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(57) ABSTRACT

A liquid crystal display device includes a TFT substrate hav-
ing a display region where pixels each having a TFT and a
pixel electrode are formed in a matrix, a counter substrate
having a display region where color filters of three colors are
formed in a matrix, the TFT substrate and the counter sub-
strate being bonded together with a sealing material in a seal
portion at a periphery, and liquid crystal sealed between the
TFT substrate and the counter substrate by the seal material.
In the display region, a first insulation film, a first alignment
film, a first columnar spacer, an overcoat film, a first color
filter among the color filters of three colors are stacked in this
order between the TFT substrate and the counter substrate.
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1
LIQUID CRYSTAL DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation application of U.S. appli-
cation Ser. No. 12/832,193, filed Jul. 8, 2010, the contents of
which are incorporated herein by reference.

CLAIM OF PRIORITY

The present application claims priority from Japanese
application serial No. 2009-161610 filed on Jul. 8, 2009, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device and more particularly to a liquid crystal display device
which does not cause air bubbles or liquid crystal leakage and
thus is improved in reliability in a configuration of filling
liquid crystal between a TFT substrate and a counter substrate
by a one drop fill method.

2. Description of the Related Art

In liquid crystal display devices, liquid crystal is filled
between a TFT substrate on which pixels each having a pixel
electrode and a thin film transistor (TFT) are formed in a
matrix and a counter substrate on which color filters and the
like are formed, and an image is formed by controlling the
molecules of the liquid crystal by an electric field. The gap
between the TFT substrate and the counter substrate is as
extremely small as several microns. In the conventional filling
method of liquid crystal, the space between the TF'T substrate
and the counter substrate is sealed to create a vacuum within
the space, and liquid crystal is injected by means of atmo-
spheric pressure.

However, when the gap between the TFT substrate and the
counter substrate 1s small, and the display area of the liquid
crystal display device is large, the injection requires a great
deal of time, which lengthens manufacturing throughput and
thus increases the manufacturing cost. For addressing the
problem, for example, a technique of sealing liquid crystal
has been developed in which a required amount of liquid
crystal is dropped onto the counter substrate, and thereafter
the counter substrate and the TFT substrate are overlapped
and sealed.

Such a one drop fill method has been conventionally
employed for relatively large liquid crystal display devices
and has started to be used for small liquid crystal display
devices. In small liquid crystal display devices, a number of
liquid crystal cells are formed on a mother substrate, and
liquid crystal has to be sealed in each of the liquid crystal
cells. However, a number of man-hours are required for seal-
ing liquid crystal into the individual liquid crystal cells.
According to the one drop fill method, liquid crystal can be
injected into a number of liquid crystal cells at one time in the
mother substrate.

In the specification, while the “liquid crystal cell” refers to
one in a state where the TFT substrate and the counter sub-
strate are sealed with a sealing material, and liquid crystal is
sealed therebetween, the “liquid crystal display device” refers
to one on which a drive IC for driving liquid crystal is
mounted on the liquid crystal cell. However, they are some-
times used with no distinction.
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In liquid crystal display devices, it is important to control
the gap between the TFT substrate and the counter substrate.
Conventionally, the gap is controlled by columnar spacers
formed on the counter substrate in a display region and con-
trolled by glass fibers in a seal portion.

On the other hand, JP-A-2001-174827 discloses a configu-
ration of a liquid crystal display device in which columnar
spacers are used in a display region, and columnar spacers are
used also in a seal portion. JP-A-2001-174827 describes a
configuration in which columnar spacers are formed on BM
both in the display region and in the seal portion, so that the
gap between the substrates in the display region is the same as
that of the seal portion.

On the other hand, the adhesion between the sealing mate-
rial, and the TFT substrate and the counter substrate in the seal
portion is important for reliability. JP-A-2007-212667
describes a configuration in which, for preventing the intru-
sion of liquid crystal between the sealing material and the
lower surface of the TFT substrate or the counter substrate in
the seal portion, a weir serving as a stopper against liquid
crystal is formed.

FIG. 14 is a plan view showing a state of a mother substrate
1000 for manufacturing small liquid crystal display devices.
In FIG. 14, the mother substrate 1000 is formed by overlap-
ping a mother TFT substrate and a mother counter substrate.
In the mother substrate 1000, 7x5=35 pieces of liquid crystal
cells 1 are fabricated. In FIG. 14, scribe lines 2 for separating
the mother substrate into the individual liquid crystal cells 1
are marked, and a sealing material 20 is formed for each ofthe
liquid crystal cells 1. Liquid crystal is dropped in a region
inside the sealing material 20 and sealed with the sealing
material 20.

In small liquid crystal display devices, a glass substrate is
required to be thin. A glass substrate serving as a mother TFT
substrate or a mother counter substrate is standardized and is
as thick as about 0.5 mm. Therefore, after forming the mother
substrate 1000, the mother substrate 1000 is reduced in thick-
ness by polishing the outer surface thereof. In this case, for
preventing a polishing solution from entering the inside of the
mother substrate 1000, a mother substrate sealing material
2000 is formed at the peripheries of the mother TFT substrate
and the mother counter substrate. Thereafter, the individual
liquid crystal cells 1 are separated from the mother substrate
1000 along the scribe lines 2.

