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(57) ABSTRACT

Unevenness due to the influence of a mesh when a sealing
material for bonding a TFT substrate and a counter substrate
together is formed on the counter substrate by screen printing
is prevented. Light shielding films are extended in the hori-
zontal direction and arranged in the vertical direction. Red
color filters, blue color filters, and green color filters are
extended in the vertical direction at predetermined intervals.
The blue color filters are extended also in the horizontal
direction so as to cover the light shielding films. In a cross
section along the red color filter and the green color filter, the
level of a portion above the light shielding film is higher
compared with that of the other portion by the thicknesses of
the blue color filter and the light shielding film. In screen
printing, since the high portion serves as a stopper for the
mesh, the occurrence of unevenness due to the mesh can be
prevented.
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LIQUID CRYSTAL DISPLAY DEVICE

CLAIM OF PRIORITY

[0001] The present invention claims priority from Japanese
application serial No. 2008-189604, filed on Jul. 23, 2008, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display device and
more particularly to a liquid crystal display device in which
the occurrence of unevenness in a display region is sup-
pressed when a sealing material is formed by printing.
[0004] 2. Background Art

[0005] Inliquid crystal display devices, a TFT substrate at
which pixel electrodes, thin film transistors (TFTs), and the
like are formed in a matrix shape and a counter substrate
which faces the TFT substrate and at which color filters and
the like are formed at locations corresponding to the pixel
electrodes of the TFT substrate are arranged, and liquid crys-
tal is interposed between the TFT substrate and the counter
substrate. Optical transmittance due to liquid crystal mol-
ecules is controlled for each pixel to form an image.

[0006] Light shielding films are formed at the counter sub-
strate together with the color filters. The light shielding film is
filled between the color filters to improve the contrast of
screen as well as serves as a light shielding film for preventing
an external light from entering the TFT formed at the TFT
substrate.

[0007] When the light shielding film formed of a resin
overlaps part of the color filter, a convex which is partially
increased in height in the overlapped portion is created. JP-A-
2003-131020 discloses a manufacturing method for reducing
the height of the convex which is partially increased in height
by using so-called halftone exposure.

SUMMARY OF THE INVENTION

[0008] The liquid crystal display device is configured such
that the TFT substrate and the counter substrate are bonded
together via a sealing material formed on the periphery with
liquid crystal sealed therein. The sealing material is generally
formed at the counter substrate to bond the TFT substrate and
the counter substrate together. The sealing material has here-
tofore been applied by using a dispenser.

[0009] It takes long to form a sealing material by using a
dispenser. In the case of small liquid crystal display devices,
numerous liquid crystal display devices are formed on a
mother substrate, and thereafter, individual liquid crystal dis-
play devices are separated from the mother substrate. Even
when numerous liquid crystal display devices are manufac-
tured on a mother substrate, a sealing material has to be
formed on the individual liquid crystal display devices. In
such a case, it takes very long to form the sealing material by
using a dispenser.

[0010] As measures against this situation, there is a method
for forming a sealing material by screen printing. In screen
printing, however, a mesh has to be brought into contact with
an alignment film in a display region where color filters are
formed. Therefore, there arises a problem that the trace of the
mesh is transferred to the alignment film to cause unevenness
on screen.

Jan. 28, 2010

[0011] In order to solve the mesh unevenness, a method for
increasing the number of lines of mesh, reducing the line
diameter of mesh, and dispersing a pressure on the counter
substrate has been developed, which is insufficient. A mesh
can be subjected to a so-called calendaring treatment in which
the mesh is rolled to be flat, which also cannot eliminate the
unevenness sufficiently.

[0012] On the other hand, when a so-called suspended
metal plate which is a thin stainless steel plate formed on the
lower side of a mesh is used, the unevenness presents almost
no problem for practical use. However, it is difficult to apply
the suspended metal plate to a large substrate.

[0013] The invention has been made to solve the above
problem and intends to realize a liquid crystal display device
in which a sealing material is formed by screen printing in
mass production and a mesh trace is prevented from being
created on an alignment film.

[0014] In order to overcome the above problem, the inven-
tion employs the following specific means.

