sub pixel and the red sub pixel
arranged adjacent to each other, and a width of the light
blocking film arranged on the boundary portion between the
blue sub pixel and the sub pixel of other color is set larger
than a width of the light blocking film arranged on the
boundary portion between the red sub pixel and the green
sub pixel.

[0026] (2) In the liquid crystal display device of the
present invention having the constitution (1), assuming the
width of the light blocking film arranged on the boundary
portion between the red sub pixel and the blue sub pixel as
Wrb, the width of the light blocking film arranged on the
boundary portion between the green sub pixel and the red
sub pixel as Wgr, and the width of the light blocking film
arranged on the boundary portion between the blue sub pixel
and the green sub pixel as Wbg, a relationship of
Wrb>Whg>Wer is established.

[0027] (3) In the liquid crystal display device of the
present invention having the constitution (1), drain signal
lines which supply video signals are formed on another
substrate out of the pair of substrates, and the light blocking
film is formed so as to cover the drain signal line as viewed
in a plan view.

[0028] (4) The present invention is also directed to a liquid
crystal display device including: a pair of substrates which
is arranged to face each other in an opposed manner with
liquid crystal sandwiched therebetween; light blocking films
and color filters which are formed on one substrate out of the
pair of substrates; and red sub pixels, green sub pixels, and
blue sub pixels which are determined based on colors of the
color filters, wherein the red sub pixels, the green sub pixels
and the blue sub pixels are arranged such that the sub pixels
having the same color are not arranged adjacent to each
other in the first direction, the light blocking film is arranged
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on a boundary portion between the red sub pixel and the
green sub pixel arranged adjacent to each other, on a
boundary portion between the green sub pixel and the blue
sub pixel arranged adjacent to each other, and on a boundary
portion between the blue sub pixel and the red sub pixel
arranged adjacent to each other, and assuming a distance
between a center line of a width of the light blocking film
arranged on a boundary portion between the red sub pixel
and the blue sub pixel arranged adjacent to the red sub pixel
and a center line of a width of the light blocking film
arranged on a boundary portion between the red sub pixel
and the green sub pixel arranged adjacent to the red sub pixel
as Lr, and assuming a distance between a center line of a
width of the light blocking film arranged on a boundary
portion between the blue sub pixel and the green sub pixel
arranged adjacent to the blue sub pixel and a center line of
a width of the light blocking film arranged on a boundary
portion between the blue sub pixel and the red sub pixel
arranged adjacent to the blue sub pixel as Lb, a relationship
of L>Lb is established.

[0029] (5) In the liquid crystal display device of the
present invention having the constitution (4), assuming a
distance between a center line of a width of the light
blocking film arranged on a boundary portion between the
green sub pixel and the blue sub pixel arranged adjacent to
the green sub pixel and a center line of a width of the light
blocking film arranged on a boundary portion between the
green sub pixel and the red sub pixel arranged adjacent to the
green sub pixel as Lg, a relationship of Lr>Lg>Lb is
established.

[0030] (6) In the liquid crystal display device of the
present invention having the constitution (4), drain signal
lines which supply video signals are formed on another
substrate out of the pair of substrates, and the light blocking
film is formed so as to cover the drain signal line as viewed
in a plan view.

[0031] Here, the above-mentioned constitutions constitute
merely one example of the present invention, and the present
invention can be suitably modified without departing from
the gist of the technical concept of the present invention.
Further, constitutional examples of the present invention
other than the above-mentioned constitutions will become
apparent from the description of the whole specification or
drawings which explain the present application.

[0032] The liquid crystal display device having such a
constitution can obviate color mixing of colors when a
display screen is viewed from oblique directions while
enhancing a numerical aperture of a pixel.

[0033] Other advantageous effects obtained by the present
invention will become apparent from the description of the
whole specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1 is a plan view showing one embodiment of
a liquid crystal display device of the present invention;,

[0035] FIG. 2 is an equivalent circuit diagram in a pixel of
the liquid crystal display device of the present invention;

[0036] FIG. 3 is a cross-sectional view taken along a line
HI-II in FIG. 1; and

[0037] FIG. 4 is a plan view showing another embodiment
of a liquid crystal display device of the present invention.
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DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0038] Embodiments of the present invention are
explained in conjunction with drawings. Here, in all embodi-
ments and all drawings used for explaining the present
invention, identical or similar constitutional parts are given
same symbols and their repeated explanation is omitted.

