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LIQUID CRYSTAL DISPLAY PANEL

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play panel. More specifically, the present invention relates to
a liquid crystal display panel comprising a stacked body of
color filters as a spacer.

BACKGROUND ART

[0002] A Liquid Crystal Display (LCD) device has a pair of
substrates and a liquid crystal layer between the substrates.
Voltages are applied to the liquid crystal layer via electrodes
formed on the substrates to change the alignment of liquid
crystal molecules, thereby changing the polarization of the
light passing through the liquid crystal layer so that images
are displayed.

[0003] The pair of substrates sandwiching the liquid crystal
layer have a certain distance (cell gap) therebetween kept by
a spacer and are attached to each other by a sealing material.
Examples of the spacer include a transparent bead-shaped
spacer. Since the contrast may be lowered if the spacer is
ununiformly dispersed, a pillar-shaped spacer may also be
used (see Patent Literatures 1 to 6, for example).

[0004] For simplification of the production process, the
pillar-shaped spacer may be produced by the following pro-
cess. Upon formation of color filters of plural colors such as
red, green, and blue in a pixel aperture region, color filters of
the same colors are formed at a predetermined plural sites on
a black matrix. In this manner, protruded portions formed of
stacked color filters of three colors including red, green, and
blue are formed, and these protruded portions are used as
pillar-shaped spacers (see Patent Literatures 7 to 9, for
example).

[0005] Commonly, the pair of substrates sandwiching the
liquid crystal layer includes an array substrate having an
electrode for application of the voltage to the liquid crystal
layer, wirings, and a switching element such as a TFT (Thin
Film Transistor), and a color filter substrate having a color
filter for color display, and a black matrix, as two individual
substrates.

[0006] Recently, a so-called color filter (CF) on array sys-
tem is studied in which members such as a color filter and a
black matrix are formed on an array substrate. In the CF on
array system, margins for position adjustment of the members
formed on each of the pair of substrates are not needed, so that
the production process can be simplified and the pixel aper-
ture ratio can be increased (see Patent Literature 10, for
example).

CITATION LIST
[0007] [Patent Literature 1] JP-A 8-195138
[0008] [Patent Literature 2] JP-A 61-110227
[0009] [Patent Literature 3] JP-U 4-48518
[0010] [Patent Literature 4] IP-A 61-165916
[0011] [Patent Literature 5] IP-U 7-56177
[0012] [Patent Literature 6] JP-U 3-263014
[0013] [Patent Literature 7] IP-A 10-177109
[0014] [Patent Literature 8] JP-A 2003-156751
[0015] [Patent Literature 9] IP-A 2006-30907
[0016] [Patent Literature 10] JP-A 2001-117085

Jan. 3,2013

SUMMARY OF INVENTION

Technical Problems

[0017] FIG. 25 is a schematic view illustrating a cross sec-
tion of a conventional liquid crystal display panel in which a
pillar-shaped spacer (hereinafter, also referred to as multi-
layer spacer) formed ofa stacked body ofa color filter, ablack
matrix, and the like is used. The liquid crystal display panel
illustrated in F1G. 25 has an array substrate 101, a color filter
substrate 102, and a liquid crystal layer 103 between them.

[0018] Inthe array substrate 101, various wirings such as a
gate wiring 121, a source wiring, and a drain wiring 122, and
a TFT connected to these wirings are provided on a support
substrate 111 made of glass or the like. These members are
each isolated by an interlayer insulation layer 116. On the
interlayer insulation layer 116, a plurality of pixel electrodes
113 are provided. The pixel electrodes 113 are each con-
nected to the drain wiring 122 for supplying a predetermined
signal, via contact holes 115 provided in the interlayer insu-
lation layer 116. This allows individual charging of the pixel
electrodes 113.

[0019] The color filter substrate 102 has color filters of the
plural colors opposing to the pixel electrodes 113 across the
liquid crystal layer 103. In each gap between the color filters,
a black matrix (BM) is provided. A multilayer spacer 104 is
provided on the support substrate 131 of the color filter sub-
strate 102 and has a black matrix 112, a red (R) color filter
114R, a Green (G) color filter 114G, and a blue (B) color filter
114B stacked in this order from the support substrate 131
side. A common electrode 132 covers the entire surface of the
multilayer spacer 104. On the common electrode 132, a cap
insulation layer 117 is provided. Namely, the color filter
substrate 102 has the support substrate 131, the multilayer
spacer 104, the common electrode 132, and the cap insulation
layer 117 stacked in this order towards the liquid crystal layer
103. The common electrode 132 covering the entire surface of
the multilayer spacer 104 is formed concurrently with forma-
tion of acommon electrode ona color filter in a pixel aperture
region. The cap insulation layer 117 formed on the common
electrode 132 is an insulation layer for preventing conduction
between the common electrode 132 of the color filter sub-
strate 102 and the pixel electrodes 113 of the array substrate
101. Even if a certain distance is provided between the elec-
trodes provided on the pair of substrates, a short circuit (leak-
age) may be caused by attachment of the pair of substrates
with deviation. Then, a pixel defect is caused, possibly result-
ing in defective display.

[0020] Thepresentinventors have intensively studied about
the case of using a multilayer spacer in which a color filter, a
black matrix, and the like are stacked as a spacer for main-
taining a distance between a pair of substrates sandwiching a
liquid crystal layer. They noted that, though conduction can
be prevented by a conventional multilayer spacer in which a
cap insulation layer is formed on a common electrode, this
method requires an additional production step for application
and patterning of the cap insulation layer. Another possible
method for preventing conduction is patterning in such a
manner that a pixel electrode is partially removed in a region
where the multilayer spacer is in contact with the array sub-
strate. However, in this method, deviation caused in attach-
ment of the pair of substrates should be considered. More-
over, the area of the removed part of the electrode needs to be
larger than the contact area between the multilayer spacer and
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the array substrate. As a result, there may be a loss in the
aperture area of the pixel aperture region.

[0021] The present invention has been devised in consider-
ation of the state of the art. The present invention aims to
provide a liquid crystal display panel which can prevent an
electric short circuit (leakage) between a pair of substrates
with no additional production step in the case where a multi-
layer spacer is used.

Solution to Problem

[0022] The present inventors noted that, since a multilayer
spacer was conventionally provided on the color filter sub-
strate, the entire multilayer spacer needed to be covered with
a common electrode in the production process. They found
out the following and solved the above problem. Namely, in
the case where a multilayer spacer is provided in the array
substrate, since pixel electrodes need to be patterned in the
array substrate, the pixel electrodes can be formed without
forming the pixel electrodes on the entire multilayer spacer
even without an additional production steps. Moreover, a
multilayer spacer provided in the array substrate can prevent
a short circuit (leakage) between the electrodes respectively
provided on a pair of substrates. Accordingly, the present
invention was completed.

[0023] Namely, the present invention is a liquid crystal
display panel comprising: a pair of substrates; and a liquid
crystal layer between the substrates, wherein a first substrate
of the substrates has a support substrate, a plurality of pixel
electrodes, transparent colored layers of plural colors over-
lapping with the pixel electrodes, and a multilayer spacer
formed of a stacked body of three or more resin layers includ-
ing transparent colored layers of plural colors, and a second
substrate of the substrates has a supporting substrate and a
common electrode.

[0024] Theliquid crystal display panel of the present inven-
tion is specifically described in the following.

[0025] Theliquid crystal display panel of the present inven-
tion has a pair of substrates and a liquid crystal layer between
the substrates. One or both of the substrates are provided with
members such as electrodes, wirings, and switching elements
s0 as to control the alignment of liquid crystal molecules in
the liquid crystal layer. In this manner, the polarization of
light passing through the liquid crystal layer is changed so
that a desired image is displayed.

[0026] Oneofthe substrates (hereinafter, also referred to as
an array substrate) has a support substrate, a plurality of pixel
electrodes, transparent colored layers of plural colors over-
lapping with the pixel electrodes, and a multilayer spacer
formed of a stacked body of three or more resin layers includ-
ing transparent colored layers of plural colors. The pixel
electrodes positioned in correspondence with the transparent
colored layers can control the alignment of liquid crystals in
a unit of each transparent colored layer. Accordingly, the
region where the pixel electrodes are arranged serves as a
pixel aperture region. Adjustment of color balance of the
transparent colored layers of plural colors enables display of
various colors.