[0015] (1) A liquid crystal display device includes: a TFT
substrate at which pixels each including a pixel electrode and
a TFT are formed in a matrix shape; a counter substrate at
which color filters are formed; and liquid crystal interposed
between the TFT substrate and the counter substrate, the TFT
substrate and the counter substrate being bonded together via
a sealing material formed on a periphery of the counter sub-
strate, wherein at the counter substrate, light shielding films
are extended in a first direction and arranged in a second
direction, red color filters are extended in the second direction
and arranged in the first direction, blue color filters are
extended in the second direction and arranged in the first
direction, green color filters are extended in the second direc-
tion and arranged in the first direction, color filters of one
color among the red color filters, the blue color filters, and the
green color filters are extended in the first direction so as to
cover the light shielding films, color filters of two layers are
formed in portions where the color filters of one color are
extended in the first direction, an overcoat film is formed so as
to cover the red color filters, the blue color filters, and the
green color filters, and an alignment film is formed so as to
cover the overcoat film.

[0016] (2) The liquid crystal display device according to
(1), wherein a difference in height between a portion where
the color filters of two layers are formed on the light shielding
film and a portion where the light shielding film is not formed
is 600 nm or more and 1.8 pm or less.

[0017] (3) The liquid crystal display device according to
(1), which is an IPS system liquid crystal display device.
[0018] (4) A liquid crystal display device includes: a TFT
substrate at which pixels each including a pixel electrode and
a TFT are formed in a matrix shape; a counter substrate at
which color filters are formed; and liquid crystal interposed
between the TFT substrate and the counter substrate, the TET
substrate and the counter substrate being bonded together via
a sealing material formed on a periphery of the counter sub-
strate, wherein at the counter substrate, light shielding films
are extended in a first direction and arranged in a second
direction, red color filters are extended in the second direction
and arranged in the first direction, and extended in the first
direction and arranged in the second direction so as to cover
the light shielding films, blue color filters are extended in the
second direction and arranged in the first direction, and
extended in the first direction and arranged in the second
direction so as to cover the light shielding films, green color
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filters are extended in the second direction and arranged in the
first direction, and extended in the first direction and arranged
in the second direction so as to cover the light shielding films,
an overcoat film is formed so as to cover the red color filters,
the blue color filters, and the green color filters, and an align-
ment film is formed so as to cover the overcoat film.

[0019] (5) The liquid crystal display device according to
(4), wherein a difference in height between a portion where
the light shielding film is formed and a portion where the light
shielding film is not formed is 600 nm or more and 1.8 pum or
less.

[0020] (6) The liquid crystal display device according to
(4), which is an IPS system liquid crystal display device.
[0021] According to the invention, since a sealing material
with which a TFT substrate and a counter substrate are
bonded together is formed by screen printing, the time for the
step of forming the sealing material can be greatly reduced.
According to the invention, since an alignment film can be
prevented from suffering from damage due to the mesh of a
screen printing apparatus for forming a sealing material, the
occurrence of unevenness on an image due to the mesh can be
prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a plan view of a liquid crystal display
device to which the invention is applied;

[0023] FIG. 2 is a plan view of a mother substrate;

[0024] FIG. 3 is a cross sectional view of an IPS system
liquid crystal display device;

[0025] FIGS. 4A to 4C are explanatory views of a first
embodiment;

[0026] FIG. 5 is a cross sectional view of the first embodi-
ment;

[0027] FIGS. 6A and 6B are other explanatory views of the
first embodiment;

[0028] FIGS. 7A to 7C are explanatory views of a second
embodiment;

[0029] FIG. 8 is a cross sectional view of the second
embodiment; FIGS. 9A to 9C are explanatory views of a
conventional example; and

[0030] FIG.10is a cross sectional view of the conventional
example.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0031] FIG. 1 is a plan view of a liquid crystal display
device used for a mobile phone or the like, as an example to
which the invention is applied.

[0032] InFIG. 1, a counter substrate 200 is disposed above
a TFT substrate 100. A liquid crystal layer 300 is interposed
between the TFT substrate 100 and the counter substrate 200.
The TFT substrate 100 and the counter substrate 200 are
bonded together with a sealing material 20 formed in a frame
portion. The TFT substrate 100 is formed larger than the
counter substrate 200. A terminal portion 150 for supplying a
liquid crystal cell 1 with power source, video signals, scan-
ning signals, and the like is formed in a portion where the TFT
substrate 100 is extended from the counter substrate 200. An
IC driver 50 for driving scanning lines, video signal lines, and
the like is disposed in the terminal portion 150.

