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(57) ABSTRACT

A liquid crystal display device includes a TFT substrate, a
facing substrate and liquid crystal sandwiched therebetween.
First pixels for displaying a first color according to a first
color filter, second pixels for displaying a second color
according a second color filter and third pixels for displaying
a third color according to a third color filter are aligned in a
longitudinal direction on the facing substrate, respectively.
The first color filters, the second color filters, and the third
color filters extend in stripes in the longitudinal direction so as
to cover the first, second and third pixels, respectively. First
spacers are formed between the first pixels by layering a
number of color filters, including the first color filters, and
second spacers are formed of a number of color filters, includ-
ing the second color filters, between the second pixels. The
first color filters which are formed between the second pixels
are circular in plan view.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 12/334,659, filed Dec. 15, 2008, the contents of
which are incorporated herein by reference.

[0002] The present application claims priority over Japa-
nese application JP2007-326080 filed on Dec. 18, 2007, the
content of which is hereby incorporated into this application
by reference.

BACKGROUND OF THE INVENTION

[0003] (1) Field of the Invention

[0004] The present invention relates to a technology for
defining the space between a TFT substrate and a facing
substrate in a liquid crystal display using a support pillar
system.

[0005] (2) Related Art Statement

[0006] Inliquid crystal display devices, the space between
the TFT substrate on which pixel electrodes and thin film
transistors (TFT’s) are formed and the facing substrate on
which color filters and the like are formed is filled in with
liquid crystal so that an image is formed by controlling the
molecules of this liquid crystal by means of an electrical field.
The space between the TFT substrate and the facing substrate
is as small as several microns. It is extremely important to set
an appropriate space between the TFT substrate and the fac-
ing substrate in order to control the transmission of light
through the liquid crystal.

[0007] The space between the TFT substrate and the facing
substrate in conventional liquid crystal display devices is
created by dispersing beads or the like. When beads are dis-
persed, however, beads are also provided in regions where
pixel electrodes are formed, and such a problem arises that
light is scattered in these portions and the contrast lowers.
[0008] Meanwhile, conventional methods that have been
developed for filling the space between the substrates with
liquid crystal include: a method for sealing the space between
the TFT substrate and the facing substrate, providing an open-
ing in a portion of the sealing material, and injecting liquid
crystal through the opening; and a method for dropping a
necessary amount of liquid crystal onto the TFT substrate,
and after that pasting the facing substrate so as to seal the
liquid crystal. In any cases where beads are dispersed, the
beads move, creating locations where there are many beads
and locations where there are few beads when the liquid
crystal is dropped. In addition, beads are dispersed into
regions with pixels through which light from the backlight
transmits, and this may cause a lowering of the open area
ratio.

[0009] In order to solve the above described problem, a
method for forming support pillars of an organic film on the
facing substrate (support pillar system) has been developed as
a method for defining the space between the TFT substrate
and the facing substrate. Support pillars can be provided in
portions where there are no pixel electrodes, that is to say,
portions through which light from the backlight transmits.
Accordingly, the brightness (the open area ratio) is not low-
ered. In addition, the support pillars are fixed to the facing
substrate, and thus do not move when liquid crystal is
dropped. Accordingly, the method for maintaining the space
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with support pillars is preferable for a system where liquid
crystal is dropped (liquid crystal dropping and sealing sys-
tem).
[0010] In general, these support pillars are formed on a
black matrix on the facing substrate. The support pillars are
formed of a resin, such as acryl, and one photolithographic
step is required in order to form these support pillars accord-
ing to the prior art. “Patent Document 17 describes a technol-
ogy for forming multilayer support pillars of color filters in
order to omit the photolithographic step of creating support
pillars.
[0011] Meanwhile, in the case where multilayer support
pillars are formed of color filters, color filters for each color
must be precisely positioned in the support pillar portions;
otherwise, the height of the support pillars becomes inconsis-
tent. As a measure against this problem, “Patent Document 2”
describes a technology for keeping the height of the support
pillars constant by using color filters of which the form in
plane is rectangular as the support pillars, and changing the
orientation of the longitudinal axis of the rectangles by 90
degrees every time color filters are layered.
[0012] [Patent Document 1] Japanese Unexamined Patent
Publication H9 (1997)-49914
[0013] [Patent Document 2] Japanese Unexamined Patent
Publication 2003-233064

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

[0014] The space between the TFT substrate and the facing
substrate has an optimal value depending on the drive system,
the material for liquid crystal and the like, and this value
differs for each product. When the space between the TFT
substrate and the facing substrate is not appropriate, the con-
trast lowers. In the case where conventional spacers are
formed of multilayer color filters, the height of the spacers is
fixed to a multiple of the thickness of the color filters of a
natural number, and thus it is difficult to set the space between
the TFT substrate and the facing substrate to an optimal value.
[0015] In addition, in display devices, a black matrix,
which is a light blocking film in frame form, is formed on the
facing substrate in the periphery of the display region where
an image is to be formed. A portion of the TFT substrate
corresponding to the portion of the black matrix in the periph-
ery does not have as many wires and the like as in the display
region, and therefore the spacers in the periphery portion
must be taller than the spacers in the display region. However,
it is difficult to form spacers having different heights within
the same liquid crystal display panel in accordance with the
abovedescribed prior art where multilayer spacers are formed
of color filters.

[0016] The present invention is provided in order to solve
the above described problems and implement a technology
for using color filters as spacers where the height of the
spacers can be finely controlled if necessary.

[0017] Meanwhile, the price of the material for liquid crys-
tal in liquid crystal display devices is high, and therefore it is
necessary to reduce the amount of used liquid crystal in order
to reduce the cost of the liquid crystal display device. In
addition, the coefficient of thermal expansion of liquid crystal
is higher than the solid materials, such as spacers, glass and
wires. Liquid crystal display devices are used outdoors, and
therefore the temperature range for use is wide. Accordingly,
the inside of the liquid crystal display panel receives various
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types of stress through thermal expansion or contraction of
the liquid crystal. In order to reduce this thermal stress of the
liquid crystal, it is better for the amount of liquid crystal to be
smaller.

[0018] Another object of the present invention is to reduce
the amount of liquid crystal inside a liquid crystal display
panel so that the cost of the liquid crystal display device is
reduced, and the stress through thermal expansion of the
liquid crystal within the liquid crystal display panel is
reduced, and thus to increase the reliability of the liquid
crystal display panel.