[0027] Theliquid crystal display panel of the present inven-
tion is one embodiment of a so-called color filter on array
system in which both transparent colored layers of plural
colors and a plurality of pixel electrodes are provided in an
array substrate. The color filter on array system allows larger
margin for position adjustment, simplification of the produc-
tion process, and increase in the pixel aperture ratio, com-
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pared to the case where transparent colored layers and the
pixel electrodes are provided in different substrates.

[0028] In the liquid crystal display panel of the present
invention, the multilayer spacer is provided in the same sub-
strate where the transparent colored layer and the pixel elec-
trode are formed. Each layer in the multilayer spacer may be
formed of the same material as that used for the transparent
colored layer formed in the pixel aperture region, and the
layer may be integrated with the transparent colored layer in
the pixel aperture region or separately provided. Moreover,
the kind of the resin layers included in the multilayer spacer is
not particularly limited. Other resin layers may be stacked if
needed, in addition to the transparent colored layer in the
pixel aperture region and a light shielding layer.

[0029] Since the pixel electrodes are individually arranged,
patterning is needed in the production process. Accordingly,
patterning excluding an area where the multilayer spacer is
formed in the production process of the pixel electrode pre-
vents formation of a conductive member on the surface of the
multilayer spacer. Therefore, leakage between one substrate
mentioned above and the other substrate can be avoided.
Namely, it is preferable that the pixel electrodes do not cover
the topmost, second-topmost, and third topmost resin layers
of the resin layers included in the multilayer spacer.

[0030] The other substrate (hereinafter, also referred to as
an opposed substrate) of the pair of substrates has a support
substrate and a common electrode. Namely, the liquid crystal
display panel of the present invention has a pair of electrodes
sandwiching the liquid crystal layer. This configuration
allows easy formation of an electric field in the liquid crystal
layer, so that the alignment of liquid crystal molecules can be
adjusted by the magnitude of the applied voltage.

[0031] Theconfiguration of the liquid crystal display panel
of the present invention is not especially limited as long as it
essentially includes such components. The liquid crystal dis-
play panel may or may not include other components.

[0032] A preferable embodiment of the liquid crystal dis-
play panel of the present invention is specifically described in
the following.

[0033] At least one of the transparent colored layers of
plural colors overlapping with the pixel electrodes is prefer-
ably integrated with the transparent colored layer of the same
color included in the multilayer spacer. Integration of one of
the layers included in the multilayer spacer with the transpar-
ent colored layer in the pixel aperture region increases a
margin for stacking.

[0034] The integrated transparent colored layer preferably
has a smaller deformation rate than other resin layers
included in the multilayer spacer do. The term “deformation
rate” herein refers to a rate of the deformation of each resin
layer relative to the deformation of the entire multilayer
spacer. Among the transparent colored layers of plural colors
included in the multilayer spacer, the layer integrated with the
transparent colored layer in the pixel aperture region easily
causes a crack in the pixel electrode because of the deforma-
tion when the stress is applied to the multilayer spacer. To
solve this problem, among the transparent colored layers of
plural colors included in the multilayer spacer, the transparent
colored layer integrated with the transparent colored layer in
the pixel aperture region is made to have a smallest deforma-
tion rate. In this manner, the possibility of disconnection of
the pixel electrodes is reduced, so that generation of defective
pixels is avoided.
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[0035] An exemplary method of adjusting the deformation
rate is adjustment of the hardness of each resin layer. The
harder the resin layer is, the smaller the deformation
becomes. The softer the resin layer is, the larger the deforma-
tion becomes. Accordingly, the integrated transparent colored
layer is preferably harder than other resin layers included in
the multilayer spacer. This configuration tends to concentrate
deformation of the resin layers to the other resin layers when
the stress is applied to the multilayer spacer.

[0036] The deformation rates of the other resin layers are
preferably larger in an upperresin layer and smaller in a lower
resin layer. Because of this, the pixel electrodes formed on a
lower resin layer is less likely to be cracked. Similarly, the
other resin layers are preferably less hard in an upper layer
and harder in a lower resin layer. Arrangement of a harder
resin layer as a lower layer of the multilayer spacer and a
softer resin layer as an upper layer of the multilayer spacer
tends to concentrate deformation of the resin layers to an
upper layer when the stress is applied to the multilayer spacer.
[0037] A colorless layer is preferably positioned on a top-
most transparent colored layer of the transparent colored
layers of plural colors. In the liquid crystal display panel of a
color filter on array system, a substrate opposing the substrate
on which a color filter is arranged commonly has light-trans-
mitting members such as a transparent substrate (glass sub-
strate, plastic substrate), atransparent electrode, and an align-
ment film. In the substrate in which a color filter is arranged,
ifan alignment film formed in the pixel aperture region is also
formed on the entire multilayer spacer, an additional pattern-
ing step is not needed. Accordingly, the layer on the transpar-
ent colored layers in the multilayer spacer is preferably such
a colorless layer, from the standpoint of productivity.

[0038] A photorefractive index of the colorless layer and a
photorefractive index of the topmost transparent colored
layer preferably have a smaller difference than a photorefrac-
tive index of the colorless layer and a photorefractive index of
a second-topmost transparent colored layer do at a wave-
length of 550 nm. In the liquid crystal display panel of a color
filter on array system, reflection on the top surface of the
transparent colored layers included in the multilayer spacer
may be a problem, which is different from a liquid crystal
display panel in which an array substrate and a color filter
substrate are two individual substrates. Therefore, to reduce
the reflection on the refractive index interface, especially at a
wavelength of 550 nm that is easily visually recognized by
humans, positioned in an upper layer is a transparent colored
layer having a lower luminous reflectance of light passing
through the colorless layer to be positioned on the transparent
colored layers. This configuration reduces the luminous
intensity of the reflected light generated between the colorless
layer positioned on the transparent colored layers and the
transparent colored layers. As a result, the reflection based on
the structure of the transparent colored layer included in the
multilayer spacer can be effectively reduced.

[0039] A stacked body of the transparent colored layers of
plural colors preferably has a smaller integrated value of
luminous intensity of the reflected light in a visible wave-
length range than any other stacked bodies including trans-
parent colored layer of the same colors stacked in other pos-
sible orders do.

[0040] Humans visually sense reflected light based on the
intensity of the reflected light in a visible light wavelength
range (380 nm to 780 nm). The total luminous intensity of the
reflected light visually sensed by humans is specifically cal-
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culated by the following method. Namely, the intensity of the
reflected light of each wavelength component having wave-
length dispersibility is multiplied by the spectral luminous
efficiency defined by CIE (International Commission on Illu-
mination). The resulting value is integrated in the visible light
wavelength range. In this manner, the total luminous intensity
of the reflected light is obtained. In the liquid crystal display
panel of a color filter on array system, reflection based on the
transparent colored layers included in the multilayer spacer
may be a problem, which is different from a liquid crystal
display panel in which an array substrate and a color filter
substrate are individually used. The incident light on the
transparent colored layers included in the multilayer spacer is
attenuated upon passing through the transparent colored lay-
ers. Therefore, reflection of light based on the structure of the
multilayer spacer has a biggest influence if generated on the
interface between the topmost transparent colored layer and
the layer thereon. On the other hand, the multilayer spacer
formed of a stacked body of a plurality of transparent resin
layersisalso influenced by the reflection between the topmost
transparent colored layer and the second-topmost transparent
colored layer. This influence is great if the topmost transpar-
ent colored layer is formed thin, because the light incident on
the transparent colored layers included in the multilayer
spacer is not sufficiently attenuated upon passing through the
transparent colored layers. Accordingly, on determination of
the stacking order of the transparent colored layers included
in the multilayer spacer, it is preferable to select a stacking
order that results in the lowest reflectance, among all the
stacking orders of the plurality of transparent colored layers.

Advantageous Effects of Invention

[0041] According to the liquid crystal display panel of the
present invention, a short circuit between electrodes provided
on a pair of substrates is avoided even if a multilayer spacer is
used. Moreover, deviation generated in attachment of sub-
strates is avoided, which is caused by use of two individual
substrates as an array substrate and a color filter substrate.

BRIEF DESCRIPTION OF DRAWINGS

[0042] FIG. 1 is a schematic view illustrating a cross sec-
tion of a liquid crystal display panel of Embodiment 1.
[0043] FIG. 2is a schematic view illustrating a display face
of the liquid crystal display panel of Embodiment 1.