[0033] In FIG. 1, a longitudinal diameter LY of the liquid
crystal cell 1 is, for example, 81 mm, and a transverse diam-
eter LX thereof is, for example, 54 mm. A width T of the
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terminal portion 150 on which the IC driver 50 and the like are
mounted is 2.7 mm. An area from a display region 10 to the
periphery of the TFT substrate 100 or the counter substrate
200 constitutes the frame portion. Not-shown leading wires
of the scanning lines and the like are disposed in the frame
portion in addition to the sealing material 20.

[0034] In FIG. 1, the sealing material 20 is formed of a
thermosetting epoxy resin. The sealing material 20 is first
applied on the counter substrate 200 by screen printing and
overlapped with the TFT substrate 100. After the sealing
material 20 is cured by baking, liquid crystal is injected, and
an injection hole 40 is sealed with an encapsulating material
30.

[0035] Since the liquid crystal display device shown in
FIG. 1 is small, it is inefficient to manufacture the liquid
crystal display device one by one. Therefore, plural liquid
crystal cells 1 are formed on a large substrate as shown in FIG.
2 and thereafter separated into individual ones. In the speci-
fication, a completed display device having the IC driver 50
and the like mounted thereon is called a liquid crystal display
device, while one having the TFT substrate 100 and the
counter substrate 200 overlapped with each other is called the
liquid crystal cell 1.

[0036] InFIG. 2, a mother TFT substrate 60 and a mother
counter substrate 70 are overlapped with each other via the
sealing materials 20 of the individual liquid crystal cells 1 and
a mother substrate sealing material 61. The mother substrate
sealing material 61 is formed to prevent a polishing solution
from entering the inner part when the TFT substrate 100 and
the counter substrate 200 are thinned by polishing after the
mother substrate is completed. Accordingly, the mother sub-
strate sealing material 61 is unnecessary when there is no
need to polish the TFT substrate 100 or the counter substrate
200.

[0037] In FIG. 2, the sealing material 20 of each of the
liquid crystal cells 1 or the mother substrate sealing material
61 is formed on the mother counter substrate 70 by screen
printing. The formation of the sealing material 20 by screen
printing is more efficient than the formation of the sealing
material 20 by a dispenser, which has been conventionally
carried out. As will be described later, however, it is necessary
to take measures against unevenness caused by the contact of
a mesh upon screen printing.

[0038] The invention can be applied to various types of
liquid crystal display devices irrespective of the driving
method of the liquid crystal display device. In the embodi-
ment, however, an In-Plane Switching (IPS) system liquid
crystal display device will be described as an example. FIG. 3
is a cross sectional view of the display region 10 shown in
FIG. 1. There are various systems for IPS, and FIG. 3 shows
an example among them. FIG. 3 is a cross sectional view in
the vicinity of a TFT of the IPS system. In FIG. 3, a gate
electrode 101 is formed on the TFT substrate 100 formed of
glass. The gate electrode 101 is formed in the same layer as a
scanning line. The gate electrode 101 includes a MoCr alloy
stacked on an AINd alloy.

[0039] A gate insulating film 102 is formed of SiN so as to
cover the gate electrode 101. A semiconductor layer 103 is
formed of an a-Si film on the gate insulating film 102 at a
position facing the gate electrode 101. The a-Si film is formed
by a plasma CVD method. The a-Si film forms a channel
portion of the TFT. A source electrode 104 and a drain elec-
trode 105 are formed above the a-Si film with the channel
portion interposed therebetween. A not-shown n+Si layer is
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formed between the a-Si film and the source electrode 104 or
the drain electrode 105. This is in order to establish an ohmic
contact between the semiconductor layer and the source elec-
trode 104 or the drain electrode 105.

[0040] The source electrode 104 is also used by a video
signal line. The drain electrode 105 is connected to a pixel
electrode 110. The source electrode 104 and the drain elec-
trode 105 are formed simultaneously in the same layer. In the
embodiment, the source electrode 104 or the drain electrode
105 is formed of a MoCr alloy. When it is intended to reduce
the electrical resistance of the source electrode 104 or the
drain electrode 105, an electrode structure in which an AINd
alloy is sandwiched between MoCr alloys is used, for
example.

[0041] An inorganic passivation film 106 is formed of SiN
so as to cover the TFT. The inorganic passivation film 106
protects especially the channel portion of the TFT against
impurities. An organic passivation film 107 is formed on the
inorganic passivation film 106. The organic passivation film
107 is formed thick because the film serves to protect the TFT
as well as planarize the surface. The thickness of the film is
from 1 pm to 4 pm.

