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(57) ABSTRACT

Disclosed is a liquid crystal display panel which causes no
gray scale inversion, even when obliquely viewed, and which
realizes suppression of a gamma characteristics change and a
chromaticity change. The liquid crystal display panel is made
of a pair of substrates, at least one of which includes a plu-
rality of pixel electrodes containing red, green and blue pixel
electrodes, and a liquid crystal layer arranged between the
pair of substrates. The liquid crystal layer is divided for each
pixelinto a first region and a second region, which have liquid
crystal molecules different in the directions of inclination
from each other. Both of the liquid crystal molecules posi-
tioned in the first region and the second region are oriented
either vertically or horizontally when the pair of substrates is
viewed in the front direction, and are oriented obliquely with
respect to the substrate surface and symmetrically of each
other when the pair of substrates is viewed in the cross-
sectional direction. The liquid crystal layer has a smaller
thickness in the regions corresponding to the blue pixel elec-
trodes than those in the regions corresponding to the green
and red pixel electrodes.
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LIQUID CRYSTAL DISPLAY PANEL

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device. More specifically, the present invention relates to
a liquid crystal display panel in which each pixel is divided
into a plurality of regions that have liquid crystal molecules
different in the directions of orientation from each other.

BACKGROUND ART

[0002] Liquid crystal display panels are display devices
that can be driven with low power consumption, and they can
easily be made lighter and thinner, and therefore, liquid crys-
tal display panels are widely used for TVs, mobile phones, a
monitor of personal computers and the like. Liquid crystal
display panels are non-spontaneous light display panels, and
display is typically controlled by electrically controlling the
orientation of liquid crystal molecules in a liquid crystal layer
disposed so as to be held between a pair of substrates as well
as by adjusting the amount of light supplied from a backlight.
However, because such a liquid crystal display panel controls
the polarization state of light by an inclination angle of liquid
crystal molecules in accordance with the liquid crystal
applied voltage, they have a characteristic that the transmit-
tance of light transmitting through the liquid crystal display
panel is different depending on a viewing angle. Therefore,
there has been a demand for improvements in the aspect that
a liquid crystal display panel commonly has insufficient
viewing angle characteristics.

[0003] Inresponse to this, a technology of orientation divi-
sion has been developed in which the inclination orientation
of liquid crystal molecules is divided into a plurality of
regions within a pixel. According to a liquid crystal display
panel that has been applied with the orientation division,
liquid crystal molecules are tilted to a plurality of directions
different from each other in each pixel when voltage is
applied to the liquid crystal layer, and therefore, viewing
angle characteristics are improved. Further, each region in
which liquid crystal molecules are divided into a plurality of
regions so as to have a different inclination direction from
each other is also called a domain, and the entire region that
has been applied with the orientation division is called a
multi-domain as well.

[0004] A liquid crystal display panel is usually provided
with color filters of three colors that are red (R), green (G) and
blue (B), and a color filter of each color is assigned to each
pixel electrode. This enables color display in a liquid crystal
display panel. As means of adjusting a color balance among
red, green and blue, a liquid crystal layer thickness, for
example, may be adjusted in accordance with the wavelength
of a display color that is assigned to each pixel (see Patent
Document 1, for example).

[0005] Further, when a liquid crystal display panel is in a
vertical alignment mode, in recognizing an aspect that color-
ing occurs in a black display due to light leakage when the
liquid crystal display panel is viewed in an oblique direction,
it has been disclosed a method of adjusting the amount of
retardation for light transmitting through each color region of
liquid crystal cells in the thickness direction of the liquid
crystal cells (see Patent Document 2, for example). Patent
Document 2 discloses an example of adjusting the amount of
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retardation by changing a liquid crystal layer thickness for
each color region, for example.

RELATED ART DOCUMENTS
Patent Documents

[0006] Patent Document 1: Japanese Patent Application
Laid-Open Publication No. 2002-229062

[0007] Patent Document 2: Japanese Patent Application
Laid-Open Publication No. 2007-334308

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

[0008] The present inventors have studied various liquid
crystal display panels that have orientation division, espe-
cially liquid crystal display panels in which when viewed in a
direction perpendicular to a display surface of the liquid
crystal display panel (hereinafter also referred to as a front
direction), the orientation direction of liquid crystal mol-
ecules is divided into four oblique directions that are sym-
metrical to each other, and furthermore, when viewed in a
direction perpendicular to a cross-section of the liquid crystal
panel (hereinafter also referred to as a cross-sectional direc-
tion), the orientation direction of liquid crystal molecules is
divided obliquely with respect to the substrate surface and
symmetrically to each other (hereinafter also referred to as a
four domain orientation division). Then, the inventors
focused on a change in display quality between when the
liquid crystal display panel is viewed in the front direction
and when viewed in oblique directions.