In the liquid crystal one drop fill method, the amount of
liquid crystal to be dropped is very important. When liquid
crystal is dropped onto the mother counter substrate, an accu-
rately controlled amount of liquid crystal is dropped in a
region surrounded by the sealing material 20 formed in the
individual liquid crystal cell 1. Thereafter, the liquid crystal is
covered with the mother TFT substrate, and the mother TFT
substrate and the mother counter substrate are bonded
together with the sealing materials 20 and the mother sub-
strate sealing material 2000. In this case, when the amount of
liquid crystal to be dropped is too small, air bubbles are
generated in the liquid crystal cell 1, and when the amount of
liquid crystal to be dropped is too large, liquid crystal enters
between the sealing material 20 and the TFT substrate or
between the sealing material 20 and the counter substrate,
causing sealing defects.

The capacity of the inside of the liquid crystal cell 1 is
determined by the height of'a columnar spacer 205 formed in
the display region. As the height of the columnar spacer 205
is greater, the capacity of the inside becomes large, and as the
height of the columnar spacer 205 is smaller, the capacity of
the inside becomes small. Accordingly, a proper dropping
amount of liquid crystal varies depending on the height of the
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columnar spacer 205. However, the height of the columnar
spacer 205 changes depending on the process.

For addressing the problem, the height of the columnar
spacer 205 formed on the counter substrate 200 is conven-
tionally measured in each of the counter substrates 200, the
counter substrates 200 are divided into groups according to
the height of the columnar spacer 205, and the dropping
amount of liquid crystal to be dropped onto the counter sub-
strate 200 is determined in each of the groups.

Although the gap between the TFT substrate 100 and the
counter substrate 200 is determined by the columnar spacers
205 in the display region, the gap between the TFT substrate
100 and the counter substrate 200 is conventionally deter-
mined by glass fibers 250 in the seal portion. FIG. 15 is a
schematic cross-sectional view showing this state. In FIG. 15,
ablack matrix 202 and an overcoat film 203 are formed on the
counter substrate 200 side, and an inorganic passivation film
107 and an organic passivation film 108 are formed on the
TFT substrate 100 side. FIG. 15 is a schematic view, and
therefore the other layers are not illustrated.

In the display region indicated by DA in FIG. 15, the gap
between the counter substrate 200 and the TFT substrate 100
is determined by the columnar spacers 205 and determined in
the seal portion by the diameter of the glass fiber 250 mixed
in the sealing material. In FIG. 15, liquid crystal 300 is sealed
inside the sealing material.

Although a height HS of the columnar spacer 205 varies
depending on the process, a diameter GH of the glass fiber
250 is controlled with relatively high accuracy. When the
counter substrates 200 are divided into groups according to
the height of the columnar spacer 205, they are divided into
three groups: a group where the height HS of the columnar
spacer 205 is substantially the same as the diameter GH of the
glass fiber 250; a group where the height HS of the columnar
spacer 205 is smaller than the diameter GH of the glass fiber
250; and a group where the height HS of the columnar spacer
205 is greater than the diameter HG of the glass fiber 250.

FIG. 16 is a cross-sectional view showing a state of the
liquid crystal cell 1 of the group where the height HS of the
columnar spacer 205 is substantially the same as the diameter
GH of the glass fiber 250. In the example of FIG. 16, the
amount of the liquid crystal 300 is properly controlled, and
therefore the reliability of the seal portion can be maintained
at a high level. FIG. 17 is a cross-sectional view of the liquid
crystal cell 1 in the group where the height HS of the colum-
nar spacer 205 is smaller than the diameter GH of the glass
fiber 250. Since the dropping amount of liquid crystal is
determined by the height of the columnar spacer 205, an air
bubble 400 is generated in this group like a region A at the
periphery shown in FIG. 17.

FIG. 18 is a cross-sectional view of the liquid crystal cell 1
in the group where the height HS of the columnar spacer 205
is greater than the diameter HG of the glass fiber 250. Since
the dropping amount of the liquid crystal 300 is determined
by the height of the columnar spacer 205, tilting occurs in the
seal portion and the substrate warps outward in this group as
indicated by a region B at the periphery shown in FIG. 18.
Although only the counter substrate 200 is warped in FIG. 18,
FIG. 18 is a schematic view, and actually the TFT substrate
100 side also warps.

FIG. 19 is a schematic view showing why tilting of the
substrate occurs in the seal portion. Dropping of liquid crystal
is conducted under reduced pressure. Liquid crystal is
dropped onto each of the liquid crystal cells 1, the TFT sub-
strate 100 and the counter substrate 200 are overlapped each
other, the sealing material is cured, and thereafter the TFT
substrate 100 and the counter substrate 200 are returned to the
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air. Since a reduced pressure region 450 is formed between
the liquid crystal cell 1 and the liquid crystal cell 1, that is,
between the sealing material and the sealing material, the
substrate is deformed inward by atmospheric pressure indi-
cated by open arrows. On the other hand, since the liquid
crystal 300 is excessively dropped and sealed in a region
inside the sealing material, that is, on the liquid crystal cell 1
side, the substrate is deformed outward. Accordingly, tilting
of the substrate occurs in the seal portion.

When the mother substrate 1000 in this state is separated
along the scribe line 2, the liquid crystal cell 1 has a cross-
sectional shape shown in FIG. 18. When the TFT substrate
100 or the counter substrate 200 is reduced in thickness by
polishing, the deformation of the substrate shown in FIG. 18
is likely to occur. As described above, when the liquid crystal
300 is excessively sealed, the reliability of the seal portion is
impaired, and the contrast is reduced by a change in gap
between the TFT substrate 100 and the counter substrate 200
at the periphery of the display region.