Means for Solving Problem

[0019] The present invention is characterized in that mul-
tilayer spacers are formed of a number of color filters, and the
height of the spacers is finely controlled by changing the areas
of the color filters for forming the spacers.

[0020] Inaddition, the present invention is characterized in
that first spacers and second spacers having different heights
are formed, and the difference in the height between the first
spacers and the second spacers is created by changing the
areas of the color filters for forming the first spacers and the
second spacers, or by changing the order of the color filters in
the multilayer spacers.

[0021] Furthermore, the present invention is characterized
in that the amount of liquid crystal used is reduced by pro-
viding color filters between pixels which do not contribute to
the formation of an image. Concrete means are as follows.
[0022] (1) A liquid crystal display device, having a TFT
substrate, a facing substrate and liquid crystal sandwiched
between the above described TFT substrate and the above
described facing substrate, characterized in that first pixels
for displaying a first color by means of first color filters,
second pixels for displaying a second color by means of
second color filters, and third pixels for displaying a third
color by means of third color filters are formed in a matrix on
the above described facing substrate, first spacers for defining
the space between the above described facing substrate and
the above described TFT substrate, and second spacers
shorter than the above described first spacers are formed on
the above described facing substrate, the above described first
spacers are formed by layering a number of color filters in
such a manner that the area of color filters on the lower side
from among the above described number of color filters is
greater than the area of color filters on the upper side, and the
above described second spacers are formed by layering a
number of color filters in such a manner that the area of color
filters on the lower side from among the above described
number of color filters is smaller than the area of color filters
on the upper side.

[0023] (2) The liquid crystal display device according to
(1), characterized in that the above described first spacers are
formed of three layers of color filters in such a manner that the
area of the color filters in the uppermost layer is the smallest,
and the above described second spacers are formed of three
layers of color filters in such a manner that the area of the
color filters in the lowermost layer is the smallest.

[0024] (3) The liquid crystal display device according to
(1), characterized in that the above described second spacers
are formed of three layers of color filters in such a manner that
the area of the color filters in the lowermost layer is the
smallest, the area of the color filters in the uppermost layer is
the greatest, and the area of the color filters in the middle layer
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is greater than the area of the color filters in the lowermost
layer and smaller than the area of the color filters in the
uppermost layer.

[0025] (4) The liquid crystal display device according to
(1), characterized in that the above described first spacers are
formed between the above described first pixels aligned in the
longitudinal direction, and the above described second spac-
ers are formed between the above described second pixels
aligned in the longitudinal direction.

[0026] (5) A liquid crystal display device, having a TFT
substrate, a facing substrate and liquid crystal sandwiched
between the above described TFT substrate and the above
described facing substrate, characterized in that first pixels
for displaying a first color by means of a first color filter are
aligned in the longitudinal direction, second pixels for dis-
playing a second color by means of a second color filter are
aligned in the longitudinal direction, and third pixels for
displaying a third color by means of a third color filter are
aligned in the longitudinal direction on the above described
facing substrate, the above described first color filters extend
in stripes in the longitudinal direction so as to cover the above
described first pixels, the above described second color filters
extend in stripes in the longitudinal direction so as to cover the
above described second pixels, and the above described third
color filters extend in stripes in the longitudinal direction so as
to cover the above described third pixels, and first spacers are
formed between the above described first pixels by layering a
number of color filters, including the above described first
color filters.

[0027] (6) The liquid crystal display device according to
(5), characterized in that second spacers are formed of a
number of color filters, including the above described second
color filters, between the above described second pixels, and
the above described first spacers is taller than the above
described second spacers.

[0028] (7) The liquid crystal display device according to
(5), characterized in that the above described first color filters
extend in the lateral direction in stripes between the above
described second pixels and between the above described
third pixels.

[0029] (8) The liquid crystal display device according to
(7), characterized in that the above described first spacers are
formed of three layers of color filters, including the above
described first color filters, and the above described second
spacers are formed of three layers of color filters, including
the above described second color filters.

[0030] (9) The liquid crystal display device according to
(8), characterized in that a number of color filters are layered
between the above described third pixels.

[0031] (10) A liquid crystal display device, having a TFT
substrate, a facing substrate and liquid crystal sandwiched
between the above described TFT substrate and the above
described facing substrate, characterized in that a display
region for displaying an image and a light blocking region in
frame form surrounding the above described display region
are formed on the above described facing substrate, first pix-
els for displaying a first color by means of first color filters,
second pixels for displaying a second color by means of
second color filters, and third pixels for displaying a third
color by means of third color filters are formed in a matrix in
the above described display region on the above described
facing substrate, and spacers for defining the space between
the above described facing substrate and the above described
TFT substrate are formed of the above described first color
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filters, the above described second color filters and the above
described third color filters in the above described light block-
ing region in frame form on the above described facing sub-
strate, and the height of the above described spacers is greater
towards the outside of the above described light blocking
region.

[0032] (11) The liquid crystal display device according to
(10), characterized in that any of the above described first
color filters, the above described second color filters and the
above described third color filters which form the above
described spacers has an area which is greater towards the
outside of the above described light blocking region.

[0033] (12) The liquid crystal display device according to
(11), characterized in that the above described spacers are
formed of a number of filters from among the above described
first color filters, the above described second color filters and
the above described third color filters.

Effects of the Invention

[0034] According to the present invention, spacers are
formed by layering a number of color filters, and therefore a
separate photolithographic process for forming spacers is not
necessary, and in addition, the height of the spacers can be
finely controlled by changing the area of the color filters
which form the spacers.

[0035] In addition, according to the present invention,
when first spacers and second spacers having different
heights are formed, the area of the color filters for forming the
first spacers and the second spacers varies, or the order of
layering of the color filters varies so that the difference in the
height between the first spacers and the second spacers is
created, and thus the heights of the first spacers and the second
spacers can be finely controlled.