[0009] The present inventors found that according to a lig-
uid crystal display panel that includes a liquid crystal layer of
the four domain orientation division, when a viewer sees the
liquid crystal display panel in oblique directions, he/she rec-
ognizes light that has been affected by the average character-
istic of the respective liquid crystal molecules that are ori-
ented in multiple directions, respectively, and therefore, there
is no significant difference in the appearance of the display in
any viewing direction, and a problem of gray scale inversion
is resolved, for example, but there was still room for improve-
ment in regard to problems of a change in gamma character-
istics, which is gradation-luminance characteristics, and a
chromaticity change.

[0010] The present invention was devised in light of the
above-mentioned situation described above, and an object of
the present invention is to provide a liquid crystal display
panel in which gray scale inversion does not occur and a
gamma characteristics change and a chromaticity change are
suppressed even when viewed in oblique directions.

Means for Solving the Problems

[0011] The present inventors performed various studies on
a gamma characteristics change as well as a chromaticity
change when a viewing angle is changed from the front direc-
tion to oblique directions with respect to a liquid crystal
display panel. As a result, the inventors discovered that, in the
four-domain orientation division, the orientation directions of
liquid crystal molecules are tilted in oblique directions as the
liquid crystal display panel is viewed in the front direction,
and therefore, the effective retardation of the liquid crystal
molecules changes and a difference in gamma values (grada-
tion values) occurs between when the liquid crystal display
panel is viewed in the front direction and when viewed in
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oblique directions, and further discovered that a chromaticity
change is caused by large differences among the changes in
gradation values of the respective colors caused by such
gamma characteristics changes in the ratios among gradation
X (red), gradation Y (green), and gradation Z (blue) between
when viewed in the front direction and when viewed in
oblique directions.

[0012] The present inventors’ further studies revealed that,
in order to resolve this problem, by applying an orientation
division (hereinafter also referred to as a two domain orien-
tation division) such that when a liquid crystal display panel
is viewed in the front direction, liquid crystal molecules are
oriented in either the vertical direction or the horizontal direc-
tion, and when the liquid crystal display panel is viewed in the
cross-sectional direction, liquid crystal molecules are ori-
ented obliquely with respect to the substrate surface and
symmetrically to each other, and by further making a liquid
crystal layer thickness different for each region correspond-
ing to red, green and blue in order to compensate the differ-
ences in the ratios among the gradation X, the gradation'Y, and
the gradation Z, it is possible to suppress the gamma charac-
teristics changes as well as the chromaticity changes that are
caused when a viewing angle is changed between the front
direction and oblique directions. As a result, the present
inventors have cometo a realization that the above-mentioned
problem can be solved, and therefore reached the present
invention.

[0013] That is, the present invention is a liquid crystal dis-
play panel, including: a pair of substrates, at least one of
which includes a plurality of pixel electrodes including red,
green and blue pixel electrodes, and a liquid crystal layer
disposed between the above-mentioned pair of substrates,
wherein the above-mentioned liquid crystal layer is divided
for each pixel into a first region and a second region that have
liquid crystal molecules different in directions of inclination
from each other, wherein when voltage equal to or higher than
a threshold is applied, all liquid crystal molecules positioned
in the above-mentioned first region and liquid crystal mol-
ecules positioned in the above-mentioned second region are
oriented either vertically or horizontally when the above-
mentioned pair of substrates is viewed in the front direction,
and are oriented in directions oblique to a substrate surface
and symmetrically to each other when the above-mentioned
pair of substrates is viewed in a cross-sectional direction, and
wherein the above-mentioned liquid crystal layer has a
smaller thickness in a region corresponding to the blue pixel
electrode than in a region corresponding to the green pixel
electrode and than in a region corresponding to the red pixel
electrode. A detailed description of the present invention will
be made below.