[0044] FIG. 3 is a schematic cross-sectional view illustrat-
ing a state where a pixel electrode is cracked by a certain
pressure applied to a multilayer spacer in the liquid crystal
display panel of a color filter on array system.

[0045] FIG. 4 is a schematic cross-sectional view illustrat-
ing Application Example 1 of Embodiment 1.

[0046] FIG. 5 is a schematic cross-sectional view illustrat-
ing Application Example 2 of Embodiment 1.

[0047] FIG. 6 is a schematic view illustrating a cross sec-
tion of a liquid crystal display panel of Embodiment 2.
[0048] FIG. 7 is a schematic view illustrating a cross sec-
tion of a liquid crystal display panel of Embodiment 3.
[0049] FIG. 8 is a schematic view illustrating a cross sec-
tion of a liquid crystal display panel of Embodiment 4.
[0050] FIG. 9 is a schematic view illustrating a cross sec-
tion of a liquid crystal display panel of Embodiment 5.
[0051] FIG. 10 is a schematic view illustrating a cross sec-
tion of a liquid crystal display panel of Embodiment 6.
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[0052] FIG.111isaschematic cross-sectional view illustrat-
ing a state where external light is reflected on a common
liquid crystal display panel in which an array substrate and a
color filter substrate are two individual substrates.

[0053] FIG.12isaschematic cross-sectional view illustrat-
ing a state where external light is reflected on the liquid
crystal display panel of a color filter on array system.

[0054] FIG. 13 is a schematic enlarged view illustrating a
region where the top of a multilayer spacer in an array sub-
strate and the surface of an opposed substrate are in contact
with each other.

[0055] FIG. 14 is a graph showing one example (Example
1) of the wavelength dispersibility of the refractive index of
respective color materials of transparent colored layers
included in the multilayer spacer and of a material for a
colorless layer (alignment film).

[0056] FIG. 15 is a graph showing integrated values of the
luminous intensities of the reflected light of respective color
materials of the transparent colored layers in Embodiment 1
stacked on the alignment film material in a visible light wave-
length range.

[0057] FIG. 16 is a graph showing integrated values of the
luminous intensities of the reflected light in the liquid crystal
display panels of Embodiments 1 to 6 in a visible light wave-
length range, the integrated values varying due to a difference
in the stacking order of the layers in stacked bodies including
the color materials of the transparent colored layers of
Example 1.

[0058] FIG. 17 is a graph showing another example (Ex-
ample 2) of the wavelength dispersibility of the refractive
index of respective color materials of the transparent colored
layers included in the multilayer spacer and of a material for
the colorless layer (alignment film).

[0059] FIG. 18 is a graph showing integrated values of the
luminous intensities of the reflected light of respective color
materials of the transparent colored layers in Example 2
stacked on the alignment film material in a visible light wave-
length range.

[0060] FIG. 19 is a graph showing integrated values of the
luminous intensities of the reflected light in the liquid crystal
display panels of Embodiments 1to 6 ina visible light wave-
length range, the integrated values varying due to a difference
in the stacking order of the layers in stacked bodies of the
color materials of the transparent colored layers of Example
2

[0061] FIG. 20 is a graph showing another example (Ex-
ample 3) of the wavelength dispersibility of the refractive
index of respective color materials of the transparent colored
layers included in the multilayer spacer and the wavelength
dispersibility of the refractive index of a material for the
colorless layer (alignment film).

[0062] FIG. 21 is a graph showing integrated values of the
luminous intensities of the reflected light of respective color
materials of the transparent colored layers in Example 3
stacked on the alignment film material, in a visible light
wavelength range.

[0063] FIG. 22 is a graph showing integrated values of the
luminous intensities of the reflected light in the liquid crystal
display panels of Embodiments 1to 6 ina visible light wave-
length range, the integrated values varying due to a difference
in the stacking order of the layers in stacked bodies of the
color materials of the transparent colored layers of Example
3.
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[0064] FIG. 23 is a schematic view illustrating a cross sec-
tion of a liquid crystal display panel of Embodiment 7.
[0065] FIG. 24 is a schematic view illustrating a display
face of the liquid crystal display panel of Embodiment 7.
[0066] FIG. 25 is a schematic view illustrating a cross sec-
tion of a conventional liquid crystal display panel having a
multilayer spacer.

DESCRIPTION OF EMBODIMENTS

[0067] The present invention will be mentioned in more
detail referring to the drawings in the following embodi-
ments, but is not limited to these embodiments.

Embodiment 1

[0068] FIG. 1 is a schematic view illustrating a cross sec-
tion of a liquid crystal display panel of Embodiment 1. As
illustrated in FIG. 1, a liquid crystal display panel of Embodi-
ment 1 has a pair of substrates 1 and 2 and a liquid crystal
layer 3 between them, and also has a multilayer spacer 4 as a
member controlling the distance between the substrates 1 and
2. The multilayer spacer 4 is formed in an array substrate 1.
[0069] The liquid crystal display panel of Embodiment 1
may be used in any modes such as VA mode and TN mode, as
long as the substrates 1 and 2 respectively have electrodes.
[0070] As illustrated in FIG. 1, the array substrate 1 has a
support substrate 11 made of glass and the like, various wir-
ings such as a gate wiring 21, a source wiring, and a drain
wiring 22, a TFT connected to these wirings, a plurality of
pixel electrodes 13, transparent colored layers 10R (outer
sides from the dotted lines drawn in the layer in FIG. 1) of
plural colors in the pixel aperture region, and a multilayer
spacer 4 in which a light shielding layer 12 and transparent
colored layers 14 of plural colors are stacked. The electrodes
and the wirings are each isolated by an interlayer insulation
layer. The pixel electrodes 13 are each connected to the TFT
via the drain wiring 22 and a contact hole 15, and are indi-
vidually controlled. An opposed substrate 2 in Embodiment 1
has a support substrate 31 and a common electrode 32.
[0071] As illustrated in FIG. 1, the multilayer spacer 4 has
the light shielding layer 12, a red transparent colored layer
(spacer red layer) 14R, a green transparent colored layer
(spacer green layer) 14G, and a blue transparent colored layer
(spacer blue layer) 14B stacked in this order from the support
substrate 11 side. As seen from the stacking order in FIG. 1, in
Embodiment 1, layers are formed in the order of the light
shielding layer 12, the red transparent colored layer 14R, the
green transparent colored layer 14G, and the blue transparent
colored layer 14B.

[0072] FIG. 2is a schematic view illustrating a display face
of the liquid crystal display panel of Embodiment 1. As illus-
trated in F1G. 2, transparent colored layers 10R, 10G, and 10B
of three colors including red, green, and blue are provided in
Embodiment 1. The stacking order thereof is not particularly
limited. The multilayer spacer 4 is provided in a red stripe
region. Commonly, the transparent colored layer is also
referred to as a color filter, and colors the display light by
transmitting only visible light in a specific wavelength range.
Arrangement of transparent colored layers of plural colors in
combination enables color display. Regions where the trans-
parent colored layers 10R, 10G, and 10B are arranged serve
mainly as pixel aperture regions.

[0073] Commonly, the light shielding layer 12 is also
referred to as a black matrix, and is positioned in a region in
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which light should be shielded such as a region between
transparent colored layers of different colors and regions
where wirings and a TFT are arranged. This region can be
formed also by superposing transparent colored layers of
plural colors, not by providing the light shielding layer 12.
[0074] As illustrated in FIG. 2, each of the spacer red layer
14R, the spacer green layer 14G, and the spacer blue layer
14B in the multilayer spacer has a circular shape when the
multilayer spacer 4 is seen from the normal direction. Each
layer has a round pillar shape. Moreover, a resin layer posi-
tioned in a lower layer is formed larger than a resin layer
positioned in an upper layer. This configuration secures more
margins for deviation of layers in the staking step.

[0075] The pixel electrodes 13 are positioned at regular
intervals in the pixel aperture region. The red transparent
colored layer 10R overlapping with a flat part of the pixel
electrode 13 is the red transparent colored layer (red display
portion) 10R serving as a pixel aperture region. The red
transparent colored layer 14R overlapping with a resin layer
such as the light shielding layer 12 is the red transparent
colored layer (spacer red layer) 14R serving as the multilayer
spacer 4.