[0042] A photosensitive acrylic resin, silicone resin, poly-
imide resin, or the like is used for the organic passivation film
107. A through hole has to be formed through the organic
passivation film 107 at a portion where the pixel electrode 110
and the drain electrode 105 are connected to each other. Since
the organic passivation film 107 is photosensitive, the organic
passivation film 107 itself can be exposed and developed to
form the through hole without using a photoresist.

[0043] A counter electrode 108 is formed on the organic
passivation film 107. The counter electrode 108 is formed by
sputtering Indium Tin Oxide (ITO) which serves as a trans-
parent conductive film on the entire display region 10. That is,
the counter electrode 108 is formed into a plane. After the
counter electrode 108 is formed on the entire surface by
sputtering, the counter electrode 108 is removed by etching
only at the through hole portion for electrically conducting
the pixel electrode 110 to the drain electrode 105.

[0044] An upper insulating film 109 is formed of SiN so as
to cover the counter electrode 108. After the upper insulating
film is formed, a through hole is formed by etching. The
inorganic passivation film 106 is etched using the upper insu-
lating film 109 as a resist to form a through hole 111. There-
after, an ITO film serving as the pixel electrode 110 is formed
by sputtering so as to cover the upper insulating film 109 and
the through hole 111. The sputtered ITO film is patterned to
form the pixel electrode 110. The ITO film serving as the pixel
electrode 110 is also coated on the through hole 111. In the
through hole 111, the drain electrode 105 extended from the
TFT is electrically conducted to the pixel electrode 110,
whereby a video signal is supplied to the pixel electrode 110.
[0045] The pixel electrode 110 includes comb-tooth elec-
trodes which are closed at both ends. A slit 112 is formed
between the comb-tooth electrodes. A constant voltage is
applied to the counter electrode 108, while a voltage due to a
video signal is applied to the pixel electrode 110. When the
voltage is applied to the pixel electrode 110, lines of electric
force are generated to rotate liquid crystal molecules 301 in
directions of the lines of electric force as shown in FIG. 3. As
a result, transmission of light from a backlight is controlled.
The transmission from a backlight is controlled for each
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pixel, whereby an image is formed. An alignment film 113 is
formed on the pixel electrode 110 for aligning the liquid
crystal molecules 301.

[0046] In the example of FIG. 3, the counter electrode 108
which is formed into a plane is disposed on the organic
passivation film 107, and the comb-tooth electrode 110 is
disposed on the upper insulating film 109. Contrary to this,
however, the pixel electrode 110 which is formed into a plane
may be disposed on the organic passivation film 107, and the
counter electrode 108 having a comb-tooth shape may be
disposed on the upper insulating film 109.

[0047] InFIG. 3, the counter substrate 200 is disposed with
the liquid crystal layer 300 interposed between the counter
substrate 200 and the TFT substrate 100. Color filters 201 are
formed on the inner side of the counter substrate 200. The
color filters 201 of red, green, and blue are formed for each
pixel, whereby a color image is formed. A light shielding film
202 is formed between the color filters 201, which improves
the contrast of image. The light shielding film 202 also serves
as the light shielding film 202 of the TFT for preventing
photocurrent from flowing into the TFT.

[0048] In the invention, the color filters 201 of two layers
are formed also on the light shielding film 202. This is in order
to prevent the occurrence of image unevenness caused by a
mesh for screen printing contacting the alignment film 113 in
the pixel region to damage the alignment film 113 upon
forming the sealing material 20 by screen printing, as will be
described in detail later.

[0049] An overcoat film 203 is formed so as to cover the
color filter 201 and the light shielding film 202. The overcoat
film 203 has two roles: one is to prevent a color filter material
from contaminating the liquid crystal layer 300, and the other
is to reduce excessive irregularities on the surface of the color
filter 201. The alignment film 113 for determining an initial
alignment of liquid crystal is formed on the overcoat film 203.

[0050] In the IPS system, a so-called tilt angle on the sur-
face of the alignment film is small. When the so-called tilt
angle on the surface of the alignment film is small, the contact
of a mesh with the display region of the counter substrate
largely influences image unevenness in screen printing which
will be described later. Accordingly, the invention which
reduces the influence has an advantage especially in IPS
system liquid crystal display devices.