SUMMARY OF THE INVENTION

In the conventional method as described above, even when
the height of the columnar spacer 205 is measured to divide
the counter substrates 200 into groups according to the height
of the columnar spacer 205, and the amount of liquid crystal
to be dropped is controlled in each of the groups, the air
bubbles 400 due to too little liquid crystal and the deformation
of the substrate due to excessive liquid crystal are caused at a
certain rate. It is an object of the invention to solve the above-
described problem and realize a liquid crystal display device
with high reliability.

To achieve the object, the invention is specifically config-
ured as follows.

(1) A liquid crystal display device includes: a TFT sub-
strate having a display region where pixels each havinga TFT
and a pixel electrode are formed in a matrix; a counter sub-
strate having a display region where color filters of three
colors are formed in a matrix, the TFT substrate and the
counter substrate being bonded together with a sealing mate-
rial in a seal portion at a periphery; and liquid crystal sealed
between the TFT substrate and the counter substrate, wherein
in the display region, a gap between the counter substrate and
the TFT substrate is defined by a first columnar spacer formed
on the counter substrate, and one color filter among the color
filters of three colors is present below the first columnar
spacer; and in the seal portion, a gap between the counter
substrate and the TFT substrate is defined by a second colum-
nar spacer formed on the counter substrate, a first color filter
among the color filters of three colors is formed in an island
shape below the second columnar spacer, and a second color
filter is stacked and formed in an island shape on the first color
filter.

(2) The liquid crystal display device according to (1),
whereinan overcoat film is present between the first columnar
spacer and the color filter in the display region, and an over-
coat film is present between the second columnar spacer and
the second color filter in the seal portion.

(3) The liquid crystal display device according to claim 1,
wherein the first color filter is a green color filter, and the
second color filter is a blue color filter.

(4) A liquid crystal display device includes: a TFT sub-
strate having a display region where pixels each havinga TFT
and a pixel electrode are formed in a matrix; a counter sub-
strate having a display region where color filters of three
colors are formed in a matrix, the TFT substrate and the
counter substrate being bonded together with a sealing mate-
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rial in a seal portion at a periphery; and liquid crystal sealed
between the TET substrate and the counter substrate, wherein
in the display region, a gap between the counter substrate and
the TFT substrate is defined by a first columnar spacer formed
on the counter substrate, and one color filter among the color
filters of three colors is present below the first columnar
spacer; and in the seal portion, a gap between the counter
substrate and the TFT substrate is defined by a second colum-
nar spacer formed on the counter substrate, a first color filter
among the color filters of three colors is formed in an island
shape below the second columnar spacer, a second color filter
is stacked and formed in an island shape on the first color
filter, and a third color filter is stacked and formed in an island
shape on the second color filter.

(5) The liquid crystal display device according to (4),
wherein an overcoat film is present between the first columnar
spacer and the color filter in the display region, and an over-
coat film 1s present between the second columnar spacer and
the third color filter in the seal portion.

(6) The liquid crystal display device according to (4),
wherein the first color filter is a red color filter, the second
color filter is a green color filter, and the third color filter is a
blue color filter.

(7) A liquid crystal display device includes: a TFT sub-
strate having a display region where pixels each havinga TFT
and a pixel electrode are formed in a matrix; a counter sub-
strate having a display region where color filters of three
colors are formed in a matrix, the TFT substrate and the
counter substrate being bonded together with a sealing mate-
rial in a seal portion at a periphery; and liquid crystal sealed
between the TET substrate and the counter substrate, wherein
in the display region, a gap between the counter substrate and
the TFT substrate is defined by a first columnar spacer formed
on the counter substrate, and one color filter among the color
filters of three colors is present below the first columnar
spacer; in the seal portion, a gap between the counter sub-
strate and the TFT substrate is defined by a second columnar
spacer formed on the counter substrate, a first color filter
among the color filters of three colors is formed in an island
shape below the second columnar spacer, and a second color
filter is stacked and formed in an island shape on the first color
filter; and in the seal portion, a weir formed on the counter
substrate is formed so as to surround the display region, and
the color filters are not present below the weir.

According to an aspect of the invention, the difference
between the gap between the TFT substrate and the counter
substrate in the display region and the gap between the TFT
substrate and the counter substrate in the seal portion can be
eliminated or can be always maintained at a fixed value.
Accordingly, ina liquid crystal display device of a type which
injects liquid crystal by a one drop fill method, the reliability
of the seal portion can be improved. Moreover, the generation
of air bubbles in the display region can be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of a liquid crystal display device.

FIG. 2 is a cross-sectional view of a display region of the
liquid crystal display device.

FIG. 3 is a cross-sectional view of a seal portion of a liquid
crystal display device according to a first embodiment.

FIG. 4 is a cross-sectional view showing a structure in the
vicinity of a columnar spacer according to the first embodi-
ment.

FIG. 5 is a plan view showing a display region of a counter
substrate of the liquid crystal display device.

10

15

20

25

30

35

40

45

50

55

60

65

6

FIG. 6 is an exemplary plan view of a seal portion accord-
ing to the first embodiment.

FIG. 7 is another exemplary plan view of a seal portion
according to the first embodiment.

FIG. 8 is still another exemplary plan view of a seal portion
according to the first embodiment.

FIG.9 is a cross-sectional view of a seal portion of a liquid
crystal display device according to a second embodiment.

FIG. 10 is a cross-sectional view showing a structure in the
vicinity of a columnar spacer according to the second
embodiment.

FIG. 11 is an exemplary plan view of a seal portion accord-
ing to the second embodiment.