[0014] Theliquid crystal display panel of the present inven-
tion includes a pair of substrates, at least one of which
includes a plurality of pixel electrodes including red, green
and blue pixel electrodes, and a liquid crystal layer disposed
between the above-mentioned pair of substrates. In the
present specification, a “pixel electrode” means an electrode
disposed so as to correspond to one of the colors used for a
display, and a “red pixel electrode” means a pixel electrode
disposed in a position overlapping with a red color filter, a
“green pixel electrode” means a pixel electrode disposed in a
position overlapping with a green color filter, and a “blue
pixel electrode” means a pixel electrode disposed in a posi-
tion overlapping with a blue color filter, for example. Here, a
region partitioned by the above-mentioned pixel electrodes is
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also called a “pixel” in the present specification. Forming a
plurality of pixels in a liquid crystal display panel enables
high definition display. In a liquid crystal display panel of the
present invention, voltage of a prescribed amount can be
applied to a liquid crystal layer by forming pixel electrodes on
one of the above-mentioned pair of substrates, and by form-
ing a common electrode that is formed entirely on the other
substrate of the above-mentioned pair of substrates regardless
of'the pixels, for example. A desired display color is achieved
by adjusting the mix ratios of colors added by the three pixels
ofred, green and blue in the liquid crystal display panel of the
present invention. Further, in the present specification, “red”
means a wavelength component having the dominant wave-
length in a range of 650 to 780 nm, “green” means a wave-
length component having the dominant wavelength in a range
0f'510 to 570 nm, and “blue” means a wavelength component
having the dominant wavelength in a range of 470 to 510 nm.

[0015] The above-mentioned liquid crystal layer is divided
for each pixel into a first region and a second region that have
liquid crystal molecules different in directions of inclination
from each other. The liquid crystal display panel of the
present invention is applied with the two domain orientation
division, and the liquid crystal layer is divided into two kinds
of regions, a first region and a second region, that have liquid
crystal molecules different in the directions of inclination
from each other. As means of applying the orientation divi-
sion, there are means such as (1) means of forming bank-like
protrusions, which have a certain length and have a convexity
toward the liquid crystal layer, and are made of a dielectric
material, on a surface of the pair of substrates that is in contact
with the liquid crystal layer to divide a single pixel into two
regions by the protrusions, (2) means of forming slits with a
certain length in the pixel electrodes or in the common elec-
trode to divide a single pixel into two regions by the slits, and
(3) means of using a rubbing treatment, a light orientation
treatment, or the like to differentiate orientations that are
applied by an alignment film, which is formed on the surface
of the above-mentioned pair of substrates in contact with the
liquid crystal layer, for each domain to divide a single pixel
into two regions by the borderlines of the regions that have
liquid crystal molecules different in the directions of inclina-
tion from each other, for example.

[0016] When voltage equal to or higher than a threshold is
applied, all of the liquid crystal molecules positioned in the
above-mentioned first region and the second region are ori-
ented either vertically or horizontally as the above-mentioned
pair of substrates is viewed in the front direction, and are
oriented in directions oblique to a substrate surface and sym-
metrically to each other as the above-mentioned pair of sub-
strates is viewed in a cross-sectional direction. This way, the
liquid crystal display panel of the present invention is pro-
vided with the two domain orientation division. Therefore,
when the two domain orientation division is applied such that
the longitudinal axis direction of the liquid crystal molecules
is aligned in vertical directions, for example, even when a
viewing angle is changed to a left or right oblique direction, it
is possible to recognize a display having the same degree of
gamma characteristics as viewed in the front direction, and
the viewing angle characteristic in the horizontal direction is
improved. Moreover, when the two domain orientation divi-
sion is applied such that the longitudinal axis of the liquid
crystal molecules is aligned in horizontal directions, for
example, even when a viewing angle is changed to an oblique
direction upward or downward, it is possible to recognize a
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display having the same degree of gamma characteristics as
viewed in the front direction, and the viewing angle charac-
teristic in the vertical direction is improved. Here, in the
present specification, a vertical direction means a direction
upward or downward with respect to a viewer’s view point in
a normal usage, and a horizontal direction means a direction
left or right with respect to a viewer’s viewpoint in a normal
usage.