[0036] Furthermore, according to the present invention,
color filters are provided between pixels which do not con-
tribute to the formation of an image, and therefore the amount
of liquid crystal used can be reduced, and the cost of the
materials for the liquid crystal display device can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIGS. 1A to 1E are diagrams showing a main pot-
tion of the facing substrate according to the first embodiment;
[0038] FIG. 2 is a plan diagram showing the black matrix
according to the first embodiment;
[0039] FIG. 3 is a plan diagram showing red color filters
according to the first embodiment;
[0040] FIG. 4 is a plan diagram showing blue color filters
according to the first embodiment;
[0041] FIG. 5is a plan diagram showing green color filters
according to the first embodiment;

[0042] FIG. 6 is a plan diagram showing a liquid crystal
display panel;
[0043] FIG. 7 is a diagram showing the pixel arrangement

in the facing substrate;

[0044] FIG. 8 is a schematic plan diagram showing a TFT
substrate corresponding to FIGS. 1A to 1E;

[0045] FIG. 9 is a cross sectional diagram showing the
liquid crystal display panel along line A-A in FIG. 8;

[0046] FIGS. 10A to 10E are diagrams showing a main
portion of the facing substrate according to the second
embodiment;

[0047] FIG. 11 is a plan diagram showing the black matrix
according to the second embodiment;
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[0048] FIG. 12 is a plan diagram showing red color filters
according to the second embodiment;

[0049] FIG. 13 is a plan diagram showing blue color filters
according to the second embodiment;

[0050] FIG. 14 is a plandiagram showing green color filters
according to the second embodiment;

[0051] FIG. 15 is a cross sectional diagram showing a
periphery portion of a liquid crystal display panel according
to the prior art;

[0052] FIG. 16 is a cross sectional diagram showing a
periphery portion of a liquid crystal display panel according
to the third embodiment;

[0053] FIG. 17 is a cross sectional diagram showing a
periphery portion of a liquid crystal display panel according
to the fourth embodiment;

[0054] FIG. 18 is a cross sectional diagram showing a first
spacer portion of the liquid crystal display panel according to
the fifth embodiment; and

[0055] FIG. 19 is a cross sectional diagram showing a first
spacer portion of the liquid crystal display panel according to
the sixth embodiment.

EXPLANATION OF SYMBOLS

[0056] 10 ... first spacer

[0057] 15 ... spacer support
[0058] 20...second spacer
[0059] 30 ... spacer in periphery
[0060] 100...TFT substrate
[0061] 101 ... scanning line
[0062] 102...SD electrode
[0063] 103 ... gate insulating film
[0064] 104 ...0-Si

[0065] 105 ... passivation film
[0066] 106 ... orientation film
[0067] 107... liquid crystal layer
[0068] 130 ... terminal portion
[0069] 150 ... sealing portion
[0070] 200 ... facing substrate
[0071] 201 ... counter electrode
[0072] 205...1b

[0073] 210... display region
[0074] 220 ... peripheral light blocking region
[0075] 1021 ...video signal line
[0076] 1022 ... support metal
[0077] R...red color filter
[0078] G ... green color filter
[0079] B...blue color filter

[0080] RP...red pixel
[0081] GP. .. green pixel
[0082] BP...blue pixel
[0083] BM... black matrix
[0084] OC. .. overcoat film

DETAILED DESCRIPTION OF THE INVENTION

[0085] The present invention is described in detail in refer-
ence to the drawings. FIG. 6 is a plan diagram showing a
liquid crystal display panel used in a liquid crystal display
device to which the present invention is applied. In FIG. 6, a
TFT substrate 100 and a facing substrate 200 are layered on
top of each other. The TFT substrate 100 and the facing
substrate 200 are pasted together by means of a sealing por-
tion 150 formed in the periphery, and liquid crystal is sealed
inside the sealing portion 150. The space between the TFT
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substrate 100 and the facing substrate 200 is kept constant by
means of spacers. Here, the spacers in the present specifica-
tion are support pillars formed on the facing substrates, and
hereinafter these support pillars are simply referred to as
spacers.

[0086] The TFT substrate 100 is formed so as to be greater
than the facing substrate 200, and a terminal portion 130 for
supplying video signals, the power supply and the like to the
liquid crystal display panel from the outside is formed in the
periphery of the TFT substrate 100 on the lower left side in
FIG. 6. A display region 210 is formed as a major portion on
the facing substrate 200. A peripheral light blocking film 220
is formed as ablack matrix BM in frame form in the periphery
of the display region 210.

[0087] FIG. 7 shows an example of the arrangement of
pixels in the display region 210 on the facing substrate 200. In
FIG. 7, red pixels RP, blue pixels BP and green pixels GP are
aligned at a constant pitch Px in the lateral direction. Here, to
be precise, though the red pixels RP, the blue pixels BP and
the green pixels GP are holes of the BM corresponding to the
red pixels RP, the blue pixels BP and the green pixels GP, they
are simply referred to as red pixels RP, blue pixels BP and
green pixels GP in order to avoid complexity. Pixels of the
same color are aligned at a constant pitch Py in the longitu-
dinal direction. The width of each pixel is Pw and the longi-
tudinal diameter of each pixel is Ph. The pitch Px in the lateral
direction is 170.25 pm, for example, and the pitch Py in the
longitudinal direction is 510.75 pm, for example. Meanwhile,
the width Pw of the pixels is 143.25 pm and the longitudinal
diameter Ph of the pixels is 410.75 pm.

[0088] AsshowninFIG. 7, spacers are formed on the black
matrix BM between the pixels in the longitudinal direction,
and therefore the regions which can be used for the formation
of spacers have a length of 100 um in the longimdinal direc-
tion. There are no particular limitations in the width of the
spacers when used in the lateral direction. Though in FIG. 7
the form of the spacers in a plane is circular, in the case where
it is desired to increase the area of the spacers, the form of the
spacers in a plane can be elliptical or rectangular. In FIG. 7,
only the form of the spacers in a plane is shown. To be precise,
though the form of the spacers in a cross section in the lon-
gitudinal direction is trapezoidal, there is no great difference
in the area between the upper portion and the lower portion of
the trapezoid. The plan diagram showing the spacers in FIG.
7 can be considered to show the form of the upper portions of
the spacers.

[0089] In FIG. 7, though first spacers 10 are formed
between the green pixels GP and second spacers 20 are
formed between the blue pixels BP, no spacers are formed
between the red pixels RP. In addition, the first spacers 10 are
taller than the second spacers 20. The space between the TFT
substrate 100 and the facing substrate 200 is usually defined
by the first spacers 10. In the case where pressure is applied to
the liquid crystal display panel from the outside, the space
between the TFT substrate 100 and the facing substrate 200
defined by the first spacers 10 becomes smaller, and at this
time the second spacers 20 make contact with the TFT sub-
strate 100 so as to prevent excessive deformation of the TFT
substrate 100 or the facing substrate 200.