FIG. 12 is an exemplary plan view of a seal portion accord-
ing to a third embodiment.

FIG. 13 is a cross-sectional view of the seal portion of a
liquid crystal display device according to the third embodi-
ment.

FIG. 14 is a plan view of a mother substrate.

FIG. 15 shows an exemplary configuration for defining the
gap between substrates in a display region and in a seal
portion in the related art.

FIG. 16 is a cross-sectional view of a liquid crystal display
device when the amount of liquid crystal is proper.

FIG. 17 is a cross-sectional view of the liquid crystal dis-
play device when the amount of liquid crystal is too small.

FIG. 18 is a cross-sectional view of the liquid crystal dis-
play device when the amount of liquid crystal is excessive.

FIG. 19 is a cross-sectional view of a mother substrate
when the amount of liquid crystal is excessive.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the contents of the invention will be described
in detail based on embodiments.
[First Embodiment]

FIG.1isaplanview of'a small liquid crystal display device
used for mobile phones or the like as an example of a product
to which the invention is applied. In FIG. 1, a counter sub-
strate 200 is disposed above a TFT substrate 100. A liquid
crystal layer is interposed between the TFT substrate and the
counter substrate. The TFT substrate and the counter sub-
strate are bonded together with a sealing material 20 formed
in a frame portion. In FIG. 1, since liquid crystal is sealed by
a one drop fill method, a filling port is not formed.

The TFT substrate 100 is formed larger than the counter
substrate 200. In a portion of the TFT substrate 100 extended
from the counter substrate 200, a terminal portion 150 for
supplying a power supply, video signals, scanning signals,
and the like to a liquid crystal cell 1 is formed.

In the terminal portion 150, an IC driver 50 for driving
scanning lines, video signal lines, and the like is disposed.
The IC driver 50 is divided into three regions. At the center of
the IC driver, a video signal drive circuit 52 is disposed. A
scanning signal drive circuit 51 is disposed on both sides of
the center.

Inadisplay region 10 of FIG. 1, scanning lines 30 extend in
the horizontal direction and are arranged in the vertical direc-
tion. Moreover, video signal lines 40 extend in the vertical
direction and are arranged in the horizontal direction. The
scanning lines are connected to the scanning signal drive
circuit 51 of the IC driver 50 through scanning-line lead lines
31. InFIG. 1, for arranging the display region 10 at the center
of the liquid crystal display device, the scanning-line lead
lines 31 are arranged on both sides of the display region 10.
Therefore, the scanning signal drive circuit 51 is disposed on
both sides in the IC driver 50. On the other hand, video-signal-
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line lead lines 41 which connect the video signal lines with the
IC driver 50 are collected on the lower side of a screen. The
video-signal-line lead lines 41 are connected to the video
signal drive circuit 52 arranged at the central portion of the IC
driver 50.

FIG. 2 is a cross-sectional view of the display region of the
liquid crystal display device shown in FIG. 1. FIG. 2 shows a
cross-sectional view of the display region of the liquid crystal
display device of a typical TN type. However, the invention
can be applied not only to TN type liquid crystal display
devices but also to another type liquid crystal display devices
such as of in-plane switching (IPS) type.

In FIG. 2, a gate electrode 101 is formed on the TFT
substrate 100. The gate electrode 101 is formed by sputtering
and thereafter patterned by photolithography. The gate elec-
trode 101 is formed of Al and has a thickness of about 300 nm.

The scanning lines, which are not shown, and the like are
formed simultaneously with and in the same layer as the gate
electrode 101. A common wiring formed on the TFT substrate
100 for supplying a common voltage to a counter electrode
204 of the counter substrate 200 is also formed simulta-
neously in the same layer. A gate insulating film 102 is formed
so as to cover the gate electrode 101. The gate insulating film
102 is formed by, for example, sputtering a SiN film. The gate
insulating film 102 has a thickness of about 400 nm, for
example.

A semiconductor layer 103 is formed above the gate elec-
trode 101 via the gate insulating film 102. The semiconductor
layer 103 is formed of a-Si and has a thickness of about 150
nm. A channel region of a TFT is formed in the a-Si layer.
Before disposing a source electrode 105 and a drain electrode
106 on the a-Si layer, an n+Si layer 104 is formed for estab-
lishing chmic contact between the a-Si layer and the source
electrode 105 or the drain electrode 106.

The source electrode 105 or the drain electrode 106 is
formed on the n+Si layer 104. In the same layer as the source
electrode 105 or the drain electrode 106, a ground wire and
the like connected to the video signal line, a protective diode,
and the like are formed. The source electrode 105 or the drain
electrode 106 is formed of Mo, Al, or the like. In the case of
using Al, the upper and lower surfaces of an Al layer are
covered with a Mo layer or the like. This is because when Al
is in contact with ITO or the like in a contact hole 113 portion,
a contact resistance sometimes becomes unstable.

After forming the source electrode 105 or the drain elec-
trode 106, channel etching is conducted using the source
electrode 105 and the drain electrode 106 as masks. Etching is
conducted to the upper portion of the a-Si layer for com-
pletely removing the n+Si layer 104 from the channel layer,
so that a channel-etching region 109 is formed. Thereafter, an
inorganic passivation film 107 is formed so as to cover the
entire TFT. The inorganic passivation film 107 is formed of
SiN. The inorganic passivation film 107 has a thickness of
about 400 nm, for example.