Embodiment 1

Equivalent Circuit of Pixel

[0039] FIG. 2 shows an equivalent circuit of a so-called
IPS (In Plane Switching)-type liquid crystal display device.
Although FIG. 2 shows the equivalent circuit, the equivalent
circuit corresponds to an actual liquid crystal display device
geometrically.

[0040] As shown in FIG. 2, the liquid crystal display
device includes gate signal lines GL which extend in the x
direction and are arranged parallel to each other in the y
direction in the drawing and drain signal lines DL which
extend in the y direction and are arranged parallel to each
other in the x direction in the drawing. A region surrounded
by a pair of neighboring gate signal lines GL and a pair of
neighboring drain signal lines DL constitutes a pixel region.
Here, a mass of the pixel regions constitutes a display
region.

[0041] The pixel region includes a thin film transistor TFT
which constitutes a switching element, and the thin film
transistor TFT is turned on in response to a signal (scanning
signal) from the gate signal line GL.

[0042] Further, the pixel region includes a pixel electrode
PX, and a signal (video signal) is supplied to the pixel
electrode PX from the drain signal line DL via the thin film
transistor TFT. Further, the pixel region includes a counter
electrode CT, and a reference signal which becomes the
reference with respect to the video signal is supplied to the
counter electrode CT via a counter voltage signal line CL.
[0043] An electric field is generated between the pixel
electrode PX and the counter electrode CT by supplying the
video signal to the pixel electrode PX, and molecules of
liquid crystal in the pixel region are activated by the electric
field.

[0044] In the liquid crystal display device having such a
constitution, in response to the sequential supply of a
scanning signal to the respective gate signal lines GL, a pixel
row in which the pixels are arranged parallel to each other
in the x direction in the drawing is selected. Here, in
response to the supply of a predetermined video signal to
each drain signal line DL, the respective pixels in the pixel
row are driven thus allowing the display region to display an
image.

Constitution of Pixel

[0045] FIG. 1 is a constitutional view showing one
embodiment of the liquid crystal display device of the
present invention, and is a plan view showing the constitu-
tion of a liquid-crystal-side surface of a pair of substrates
which is arranged to face each other in an opposed manner
with liquid crystal sandwiched therebetween.

[0046] That is, FIG. 1 shows a TFT substrate TBS on
which parts which constitute the equivalent circuit shown in
FIG. 2 are formed, and a counter substrate FBS which is
arranged to face the TFT substrate TBS in an opposed
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manner with the liquid crystal sandwiched therebetween.
FIG. 1 is also a plan view of the liquid crystal display device
as viewed from a counter substrate side in a see-through
manner. Here, FIG. 3 is a cross-sectional view taken along
a line ITI-11l in FIG. 1.

[0047] The TFT substrate TBS is constituted as follows.
First of all, the TFT substrate TBS includes a substrate
SUB1 (see FIG. 3) made of glass, for example, and a
background films GDL1, GDL2 (see FIG. 3) are formed on
a liquid-crystal-L.C-side surface of the substrate SUB1. The
background films GDL1, GDL2 prevent impurities in the
inside of the substrate SUB1 from entering into semicon-
ductor layers of the thin film transistors TFT described later.
[0048] A semiconductor layer PS made of poly-silicon
(p-Si), for example, is formed in a region of an upper surface
of the background film GDL2 where the thin film transistor
TFT is formed for every pixel region, and an insulation film
GI (see FIG. 3) is formed so as to cover the semiconductor
layer PS. The insulation film GI functions as a gate insula-
tion film in the region where the thin film transistor TFT is
formed.

[0049] On an upper surface of the insulation film GI, the
gate signal lines GL are formed such that the gate signal
lines GL extend in the x direction and are arranged parallel
to each other in the y direction in the drawing. Here, the gate
signal line GL is formed so as to intersect a center portion
of the semiconductor layer PS, and forms a gate electrode of
the thin film transistor TFT at an intersecting portion.
[0050] Further, on an upper surface of the insulation film
G, an interlayer insulation film IN1 is formed in a state that
the interlayer insulation film IN1 also covers the gate signal
lines GL, and on an upper surface of the interlayer insulation
film IN1, the drain signal lines DL are formed in a state that
the drain signal lines DL extend in the y direction and are
arranged parallel to each other in the x direction in the
drawing. The drain signal line DL is electrically connected
with one end of the semiconductor layer PS via a through
hole which is formed in the interlayer insulation film INT. A
connection portion of the drain signal line DL which is
connected with the semiconductor layer PS functions as a
drain electrode DT of the thin film transistor TFT.