[0076] The spacer red layer 14R is integrally formed with
the red transparent colored layer (red display portion) 10R in
the pixel aperture region around the multilayer spacer 4. The
spacer green layer 14G and the spacer blue layer 14B are
respectively isolated from the green transparent colored layer
(green display portion) 10G and the blue transparent colored
layer (blue display portion) 10B in the pixel aperture region.
[0077] In the case that the height of the spacer is insuffi-
cient, other resin layers may be included in the multilayer
spacer 4. Moreover, an alignment film may be formed to cover
the entire multilayer spacer 4. The alignment film can direct
the adjacent liquid crystal molecules to a desired direction by
an alignment treatment according to need. The alignment
treatment is mainly conducted to the pixel aperture region.
[0078] The area adjacent to the multilayer spacer 4 in the
liquid crystal layer 3 is preferably not used as the pixel aper-
ture region because the alignment of liquid crystals in that
area is affected by the multilayer spacer 4. That area can be
eliminated from the pixel aperture region by the light shield-
ing layer 12.

[0079] For the purpose of preventing a short circuit caused
by a contact between the pixel electrode 13 of the array
substrate 1 and the common electrode 32 of the opposed
substrate 2, the pixel electrodes 13 are not formed on the top
face and side faces of the topmost layer (spacer blue layer
14B) and a second-topmost layer (spacer green layer 14G)
among the transparent colored layers 14R, 14G, and 14B
included in the multilayer spacer 4. On the other hand, the
pixel electrodes 13 are arranged on a part of the top face and
the side faces ofthe third layer (spacerred layer 14R) from the
top. With regard to any of'the transparent colored layers 14R,
14G, and 14B included in the multilayer spacer 4, a lower
layer is formed wider than an upper layer.

[0080] A method for forming the red transparent colored
layers 14R and 10R, the green transparent colored layers 14G
and 10G, and the blue transparent colored layers 14B and 10B
is not particularly limited. An exemplary method includes the
steps of applying a liquid photosensitive resin (resist) mate-
rial to the support substrate 11 with a coater to form a photo-
sensitive resin (resist) film, and patterning the photosensitive
resin (resist) film by photolithography. Another exemplary
method includes the steps of transferring a photosensitive
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resin film on the support substrate 11 using a dry film with a
photosensitive resin film, and patterning the photosensitive
resin film by photolithography.

[0081] Examples of the materials ofthe transparent colored
layers 14R, 14G, 14B, 10R, 10G, 10B, and the black matrix
12 include resin materials such as photosensitive resins (re-
sist). Examples of the materials of the pixel electrodes and the
common electrode 13 include transparent metal oxides such
as indium tin oxide (ITO) and indium zinc oxide (IZO). The
material of the black matrix may be a metal such as chro-
mium, instead of resin materials. However, in such a case,
being not aresin layer, the black matrix is not considered to be
a part of the multilayer spacer of the present invention.
[0082] Here, a description is given on a problem arising
when the pressure is applied to a pair of substrates included in
a liquid crystal display panel.

[0083] FIG. 3 is a schematic cross-sectional view illustrat-
ing a state where a pixel electrode is cracked by a certain
pressure applied to a multilayer spacer in the liquid crystal
display panel of a color filter on array system. Especially ina
display device of mobile equipment and a display device
having a touch panel, the display face of the liquid crystal
display panel is likely to be strongly pushed by viewer’s
fingers or the like. In such a case, the stress is applied to the
top of the multilayer spacer 4 in a direction indicated by
arrows in FIG. 3 (from the outside).

[0084] Ifa predetermined or more of pressure is applied to
the support substrate 31 of the opposed substrate 2, the stress
is applied to the top of the multilayer spacer. The stress is
transmitted to each resin layer included in the multilayer
spacer so that the resin layer is deformed. Commonly, a
spacer maintaining the distance between substrates in the
liquid crystal display panel in which a pair of substrates are
attached to each other is required to be flexible so as to follow
the volume variation of the liquid crystal layer. A too-hard
spacer is likely to cause bubbles due to a volume reduction of
the liquid crystal layer, local unevenness due to detachment of
the spacer from the opposed substrate because of a volume
increase of the liquid crystal layer. Accordingly, the spacer is
preferably deformable in accordance with the stress from the
outside.

[0085] Use of a soft resin material for the spacer, instead of
a hard glass or metal material, allows production of a spacer
that is deformable in accordance with the stress from the
outside. Here, the hardness of color materials used for the
transparent colored layers in the nultilayer spacer varies in
accordance with the kind, concentration, size, and dispersion
of pigments contained in a resin binder, and with the presence
of a hardener for stabilizing the shape. In the case where the
pigment concentration is high or a hardener is contained, the
transparent colored layer is harder. When the stress is applied
to the top of the multilayer spacer including a plurality of
resin layers that are different in hardness, not all the layers are
deformed in the same manner, but a softer layer is more likely
to be deformed. Moreover, the volume corresponding to the
thickness reduced by the stress applied in the direction of
compression expands in an in-plane direction of the panel
which is perpendicular to the direction of compression. As a
result, the deformation is transmitted to the peripheral portion
of the spacer.

[0086] Electrodes are formed on the resin layer included in
the multilayer spacer 4. Since the electrodes cannot follow the
deformation of resins, a part of the red transparent colored
layer 14R that is greatly deformed under the pixel electrode
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13 may rise so that the pixel electrode 13 may be cracked to
have a crack portion 13a as illustrated in FIG. 3. Such a crack
in the pixel electrode 13 is often formed in a substantially
circular shape around the multilayer spacer. The range of the
crack depends on the magnitude of the pressure from the
outside. The crack in the pixel electrode 13 may cause defec-
tive display because an appropriate electric field cannot be
formed to the liquid crystal layer 3 in the adjacent region.
Especially, the pixel electrodes 13 in the array substrate may
be patterned for determining the alignment direction on the
occasion of the application of an electric field, different from
the case of the common electrode 32 in the opposed substrate
2. In such a case, if the pixel electrodes 13 are damaged so
much, the defective display area may be enlarged on the
occasion of a disconnection in the pixel electrodes 13. This
phenomenon is caused by deformation of an electrode on the
red transparent colored layer 14R. Therefore, this problem
cannot be solved by elimination of the red transparent colored
layer 14R in the patterning step of the electrodes.

[0087] This problem is peculiar to the color filter on array
system in which pixel electrodes and color filters are formed
in the same substrate. Such a great influence is not found in
the case of a common liquid crystal display panel in which a
common electrode is formed on the entire color filter sub-
strate regardless of the borders of pixels.

[0088] The liquid crystal display panel of Embodiment 1
has following configuration to solve such a problem.

[0089] In Embodiment 1, among the resin layers included
in the multilayer spacer 4, the red transparent colored layer
14R integrated with the display portion is formed to have a
smaller deformation rate than any other resin layers. Because
of this, the pixel electrodes 13 areless likely to be cracked due
to the deformation of the red transparent colored layer 14R,
resulting in production of the liquid crystal display device
offering the fine display quality without defective display.
[0090] With regard to the correlation of the deformation
rates of other resin layers except for the red transparent col-
ored layer 14R, the light shielding layer 12 in a lower layer is
formed to have a deformation rate smaller than that of the
green transparent colored layer 14G in an upper layer and that
of the blue transparent colored layer 14B in an upper layer.
The green transparent colored layer 14G in a lower layer is
formed to have a deformation rate smaller than that of the blue
transparent colored layer 14B in an upper layer. Such a rela-
tive evaluation can be verified with use of an ultrafine film
hardness tester.

[0091] The red transparent colored layer 14R is formed to
be harder than the light shielding layer 12, the green trans-
parent colored layer 14G, and the blue transparent colored
layer 14B. Because of this, the deformation rate when the
stress is applied to the multilayer spacer is likely to be greater
in the green transparent colored layer 14G or in the blue
transparent colored layer 14B.

[0092] An exemplary method for adjusting the hardness of
each layer included in the multilayer spacer 4 includes vary-
ing the rate of the pigment in the solid content concentration
of the color material. Specifically, the higher the pigment
concentration in the solid content is, the harder the layer
becomes. Addition of a hardener into the solid content also
adjusts the hardness of each layer. Moreover, the hardness of
each layer can also be adjusted by firing conditions, exposure
conditions and development conditions in formation of the
transparent colored layer. Such a relative evaluation of the
hardness can be verified by the following method. First, a
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plurality of samples are prepared which are different in the
transparent colored layers to be integrated with the display
portion. The samples were subjected to a test in which the
same stress was applied to them. The degrees of cracks in the
samples were compared.