[0017] The above-mentioned liquid crystal layer has a
smaller thickness in the regions corresponding to the blue
pixel electrodes than in the regions corresponding to the green
electrodes and also than in the regions corresponding to the
red pixel electrodes. Light that transmits through the liquid
crystal molecules has a different transmittance depending on
its wavelength component due to the refractive index anisot-
ropy (An) of liquid crystal molecules, and therefore, each
color’s intensity becomes different. Such a difference in
transmittance is larger when the liquid crystal layer is viewed
in oblique directions than when viewed in the front direction.
In the present invention, the liquid crystal layer has a different
thickness in each region corresponding to the color filter of
each color, and this adjusts retardation that is added by the
liquid crystal layer in order to reduce the differences in the
transmittances among the respective colors between when
viewed in the front direction and when viewed in oblique
directions. An, which shows the refractive index anisotropy of
liquid crystal molecules, usually shows a value near the green
wavelength, however, the An value of the blue wavelength is
in fact larger than the An value of the green wavelength or the
An value of the red wavelength. Therefore, the liquid crystal
layer has a smaller thickness in the region corresponding to
the blue pixel electrode than in the region corresponding to
the green pixel electrode and than in the region corresponding
to the red pixel electrode in the present invention. This
enables suppression of a chromaticity change. Further, such a
suppression effect of a chromaticity change is only achieved
when the two domain orientation division is applied, and a
chromaticity change is hardly suppressed in an embodiment
that has been applied with the four domain orientation divi-
sion even when the retardation added by the red, green and
blue liquid crystal layers is adjusted, for example. Moreover,
in a mono-domain embodiment in which the orientation divi-
sion is absent, even when a viewing angle characteristic in
one direction is improved by adjusting the thickness of the
liquid crystal layer, gray scale inversion occurs in the other
directions, and therefore, a viewing angle characteristic is not
improved as a whole, and such a case is not preferred.
[0018] As long as the configuration of the liquid crystal
display panel according to the present invention includes
these components, other components may or may not be
included, and optical elements such as a retarder, a polarizing
plate and the like may also be attached to the above-men-
tioned pair of substrates, for example. Further, it is possible to
create a liquid crystal display device used for TVs, mobile
phones, a monitor of personal computers or the like by further
adding peripheral circuits or the like such as a backlight and
a driver to the liquid crystal display panel of the present
invention.

[0019] A detailed description will be made below regarding
preferred embodiments of the liquid crystal display panel of
the present invention.

[0020] It is preferable that the above-mentioned liquid
crystal layer have a smaller thickness in the region corre-
sponding to the green pixel electrode than in the region cor-
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responding to the red pixel electrode. The above-mentioned
An, which shows the refractive index anisotropy of liquid
crystal molecules, is larger in the An value of the green wave-
length than in the An value of the red wavelength. Therefore,
as a result of making the thickness of the liquid crystal layer
smaller in the regions corresponding to the green pixel elec-
trodes than in the regions corresponding to the red pixel
electrodes, it is possible to eliminate the difference of trans-
mittance among the respective colors more effectively, and to
achieve a larger effect of suppressing a chromaticity change.

[0021] Tt is preferable that when the pair of substrates is
viewed in the front direction, liquid crystal molecules in the
above-mentioned liquid crystal layer be oriented in a vertical
direction, and the shape of the above-mentioned pixel elec-
trodes be longer in a horizontal direction than in vertical
directions. In the above-mentioned present invention, a view-
ing angle characteristic in horizontal directions can be
improved when applying the two domain orientation division
in which liquid crystal molecules within the liquid crystal
layer are oriented in a vertical direction. But, here, by design-
ing the pixel electrodes to be longer in the horizontal direction
than in the vertical direction, loss of transmittance can be
suppressed in regions near the pixel electrodes’ edges in an
up-down direction (vertical direction) compared to when the
pixel electrodes are designed to be longer in a vertical direc-
tion than in a horizontal direction. Such a loss of transmit-
tance is caused by an orientation disorder of liquid crystal
molecules, and in a case of the two domain orientation divi-
sion in which the pixel electrode is divided by a borderline in
a horizontal direction as the liquid crystal display panel is
viewed in the front direction, the orientation is likely to
become disorderly in the pixel electrode’s edges in a vertical
direction.