[0051] Since FIG. 3 shows the IPS system liquid crystal
display device, the counter electrode is formed on the side of
the TFT substrate 100 but not formed on the side of the
counter substrate 200. In this manner, a conductive film is not
formed on the inner side of the counter substrate 200 in the
IPS system. Therefore, the potential of the counter substrate
200 becomes unstable. In addition, electromagnetic noise
from the outside enters the liquid crystal layer 300 to exert an
influence on an image. In order to eliminate the problems, a
surface conductive film 210 is formed on the outer surface of
the counter substrate 200. The surface conductive film 210 is
formed by sputtering ITO which serves as a transparent con-
ductive film.

[0052] When a mesh for screen printing contacts the align-
ment film 113 above the color filter 201 formed in the display
region 10 upon forming the sealing material 20 by screen
printing, the alignment film 113 is affected in that contact
portion, resulting in the occurrence of unevenness. FIGS. 9A
to 9C show a pixel configuration in a conventional counter
substrate 200, in which FIG. 9A is a plan view thereof.
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[0053] InFIG.9A, the light shielding films 202 are formed
in a stripe shape in the horizontal direction at the same pitches
as the scanning lines of the TFT substrate 100. The light
shielding film 202 serves to protect the TF'T formed above the
scanning line or in the vicinity of the scanning line against an
external light. Red color filters 201R, blue color filters 201B,
and green color filters 201G are formed in a stripe shape in the
vertical direction on the light shielding films 202 at specific
intervals. The color filters 201 are formed in the order of, for
example, the red color filter 201R, the blue color filter 201B,
and the green color filter 201G.

[0054] FIG. 9B is an A-A cross sectional view in FIG. 9A.
FIG. 9B shows a cross section of a portion where the color
filters 201 are formed so as to overlap the light shielding film
202. FIG. 9C is a B-B cross sectional view in FIG. 9A. The
B-B cross sectional view shows a cross section along the
green color filter 201G. In FI1G. 9C, since the green color filter
201G is formed so as to partially cover the light shielding
films 202, the covered portions are higher in level than the
other portions. As a result, differences in level are formed.
Since the thickness of the light shielding film 202 is, for
example, 1.2 um, differences in level of each about 1.2 um are
formed in this state.

[0055] FIGS.9A to 9C show a state where the overcoat film
203 is not formed. Contrary to FIGS. 9A to 9C, FIG. 10 is a
cross sectional view showing a state where the overcoat film
203 is formed. When the overcoat film 203 is formed, the
difference in level between the portion above the light shield-
ing film 202 and the other portion is reduced. The alignment
film 113 is further formed on the overcoat film 203. In FIG.
10, a difference h in level between the portion above the light
shielding film 202 and the other portion is about 96 nm.
[0056] Since the thickness of the alignment film 113 is
small, the overcoat film 203 dominantly influences the differ-
ence in level. That is, the difference h in level in this case
changes also depending on the thickness of the overcoat film
203. That is, the difference in level becomes smaller as the
thickness of the overcoat film 203 is greater. The difference in
level in FI1G. 10 is a difference in level when the light shield-
ing film 202 is formed so that the thickness of the overcoat
film 203 above the light shielding film 202 is about 1.5 pum.
[0057] A cross section of the display region 10 when the
sealing material 20 is formed above the counter substrate 200
is in the state shown in FIG. 10. When the sealing material 20
is formed by screen printing, the mesh for screen printing
contacts an effective surface. There is no influence on an
image when the mesh contacts the alignment film 113 above
the light shielding film 202. However, when the mesh con-
tacts the alignment film 113 at a portion not formed with the
light shielding film 202, image unevenness occurs. In the
configuration in FIG. 10, a difference in level of about 96 nm
is present between the portion formed with the light shielding
film 202 and the other portion. However, such a difference in
level cannot prevent image unevenness because the mesh
contacts both the portion above the light shielding film 202
and the other portion. In this case, the occurrence rate of
unevenness due to the influence of the mesh in screen printing
is 13.9%.

[0058] The invention intends to prevent image unevenness
due to the mesh of a screen printing apparatus by configuring
the counter substrate 200 like embodiments shown below.

First Embodiment

[0059] FIGS. 4A to 4C show the configuration of the dis-
play region 10 of the counter substrate 200, showing a first
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embodiment of the invention. FIG. 4A is a plan view of the
pixel configuration of the display region 10. FIG. 4B is an
A-A cross sectional view in FIG. 4A. FIG. 4C is a B-B cross
sectional view in FIG. 4A. In FIG. 4A, the red color filters
201R, the blue color filters 201B, and the green color filters
201G extend in the vertical direction at predetermined inter-
vals. In FIGS. 4A to 4C, the color filters 201 are formed in the
order of the red color filter 201R, the blue color filter 201B,
and the green color filter 201G.