[0090] FIG. 8 is a schematic diagram showing portions in
the TFT substrate 100 with which spacers formed on the
facing substrate 200 make contact. In FIG. 8, a scanning line
101 extends in the lateral direction. The portion on which the
scanning line 101 lies corresponds to the black matrix BM
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which extends in the lateral direction between pixels in the
longitudinal direction in FIG. 7. In FIG. 8, video signal lines
1021 extend in the longitudinal direction and are aligned in
the lateral direction. The portions on which the video signal
lines 1021 are formed correspond to the black matrix BM
which extends in the longitudinal direction between pixels in
the lateral direction in FIG. 7. Pixel electrodes are formed in
sections partitioned by the scanning line 101 and the video
signal lines 1021. The locations of the pixels electrodes cor-
respond to red pixels RP, blue pixels BP and green pixels GP
in FIG. 7.

[0091] InFIG. 8, first TFT’s 110 and second TFT’s 120 are
formed along the scanning line 101. The TFT’s are formed
along the scanning line 101 because the scanning line 101 is
used as the gate electrodes of the TFT’s. The video signal
lines 1021 are used as the source/drain electrodes of the
TFT’s. InFIG. 8, there are two TFT’s in each section. Though
the first TFT 110 is usually used, in the case where the first
TFT 110 becomes defective during the manufacturing pro-
cess, wires are modified so that the second TFT 120 can be
used. Here, in some cases, the second TFT 120 is not formed.
Through holes 130, as shown in FIG. 8, are created for the
connection between the pixel electrodes and the TFT’s. FIG.
8 is a plan diagram showing the locations of TFT’s and the
like, and the detail of the wires and the like are omitted.
[0092] InFIG.8, spacer supports 15 are formed in locations
between the first TFT’s 110 and the second TFT’s 120 which
correspond to the first spacers 10 formed on the facing sub-
strate 200. When the TFT substrate 100 and the facing sub-
strate 200 are layered on top of each other, the spacer supports
15 formed on the TFT substrate 100 make contact with the
first spacers 10 formed on the facing substrate 200 so as to
define an appropriate space between the TFT substrate 100
and the facing substrate 200.

[0093] FIG. 9 is a cross sectional diagram showing a por-
tion inthe vicinity ofa spacer when the TFT substrate 100 and
the facing substrate 200 are layered on top of each other. This
cross section shows a portion corresponding to the cross
section along line A-A in FIG. 8, for example. In FIG. 9, the
black matrix BM is formed on the facing substrate 200, and a
red color filter R along with a green color filter G are layered
on top of this. A spacer in columnar form of a blue filter is
formed on top ofthe green color filter G. An overcoat film OC,
which is a passivation layer, is formed so as to cover the green
filter G and the blue color filter B. An orientation film 106 for
orienting liquid crystal is formed on top of the overcoat film
OoC.

[0094] A scanning line 101 is formed on top of the TFT
substrate 100, and this scanning line 101 works as a gate
electrode in a TFT portion. A gate insulating film 103 is
formed on top of the scanning line 101. An a-Si film 104 is
formed in portions where TFT’s are formed. Source/drain
electrodes (SD electrodes 102) with channel portions in
between are formed on top of the a-Si film 104. Three SD
electrodes 102 are formed on top of one portion of the a-Si
film 104. In this case, the SD electrodes 102 on the two sides
are sources and the SD electrode 102 in the middle is a drain,
orvice versa. Channel etching for stabilizing the properties of
the TFT’s is carried out on the channel portions of the a.-Si
film 104.

[0095] A spacer support 15 is formed in a portion between
two TFT’s corresponding to a spacer formed on the facing
substrate 200 using the same material and the same process as
for the SD electrodes 102. A first spacer 10 is formed on the
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facing substrate 200 so as to correspond to this spacer support
15. A passivation film 105 is formed of SiN so as to cover the
TFT’s and the spacer support 15. The passivation film 105 is
a film for protecting the TFT’s. An orientation film 106 is
formed so as to cover the passivation film 105.

[0096] In FIG. 9, the first spacer 10 formed on the facing
substrate 200 and the spacer support 15 formed on the TFT
substrate 100 make contact with each other. The spacer sup-
port 15 is formed of a support metal 1022 in the same process
as forthe SD electrodes 102. The first spacer 10 and the spacer
support 15 define the space between the TFT substrate 100
and the facing substrate 200.

[0097] The formation of the spacer support 15 on the TFT
substrate 100 side corresponding to the first spacer 10 is one
example, and in some cases only the first spacer 10 defines the
space between the TFT substrate 100 and the facing substrate
200. Here, as shown in FIG. 8, no spacer supports 15 are
formed on the TFT substrate 100 in portions corresponding to
the second spacers 20 shown in FIG. 7.

[0098] InFIG. 9, the space between the TFT substrate 100
and the facing substrate 200 is filled in with liquid crystal. As
shown in FIG. 9, color filters are layered on the facing sub-
strate 200 in a portion where a scanning line 101 is formed in
other locations in addition to the first spacer 10, and therefore
the space between the TFT substrate 100 and the facing
substrate 200 is small. Accordingly, the amount of liquid
crystal with which this region is filled in is very small.
[0099] Itisnecessary for theliquid crystal layer 107 to have
a uniform thickness in order to have an appropriate display
using the liquid crystal. As described above, the portions
where pixel electrodes are formed require that the liquid
crystal layer 107 have a uniform thickness. Meanwhile, the
liquid crystal layer 107 does not contribute to a display in the
regions where a scanning line is formed on the TFT substrate
100. Accordingly, in these portions, the amount of used liquid
crystal can be smaller when the liquid crystal layer 107 is
thinner. The material for the liquid crystal is expensive, and
therefore the cost for the materials can be reduced by reducing
the amount of liquid crystal used in these portions, and thus
the cost for the manufacture of the liquid crystal display
device can be reduced. In addition, stress due to the thermal
expansion of liquid crystal can be lowered when the amount
of liquid crystal is small.