[0051] On an upper surface of the interlayer insulation
film IN1, source electrodes ST of the thin film transistors
TFT are formed, and each source electrode ST is electrically
connected with another end of the semiconductor layer PS
via a through hole which is formed in the interlayer insu-
lation film IN1. The source electrode ST is electrically
connected with a pixel electrode PX described layer.
[0052] On an upper surface of the interlayer insulation
film IN1, a sequentially stacked body constituted of a
protective film PAS1 and a protective film PAS2 (see FIG.
3) is formed so as to also cover the thin film transistors TFT.
The sequentially stacked body is provided for preventing the
thin film transistors TFT from directly coming into contact
with the liquid crystal LC. The protective film PASI is
formed of an organic insulation film, and the protective film
PAS2 is formed of an organic insulation film. The reason that
the protective film PAS2 is formed of the organic insulation
film is that the protective film PAS2 can be formed by
coating so that a surface of the sequentially stacked body can
be leveled.

[0053] On an upper surface of the protective film PAS2,
counter electrodes CT (see FI1G. 3) which are formed of a
transparent conductive layer made of ITO (Indium Tin
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Oxide), for example, are formed. The counter electrode CT
is formed of a surface electrode which extends over the
neighboring pixel region, and also functions as a voltage
counter signal line CL shown in FIG. 2. A hole (indicated by
symbol HL in FIG. 1) is formed in a portion of the counter
electrode CT which overlaps with the source electrode ST of
the thin film transistor TFT. The hole is provided for
avoiding electrical short-circuiting between the counter
electrode CT and the pixel electrode PX when the pixel
electrode PX described later and the source electrode ST are
connected with each other via the through hole TH.

[0054] An interlayer insulation film IN2 is formed on an
upper surface of the counter electrodes CT, and the pixel
electrodes PX are formed on an upper surface of the inter-
layer insulation film IN2 at respective pixel regions. The
pixel electrode PX is constituted of a transparent conductive
layer made of ITO (Indium Tin Oxide), for example. Further,
the pixel electrode PX includes a plurality of (for example,
two) linear electrode portions which extends in the y direc-
tion and is arranged parallel to each other in the x direction
in the drawing, and these linear electrode portions have
thin-film-transistor-TFT-side end portions thereof electri-
cally connected with each other.

[0055] Further, the pixel electrode PX is electrically con-
nected with the source electrode ST of the thin film transistor
TFT via the through hole TH formed in the interlayer
insulation film IN2, the protective film PAS2 and the pro-
tective film PAS1 in a region where the plurality of linear
electrode portions of the pixel electrode PX is connected
with each other.

[0056] On an upper surface of the interlayer insulation
film IN2 on which the pixel electrode PX is formed, an
alignment film ORI is formed so as to also cover the pixel
electrodes PX. The alignment film ORIl decides the initial
alignment direction of molecules of liquid crystal.

[0057] The counter substrate FBS which is arranged to
face the above-mentioned TFT substrate TBS with the liquid
crystal LC sandwiched therebetween is constituted as fol-
lows. First of all, the counter substrate FBS includes a
substrate SUB2 (see FIG. 3) made of glass, for example, and
black matrixes BM (light blocking films) are formed on a
liquid-crystal-L.C-side surface of the substrate SUB2.
[0058] For example, in this embodiment, the black
matrixes BM are formed so as to cover the drain signal lines
DL which are formed on the TFT-substrate-TBS side. Fur-
ther, with respect to the respective black matrixes BM which
are arranged parallel to each other in the x direction in the
drawing, three neighboring black matrixes BM have differ-
ent widths respectively, and the same width pattern is
repeated for every three black matrixes BM in the x direction
in the drawing. The widths of these black matrixes BM are
explained in detail later.

[0059] Further, color filters are provided in such a manner
that each color filter is formed between the neighboring
black matrixes BM. These color filters FL are arranged in the
x direction in the drawing in order of the green color filter
FL(G), the red color filter FL(R), the blue color filter FL(B),
the green color filter FL(G), the red color filter FI(R), . . .
, for example. Regions which are covered with the red color
filters FL(R) constitute red sub pixels PX(R), regions which
are covered with the blue color filters FL(B) constitute blue
sub pixels PX(B), and regions which are covered with the
green color filters FL(G) constitute green sub pixels PX(G),
and these sub pixels are arranged adjacent to each other in
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the x direction in the drawing. These three sub pixels having
different colors constitute a unit pixel for color display.