[0060] The blue color filters 201B extend not only in the
vertical direction but also in the horizontal direction so as to
cover the light shielding films 202 which extend in the hori-
zontal direction. Accordingly, the blue color filter 201B and
the red color filter 201R, or the blue color filter 201B and the
green color filter 201G are overlapped with each other on the
light shielding film 202. That is, in the red color filter 201R
and the green color filter 201G, the level of the portion above
the light shielding film 202 is higher compared with that of the
portion not formed with the light shielding film 202 by the
thickness of the light shielding film 202 and the thickness of
the blue color filter.

[0061] FIG. 4B is the A-A cross sectional view in FIG. 4A.
FIG. 4B is the cross sectional view along the light shielding
film 202 which extends in the horizontal direction. As shown
in FIG. 4B, the color filters of two layers are formed on the
light shielding film 202 at portions where the red color filter
201R and the green color filter 201G are formed. On the other
hand, at the portion of the blue color filter 201B, only one
layer of the blue color filter 201B is formed on the light
shielding film 202.

[0062] FIG. 4C is a B-B cross sectional view in FIG. 4A.
FIG. 4C is the cross sectional view along the green color filter
201G. The thickness of the color filter 201 is, for example,
about 3 um. The thickness of the light shielding film 202 is,
for example, 1.3 um. Accordingly, in the green color filter
201G, a difference in level of 4.3 um is formed between the
portion above the light shielding film 202 and the other por-
tion. The same state applies to the red color filter 201R.

[0063] Inan actual product, the overcoat film 203 is formed
on the color filter 201, and the alignment film 113 is further
formed thereon. This state is shown in FIG. 5. Since the
thickness of the alignment film 113 is small, the overcoat film
203 dominantly influences the difference h in level in FIG. 5.

[0064] InFIG.5, whenthe overcoat film 203 is formed so as
to have a thickness of, for example, about 1.5 um above the
light shielding film 202, the difference h in level in FIG. 5 is
about 409 nm. Although FIG. 5 shows the difference in level
above the green color filter 201G, the same state applies to the
red color filter 201R. On the other hand, a difference in level
above the blue color filter 201B is the same as in the past.

[0065] When the sealing material 20 is formed by screen
printing for the counter substrate 200 in such a state, the
occurrence rate of image unevenness due to the mesh of a
screen printing apparatus is about 9.7%. This value represents
a significant improvement over the value of 13.9% in the
conventional example but is still insufficient.

[0066] Contrary to this, when the thickness of the overcoat
film 203 above the light shielding film 202 in FIG. 5 is formed
as thin as about 1 m, the difference h in level in FIG. 5 is
increased to be about 750 nm. When the sealing material 20 is
formed by screen printing for the counter substrate 200 in
such a state, the occurrence rate of image unevenness due to
the mesh of a screen printing apparatus is zero.
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[0067] That is, since the height of the light shielding film
202 portion is remarkably greater than that of the other por-
tion, the mesh of a screen printing apparatus is supported by
the light shielding film 202 portion. As a result, the color filter
201 in the portion not formed with the light shielding film
202, that is, the portion for forming an image can be prevented
from contacting the mesh and suffering from the damage.
[0068] In the embodiment, only the difference h in level
along the red color filter 201R and the difference h in level
along the green color filter 201G are large, and the difference
h in level along the blue color filter 201B is the same as in the
past. However, since the higher portions of the red color filter
201R and the green color filter 201G serve as stoppers for the
mesh in screen printing, damage to the blue color filter 201B
can also be prevented.

[0069] In the same manner, when the influence of the mesh
of a screen printing apparatus on an image is investigated by
forming the color filters 201 of two layers on the light shield-
ing film 202 and changing the thickness of the overcoat film
203, itis found that a difference h in level in FIG. 5 of 600 nm
or more can eliminate the influence of the mesh on image
unevenness.