[0022] It is preferable that the liquid crystal molecules of
the above-mentioned liquid crystal layer be oriented in hori-
zontal directions as the above-mentioned pair of substrates is
viewed in the front direction, and the shape of the above-
mentioned pixel electrode be longer in a vertical direction
than in a horizontal direction. In the above-mentioned present
invention, a viewing angle characteristic in vertical directions
can be improved when applying the two domain orientation
division in which liquid crystal molecules within the liquid
crystal layer are oriented in horizontal directions. But, con-
trary to the above-mentioned embodiment in which the shape
of a pixel electrode is designed longer in a horizontal direc-
tion than in a vertical direction, the orientation is likely to
become disorderly in the pixel electrode’s edges in a left-right
direction (horizontal direction) in a case of the two domain
orientation division in which the pixel electrode is partitioned
by a borderline in a vertical direction as the liquid crystal
display panel is viewed in the front direction. Therefore,
according to the present embodiment, loss of transmittance
can be better suppressed in the regions near the pixel elec-
trode’s edges in a horizontal direction compared to when
pixel electrodes are designed longer in a horizontal direction
than in a vertical direction.

[0023] It is preferable that when the above-mentioned pair
of substrates is viewed in the front direction, liquid crystal
molecules in the above-mentioned liquid crystal layer be
oriented in the vertical directions, and the above-mentioned
liquid crystal display panel include a diffusion sheet to block
light incident from oblique directions to a substrate surface
and to guide light incident from a direction perpendicular to
the substrate surface in a vertical direction. It is also prefer-
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able that when the above-mentioned pair of substrates is
viewed in the front direction, liquid crystal molecules of the
above-mentioned liquid crystal layer be oriented in the hori-
zontal directions, and the above-mentioned liquid crystal dis-
play panel include a diffusion sheet to block light incident
from oblique directions to a substrate surface and to guide
light incident from a direction perpendicular to the substrate
surface in a horizontal direction. In the above-mentioned
liquid crystal display panel of the present invention, a gamma
shift characteristic and a chromaticity change can be
improved in either a horizontal direction or a vertical direc-
tion, but according to the present embodiment, it is possible to
further achieve the effects of the improvements in a gamma
shift characteristic and a chromaticity change in the other
unimproved direction (vertical direction or horizontal direc-
tion) as well, and therefore achieving good display in all
directions. Additionally, when an angle directly in front of the
liquid crystal display panel is called 0°, a “perpendicular
direction” here not only means 0°, but also includes a range of
about 0° to 20°. Moreover, “oblique directions” mean angles
other than the perpendicular direction and the horizontal
direction.

[0024] Further, it is also possible to consider not applying
the two domain orientation division, and only using the
above-mentioned diffusion sheets that have a light guiding
characteristic to guide light in all directions, but in this case,
the front luminance and the front contrast could be lowered
compared to cases of improving either one of the vertical
direction or the horizontal direction by using the two domain
orientation division, and improving the other direction of
either the vertical direction or the horizontal direction by
using the above-mentioned diffusion sheet that has a light
guiding characteristic. In addition, the thickness becomes
larger because of the above-mentioned diffusion sheets, and
this causes problems such as occurrence of a blurred image,
occurrence of moire (stripe pattern), an increase in cost due to
an increase in the number of components, and lowering of
mass-productivity.

[0025] It is preferable that the above-mentioned liquid
crystal layer thickness be set such that a value of a liquid
crystal layer thickness in the region corresponding to blue
pixel electrode d(B) divided by aliquid crystal layer thickness
in the region corresponding to the green pixel electrode d(G)
is 0.7 to 0.9. When the two domain orientation division is
applied, average values of Au'v', which is a change in u'v'
values based on CIE1976 Lu'v' color matching function,
become equal to or lower than 0.02 by setting the thickness of
the liquid crystal layer corresponding to each color of blue
and green to such a number range. Therefore, a chromaticity
change becomes hardly recognized when viewed in a direc-
tion 45° to the left or a direction 45° to the right of the front
direction, compared to when viewed in the front direction.