[0060] An overcoat film OC which is formed of a resin
film, for example, is formed on upper surfaces of these color
filters, and a surface of the overcoat film OC is leveled.
Further, an alignment film ORI2 is formed on an upper
surface of the overcoat film OC, and the alignment film
ORI2 decides the initial alignment direction of molecules of
the liquid crystal LC.

[0061] Although not shown in the drawing, on a surface of
the substrate SUB1 on a side opposite to the substrate SUB2,
a backlight having a light source is arranged. When the
retardation of the liquid crystal LC is set such that a
transmissivity contrast ratio of the pixel is increased, light
which passes through the liquid crystal becomes yellowish
and hence, it is preferable to use a bluish light source which
is a complementary color of yellow.

[0062] Here, the widths of the above-mentioned black
matrixes BM are explained, Assuming the width of the black
matrix BM arranged between the red sub pixel PX(R) and
the blue sub pixel PX(B) as Wrb, assuming the width of the
black matrix BM arranged between the green sub pixel
PX(G) and the red sub pixel PX(R) as Wgr, and assuming
the width of the black matrix BM arranged between the blue
sub pixel PX(B) and the green sub pixel PX(G) as Wbg, a
relationship of Wrb=Wgr=Whg and a relationship of
Wrb>Wbg>Wer are established.

[0063] In the liquid crystal display device having the
above-mentioned constitution, in a monochromatic display
of the red sub pixel PX(R), when the display screen is
viewed from oblique directions on a side where the blue sub
pixel PX(B) is arranged adjacent to the red sub pixel PX(R),
a drawback of color mixing which is generated by mixing
blue is emphasized due to a bluish light source and becomes
conspicuous. Accordingly, it is necessary to block light to
which blue is mixed using the black matrix BM arranged
between the red sub pixel PX(R) and the blue sub pixel
PX(B). In this case, the increase of the width Wrb of the
black matrix BM becomes inevitable.

[0064] On the other hand, in the red monochromatic
display, when the display screen is viewed from oblique
directions on a side where the green sub pixel PX(G) is
arranged adjacent to the red sub pixel PX(R), a drawback of
color mixing which is generated by mixing green is hardly
viewed compared with the drawback of color mixing gen-
erated by mixing blue.

[0065] Further, it is confirmed that, a degree of viewing of
color mixing in the observation of the display screen from
oblique directions on a side where the blue sub pixel PX(B)
is arranged adjacent to the green sub pixel PX(G) in a green
monochromatic display is smaller than a degree of color
mixing of blue in the monochromatic display of the red sub
pixel PX(R) and is larger than a degree of color mixing of
green in the monochromatic display of the red sub pixel
PX(R). Accordingly, assuming the width of the black matrix
BM arranged between the blue sub pixel and the green sub
pixel as Wbg, the width Wbg can be set so as to satisfy the
relationship of Wrb>Wbg>Wagr.

[0066] As has been explained heretofore, the liquid crystal
display device of this embodiment can enhance a numerical
aperture of each pixel compared with a case where widths of
the black matrixes BM are uniformly increased.
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Embodiment 2

[0067] FIG. 4 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention, and FIG. 4 corresponds to FIG. 1.
[0068] In FIG. 4, to compare the constitution of this
embodiment with the constitution shown in FIG. 1, first of
all, a width of the black matrix BM arranged between the
green sub pixel PX(G) and the red sub pixel PX(R), a width
of the black matrix BM arranged between the red sub pixel
PX(R) and the blue sub pixel PX(B), and a width of the
black matrix BM arranged between the blue sub pixel PX(B)
and the green sub pixel PX(G) are set equal. The widths of
the respective black matrixes BM can be set to values which
fall within a range allowable from a viewpoint of a numeri-
cal aperture of the sub pixel.

[0069] The black matrix BM arranged between the red sub
pixel PX(R) and the blue sub pixel PX(B) is formed in a
slightly displaced manner toward a blue sub pixel PX(B)
side with respect to the drain signal line DL which is covered
with this black matrix BM. Due to such formation of the
black matrix BM, in a monochromatic display of the red sub
pixel PX(R), when a display screen is viewed from oblique
directions on a side where the blue sub pixel PX(B) is
arranged adjacent to the red sub pixel PX(R), mixing of blue
light can be blocked by the black matrix BM which is
arranged in a displaced manner toward the blue sub pixel
PX(B) side. In this embodiment, the respective drain signal
lines are arranged at equal interval in the direction that the
respective drain signal lines are arranged parallel to each
other.