[0093] In Embodiment 1, the hardness of each layer
included in the multilayer spacer 4 is not determined by an
absolute value, but a correlation between the layers. The
reason for this is that, as mentioned above, which layer has a
greater deformation rate in the entire deformation is impor-
tant because the multilayer spacer 4 preferably has deform-
ability to a certain degree in accordance with the stress.
Accordingly, in Embodiment 1, the deformation rate is con-
centrated to the light shielding layer 12, the green transparent
colored layer 14G, and the blue transparent colored layer 14B
which are not integrated with the transparent colored layer in
the display portion.

[0094] FIG. 1 illustrates a state where the red transparent
colored layer 14R that is the lowest layer of the plurality of
transparent colored layers is integrated with the transparent
colored layerin the display portion. However, in Embodiment
1, the multilayer spacer 4 may be positioned in a green stripe
region and the green transparent colored layer 14G that is a
middle layer of the transparent colored layers of three colors
including red, green, and blue, may be integrated with the
display portion as illustrated in FIG. 4, for example. In this
case, the green transparent colored layer 14G is formed to
have a deformation rate smaller than that of the light shielding
layer 12, that of red transparent colored layer 14R, and that of
the blue transparent colored layer 14B (Application Example
1). Similarly, as illustrated in FIG. 5, the multilayer spacer 4
may be arranged in a blue stripe region, and the blue trans-
parent colored layer 14B that is the topmost layer of the
transparent colored layers of three colors including red,
green, and blue may be integrated with the display portion. In
this case, the blue transparent colored layer 14B is formed to
have a deformation rate smaller than that of the light shielding
layer 12, that of the red transparent colored layer 14R, and
that of the green transparent colored layer 14G (Application
Example 2). FIG. 4 is a schematic cross-sectional view illus-
trating Application Example 1 of Embodiment 1. FIG. Sisa
schematic cross-sectional view illustrating Application
Example 2 of Embodiment 1.

[0095] Otherembodiments of the present invention are spe-
cifically described in the following.

Embodiment 2

[0096] FIG. 6 is a schematic view illustrating a cross sec-
tion of a liquid crystal display panel of Embodiment 2. The
multilayer spacer 4 in Embodiment 2 is the same as that in
Embodiment 1 except that the black matrix 12, the spacer red
layer 14R, the spacer blue layer 14B, and the spacer green
layer 14G are stacked in this order from the support substrate
11 side. In Embodiment 2, the spacer red layer 14R included
in the multilayer spacer 4 is integrally formed with the red
transparent colored layer (red display portion) 10R. Accord-
ingly, the spacer red layer 14R is formed to have a deforma-
tion rate smaller than those of any other resin layers included
in the multilayer spacer 4.

Embodiment 3

[0097] FIG. 7 is a schematic view illustrating a cross sec-
tion of a liquid crystal display panel of Embodiment 3. In
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Embodiment 3, the multilayer spacer 4 is the same as that in
Embodiment 1 except that the black matrix 12, the spacer
green layer 14G, the spacer red layer 14R, and the spacer blue
layer 143 are stacked in this order from the support substrate
11 side. In Embodiment 3, the spacer green layer 14G
included in the multilayer spacer 4 is integrally formed with
the green transparent colored layer (Green display portion)
10G. Accordingly, the spacer green layer 14G is formed to
have a deformation rate smaller than those of any other resin
layers included in the multilayer spacer 4.

Embodiment 4

[0098] FIG. 8 is a schematic view illustrating a cross sec-
tion of a liquid crystal display panel of Embodiment 4. In
Embodiment 4, the multilayer spacer 4 is the same as that in
Embodiment 1 except that the black matrix 12, the spacer
green layer 14G, the spacer blue layer 14B, and the spacer red
layer 14R are stacked in this order from the support substrate
11 side. In Embodiment 4, the spacer green layer 14G
included in the multilayer spacer 4 is integrally formed with
the green transparent colored layer (green display portion)
10G. Accordingly, the spacer green layer 14G is formed to
have a deformation rate smaller than those of any other resin
layers included in the multilayer spacer 4.

Embodiment 5

[0099] FIG. 9 is a schematic view illustrating a cross sec-
tion of a liquid crystal display panel of Embodiment 5. In
Embodiment 5, the multilayer spacer 4 is the same as that in
Embodiment 1 except that the black matrix 12, the spacer
blue layer 14B, the spacer red layer 14R, and the spacer green
layer 14G are stacked in this order from the support substrate
11 side. In Embodiment 5, the spacer blue layer 14B included
in the multilayer spacer 4 is integrally formed with the blue
transparent colored layer (blue display portion) 10B. Accord-
ingly, the spacer blue layer 14B is formed to have a deforma-
tion rate smaller than those of any other resin layers included
in the multilayer spacer.

Embodiment 6

[0100] FIG. 10 is a schematic view illustrating a cross sec-
tion of a liquid crystal display panel of Embodiment 6. In
Embodiment 6, the multilayer spacer 4 is the same as that in
Embodiment 1 except that the black matrix 12, the spacer
blue layer 14B, the spacer green layer 14G, and the spacer red
layer 14R stacked in this order from the support substrate 11
side. In Embodiment 6, the spacer blue layer 14B is formed
integrally with the blue transparent colored layer (Blue dis-
play portion) 10B. Accordingly, the spacer blue layer 14B is
formed to have a deformation rate smaller than those of any
other resin layers included in the multilayer spacer 4.

[0101] Application Examples 1 and 2 of Embodiment 1 are
applicable to any of Embodiments 2 to 6.

[0102] A description for each color material is given on an
actual application of the liquid crystal display panels of
Embodiments 1 to 6 to a display device.

[0103] FIG.11isaschematic cross-sectional view illustrat-
ing a state where external light is reflected on a common
liquid crystal display panel in which an array substrate and a
color filter substrate are two individual substrates. As illus-
trated in FIG. 11, most of the external light reflected on a
common liquid crystal display panel in which the array sub-
strate 101 and the color filter substrate 102 are two individual
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substrates is reflected on the interface of the air and the
support substrate 131 (glass). For example, the light reflected
on the interface between the red transparent colored layer
110R and the common electrode 132 passes through the red
transparent colored layer 110R twice, and therefore, most of
the light is attenuated.

[0104] FIG. 12 is a schematic cross-sectional view illustrat-
ing a state where external light is reflected on the liquid
crystal display panel of a color filter on array system. As
illustrated in FIG. 12, the external light reflected on the liquid
crystal display panel of a color filter on array system is
reflected on, in addition to the interface between the air and
the support substrate 31 (glass), the interface between the
color filter substrate 2 and the liquid crystal layer 3, and the
interface between the liquid crystal layer 3 and the array
substrate 1. The reason for this is that, since the light reflected
on these interfaces does not pass through the color filter, the
reflected light exits towards the outside without being attenu-
ated. Such reflected light is recognized by the viewer and
adversely affect the display. To solve such a problem, a coun-
termeasure is needed such as a method for reducing the
reflected light utilizing a cell gap and the refractive index
anisotropy of the liquid crystal materials as disclosed in
Patent Literature 4.

[0105] However, the problem cannot be solved by the
above method with regard to the interface between the resin
layer constituting the top of the multilayer spacer which is a
top surface of the array substrate and the alignment film that
is a top surface of the opposed substrate. Accordingly, the
reflected light generated in this region exits towards the out-
side as it is. In addition, due to an arrangement of the same
color materials of the multilayer spacer at regular cycles, the
reflected light is enhanced by the interference to be more
easily recognized. Since the spacer is positioned in a dark
region such as a region on the wirings between the pixels and
a region on the light shielding layer, the reflected light is
preferably not generated. If the display of the liquid crystal
display panel is in a light state, most of the light exiting from
the liquid crystal display panel is in the pixel aperture region,
and therefore the reflection elements of the external light is
less recognized. However, if the display is in a dark state, the
reflected light from the multilayer spacer is especially easily
recognized.

[0106] Accordingly, in the case of employing the liquid
crystal display panels of Embodiments 1 to 6, it is preferable
to determine the appropriate embodiment to employ in con-
sideration of the spectral luminous efficiency based on the
refractive index wavelength dispersion of the color materials
to be used.