[0070] The TFT substrate 100 and the counter substrate 200
are arranged at a specific interval for interposing liquid crystal
therebetween. The specific interval is generally maintained
by a spacer on color filter (SOC) 205 formed above the
counter substrate 200. The SOC 205 is formed by exposing
and developing a photosensitive acrylic resin or the like.
[0071] FIG. 6A is a plan view showing a state where the
SOC 205 is formed above the counter substrate 200. FIG. 6B
is a C-C cross sectional view in FIG. 6A. As shown in FIGS.
6A and 6B, the SOC 205 is formed on the overcoat film 203
above the blue color filter 201B and above the light shielding
film 202. The height of the SOC 205 is, for example, about 3.5
pm.

[0072] It is obvious that the difference h in level shown in
FIG. 5 or FIG. 6B should not exceed 3.5 pm. Further, when
the difference h in level is close to the height of the SOC 205,
the alignment disturbance of liquid crystal is remarkable.
According to an experiment, remarkable alignment distur-
bance is not observed as long as the difference h in level is up
to 1.8 um which is about half the height of the SOC 205.
[0073] As described above, the difference h in level in FIG.
5 or FIG. 6B is set to 600 nm or more and 1.8 pum or less,
whereby unevenness due to a mesh at the time of forming the
sealing material 20 by screen printing can be suppressed.
[0074] In the embodiment, the color filters 201 are manu-
factured in the order of the red color filter 201R, the blue color
filter 201B, and the green color filter 201G. However, the
manufacturing order of the color filters is not necessarily
limited thereto. Also in the embodiment, the color filter 201
which extends in the same direction as the light shielding film
202 to cover the light shielding film 202 is the blue color filter
201B. However, the invention is not limited thereto. The color
filter of another color may extend in the same direction as the
light shielding film 202 so as to cover the light shielding film
202 in accordance with the change in manufacturing order of
the color filters 201.

Second Embodiment

[0075] FIGS. 7A to 7C show the pixel configuration of the
counter substrate 200 showing a second embodiment of the
invention. FIG. 7A is a plan view showing the configuration
of the embodiment. FIG. 7B is an A-A cross sectional view in
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FIG.7A.FIG.7Cis a B-B cross sectional view in FIG. 7A. In
FIG.7A, thered color filters 201R, the blue color filters 201B,
and the green color filters 201G extend in the vertical direc-
tion. The respective color filters extend not only in the vertical
direction but also in the horizontal direction at specific
pitches. In FIG. 7A, only the green color filters 201G seem to
extend also in the horizontal direction. However, also the blue
color filters 201B and the red color filters 201R extend in the
horizontal direction under the green color filters 201G.
Although the light shielding films 202 extend in the horizon-
tal direction at specific pitches, the light shielding films 202
are not shown in FIG. 7A because they are covered with the
green color filters 201G.

[0076] FIG. 7B is the A-A cross sectional view in FIG. 7A,
showing the cross section along the light shielding film 202.
As shown in FIG. 7B, the color filters 201 of three layers of
the red color filter 201R, the blue color filter 201B, and the
green color filter 201G are formed on the light shielding film
202.

[0077] FIG. 7C is the B-B cross sectional view in FIG. 7A,
showing the cross sectional structure along the green color
filter 201G. As shown in FIG. 7C, the color filters 201 of three
layers are overlapped with one another on the light shielding
film 202. The thickness of the light shielding film 202 is 1.3
um, and the thickness of each of the color filters 201 is about
3 um. Accordingly, a large difference in level of 7.3 pm is
present between the portion above the light shielding film 202
and the other portion.

[0078] In an actual product, the overcoat film 203 and the
alignment film 113 are formed on the green color filter 201G
as shown in FIG. 8. Although the large difference in level of
7.3 um is formed before the formation of the overcoat film
203, the difference h in level is reduced after the formation of
the overcoat film 203 and the alignment film 113.

[0079] However, since the difference in level before the
formation of the overcoat film 203 is originally large, the
difference h in level shown in FIG. 8 can easily be 600 nm or
more even when the overcoat film 203 is formed to a thickness
of about 1.5 um above the light shielding film 202. On the
other hand, the difference h in level in FIG. 8 should be 1.8 um
or less in the same manner as the first embodiment because of
the limitation in view of alignment disturbance.

[0080] As described above, according to the embodiment,
the difference h in level between the portion above the light
shielding film 202 and the other portion can easily be 600 nm
ormore. Therefore, itis possible to prevent unevenness due to
the influence of the mesh upon forming the sealing material
20 by screen printing.