[0070] On the other hand, the black matrix BM arranged
between the green sub pixel PX(G) and the blue sub pixel
PX(B) and the black matrix BM arranged between the green
sub pixel PX(G) and the red sub pixel PX(R) are formed
with no displacement with respect to the drain signal lines
DL which are covered with these black matrixes BM, and
the center lines of the black matrixes BM and the drain
signal lines DL are substantially aligned with each other. In
a monochromatic display of the green sub pixel PX(G), even
when blue is mixed in the observation of the display screen
from oblique directions on a side where the blue sub pixel
PX(B) is arranged adjacent to the green sub pixel PX(G),
color mixing is hardly visually recognized so that the black
matrix BM between the green sub pixel PX(G) and the blue
sub pixel PX(B) can be formed in a usual form.

[0071] Due to such constitution, according to this embodi-
ment, assuming a distance between the center of the black
matrix BM arranged between the red sub pixel PX(R) and
the blue sub pixel PX(B) arranged adjacent to the red sub
pixel PX(R) and the center of the black matrix BM arranged
between the red sub pixel PX(R) and the green sub pixel
PX(G) arranged adjacent to the red sub pixel PX(R) as L,
assuming a distance between the center of the black matrix
BM arranged between the blue sub pixel PX(B) and the
green sub pixel PX(G) arranged adjacent to the blue sub
pixel PX(B) and the center of the black matrix BM arranged
between the blue sub pixel PX(B) and the red sub pixel
PX(R) arranged adjacent to the blue sub pixel PX(B) as Lb,
and assuming a distance between the center of the black
matrix BM arranged between the green sub pixel PX(G) and
the blue sub pixel PX(B) arranged adjacent to the green sub
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pixel PX(G) and the center of the black matrix BM arranged
between the green sub pixel PX(G) and the red sub pixel
PX(R) arranged adjacent to the green sub pixel PX(G)as Lg,
a relationship of Lr>Lg>Lb is established.

[0072] The liquid crystal display device having such a
constitution can, in obviating color mixing of colors when
the display screen is viewed from oblique directions, set the
widths of the respective black matrixes to minimum values
thus enhancing a numerical aperture of the pixels.

[0073] Although the embodiments have been explained in
conjunction with the example in which the liquid crystal
display device is an IPS-type liquid crystal display device,
it is needless to say that the technique of the present
invention is not limited to the IPS-type liquid crystal display
device. That is, by applying the technique of the present
invention to a VA (vertical alignment) type liquid crystal
display device or a TN (twisted nematic) type liquid crystal
display device, it is possible to avoid color mixing and, at the
same time, to enhance a numerical aperture.

What is claimed is:

1. A liquid crystal display device comprising:

a first substrate;

a second substrate;

a liquid crystal layer disposed between the first substrate
and the second substrate;

a first red color filter. a green color filter, a blue color filter,
and a second red color filter disposed along a first
direction;

a first light blocking film disposed on the first red color
filter and the green color filter;

a second light blocking film disposed on the green color
filter and the blue color filter;

a third light blocking film disposed on the blue color filter
and the second red color filter; and

a first drain signal line, a first thin film transistor, and a
first pixel electrode formed on the first substrate,

wherein the third light blocking film overlaps the first
drain signal line; and

wherein the third light blocking film along the first
direction is wider than the second light blocking film
along the first direction.

2. The liquid crystal display device according to claim 1,
further comprising a second drain signal line overlapping the
first light blocking film.

3. The liquid crystal display device according to claim 2,

wherein at least a part of the first drain signal line overlaps
the green color filter.

4. The liquid crystal display device according to claim 3,

wherein the third light blocking film along the first
direction is wider than the first pixel electrode along the
first direction.

5. The liquid crystal display device according to claim 4,

wherein the first pixel electrode is disposed in upper layer
compared to the drain line.

6. The liquid crystal display device according to claim 5,
further comprising common electrode formed on the first
substrate.

7. The liquid crystal display device according to claim 6,
further comprising a third drain signal line overlapping the
second light blocking film.
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