[0107] The wavelength component having a reflectance
that is easily visually recognized by humans, namely, the
wavelength component having the highest luminous reflec-
tance is 550 nm. If the materials greatly different in the
refractive index at a wavelength of 550 nm are arranged, the
reflected light on the interface thereof is enhanced. In such a
case the reflected light is more easily visually recognized by
humans compared to the case where materials having refrac-
tive indexes similar to each other are stacked. Accordingly,
one exemplary method for reducing the reflectance based on
the structure of the multilayer spacer is minimization of the
change in the refractive index of the wavelength component at
550 nm.

[0108] FIG. 13 is a schematic enlarged view illustrating a
region where the top of a multilayer spacer in an array sub-
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strate and the surface of an opposed substrate are in contact
with each other. As illustrated in FIG. 13, light entering from
the outside passes through the support substrate (glass) 31,
the common electrode 32, and an alignment film 33 in this
order. The support substrate 31, the common electrode 32,
and the alignment film 33 are all made of transparent mate-
rials. Exemplary materials of the alignment film 33 include
polyimide and polyvinyl.

[0109] After passing through the support substrate 31, the
common electrode 32, and the alignment film 33, the light
reaching the interface between the alignment film 33 and the
spacer blue layer 14B that is the topmost layer of the multi-
layer spacer 4 is separated to a component reflected on the
interface between the alignment film 33 and the spacer blue
layer 14B and a component passing through the spacer blue
layer 14B.

[0110] The component reflected on the interface between
the alignment film 33 and the spacer blue layer 14B again
passes through the alignment film 33, the common electrode
32, and the support substrate 31 and exits towards the outside.
On the other hand, the light having passed through the spacer
blue layer 14B reaches the interface between the spacer blue
layer 14B and the spacer green layer 14G, and is separated to
a component reflected on the interface between the spacer
blue layer 14B and the spacer green layer 14G and a compo-
nent passing through the spacer green layer 14G.

[0111] TInthe case of forming a transparent colored layer by
transferring a preliminary-filmed color material to the sub-
strate, the transparent colored layers 14R, 14G, and 14B
included in the multilayer spacer 4 each have the same thick-
ness as the transparent colored layer in the pixel aperture
region. In such a case, the thickness of the transparent colored
layer positioned in the topmost layer is sufficiently secured,
so that the intensity of the light passing through the topmost
transparent colored layer is sufficiently attenuated. Accord-
ingly, from the standpoint of reduction in the reflected light,
the relation between the wavelength dispersibility of the
refractive indexes ofthe colorless layer (the alignment film 33
in FIG. 13) and of the topmost transparent colored layer (the
spacer blue layer 14B in FIG. 13) is most important. Namely,
disorder of the wavelength dispersibility of the refractive
index in a visible light wavelength range between the align-
ment film 33 and the spacer blue layer 14B is preferably
smaller than that between the alignment film 33 and any of the
other transparent colored layers (the spacer red layer 14R and
the spacer green layer 14G) included in the multilayer spacer
4. This allows more reduction in the reflected light based on
the structure of the multilayer spacer 4.

[0112] On the other hand, for example, in the case where
transparent colored layers of plural colors included in the
multilayer spacer is stacked by application of liquid color
materials, the transparent colored layer in an upper layer may
be thinner compared to the planar applied film. If the topmost
transparent colored layer (the spacer blue layer 14B in FIG.
13) is formed thinner, the light passing through the spacer
blue layer 14B reaches the interface with the second topmost
transparent colored layer (the spacer green layer 14G in FIG.
13) before being attenuated sufficiently by the color material,
so that the intensity of the reflected light is increased. In such
a case, what is important is the relation between the wave-
length dispersibility of the refractive index of the topmost
transparent colored layer (the spacer blue layer 14B in FIG.
13) and that of the second-topmost transparent colored layer
(the spacer green layer 14G in FIG. 13) among the transparent
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colored layers 14R, 14G, and 14B of plural colors included in
the multilayer spacer. Namely, disorder of the wavelength
dispersibility of the refractive index in a visible light wave-
length range between the spacer blue layer 14B and the spacer
green layer 14G is preferably smaller than that between the
spacer blue layer 14B and the spacer red layer 14R. This
allows more reduction in the reflected light based on the
structure of the multilayer spacer 4.

[0113] Hereinafter, a plurality of examples (Examples 1 to
3) are described in which resin materials used for the multi-
layer spacers have different properties in the liquid crystal
display panels of Embodiments 1 to 6. Here, the wavelength
dispersibility of the refractive index in a visible light wave-
length range of color materials can be measured by a refrac-
tive index measuring device such as an Abbe’s refractive
index meter and a spectral ellipsometer. Moreover, the inte-
grated values of the luminous intensity of the reflected light
can be obtained by using a spectral radiance meter.

Example 1

[0114] FIG. 14 is a graph showing one example (Example
1) of the wavelength dispersibility of the refractive index of
respective color materials of transparent colored layers
included in the multilayer spacer and of a material for a
colorless layer (alignment film). As illustrated in FIG. 14, in
Example 1, the refractive index of the alignment film material
at awavelength of 550 nm is almost the same as the refractive
index of a green color material at a wavelength of 550 nm, and
is different from the refractive indexes of the red and blue
transparent colored layers. Difference in the refractive index
is smaller between the color material of the red transparent
colored layer and the alignment film material and larger
between the color material of the blue transparent colored
layer and the alignment film material.

[0115] As illustrated in FIG. 14, the refractive index of the
color material of the green transparent colored layer at a
wavelength of 550 nm is different from those of the red and
blue transparent colored layers at a wavelength of 550 nm.
The difference in the refractive index is smaller between the
color material of the green transparent colored layer and of
the red transparent colored layer, and is larger between the
color materials of the green transparent colored layer and of
the blue transparent colored layer is larger.

[0116] FIG. 15 is a graph showing integrated values of the
luminous intensities of the reflected light of respective color
materials of the transparent colored layers in Embodiment 1
stacked on the alignment film material in a visible light wave-
length range. As illustrated in FIG. 15, with regard to the
luminous intensity of the reflected light in a visible light
wavelength of the color materials on the alignment film inter-
face, the green is the smallest, the red is considerably bigger
than the green, and the blue is the biggest. Accordingly, in
Bxample 1, the topmost transparent colored layer among the
transparent colored layers included in the multilayer spacer is
preferably the green transparent colored layer.

[0117] FIG. 16 is a graph showing integrated values of the
luminous intensities of the reflected light in the liquid crystal
display panels of Embodiments 1 to 6 ina visible light wave-
length range, the integrated values varying due to a difference
in the stacking order ofthe layers in stacked bodies including
the color materials of the transparent colored layers of
Example 1. As illustrated in FI1G. 16, the integrated values of
the luminous intensity of the reflected light in a visible light
wavelength range ofthe stacked body is increased in the order
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of Embodiment 5, Embodiment 2, Embodiment 3, Embodi-
ment 1, Embodiment 4, and Embodiment 6. Especially, the
difference between Embodiment 5 and Embodiment 2 and
the difference between Embodiment 2 and each of Embodi-
ments 3, 1, 4, and 6 are great.

[0118] Accordingly, in the case of the combination of color
materials in Example 1, from the standpoint of reduction in
the reflected light, the transparent colored layers included in
the multilayer spacer is most preferably stacked in the order
of green, red, and blue from the top as in Embodiment 5, and
second most preferably green, blue, and red from the top as in
Embodiment 2.

Example 2

[0119] FIG. 17 is a graph showing another example (Ex-
ample 2) of the wavelength dispersibility of the refractive
index of respective color materials of the transparent colored
layers included in the multilayer spacer and of a material for
the colorless layer (alignment film). As illustrated in F1G. 17,
in Example 2, the refractive index of the alignment film
material at a wavelength of 550 nm is different from the
refractive indexes of'any color materials of the red, green, and
blue transparent colored layers at a wavelength of 550 nm.
The difference in the refractive indexes is smallest between
the alignment film material and the color material of the blue
transparent colored layer, second smallest between the align-
ment film material and the color material of the green trans-
parent colored layer, and largest between the alignment film
material and the color material of the red transparent colored
layer.