[0026] It is preferable that the above-mentioned liquid
crystal layer thickness be set such that a value of a liquid
crystal layer thickness in the region corresponding to blue
pixel electrode d(B) divided by aliquid crystal layer thickness
in the region corresponding to the red pixel electrode d(R) is
0.7 to 0.9. When the two domain orientation division is
applied, average values of Au'v', which is a change in u'v'
values based on CIE1976 Lu'v' color matching function,
become equal to or lower than 0.02 by setting the thickness of
the liquid crystal layer corresponding to each color of blue
and red to such a number range. Therefore, a chromaticity
change becomes hardly recognized when viewed in a direc-
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tion 45° to the left or a direction 45° to the right of the front
direction, compared to when viewed in the front direction.
[0027] It is preferable that the above-mentioned liquid
crystal layer thickness be set such that a value of a liquid
crystal layer thickness in the region corresponding to the blue
pixel electrode d(B): a liquid crystal layer thickness in the
region corresponding to the green pixel electrode d(G): a
liquid crystal layer thickness in the region corresponding to
the red pixel electrode d(R) is 0.7 to 0.9:1:(“0.3*d(B)+0.82”
to “0.3*d(B)+0.86”). A more preferable value is 0.7 to 0.9:1:
“0.3*d(B)+0.84”. When the two domain orientation division
is applied, average values of Au'v', which is a change in u'v'
values based on CIE1976 Lu'v' color matching function,
becomes equal to or lower than 0.02 by setting the thickness
of'the liquid crystal layer corresponding to each color of blue,
green and red to such a number range. Therefore, a chroma-
ticity change becomes hardly recognized when viewed in a
direction 45° to the left or a direction 45° to the right of the
front direction, compared to when viewed in the front direc-
tion.

Effects of the Invention

[0028] In the liquid crystal display panel of the present
invention, the two domain orientation division is used, and the
thickness of the liquid crystal layer corresponding to each
color of red, green and blue is adjusted, and therefore, it is
possible to achieve a liquid crystal display panel in which
gray scale inversion does not occur, and a gamma character-
istics change and a chromaticity change are suppressed even
when viewed in oblique directions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a schematic plan view showing the con-
figuration of one of pixel electrodes included in a liquid
crystal display panel of Embodiment 1.

[0030] FIG. 2 is a schematic cross-sectional view of the
liquid crystal display panel of Embodiment 1, and shows a
cross-section including three pixels thatare red (R), green (G)
and blue (B).

[0031] FIG. 3 is a schematic exploded perspective view
showing the structure of the liquid crystal display panel of
Embodiment 1.

[0032] FIG. 4 is a schematic cross-sectional view showing
a liquid crystal display panel of Embodiment 2, and shows a
cross-section including three pixels that are red (R), green (G)
and blue (B).

[0033] FIG. 5 is a schematic plan view showing the con-
figuration of one of pixel electrodes included in a liquid
crystal display panel of Embodiment 3.

[0034] FIG. 6 is a schematic cross-sectional view showing
the liquid crystal display panel of Embodiment 3, and shows
a cross-section including three pixels that are red (R), green
(G) and blue (B).

[0035] FIG. 7 is a schematic plan view showing the con-
figuration of one of pixel electrodes included in a liquid
crystal display panel of Embodiment 4.

[0036] FIG. 8 is a schematic cross-sectional view of the
liquid crystal display panel of Embodiment 4, and shows a
cross-section including three pixels thatarered (R), green (G)
and blue (B).

[0037] FIG. 9 is a schematic plan view showing the con-
figuration of one of pixel electrodes included in a liquid
crystal display panel of Embodiment 5.
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[0038] FIG. 10 is a schematic plan view showing the con-
figuration of one of pixel electrodes included in a liquid
crystal display panel of Embodiment 6.

[0039] FIG. 11 is a schematic exploded plan view of a
liquid crystal display panel of Embodiment 7, showing when
each of the liquid crystal molecules is orientated vertically.
[0040] FIG. 12 is a schematic exploded plan view of the
liquid crystal display panel of Embodiment 7, showing when
each of the liquid crystal molecules is oriented horizontally.
[0041] FIG. 13 is a schematic cross-sectional view of a TIR
included in the liquid crystal display panel of Embodiment 7.
[0042] FIG. 14 is a schematic cross-sectional view of a
lenticular lens sheet included in the liquid crystal display
panel of Embodiment 7.

[0043] FIG. 15 is a schematic exploded plan view of a
liquid crystal display panel of a comparative example 1.
[0044] FIG. 16 is a graph showing relative relationships
among the respective gradation values of X, Y and Z of a
reference example 1 when viewed in the front direction and
when viewed in an oblique direction (direction tilted 45° to
the left or right from the front direction).

[0045] FIG. 17 is a graph showing values of the amount of
each color’s chromaticity change based on a Macbeth chart in
the reference example 1, and their average value.

[0046] FIG. 18 is a graph showing relative relationships
among the respective gradation values of X, Y and Z of a
reference example 2 when viewed in the front direction and
when viewed in an oblique direction (tilted 45° to the left or
right from the front direction).