Anorganic passivation film 108 is formed so as to coverthe
inorganic passivation film 107. Since the organic passivation
film 108 functions as a planarization film, it is formed thick.
The organic passivation film 108 is formed to a thickness of
about from 2 pm to 3 pm. An acrylic resin is used for the
organic passivation film 108, for example. Since a photosen-
sitive acrylic resinis used for the organic passivation film 108,
patterning can be conducted without using a resist.

Thereafter, the contact hole 113 is formed through the
organic passivation film 108 and the inorganic passivation
film 107 for establishing electrical continuity between a pixel
electrode 110 formed of ITO and the source electrode 105 of
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the TFT. In the display region 10, an ITO film serving as the
pixel electrode 110 is formed on the organic passivation film
108.

InFIG. 2, an alignment film 111 for aligning liquid crystal
molecules is formed on the pixel electrode 110. A liquid
crystal layer 300 is interposed between the TFT substrate 100
and the counter substrate 200. Initial alignment of liquid
crystal molecules in the liquid crystal layer 300 is defined by
the alignment film 111 formed on the TFT substrate 100 and
an alignment film 111 formed on the counter substrate 200.

In FIG. 2, a black matrix 202 as a light shielding film is
formed on the inner side of the counter substrate 200 so as to
correspond to the position of the TFT. The black matrix
functions as alight shielding film for the TFT and functions to
improve the contrast of an image. A color filter 201 is formed
at a portion where the black matrix 202 is not formed, that is,
a portion forming a pixel.

In the pixel structure of FIG. 2, the color filters 201 of the
same color are formed in a stripe in the vertical direction as
will be described later. The black matrixes are formed in a
stripe in the horizontal direction corresponding to the scan-
ning lines 30 formed on the TFT substrate 100. The color
filters 201 are continuously formed in a stripe in the vertical
direction so as to cover the black matrixes 202.

Anovercoat film 203 is formed so as to cover the color filter
201 and the black matrix 202. The overcoat film 203 functions
to moderate irregularities on the surface and functions to
protect the color filter against liquid crystal. However, the
overcoat film is not essential and may not be used.

The counter electrode 204 is formed of an ITO film as a
transparent conductive film on the overcoat film 203. Voltage
is applied between the pixel electrode 110 formed in the pixel
of the TFT substrate 100 and the counter electrode 204
formed on the counter substrate 200 to rotate liquid crystal
molecules, thereby controlling transmission light or reflec-
tion light to form an image.

A columnar spacer 205 for defining the gap between the
counter substrate 200 and the TFT substrate 100 is formed on
the counter electrode 204. The columnar spacer 205 is formed
ataportion where the black matrix 202 is formed and through
which light of a backlight or the like does not transmit. This is
because the alignment of liquid crystal is disturbed at the
portion where the columnar spacer 205 is present to cause
light leakage from the backlight or the like, thereby reducing
the contrast.

The columnar spacer 205 has a height of, for example, from
3 um to 4 pm, which is the same as the thickness of the liquid
crystal layer 300. The columnar spacer 205 is formed of a
photosensitive acrylic resin, for example. When an acrylic
resin is applied on the entire surface of the counter substrate
200 and exposed to light through a mask, only a portion
exposed to light is rendered insoluble in a developer, and only
the exposed portion is left as the columnar spacer 205. Use of
a photosensitive resin eliminates a resist step, thereby short-
ening the process.

The alignment film 111 is formed so as to cover the colum-
nar spacer 205 and the counter electrode 204. Initial align-
ment of the liquid crystal layer 300 is determined by the
alignment film 111 formed on the TFT substrate 100 and the
alignment film 111 formed on the counter substrate 200. This
alignment state is changed by rotating liquid crystal mol-
ecules with voltage applied between the pixel electrode 110
formed on the TFT substrate 100 and the counter substrate
200, thereby controlling light transmitting through the liquid
crystal layer 300 to form an image.

FIG. 3 is a cross-sectional view of a region S formed with
the sealing material of the liquid crystal display device shown
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in FIG. 1, showing a feature of the invention. In FIG. 3, the
scanning-line lead lines 31 are formed on the TFT substrate
100, and the gate insulating film 102 covers the scanning-line
lead lines 31. Scanning-line lead lines 31 formed in a different
layer are formed on the gate insulating film 102. Although the
scanning-line lead lines 31 extend in the vertical direction in
the portion S in FIG. 1, the scanning-line lead lines 31 are
formed in two layers for reducing the area outside the display
region (frame region) of the liquid crystal display device. The
upper scanning-line lead lines 31 are formed in the same layer
as the video signal lines 40 and connected to the scanning
lines 30 at a not-shown portion via through holes.

The inorganic passivation film 107 is formed so as to cover
the scanning-line lead lines 31 in the second layer. The
organic passivation film 108 is formed so as to cover the
inorganic passivation film 107. In the seal portion, the pixel
electrode 110 and the alignment film 111 are not formed on
the organic passivation film 108.

On the counter substrate 200 in FIG. 3, the black matrix
202 is formed. On the black matrix 202, a green color filter
201G and a blue color filter 201B are stacked and formed in
an island shape. The green color filter 201G is formed larger
than the blue color filter 201B. The overcoat film 203 is
formed so as to cover the green color filter 201G and the blue
color filter 201B. In the seal portion, the counter electrode 204
and the alignment film 111 are not formed on the overcoat
film 203.

In FIG. 3, the columnar spacer 205 is formed on the over-
coat film 203. The sealing material 20 is filled around the
columnar spacer 205. A tip end of the columnar spacer 205 is
in contact with the organic passivation film 108 formed on the
TFT substrate 100. In the invention, the gap between the TFT
substrate 100 and the counter substrate 200 is defined by the
columnar spacer 205 also in the seal portion.