[0100] In the example shown in FIG. 9, no counter elec-
trodes are formed on the facing substrate 200. The embodi-
ment of FIG. 9 is a case where the pixel electrodes and the
counter electrodes for driving liquid crystal molecules 1071
are formed on the TFT substrate 100. This configuration is
used for a so-called IPS (in plane switching) system driving
method where the display is controlled by rotating liquid
crystal molecules 1071 in the direction parallel to the TFT
substrate 100. However, the present invention described
below can be applied to a general TN (twisted nematic) sys-
tem where counter electrodes are formed on the counter sub-
strate 200 and a VA (vertical alignment) system in addition to
the IPS system.

First Embodiment

[0101] FIG.11is a diagram showing the first embodiment of
the present invention. FIG. 1A is a diagram showing the
details of the region A in FI1G. 7. FIG. 1B is a cross sectional
diagram along X1-X2 in FIG. 1A, FIG. 1C is a cross sectional
diagram along R1-R2 in FIG. 1A, FIG. 1D is a cross sectional
diagram along B1-B2 in FIG. 1A, and FIG. 1E is a cross
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sectional diagram along G1-G2 in FIG. 1A. The form of the
pixel electrodes shown in FIGS. 1A to 1E reflects the actual
pixel electrodes. In FIGS. 1A to 1E, pixels of the same color
are aligned in the longitudinal direction, and pixels of differ-
ent colors are aligned in the lateral direction.

[0102] As shown in FIGS. 1B, 1D and 1E, first spacers 10
are formed between the green pixels GP and second spacers
20 are formed between the blue pixels BP. These spacers are
formed of color filters. As shown in FIG. 1B, the first spacers
10 are taller than the second spacers 20.

[0103] AsshowninFIG. 1B, in a first spacer 10, a red color
filter R is layered on top of the black matrix BM, and a green
color filter G is layered on top of this. A blue color filter B in
columnar form is layered on top of the green color filter G,
and thus the spacer is formed. In addition, an overcoat film
OC is formed on top of this.

[0104] Meanwhile, as shown in FIG. 1B, in a second spacer
20, a red color filter R in columnar form is first formed on top
of the black matrix BM, and a blue color filter B along with a
green color filter G are layered on top of this. In addition, an
overcoat film OC is formed on top of this.

[0105] The first spacers 10 are taller than the second spac-
ers 20 for the following reasons. The first spacers 10 and the
second spacers 20 are both multilayer spacers formed of three
layers of color filters. The first spacers 10 and the second
spacers 20 are different in that the spacer portion in columnar
form is formed last in the first spacers 10, while the spacer
portion in columnar form is formed first in the second spacers
20. Color filters are formed by dispersing a pigment in a
photosensitive organic resin and liquid before being pro-
cessed through photolithography. In the second spacers 20, a
red color filter in columnar form is formed in a lower layer,
and when green and blue color filters are layered on top of
this, the color filters which are on top of the portion in colum-
nar form become thinner as a result of leveling effects. Mean-
while, in the first spacers 10, the portion in columnar form is
formed last, and therefore there are no leveling effects in
upper layer films, unlike in the second spacers 20. Thus, the
first spacers 10 become taller than the second spacers 20.
[0106] FIG. 1Cis a cross sectional diagram along R1-R2 in
FIG. 1A. As shown in FIG. 1C, in this portion, only two
layers, which are the red color filter R and the green color
filter G, are layered on top of the black matrix BM. Accord-
ingly, this portion is lower than those shown in the cross
section along B1-B2 and the cross section along G1-G2 in
FIGS. 1D and 1E.

[0107] FIG. 1D is a cross section along B1-B2 in FIG. 1A.
This shows the form of a second spacer 20 in a cross section.
In this portion, three layers of color filters are formed on top
of the black matrix BM in the order of the red color filter R,
the green color filter G and the blue color filter B, and the red
color filter R is formed in columnar form. Accordingly, the
film thickness of the green color filter G and the blue color
filter B on top of the red color filter R is reduced as a result of
leveling effects as described above.

[0108] FIG. 1E is a cross sectional diagram along G1-G2 in
FIG. 1A showing the form of a first spacer 10 in a cross
section. In FIG. 1E, three layers, which are red color filter R,
green color filter G and blue color filter B, are formed on top
of the black matrix BM. In FIG. 1E, the blue color filter B
layered lastly is formed in columnar form, and therefore there
are no leveling effects in the red color filter R and the green
color filter G. Accordingly, the first spacer 10 shown in FIG.
1A is taller than the second spacer 20 shown in FIG. 1D.
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[0109] FIGS. 2 to 5 are diagrams showing a process for
forming the facing substrate 200 shown in FIGS. 1A to 1E. As
shown in FIG. 2, first, a black matrix BM is formed so that
pixels are defined. The black matrix BM is formed by apply-
ing a light shielding film throughout the entirety of the facing
substrate 200, and after that removing the light blocking film
from portions corresponding to the pixel electrodes through
etching. Scanning lines 101 are formed in portions on the TFT
substrate 100 corresponding to the portions in band form of
the black matrix BM which extend in the lateral direction.

[0110] FIG. 3 shows a state where a red color filter R is
formed on top of the R pixels and the black matrix BM.
Though the red color filters on top of the red pixels RP plays
its original role as a color filter, the red color filters R are also
used as spacers and to save the material for liquid crystal in
the present embodiment, and therefore red color filters R in
addition to those on the red pixels RP are formed in other
portions. That is to say, red color filters R in stripes are formed
in the longitudinal direction, and thus the amount of liquid
crystal with which the spaces between the red pixels RP are
filled in can be saved.

[0111] In addition, the red color filters R in circular form
between the blue pixels BP and the red color filters R in band
form which is long in the lateral direction between the green
pixels GP respectively form portions of the second spacers 20
and the first spacers 10. In FIG. 3, the red color filter R
between the blue pixels BP is in circular form in a plane and
has an area smaller than that of the red color filter R between
the green pixels GP, and thus the second spacer 20 formed
between the blue pixels BP is made shorter than the first
spacer 10 formed between the green pixels GP.

[0112] Next, as shown in FIG. 4, a green color filter G is
formed. Though the red color filters R are omitted in FIG. 4 in
order to avoid complexity, the green color filter G 1s formed
on top of the red color filters R formed in FIG. 3. In FIG. 4, the
green color filter G is formed in a stripe in the longitudinal
direction crossing the green pixels GP. Furthermore, the
green color filter G is formed so as to extend in the lateral
direction and cover the black matrix BM formed between the
blue pixels BP and between the red pixels RP. The portion
between the blue pixels BP becomes part of the second spacer
20, and the portion between the red pixels RP becomes a filler
material to save the material for liquid crystal.