[0120] As illustrated in FIG. 17, the refractive index of the
color material of the blue transparent colored layer at a wave-
length of 550 nm is different from the refractive indexes of
any color materials of the red and green transparent colored
layers at a wavelength of 550 nm. The difference in the
refractive index between the blue transparent colored layer
and the red transparent colored layer is larger than that
between the blue transparent colored layer and the green
transparent colored layer.

[0121] FIG. 18 is a graph showing integrated values of the
luminous intensities of the reflected light of respective color
materials of the transparent colored layers in Example 2
stacked on the alignment film material in a visible light wave-
length range. As illustrated in FIG. 18, with regard to the
integrated values of the luminous intensities of the reflected
light of respective color materials on the alignment film inter-
face in a visible light wavelength range, the blue is smallest,
the green is second smallest, and the red is largest being
greatly different from the blue and the green. Accordingly, in
Example 2, the topmost transparent colored layer of the trans-
parent colored layers included in the multilayer spacer is
preferably the blue transparent colored layer.

[0122] FIG. 19 is a graph showing integrated values of the
luminous intensities of the reflected light in the liquid crystal
display panels of Embodiments 1to 6 ina visible light wave-
length range, the integrated values varying due to a difference
in the stacking order of the layers in stacked bodies of the
color materials of the transparent colored layers of Example
2. As illustrated in FIG. 19, the integrated values of the lumi-
nous intensities of the reflected light of the stacked bodies in
a visible light wavelength range are increased in the order of
Embodiment 3, Embodiment 1, Embodiment 5, Embodiment
2, Embodiment 4, and Embodiment 6. Especially, the differ-
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ence between Embodiment 1 and Embodiment 5 and the
difference between Embodiment 2 and each of Embodiments
4 and 6 are great.

[0123] Accordingly, in the case of the combination of color
materials in Example 2, from the standpoint of reduction in
the reflected light, the transparent colored layers included in
the multilayer spacer is most preferably stacked in the order
of blue, red, and green from the top as in Embodiment 3, and
second most preferably blue, green, and red from the top as in
Embodiment 1.

Example 3

[0124] FIG. 20 is a graph showing another example (Ex-
ample 3) of the wavelength dispersibility of the refractive
index of respective color materials of the transparent colored
layers included in the multilayer spacer and the wavelength
dispersibility of the refractive index of a material for the
colorless layer (alignment film). As illustrated in FIG. 20, in
Example 3, the refractive index of the alignment film material
at a wavelength of 550 nm is different from the refractive
indexes of any color materials of the red, green, and blue
transparent colored layers at a wavelength of 550 nm. The
difference in the refractive indexes is smallest between the
alignment film material and the color material of the red
transparent colored layer, second smallest between the align-
ment film material and the color material of the green trans-
parent colored layer, and largest between the alignment film
material and the color material of the blue transparent colored
layer.

[0125] As illustrated in FIG. 20, the refractive index of the
color material of the red transparent colored layer at a wave-
length of 550 nm is different from the refractive indexes of
any color materials of the green and blue transparent colored
layers at a wavelength of 550 nm. The difference between the
color materials of the red transparent colored layer and the
blue transparent colored layer is larger than that between the
color materials of the red transparent colored layer and the
green transparent colored layer.

[0126] FIG. 21 is a graph showing integrated values of the
luminous intensities of the reflected light of respective color
materials of the transparent colored layers in Example 3
stacked on the alignment film material in a visible light wave-
length range. As illustrated in FIG. 21, with regard to the
integrated values of the luminous intensities of the reflected
light of respective color materials, the red is smallest, the
green is second smallest, and the blue is largest being greatly
different from the red and the green. Accordingly, in Example
3, the topmost transparent colored layer of the transparent
colored layers included in the multilayer spacer is preferably
the red transparent colored layer.

[0127] FIG. 22 is a graph showing integrated values of the
luminous intensities of the reflected light in the liquid crystal
display panels of Embodiments 1 to 6 ina visible light wave-
length range, the integrated values varying due to a difference
in the stacking order of the layers in stacked bodies of the
color materials of the transparent colored layers of Example
3. As illustrated in FIG. 22, the integrated values of the lumi-
nous intensities of the reflected light of the stacked bodies in
a visible light wavelength range are increased in the order of
Embodiment 4, Embodiment 6, Embodiment 5, Embodiment
2, Embodiment 3, and Embodiment 1. Especially, the differ-
ence between Embodiment 2 and each of Embodiments 3 and
1 are great.
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[0128] Accordingly, in the case of the combination of color
materials in Example 3, from the standpoint of reduction in
the reflected light, the transparent colored layers included in
the multilayer spacer is most preferably stacked in the order
of red, blue, and green from the top as in Embodiment 4, and
second most preferably red, green, and blue from the top as in
Embodiment 6.

[0129] As mentioned above, the stacking orders of the
transparent colored layers included in the multilayer spacer of
Embodiments 1 to 6 are preferably selected in such a manner
that the luminous reflectance to human eyes is smaller, in
consideration of the spectral luminous efficiency based on the
wavelength dispersibility of the refractive index of the mate-
rial to be used. Namely, the stacked body of the transparent
colored layers of plural colors preferably has a smaller inte-
grated value of the luminous intensity of the reflected light
than any other stacked bodies including transparent colored
layers of the same colors stacked in other possible orders do.
This allows reduction in the reflected light based on the struc-
ture of the multilayer spacer.

[0130] In Embodiments 1 to 6, the description has been
given on the case of layers of three colors including the red
(R) transparent colored layer, the green (G) transparent col-
ored layer, and the blue (B) transparent colored layer. Here,
transparent colored layers of other colors may be appropri-
ately used, such as a cyan (C) transparent colored layer, a
magenta (M) transparent colored layer, and a yellow (Y)
transparent colored layer. The stacking order is preferably
determined by the same method mentioned above.

Embodiment 7

[0131] FIG. 23 is a schematic view illustrating a cross sec-
tion of a liquid crystal display panel of Embodiment 7. In a
liquid crystal display panel of Embodiment 7, four colors of
layers are used including a yellow (Y) transparent colored
layer in addition to the red (R) transparent colored layer, the
green (G) transparent colored layer, and the blue (B) trans-
parent colored layer. As illustrated in FIG. 23, in Embodiment
7, the multilayer spacer 4 is the same as that in Embodiment
1 except that the multilayer spacer 4 of Embodiment 7 has the
light shielding layer 12, a spacer yellow layer 14Y, the spacer
red layer 14R, the spacer green layer 14G, and the spacer blue
layer 14B stacked in this order from a support substrate 11
side.

[0132] FIG. 24 is a schematic view illustrating a display
face of the liquid crystal display panel of Embodiment 7. As
illustrated in FI1G. 24, in Embodiment 7, red, green, blue, and
yellow transparent colored layers 10R, 10G, 10B, and 10Y
are provided. The stacking order is not particularly limited.
The multilayer spacer 4 is arranged in a yellow stripe region.
Addition of yellow to red, green, and blue enhances color
reproducibility.

[0133] In Embodiment 7, the spacer yellow layer 14Y is
integrally formed with the yellow transparent colored layer
(yellow display portion) 10Y in the pixel aperture region
around the multilayer spacer 4. The spacer red layer 14R, the
spacer green layer 14G, and the spacer blue layer 14B are
respectively isolated from the red transparent colored layer
(red display portion) 10R, the green transparent colored layer
(green display portion) 10G, and the blue transparent colored
layer (blue display portion) 10B in the pixel aperture regions.
[0134] In Embodiment 7, among the resin layers included
in the multilayer spacer 4, the yellow transparent colored
layer 14Y integrally formed with the display portion is
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formed to have a smaller deformation rate than other resin
layers do. Moreover, the yellow transparent colored layer
14Y is formed to be harder than the light shielding layer 12,
the red transparent colored layer 14R, the green transparent
colored layer 14G, and the blue transparent colored layer
14B. This configuration allows the deformation rate when the
stress is applied to the multilayer spacer to be larger in the
light shielding layer 12, the red transparent colored layer 14R,
the green transparent colored layer 14G, or the blue transpar-
ent colored layer 14B. Therefore, the yellow transparent col-
ored layer 14Y is less likely to be deformed so that the pixel
electrode is less likely to be cracked.