The columnar spacer 205 in FIG. 3 is formed simulta-
neously with and by the same process as the columnar spacer
205 in the display region described with reference to FIG. 2.
Accordingly, even when a height HS of the columnar spacer
205 varies due to process variations, the height varies simul-
taneously in the display region and the seal portion. There-
fore, the difference between the gap between the TFT sub-
strate 100 and the counter substrate 200 in the display region
and the gap in the seal portion does not change depending on
the process.

A feather of the invention is in that the island-shaped color
filter 201 having two layers is disposed below the columnar
spacer 205. As described with reference to FIG. 2, the color
filter 201 having one layer is formed below the columnar
spacer 205 in the display region. In the invention, for assuring
the reliability of the seal portion, the color filter 201 is not
formed on the entire surface of the seal portion but is formed
in an island shape. The overcoat film 203 is formed so as to
cover the color filter 201 formed in an island shape.

Even when the color filter is manufactured under the same
process conditions, the thickness thereof is smaller when it is
formed in an island shape like in the seal portion than when it
is formed wide in a stripe shape like in the display region. The
overcoat film 203 on the color filter becomes thin when it is
formed on the island-shaped color filter due to leveling effect.
Accordingly, even when the height HS ofthe columnar spacer
205 is controlled so as to be the same in the display region and
in the seal portion, the thickness of the color filter formed in
an island shape and the thickness of the overcoat film 203 are
reduced in the seal portion. Therefore, such a phenomenon
occurs in the seal portion that the gap between the TFT
substrate 100 and the counter substrate 200 is reduced.
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In the invention, two layers of the island-shaped color
filters 201G and 201B are formed below the columnar spacer
205 in the seal portion, whereby the gap between the TFT
substrate 100 and the counter substrate 200 is controlled so as
to be uniform in the display region and in the seal portion. As
shown in FIG. 3, although the pixel electrode 110, the counter
electrode 204, the alignment film 111, and the like are not
formed in the seal portion, the thicknesses of these films are
small and therefore fall within the error range compared to a
change in thickness of the color filter 201 or the overcoat film
203.

FIG. 4 is a cross-sectional view showing the shapes of the
respective films on the counter substrate 200 side in the seal
portion. In FIG. 4, the black matrix 202 is formed in a solid
manner on the counter substrate 200. The island-shaped green
color filter 201G having a diameter ¢4 is formed on the black
matrix 202. The ¢4 is about from 60 um to 80 um, for
example. The island-shaped blue color filter 201B having a
diameter $3 is formed on the island-shaped green color filter
201G. The ¢3 is about 40 pm, for example.

The overcoat film 203 is formed so as to cover the black
matrix 202, the island-shaped green color filter 201G, and the
island-shaped blue color filter 201B. The columnar spacer
205 is formed on the overcoat film 203. The height HS of the
columnar spacer 205 is, for example, from 3 pum to 4 pm,
which is the same as that of the display region. The columnar
spacer 205 has a diameter ¢2 of about 15 pm at a root and a
diameter ¢1 of about 10 pm at a tip end.

FIG. 5is aplan view showing a part of the display region of
the counter substrate 200. In FIG. 5, the black matrixes 202
are formed on the counter substrate 200 so as to extend in the
horizontal direction and are arranged in the vertical direction.
Red color filters 201R, the green color filters 201G, and the
blue color filters 201B cover the black matrixes 202, extend in
the vertical direction, and are arranged in the horizontal direc-
tion at a specified pitch. A width X of each of the color filters
201 corresponds to the transverse diameter of a sub-pixel,
which is 40 pm, for example. A pitch Y of the black matrix
202 corresponds to the vertical diameter of the sub-pixel,
which is 120 pm, for example.

In FIG. 5, the columnar spacers 205 are formed on the blue
color filter 201B so as to correspond to portions where the
black matrixes 202 are formed. FIG. 5 shows an example in
which the columnar spacer 205 is formed in all sub-pixels
corresponding to blue pixels. In FIG. 5, for example, the
vertical pitch of the columnar spacer 205 is 120 um, and the
horizontal pitch is also 120 um. The forming density of the
columnar spacers 205 may be smaller than that. The density
of the columnar spacers 205 in the display region is deter-
mined depending on the conditions of use, for example,
whether the liquid crystal display device is used as a touch
panel or not.

FIG. 6 is a plan view showing a seal portion of the counter
substrate 200 in the invention. In the seal portion, the colum-
nar spacers 205 are arranged at a specified pitch, and the
sealing material is formed around the columnar spacers 205.
Each of the columnar spacers 205 is formed on the green color
filter 201G and the blue color filter 201B both formed in an
island shape. InF1G. 6, the overcoat film 203 is not illustrated.

A horizontal pitch d2 of the columnar spacer 205 is, for
example, 200 um, and a vertical pitch d3 is, for example, 500
pm. A distance d1 between the columnar spacer 205 and an
edge of the sealing material is, for example, 100 um. Accord-
ingly, the color filter 201 serving as a base of the columnar
spacer 205 does not extend outside the sealing material.

FIG. 7 is a plan view showing another example of a seal
portion of the counter substrate 200 in the invention. In FIG.
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7, a pitch d4 of the columnar spacer 205 in the vertical
direction is reduced to half that of FIG. 6. Accordingly, the
density of the columnar spacers 205 is doubled in FIG. 7
compared to that of FIG. 6.