[0113] Finally, as shown in FIG. 5, blue color filters B are
formed. Though the red color filters R and the green color
filter G are omitted in FIG. 5 in order to avoid complexity, the
blue color filters B are formed on top of the green color filter
G. In FIG. 5, a blue color filter B is formed in a stripe in the
longitudinal direction so that the blue color filter B covers the
BM between the blue pixels BP. As a result, the material for
liquid crystal with which the space between the blue pixels
BP is filled in can be saved. In addition, a blue color filter B in
circular form is formed between the green pixels GP, and thus
the blue color filter B becomes part of the first spacer 10. The
blue filter B in circular form is formed in the uppermost layer,
and thus the first spacer 10 becomes higher than the second
spacer 20 as described above.

[0114] In the above example, the difference in the height
between the first spacer 10 and the second spacer 20 is created
using the leveling effects of the color filters formed in layers
above the color filter in columnar form. As a method for
creating a difference in the height between the spacers, the
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leveling effects of color filters in upper layers can be used, and
in addition, the areas of the spacers formed of color filters can
be changed.

[0115] That is to say, color filters are formed so as to have
a predetermined form by applving a liquid and exposing this
to light so that the liquid reacts. In this case, the height of the
color filter after processing becomes higher when the area of
the color filter is great. Accordingly, it is possible to change
the height of the first spacer 10 or the second spacer 20 by
changing the area of the color filter in circular form shown in
FIG. 3 or 5. As described above, the present invention can
provide great freedom in changing the height of the spacers.

Second Embodiment

[0116] FIGS.10A to 10E are diagrams showing the second
embodiment of the present invention. FIG. 10A is a diagram
showing the region A in FIG. 7 in detail. FIG. 10B is a cross
sectional diagram along X1-X2 in FIG. 10A, FIG. 10C is a
cross sectional diagram along R1-R2 in FIG. 104, FIG. 10D
is a cross sectional diagram along B1-B2 in FIG. 10A, and
FIG. 10E is a cross sectional diagram along G1-G2 in FIG.
10A. The form of the pixel electrodes in FIGS. 10A to 10E
reflects the actual pixel electrodes. In FIGS. 10A to 10E,
pixels of the same color are aligned in the longitudinal direc-
tion, and pixels of different colors are aligned in the lateral
direction.

[0117] Asshown in FIGS.10B, 10D and 10E, a first spacer
10 is formed between green pixels GP and a second spacer 20
is formed between blue pixels BP. These spacers are formed
of color filters. As shown in FIG. 1B, the first spacer 10 is
taller than the second spacer 20.

[0118] The present embodiment is different from the first
embodiment in that the difference in height between the sec-
ond spacer 20 and the first spacer 10 is greater than in the first
embodiment. This is achieved by forming the second spacer
20 in accordance with a different method from in the first
embodiment, so that the height of the second spacer 20
becomes smaller. In FIGS. 10A to 10E, the form and structure
ofthe first spacer 10 between the green pixels GP are the same
as in the first embodiment. In contrast, in the present embodi-
ment, the second spacer 20 between the blue pixels BP is
formed by layering a green color filter G in circular form ina
plane on top of a red color filter R in circular form in a plane
and layering a blue color filter B on top of this, as shown in
FIG. 10A.

[0119] Asshown in FIGS. 10B and 10D, a green color filter
G in columnar form is formed on top of a red color filter R in
columnar form in the second spacer 20. In the present
embodiment, the area of the green color filter G in columnar
form between the blue pixels BP is smaller than the area of the
green color filter G in the first embodiment, and therefore, the
green color filter G is thinner than in the case of the first
embodiment.

[0120] FIGS. 11 to 14 are diagrams illustrating a process
for forming the facing substrate 200 shown in FIGS. 10A to
10E.

[0121] FIGS. 11 and 12 correspond to FIGS. 2 and 3 show-
ing the first embodiment. The present embodiment is differ-
ent from the first embodiment in the form of the green color
filter G in FIG. 13. As shown in FIG. 13, the green color filter
G formed between blue pixels BP is circular in a plan diagram
and has a smaller area than the green color filter G in the first
embodiment. Accordingly, the green color filter G formed in
the present embodiment is lower than the green color filter G
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formed in the first embodiment. After that, as shown in FIG.
14, ablue color filter B is formed in the same manner as in the
first embodiment, and therefore, the description thereof is
omitted.

[0122] Here, the present embodiment is different from the
first embodiment in that only a red color filter R is formed on
top of the black matrix BM between red pixels RP. Other parts
of the configuration, as well as the effects, are the same as in
the first embodiment.

[0123] As described above, in the present embodiment, the
final height of the second spacer 20 is changed by changing
the area of the layered color filters, and in addition there are
leveling effects on color filters in upper layers as a result of a
color filter in columnar form being initially formed. Mean-
while, in the case where it is desired for the height of the first
spacer 10 to be greater, the area of the green color filter G in
columnar form in the uppermost layer may be increased.

Third Embodiment

[0124] As shown in FIG. 6, a peripheral light blocking film
2201n frame form is formed of a black matrix BM outside the
display region 210 on the facing substrate 200 of the liquid
crystal display panel. The outside of the wiring region 140 on
the TFT substrate 100 side, where TFT’s and wires for these
are formed, corresponds to the peripheral light blocking film
220, and the space between the TFT substrate 100 and the
facing substrate 200 is great relative to the display region 210.
Accordingly, when spacers having the same height as in the
display region 210 are formed in the portion of the peripheral
light blocking film 220, the distance between the TFT sub-
strate 100 and the facing substrate 200 becomes small and, as
shown in FIG. 15, the TFT substrate 100 deforms in the
periphery portion, for example. FIG. 15 shows an example
where a peripheral spacer 30 is formed of a red color filter R
in a stripe or covering the whole substrate and a blue color
filter B in columnar form. In FIG. 15, the thickness of the red
color filter R and the blue color filter B is the same as in the
display region. FIG. 15 shows a case where the TFT substrate
100 deforms, but in some cases the facing substrate 200 side
deforms.