[0135] With regard to the correlation of the deformation
rates of other resin layers except for the yellow transparent
colored layer 14Y, the light shielding layer 12 is formed to
have a smaller deformation rate than the red transparent col-
ored layer 14R, the green transparent colored layer 14G, and
the blue transparent colored layer 14B. The red transparent
colored layer 14R is formed to have a smaller deformation
rate than the green transparent colored layer 14G and the blue
transparent colored layer 14B. The green transparent colored
layer 14G is formed to have a smaller deformation rate than
the blue transparent colored layer 14B.

Embodiments 8 to 30

[0136] Inthe liquid crystal display panels of Embodiments
81030, layers of four colors are used including the yellow (Y)
transparent colored layer in addition to the red (R) transparent
colored layer, the green (G) transparent colored layer, and the
blue (B) transparent colored layer. In the liquid crystal display
panel of Embodiment 7, the layers are stacked in the order of
yellow, red, green, and blue from the support substrate side. In
Embodiments 8 to 30, stacking orders are different from this
stacking order.

[0137] Specific stacking orders are described below.
Embodiment 8: The transparent colored layers are stacked in
the order of yellow, red, blue, and green from the support
substrate side.

Embodiment 9: The transparent colored layers are stacked in
the order of yellow, green, red, and blue from the support
substrate side.

Embodiment 10: The transparent colored layers are stacked in
the order of yellow, green, blue, and red from the support
substrate side.

Embodiment 11: The transparent colored layers are stacked in
the order of yellow, blue, red, and green from the support
substrate side.

Embodiment 12: The transparent colored layers are stacked in
the order of yellow, blue, green, and red from the support
substrate side.

Embodiment 13: The transparent colored layers are stacked in
the order of red, yellow, green, and blue from the support
substrate side.

Embodiment 14: The transparent colored layers are stacked in
the order of red, yellow, blue, and green from the support
substrate side.
Embodiment 15: The transparent colored layers are stacked in
the order of green, yellow, red, and blue from the support
substrate side.
Embodiment 16: The transparent colored layers are stacked in
the order of green, yellow, blue, and red from the support
substrate side.
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Embodiment 17: The transparent colored layers are stacked in
the order of blue, yellow, red, and green from the support
substrate side.

Embodiment 18: The transparent colored layers are stacked in
the order of blue, yellow, green, and red from the support
substrate side.

Embodiment 19: The transparent colored layers are stacked in
the order of red, green, yellow, and blue from the support
substrate side.

Embodiment 20: The transparent colored layers are stacked in
the order of red, blue, yellow, and green from the support
substrate side.

Embodiment 21: The transparent colored layers are stacked in
the order of green, red, yellow, and blue from the support
substrate side.

Embodiment 22: The transparent colored layers are stacked in
the order of green, blue, yellow, and red from the support
substrate side.

Embodiment 23: The transparent colored layers are stacked in
the order of blue, red, yellow, and green from the support
substrate side.

Embodiment 24: The transparent colored layers are stacked in
the order of blue, green, yellow, and red from the support
substrate side.

Embodiment 25: The transparent colored layers are stacked in
the order of red, green, blue, and yellow from the support
substrate side.

Embodiment 26: The transparent colored layers are stacked in
the order of red, blue, green, and yellow from the support
substrate side.

Embodiment 27: The transparent colored layers are stacked in
the order of green, red, blue, and yellow from the support
substrate side.

Embodiment 28: The transparent colored layers are stacked in
the order of green, blue, red, and yellow from the support
substrate side.

Embodiment 29: The transparent colored layers are stacked in
the order of blue, red, green, and yellow from the support
substrate side.

Embodiment 30: The transparent colored layers are stacked in
the order of blue, green, red, and yellow from the support
substrate side.

These stacking orders are each different from Embodiment 7.
Except for this, Embodiments 8 to 30 are each the same as
Embodiment 7. Namely, in any of Embodiments 8 to 30,
among the resin layers included in the multilayer spacer 4, the
resin layer integrally formed with the display portion is
formed to have a smaller deformation rate than other resin
layers do.

[0138] As described in Embodiment 1, the stacking orders
of the transparent colored layers included in the multilayer
spacer of Embodiments 7 to 30 are preferably selected in such
a manner that the luminous reflectance to human eyes is
smaller, in consideration of the spectral luminous efficiency
based on the wavelength dispersibility of the refractive index
of the material to be used. This allows reduction in the
reflected light based on the structure of the multilayer spacer.
Namely, the stacked body of the transparent colored layers of
plural colors preferably has a smaller integrated value of the
luminous intensity of the reflected light than any other
stacked bodies including transparent colored layer of the
same colors stacked in other possible orders do.

[0139] In Embodiments 7 to 30, the description has been
given on the case of layers of four colors including the red (R)
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transparent colored layer, the green (G) transparent colored
layer, the blue (B) transparent colored layer, and the yellow
(Y) transparent colored layer. Here, in the same manner as in
Embodiment 1 to 6, transparent colored layers of other colors
may be used. Moreover, the number of colors is not limited to
four, and five or more colors may be used.

[0140] The present application claims priority to Patent
Application No. 2010-043160 filed in Japan on Feb. 26,2010
under the Paris Convention and provisions of national law in
a designated State, the entire contents of which are hereby
incorporated by reference.

REFERENCE SIGNS LIST

[0141] 1. 101: Array substrate

[0142] 2: Opposed substrate

[0143] 3.103: Liquid crystal layer

[0144] 4. 104: Multilayer spacer

[0145] 10R: Red transparent colored layer (red display por-
tion)

[0146] 10G: Green transparent colored layer (green display
portion)

[0147] 10B: Blue transparent colored layer (blue display
portion)

[0148] 10Y: Yellow transparent colored layer (yellow dis-

play portion)

[0149] 11,31, 111, 131: Support substrate

[0150] 12, 112: Light shielding layer (black matrix)

[0151] 13, 113: Pixel electrode

[0152] 13a: Cracked portion

[0153] 14, 114: Transparent colored layer (color filter)

[0154] 14R, 114R: Red transparent colored layer (spacer
red layer)

[0155] 14G, 114G: Green transparent colored layer (spacer

green layer)

[0156] 14B, 114B: Blue transparent colored layer (spacer
blue layer)

[0157] 14Y: Yellow transparent colored layer (spacer yel-
low layer)

[0158] 15, 115: Contact hole

[0159] 21, 121: Gate wiring

[0160] 22, 122: Drain wiring

[0161] 32, 132: Common electrode

[0162] 33: Alignment film

[0163] 102: Color filter substrate

[0164] 116: Interlayer insulation layer

[0165] 117: Cap insulation layer

1. A liquid crystal display panel comprising:

a pair of substrates; and

a liquid crystal layer between the substrates,

wherein

a first substrate of the substrates has a support substrate, a
plurality of pixel electrodes, transparent colored layers
of plural colors overlapping with the pixel electrodes,
and a multilayer spacer formed of a stacked body of
three or more resin layers including transparent colored
layers of plural colors, and

a second substrate of the substrates has a supporting sub-
strate and a common electrode.

2. The liquid crystal display panel according to claim 1,

wherein

atleast one of the transparent colored layers of plural colors
overlapping with the pixel electrodes is integrated with a
transparent colored layer of the same color included in
the multilayer spacer.
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3. The liquid crystal display panel according to claim 2,

wherein

the integrated transparent colored layer has a smaller defor-
mation rate than other resin layers included in the mul-
tilayer spacer do.

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

wherein

deformation rates of the other resin layers are larger in an
upper resin layer and smaller in a lower resin layer.

5. The liquid crystal display panel according to claim 2,

wherein

the integrated transparent colored layer is harder than the
other resin layers included in the multilayer spacer.

6. The liquid crystal display panel according to claim 5,

wherein

the other resin layers are less hard in an upper resin layer
and harder in a lower resin layer.

7. The liquid crystal display panel according to claim 1,

wherein

12
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a colorless layer is provided on a topmost transparent col-
ored layer of the transparent colored layers of plural
colors.

8. The liquid crystal display panel according to claim 7,

wherein

a photorefractive index of the colorless layer and a photo-
refractive index of the topmost transparent colored layer
have a smaller difference than a photorefractive index of
the colorless layer and a photorefractive index of a sec-
ond-topmost transparent colored layer do at a wave-
length of 550 nm.

9. The liquid crystal display panel according to claim 1,

wherein

a stacked body of the transparent colored layers of plural
colors has a smaller integrated value of a luminous
reflection intensity in a visible wavelength range than
any other stacked bodies including transparent colored
layer of the same colors stacked in other possible orders
do.
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