FIG. 8 is a plan view showing still another example ofa seal
portion of the counter substrate 200 in the invention. In FIG.
8, a pitch d5 of the columnar spacer 205 in the horizontal
direction is reduced to half the pitch d2 in the horizontal
direction in FIG. 6 or 7. A pitch d6 in the vertical direction in
FIG. 8 is reduced to half the pitch in the vertical direction in
FIG. 7. Accordingly, the density of the columnar spacers 205
is increased more in FIG. 8 than that of FIG. 7.

FIGS. 7 and 8 show examples of the arrangement and
density of the columnar spacers 205 in the seal portion, and
various arrangements, in addition to the examples, can be
adopted. Moreover, it is not necessary that the density of the
columnar spacers 205 in the seal portion be the same as that of
the display region. Depending on the intended use of the
liquid crystal display device, the density of the columnar
spacers 205 can be determined such that the density is most
suitable for each of the display region and the seal portion.
[Second Embodiment]

FIG. 9 is a cross-sectional view of a seal portion according
to a second embodiment of the invention. The configuration
ofadisplay region inthe embodiment is the same as that of the
first embodiment. In FIG. 9, the gap between the TFT sub-
strate 100 and the counter substrate 200 in the seal portion is
determined by the columnar spacer 205 in the same manner as
the first embodiment.

In the embodiment, the red color filter 201R, the green
color filter 201G, and the blue color filter 201B are stacked
and formed in an island shape below the columnar spacer 205
in the seal portion. Since each of the color filters 201R, 201G,
and 201B is formed in an island shape, the thickness thereof
is likely to be smaller than that of the color filter 201 formed
in a stripe in the display region. Also the overcoat film 203
formed on the color filter becomes thin when it is formed on
the island-shaped color filter due to the leveling effect.

As described above in the embodiment, the gap between
the substrates is prevented from being different between the
display region and the seal portion due to the reduced height
of the base formed below the columnar spacer 205. In the
configuration of the first embodiment, the green color filter
201G and the blue color filter 201B are formed below the
columnar spacer 205, so that the gap between the substrates is
controlled. In the embodiment, three layers of the color filters
201R, 201G, and 201B are formed, so that the gap between
the substrates is controlled.

On the other hand, it is advantageous for the reliability of
the seal portion that the pressure within the liquid crystal cell
be negative rather than positive. In this case, the gap between
the substrates in the seal portion is slightly greater than that of
the display region. In such a case, use of the configuration of
the embodiment allows stable setting of the gap between the
substrates.

FIG. 10 s a cross-sectional view showing the shapes of the
respective films on the counter substrate 200 side in the seal
portion. The configuration of FIG. 10 is the same as that of
FIG. 4 except that the island-shaped red color filter 201R is
additionally disposed as the base of the columnar spacer 205.
Moreover, the diameter ¢1 of the columnar spacer 205 at the
tip end and the diameter ¢2 at the root, the diameter ¢3 of the
island-shaped blue color filter 201B, and the diameter ¢4 of
the island-shaped green color filter 201G are the same as
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those of FIG. 4. The diameter of the island-shaped red color
filter 201R in FIG. 10 is from 100 um to 120 um, for example.

FIG. 11 is a plan view of a seal portion in the embodiment.
In FIG. 11, the columnar spacers 205 are arranged at a pre-
determined pitch, and the sealing material is formed around
the columnar spacers 205. The configuration of FIG. 11 is the
same as that of FIG. 4 of the first embodiment except that the
island-shaped red color filter 201R is formed, in addition to
the island-shaped blue color filter 201B and the island-shaped
green color filter 201G, at the portion where the columnar
spacer 205 is formed.

For the arrangement of the columnar spacers 205 in the
embodiment, not only the arrangement shown in FIG. 11 but
also the arrangements of FIGS. 7 and 8 described in the first
embodiment and other arrangements can be adopted.

[Third Embodiment]

FIG. 12 is a plan view of a seal portion according to a third
embodiment of the invention. The configuration of FIG. 12 is
different from that of the first embodiment or the second
embodiment in that aweir 500 for stopping the alignment film
111 is disposed substantially at the central portion of the seal
portion. The weir 500 is formed along the entire sealing
material 20.

The presence of the alignment film 111 between the sealing
material and the substrate impairs the adhesive properties
between the sealing material and the substrate. The alignment
film 111 is applied in the display region in the form of liquid
by an inkjet method or the like and thereafter solidified by
baking. Upon applying the alignment film 111 in the form of
liquid, when the alignment film 111 flows into the seal por-
tion, the reliability of the seal portion is reduced.

In the embodiment, for preventing the alignment film 111
in the form of liquid from entering the entire seal portion even
if the alignment film flows into the seal portion, the weir 500
for stopping the alignment film 111 is formed in the vicinity
of the central portion of the seal portion. With this configu-
ration, even if the alignment film 111 flows into the seal
portion, the adhesion between the sealing material and the
substrate can be sufficiently assured in the half region of the
sealing material. Therefore, the reliability of the seal portion
can be assured.

In FIG. 12, the weir 500 can be formed of the same material
and by the same process as the columnar spacer 205. How-
ever, since the color filter 201 is not disposed below the weir
500, a tip end of the weir 500 is positioned lower than that of
the columnar spacer 205 by the amount of the color filter.
Accordingly, the gap between the TFT substrate 100 and the
counter substrate 200 in the seal portion is defined by the
columnar spacer 205.