[0125] As described above, when the substrate deforms in
the periphery, it affects the display region 210, so that the
contrast lowers in the periphery of the display region 210. In
order to prevent this, the peripheral spacers 30 in the portion
of the peripheral light blocking film 220 may be made taller
than the spacers in the display region 210. In this case, stress
is applied to the glass substrate when the height of the spacers
on the peripheral light blocking film 220 is rapidly changed
relative to in the display region 210.

[0126] In the present embodiment, the area of peripheral
spacers 30 in columnar form in the portion of the peripheral
light blocking film 220 becomes greater toward the periphery,
and thus, the height of the spacer in columnar form becomes
greater toward the periphery, as shown in FIG. 16. That is to
say, peripheral spacers 30 are formed of a red color filter R in
astripe and a green color filter in columnar form on top of this,
and the area of the green color filters in columnar form
becomes greater toward the periphery, and as a result, the
height of the peripheral spacers 30 increases toward the
periphery, as shown in FIG. 16. In the present embodiment,
the height of the peripheral spacers 30 is easy to change, and
thus, the contrast in the peripheral portion of the display
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region 210 can be prevented from lowering, and the stress on
the TFT substrate 100 or the facing substrate 200 can be
alleviated.

Fourth Embodiment

[0127] The present embodiment provides another configu-
ration for preventing the contrast from lowering in the periph-
ery of the display region 210 and preventing stress on the TFT
substrate 100 and the facing substrate 200 when the space
between the TFT substrate 100 and the facing substrate 200
becomes larger in the portion of the peripheral light blocking
film 220 outside the display region 210, as described in the
third embodiment.

[0128] FIG. 17 shows the configuration of the present
embodiment. In FIG. 17, peripheral spacers 30 are formed of
three layers of color filters on the peripheral light blocking
film 220 on the facing substrate 200. The peripheral spacers
30 in the present embodiment, where three color filter layers
are used, are taller than the peripheral spacers in the third
embodiment. In addition, in the present embodiment, green
color filters G and blue color filters B are spacers in columnar
form. In addition, the area of the green color filters G in
columnar form is greater toward the periphery, and thus, the
height of the spacers becomes gradually greater toward the
periphery of the substrate.

[0129] Though in FIG. 17, the area and the height of the
green color filters G vary, the area of the blue color filters B in
columnar form may also vary, in the case where it is desired
for the height of the spacers to be greatly different in the
peripheral portion. Accordingly, the present embodiment
allows for more freedom in the design in the case where it is
desired for the height of the spacers in the periphery to be
different.

Fifth Embodiment

[0130] In the first to fourth embodiments, examples where
no counter electrodes 201 for controlling liquid crystal are
formed on the facing substrate 200 are given. As described
above, however, the present invention can be applied to con-
figurations where counter electrodes 201 are formed on the
facing substrate 200. FIG. 18 shows an example of such a
configuration. FIG. 18 is a cross sectional diagram showing
only a portion where a spacer is formed. In addition, FIG. 18
shows only a portion corresponding to a portion of the first
spacer 10 in FIG. 7. Parts of the configuration other than the
portion shown in FIG. 18 are the same as in the first and
second embodiments.

[0131] InFIG. 18, a facing substrate 200 is provided on the
lower side and a TFT substrate 100 is provided on the upper
side. Wires and TFT’s formed on the TFT substrate 100 are
omitted. In FIG. 18, a black matrix BM is formed on the
facing substrate 200, and a blue pixel BP and a red pixel RP
are formed on the two sides of the black matrix BM. A red
color filter R, a green color filter G and a blue color filter B are
layered on top of the black matrix BM. The height of the
spacer can be adjusted by changing the area of the spacer, as
in the first and second embodiments.

[0132] In the present embodiment, counter electrodes 201
are formed on top of the overcoat film OC on the facing
substrate 200. In the case where the counter electrodes 201
are formed also on top of the spacers in columnar form, there
is a possibility that counter electrodes 201 and wires formed
on the TFT substrate 100 may make contact, thus short-
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circuiting the counter electrodes 201 and the wires formed on
the TFT substrate when the orientation film 106 breaks, when
the TFT substrate 100 and the spacer make contact. In the
present embodiment, as shown in FIG. 18, no counter elec-
trodes 201 are formed in the spacer portions in order to avert
this danger. When this configuration is provided, the present
invention can be applied to cases where counter electrodes
201 are formed on the facing substrate 200.

[0133] In the above, a case where counter electrodes 201
are formed on the facing substrate 200 and the present inven-
tion is applied to the first spacers 10 is described, but the
present invention can be also applied to the second spacers 20.
That is to say, the second spacers 20 are shorter than the first
spacers 10, and this can be achieved by using two color filter
layersinthe second spacers 20, or making the area of the color
filters in columnar form smaller than in the first spacers 10.

Sixth Embodiment

[0134] FIG. 19 shows an example where the present inven-
tion is applied to a so-called VA system liquid crystal display
device. FIG. 19 is a cross sectional diagram showing only a
portion where a spacer is formed. In addition, the portion
shown in FIG. 19 corresponds to a portion of the first spacer
10 in FIG. 7. Parts of the configuration other than the portion
shown in FIG. 19 are the same as in the first and second
embodiments.

[0135] InFIG. 19, a facing substrate 200 is provided on the
lower side and a TFT substrate 100 is provided on the upper
side. Wires and TFT’s formed on the TFT substrate 100 are
omitted. In FIG. 19, a black matrix BM is formed on the
facing substrate 200, and a green pixel GP and a red pixel RP
are formed on the two sides of the black matrix BM. A red
color filter R, a green color filter G and a blue color filter B are
layered on top of the black matrix BM. The height of the
spacer can be adjusted by changing the area of the spacer, as
in the first and second embodiments.

[0136] Inthe presentembodiment, ribs 205 are provided on
top of the spacers. These ribs 205 are formed so as to extend
over the pixel electrodes and function to make liquid crystal
molecules incline and widen the view angle on the pixel
electrodes. InFIG. 19, the height of the spacers is adjusted by
layering a red color filter R, a green color filter G and a blue
color filter B, as in the first embodiment. In addition, the
height of the spacers can be controlled by controlling the area
of the color filters forming the spacers, or through leveling in
accordance with a method for layering color filters, as in the
first embodiment.