[0047] FIG. 19 is a graph showing values of the amount of
each color’s chromaticity change based on a Macbeth chart in
the reference example 2, and their average values.

[0048] FIG. 20 is a graph showing relative relationships
among the respective gradation values of X, Y and Z of a
reference example 3 when viewed in the front direction and
when viewed in an oblique direction (tilted 45° to the left or
right from the front direction).

[0049] FIG. 21 is a graph showing values of the amount of
each color’s chromaticity change based on a Macbeth chart in
the reference example 3, and their average values.

[0050] FIG. 22 is a graph showing relative relationships
among the respective gradation values of X, Y and Z of
Example 1 when viewed in the front direction and when
viewed in an oblique direction (tilted 45° to the left or right
from the front direction).

[0051] FIG. 23 is a graph showing values of the amount of
each color’s chromaticity change based on a Macbeth chart in
Example 1, and their average values.

[0052] FIG. 24 is a graph showing relative relationships
among the respective gradation values of X, Y and Z of
Example 1 when viewed in the front direction and when
viewed in an oblique direction (tilted 45° upward or down-
ward from the front direction).

[0053] FIG. 25 is a graph showing relative relationships
among the respective gradation values of X, Y and Z of a
comparison example 1 when viewed in the front direction and
when viewed in an oblique direction (tilted 45° upward or
downward from the front direction).

[0054] FIG. 26 is a graph showing relative relationships
among the respective gradation values of X, Y and Z of a
reference example 4 when viewed in the front direction and
when viewed in an oblique direction (tilted 45° to the left or
right from the front direction).
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[0055] FIG. 27 is a graph showing values of the amount of
each color’s chromaticity changes based on a Macbeth chart
in the reference example 4, and their average values.

[0056] FIG. 28 is a graph showing relative relationships
among the respective gradation values of X, Y and Z of
Example 2 when viewed in the front direction and when
viewed in an oblique direction (tilted 45° to the left or right
from the front direction).

[0057] FIG. 29 is a graph showing values of the amount of
each color’s chromaticity change based on a Macbeth chart in
Example 2, and their average values.

[0058] FIG. 30 is a graph showing relative relationships
between a ratio of a liquid crystal layer thickness among the
respective colors and average values of each color’s Au'v'
based on a Macbeth chart according to the reference example
2.

[0059] FIG. 31 is a graph showing relative relationships
between a ratio of a liquid crystal layer thickness among the
respective colors and average values of each color’s Au'v'
based on a Macbeth chart according to Example 1.

[0060] FIG. 32 is a graph showing relative relationships
between a ratio of the liquid crystal layer thickness in a region
corresponding to the red pixel electrode to the liquid crystal
layer thickness in a region corresponding to the green pixel
electrode when the liquid crystal layer thickness in a region
corresponding to the blue pixel electrode is fixed, and average
values of each color’s Au'v' based on a Macbeth chart of
Example 3.

[0061] FIG. 33 is a graph showing relative relationships
between a ratio of the liquid crystal layer thickness in a region
corresponding to the red pixel electrode to the liquid crystal
layer thickness in a region corresponding to the green pixel
electrode when the liquid crystal layer thickness in a region
corresponding to the blue pixel electrode is fixed, and average
values of each color’s Au'v' based on a Macbeth chart of
Example 4.

[0062] FIG. 34 is a graph showing relative relationships
between a ratio of the liquid crystal layer thickness in a region
corresponding to the red pixel electrode to the liquid crystal
layer thickness in a region corresponding to the green pixel
electrode when the liquid crystal layer thickness in a region
corresponding to the blue pixel electrode is fixed, and average
values of each color’s Au'v' based on a Macbeth chart of
Example 5.

[0063] FIG. 35 is a graph showing a result of creating an
approximate curve by plotting optimal values of d(R) divided
by d(G) for values of d(B) divided by d(G).

[0064] FIG. 36 is a graph showing relative relationships
among the respective gradation values of X, Y and Z of a
reference example 5 when viewed in the front direction and
when viewed in an oblique direction (direction tilted 45° to
the left or right from the front direction).

[0065] FIG. 37 is a graph showing values of the amount of
each color’s chromaticity change based on a Macbeth chart in
the reference example 5, and their average values.

[0066] FIG. 38 is a graph showing relative relationships
among the respective gradation values of X, Y and Z of
Example 6 when viewed in the front direction and when
viewed in an oblique direction (direction tilted 45° to the left
or right from the front direction).
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[0067] FIG. 39 is a graph showing values of the amount of
each color’s chromaticity change based on a Macbeth chart in
Example 6, and their average values.