In FIG. 12, the columnar spacers 205 are arranged so as to
avoid the weir 500. The pitch, arrangement, and the like of the
columnar spacers 205 in FIG. 12 is the same as those of FIG.
6 in the first embodiment. In addition, the various arrange-
ments shown in the first embodiment can be adopted for the
arrangement of the columnar spacers 205 in the seal portion
as long as they are arranged so as to avoid the weir 500.

FIG. 13 is a cross-sectional view of the seal portion of the
liquid crystal display device corresponding to a D-D cross-
section in FIG. 12. That is, FIG. 13 shows the cross-section in
which the weir 500 formed on the counter substrate 200 is
interposed between the columnar spacers. In FIG. 13, the
columnar spacers 205 are arranged on the counter substrate
200 side with the weir 500 interposed therebetween. The
configuration of each of the columnar spacers 205 is the same
as that described with reference to FIG. 3 of the first embodi-
ment. In FIG. 13, the weir 500 is formed on the overcoat film
203. The weir 500 does not have a columnar shape but linearly
extends in a direction perpendicular to the paper surface so as
to surround the entire periphery of the display region.
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The weir 500 is formed of the same material and by the
same process as the columnar spacer 205. Accordingly, the
height HS of the columnar spacer 205 is the same as the height
HS of the weir 500. However, since the base formed of the
green color filter 201G and the blue color filter 201B is not
formed below the weir 500, the tip end of the weir 500 is
positioned lower than that of the columnar spacer 205.
Accordingly, the gap between the TFT substrate 100 and the
counter substrate 200 in the seal portion is determined by the
columnar spacer 205.

In FIG. 13, the height HS of the weir 500 is equal to the
height HS of the columnar spacer 205. For the effect of
stopping the alignment film 111, the height of the weir 500
may be lower than the height HS of the columnar spacer 205.
For making the height of the weir 500 less than that of the
columnar spacer 205, the width of the weir 500 is made less
than the diameter of the columnar spacer 205. Even in the
same process, the height can be made small when the width is
small because of the nature of photolithography.

The display region is shown on the left of FIG. 13, where
the alignment film 111 is formed. FIG. 13 shows a state where
the alignment film 111 in the form of liquid flows into the seal
portion when the alignment film 111 is applied in the display
region, and the alignment film 111 is stopped by the weir 500.
Since the alignment film does not flow outside the weir 500,
the alignment film 111 is not present between the sealing
material and the substrate outside the weir 500. Accordingly,
high reliability can be assured in the seal portion at least
outside the weir 500.

The configuration of the columnar spacer 205 formed on
the counter substrate 200 in FIG. 13 is the same as that
described in the first embodiment. The other configurations of
the counter substrate 200 are the same as those described with
reference to FIG. 1. The configuration of the TFT substrate
100 in FIG. 13 is the same as that described with reference to
FIG. 3 of the first embodiment. The configuration of the
display region in the embodiment is the same as that
described with reference to FIG. 2 of the first embodiment.

According to the invention as described above, since the
weir 500 for preventing the spreading of the alignment film
into the seal portion is formed within the seal portion, even if
the alignment film flows into the seal portion, the minimum
adhesive strength of the sealing material can be assured. Since
the weir 500 can be formed by the same process as that of the
columnar spacer 205, the number of processes does not
increase due to the formation of the weir 500.

While there have been described what are at present con-
sidered to be certain embodiments of the invention, it will be
understood that various modifications may be made thereto,
and it is intended that the appended claims cover all such
modifications as fall within the true spirit and scope of the
invention.
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What is claimed is:

1. A liquid crystal display device comprising:

a TFT substrate having a display region where pixels each
having a TFT and a pixel electrode are formed in a
matrix;

a counter substrate having a display region where color
filters of three colors are formed in a matrix;

the TFT substrate and the counter substrate being bonded
together with a sealing material in a seal portion at a
periphery; and

liquid crystal sealed between the TFT substrate and the
counter substrate by the seal material;

wherein in the display region, a first insulation film, a first
alignment film, a first columnar spacer, an overcoat film,
a first color filter among the color filters of three colors,
and a first black matrix are stacked in this order between
the TFT substrate and the counter substrate;

wherein in the seal portion having the sealing material
therein, the first insulation film, a second columnar
spacer, the overcoat film, a second color filter among the
color filters of three colors, and a second black matrix
are stacked in this order between the TFT substrate and
the counter substrate; and

wherein in the seal portion, an alighment film is not
arranged between the first insulation film and the second
columnar spacer.

2. The liquid crystal display device comprising according

to claim 1,

wherein each of the first color filter and the second color
filter is of island shape;

wherein in the display region and in a plan view, the first
insulation film, the first alignment film, the first colum-
nar spacet, the overcoat film, the first color filter ofisland
shape, and the first black matrix overlap each other; and

wherein in the seal portion and in plan view, the first insu-
lation film, the second columnar spacer, the overcoat
film, the second color filter of island shape, and the
second black matrix overlap each other.

3. The liquid crystal display device comprising according
to claim 2, wherein the first color filter and the second color
filter are the same color.

4. The liquid crystal display device comprising according
to claim 2, wherein in the display region, a TFT, the first
insulation film, the first alignment film, the first columnar
spacet, the overcoat film, the first color filter of island shape,
and the first black matrix are stacked in this order between the
TFT substrate and the counter substrate, the TFT having a
source electrode, a drain electrode, a gate insulation film, and
a gate electrode; and

wherein in the display region and in plan view, the TFT, the
first insulation film, the first alignment film, the first
columnar spacer, the overcoat film, the first color filter of
island shape, and the first black matrix overlap each
other.
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