[0081] That is, a convex formed by overlapping the color
filters of three layers on the light shielding film serves as a
stopper for the mesh in screen printing, whereby the mesh can
be prevented from contacting the alignment film in the por-
tion not formed with the light shielding film, that is, in the
pixel region.

[0082] In the embodiment, the color filters 201 are manu-
factured in the order ofthe red color filter 201R, the blue color
filter 201B, and the green color filter 201G. However, the
order is not necessarily limited thereto. This is because the
fact that the color filters of three layers are formed on the light
shielding film is still unchanged even when the order of
forming the color filters varies.

[0083] The light shielding film can also be formed of a
metal such as chromium in addition to a resin. Although the
light shielding film is formed in a stripe shape in the horizon-
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tal direction in the specification, it can be formed in a matrix
shape so as to also cover the boundaries between the color
filters in the vertical direction. Further, although the overcoat
film is disposed on the color filter in the specification, the
invention can be configured with no overcoat film when the
contamination of the liquid crystal layer due to pigments of
the color filters presents no problem. In this case, the advan-
tage of preventing the mesh from contacting the alignment
film in the pixel region is enhanced because of the configu-
ration of the invention.

[0084] Further, the thicknesses of the color filters of RGB
can be varied for improving the display performance. For
example, the thickness of the blue color filter can be less than
those of the red and green color filters. In this case, the color
filter formed into a mesh shape in the embodiment in FIGS.
4A to 4C and 6A and 6B is the red color filter or the green
color filter, whereby the height of the convex formed by
stacking the color filters can be increased.

[0085] Further, although the SOC is formed on the blue
color filter in FIG. 6, the SOC may be formed on a portion
where the color filters are stacked in two layers or three layers.
[0086] The above embodiments have described the IPS
system liquid crystal display device. However, the invention
is not limited to the IPS system liquid crystal display device
and can be applied to other liquid crystal display devices such
as of TN system or VA system.

What is claimed is:

1. A liquid crystal display device comprising:

a TFT substrate at which pixels each including a pixel
electrode and a TFT are formed in a matrix shape; a
counter substrate at which color filters are formed; and
liquid crystal interposed between the TFT substrate and
the counter substrate, the TFT substrate and the counter
substrate being bonded together via a sealing material
formed on a periphery of the counter substrate, wherein

at the counter substrate, light shielding films are extended
in a firstdirection and arranged in a second direction, red
color filters are extended in the second direction and
arranged in the first direction, blue color filters are
extended in the second direction and arranged in the first
direction, green color filters are extended in the second
direction and arranged in the first direction,

color filters of one color among the red color filters, the
blue color filters, and the green color filters are extended
in the first direction so as to cover the light shielding
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films, color filters of two layers are formed in portions
where the color filters of one color are extended in the
first direction,

an overcoat film is formed so as to cover the red color
filters, the blue color filters, and the green color filters,
and an alignment film is formed so as to cover the over-
coat film.

2. The liquid crystal display device according to claim 1,
wherein a difference in height between a portion where the
color filters of two layers are formed on the light shielding
film and a portion where the light shielding film is not formed
is 600 nm or more and 1.8 pm or less.

3. The liquid crystal display device according to claim 1,
which is an IPS system liquid crystal display device.

4. A liquid crystal display device comprising:

a TFT substrate at which pixels each including a pixel
electrode and a TFT are formed in a matrix shape; a
counter substrate at which color filters are formed; and
liquid crystal interposed between the TFT substrate and
the counter substrate, the TFT substrate and the counter
substrate being bonded together via a sealing material
formed on a periphery of the counter substrate, wherein
at the counter substrate, light shielding films are

extended in a first direction and arranged in a second direc-
tion, red color filters are extended in the second direction
and arranged in the first direction, and extended in the
first direction and arranged in the second direction so as
to cover the light shielding films, blue color filters are
extended in the second direction and arranged in the first
direction, and extended in the first direction and
arranged in the second direction so as to cover the light
shielding films, green color filters are extended in the
second direction and arranged in the first direction, and
extended in the first direction and arranged in the second
direction so as to cover the light shielding films,

an overcoat film is formed so as to cover the red color
filters, the blue color filters, and the green color filters,
and an alignment film is formed so as to cover the over-
coat film.

5. The liquid crystal display device according to claim 4,
wherein a difference in height between a portion where the
light shielding film is formed and a portion where the light
shielding film is not formed is 600 nm or more and 1.8 um or
less.

6. The liquid crystal display device according to claim 4,
which is an IPS system liquid crystal display device.
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