[0137] The present embodiment is different from the fifth
embodiment in that counter electrodes 201 are formed on the
facing substrate 200 so as to extend over the spacers made of
color filters. That is to say, in the present embodiment, the
possibility of the counter electrodes 201 and wires formed on
the TFT substrate 10 short-circuiting is very small, due to the
presence of the ribs 205, in addition to the orientation film
106, between the counter electrodes 201 and the TFT sub-
strate 100, even when the counter electrodes 201 are formed
on top of the spacers made of color filters, and thus, it
becomes possible to provide this configuration.

[0138] As described above, the present invention can be
applied also to VA systems. Though the above description
relates to the first spacers 10 shown in FIG. 7, the invention
can also be applied to the second spacers 20, as in the fifth
embodiment.
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What is claimed:

1. A liquid crystal display device, comprising a TFT sub-
strate, a facing substrate and liquid crystal sandwiched
between said TFT substrate and said facing substrate, char-
acterized in that

first pixels for displaying a first color by means of a first
color filter are aligned in a longitudinal direction, second
pixels for displaying a second color by means of a sec-
ond color filter are aligned in the longitudinal direction,
and third pixels for displaying a third color by means of
a third color filter are aligned in the longitudinal direc-
tion on said facing substrate,

said first color filters extend in stripes in the longitudinal
direction so as to cover said first pixels, said second color
filters extend in stripes in the longitudinal direction so as
to cover said second pixels, and said third color filters
extend in stripes in the longitudinal direction so as to
cover said third pixels,

first spacers are formed between said first pixels by layer-
ing a number of color filters, including said first color
filters,

second spacers are formed of a number of color filters,
including said second color filters, between said second
pixels, and

said first color filters which are formed between said sec-
ond pixels are circular in plan view.

2. The liquid crystal display device according to claim 1,
characterized in that said first color filters extend in the lateral
direction in stripes between said second pixels and between
said third pixels.

3. The liquid crystal display device according to claim 1,
characterized in that said first spacers are formed of three
layers of color filters, including said first color filters, and said
second spacers are formed of three layers of color filters,
including said second color filters.

4. The liquid crystal display device according to claim 1,
characterized in that a number of color filters are layered
between said third pixels.

5. The liquid crystal display device according to claim 1,
characterized in that an area of color filters on a lower side
from among said number of color filters configuring said first
spacers is greater than an area of color filters on an upper side,
and the area of color filters on the lower side from among said
number of color filters configuring said second spacers is
smaller than the area of color filters on the upper side.

6. A liquid crystal display device, comprising a TFT sub-
strate, a facing substrate which a counter electrode is formed
on, and liquid crystal sandwiched between said TFT substrate
and said facing substrate, characterized in that

first pixels for displaying a first color by means of a first
color filterare aligned in a longitudinal direction, second
pixels for displaying a second color by means of a sec-
ond color filter are aligned in the longitudinal direction,
and third pixels for displaying a third color by means of
a third color filter are aligned in the longitudinal direc-
tion on said facing substrate,

said first color filters extend in stripes in the longitudinal
direction so as to cover said first pixels, said second color
filters extend in stripes in the longitudinal direction so as
to cover said second pixels, and said third color filters
extend in stripes in the longitudinal direction so as to
cover said third pixels,
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first spacers are formed between said first pixels by layer-
ing a number of color filters, including said first color
filters, and

said counter electrode is not formed in portions of said first

spacers.

7. The liquid crystal display device according to claim 6,
characterized in that second spacers are formed of a number
of color filters, including said second color filters, between
said second pixels.

8. The liquid crystal display device according to claim 7,
characterized in that said first spacers are taller than said
second spacers.

9. The liquid crystal display device according to claim 6,
characterized in that said first color filters extend in a lateral
direction in stripes between said second pixels and between
said third pixels.

10. The liquid crystal display device according to claim 6,
characterized in that said first color filters which are formed
between said second pixels are circular in plan view.

11. The liquid crystal display device according to claim 7,
characterized in that said first spacers are formed of three
layers of color filters, including said first color filters, and said
second spacers are formed of three layers of color filters,
including said second color filters.

12. The liquid crystal display device according to claim 6,
characterized in that a number of color filters are layered
between said third pixels.

13. The liquid crystal display device according to claim 7,
characterized in that an area of color filters on a lower side
from among said number of color filters configuring said first
spacers is greater than an area of color filters on an upper side,
and the area of color filters on the lower side from among said
number of color filters configuring said second spacers is
smaller than the area of color filters on the upper side.

14. A liquid crystal display device, comprising a TFT sub-
strate, a facing substrate which a counter electrode is formed
on, and liquid crystal sandwiched between said TFT substrate
and said facing substrate, characterized in that

first pixels for displaying a first color by means of a first

color filter are aligned in a longitudinal direction, second
pixels for displaying a second color by means of a sec-
ond color filter are aligned in the longitudinal direction,
and third pixels for displaying a third color by means of

Aug. 25,2011

a third color filter are aligned in the longitudinal direc-
tion on said facing substrate,

said first color filters extend in stripes in the longitudinal

direction so as to cover said first pixels, said second color
filters extend in stripes in the longitudinal direction so as
to cover said second pixels, and said third color filters
extend in stripes in the longitudinal direction so as to
cover said third pixels,

first spacers are formed between said first pixels by layer-

ing a number of color filters, including said first color
filters,

said counter electrode extends over said first spacers, and

ribs are provided on top of said first spacers.

15. The liquid crystal display device according to claim 14,
characterized in that second spacers are formed of a number
of color filters, including said second color filters, between
said second pixels,

16. The liquid crystal display device according to claim 15,
characterized in that said first spacers are taller than said
second spacers.

17. The liquid crystal display device according to claim 14,
characterized in that said first color filters extend in a lateral
direction in stripes between said second pixels and between
said third pixels.

18. The liquid crystal display device according to claim 14,
characterized in that said first color filters which are formed
between said second pixels are circular in plan view.

19. The liquid crystal display device according to claim 15,
characterized in that said first spacers are formed of three
layers of color filters, including said first color filters, and said
second spacers are formed of three layers of color filters,
including said second color filters.

20. The liquid crystal display device according to claim 14,
characterized in that a number of color filters are layered
between said third pixels.

21. The liquid crystal display device according to claim 15,
characterized in that an area of color filters on a lower side
from among said number of color filters configuring said first
spacers is greater than an area of color filters on an upper side,
and the area of color filters on the lower side from among said
number of color filters configuring said second spacers is
smaller than the area of color filters on the upper side.
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