DETAILED DESCRIPTION OF EMBODIMENTS

[0068] Embodiments will be provided below to describe
the present invention more specifically with reference to the
figures, but the present invention is not limited to these
embodiments.

Embodiment 1

[0069] FIG. 1 is a schematic plan view showing a configu-
ration of one of pixel electrodes included in a liquid crystal
display panel of Embodiment 1. FIG. 1 also shows the orien-
tation direction of liquid crystal molecules when the liquid
crystal display panel is viewed in a front direction. FIG. 2 is a
schematic cross-sectional view of the liquid crystal display
panel of Embodiment 1, and shows a cross-section including
three pixels that are red (R), green (G) and blue (B). FIGS. 1
and 2 both show a state where voltage equal to or higher than
a threshold is applied to a liquid crystal layer.

[0070] As shown in FIG. 2, the liquid crystal display panel
of Embodiment 1 includes a pair of substrates 10 and 20 that
is made of an active matrix substrate 10 and a color filter
substrate 20, and a liquid crystal layer 50 disposed between
the pair of substrates 10 and 20. In Embodiment 1, the active
matrix substrate 10 has a structure including a polarizing
plate 14, a supporting substrate 13 made of a glass or the like,
conductive members such as various wires, semiconductor
elements and pixel electrodes 11 formed on the supporting
substrate 13, and an alignment film laminated in this order
toward the liquid crystal layer 50. In Embodiment 1, the color
filter substrate 20 has a structure including a polarizing plate
24, a supporting substrate 23 made of a glass or the like, color
filters 22, a common electrode 21, and an alignment film
laminated in this order toward the liquid crystal layer 50. The
color filters 22 are made of ared color filter 22R, a green color
filter 22G, and a blue color filter 22B.

[0071] Among the pair of substrates 10 and 20 included in
the liquid crystal display panel of Embodiment 1, the active
matrix substrate 10 has a plurality of rectangular pixel elec-
trodes 11, which have a long side in the horizontal direction
(direction same as a left-right direction) and a short side in the
vertical direction (direction same as an up-down direction)
disposed in lines next to each other vertically and horizon-
tally, and they constitute a matrix pattern as a whole as shown
in FIG. 1. A region partitioned by a single pixel electrode 11
becomes a region corresponding to a single pixel.

[0072] As shown in FIG. 2, a plurality of the pixel elec-
trodes 11 included in the liquid crystal display panel of
Embodiment 1 are designed to include a red pixel electrode
11R, a green pixel electrode 11G, and a blue pixel electrode
11B, and the respective pixel electrode 11 of each color are
disposed in positions overlapping with the respective color
filter 22 of that color. The red pixel electrode 11R is disposed
so as to overlap with the red color filter 22R to control a red
display, for example. Similarly, the green pixel electrode 11G
is disposed so as to overlap with the green color filter 22G to
control a green display. The blue pixel electrode 11B is dis-
posed so as to overlap with the blue color filter 22B to control
a blue display. It is preferable that the material of the pixel
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electrodes 11 have transparency, and a metal oxide film such
as ITO (Indium Tin Oxide) and IZO (Indium Zinc Oxide) are
suited, for example.

[0073] As shown in FIG. 1, when the respective pixel elec-
trodes 11 are viewed in the front direction, a bank-like pro-
trusion (hereinafter also referred to as a rib) 21 made of a
dielectric material is disposed so as to cut across the pixel
electrode 11 in the center in a horizontal direction. As shown
in FIG. 2, the ribs 21 are formed on the color filter substrate
20. A region of the liquid crystal layer 50 corresponding to
one of the pixel electrodes 11 is divided into two regions that
are a first region 71 and a second region 72 by the ribs 21 and
by the outer periphery (edge) of the pixel electrode 11. The
ribs 21 are made of an organic resin material having insulat-
ing properties, and it is possible to tilt a group of liquid crystal
molecules 31 that are located close to the ribs 21 toward the
ribs 21. Therefore, every one of the liquid crystal molecules
51 is oriented such that one end of the liquid crystal molecule
51 is pointing toward the rib 21 in the respective regions that
have been divided in such a manner. As a result, when the pair
of substrates 10 and 20 is viewed in the front direction, the
respective liquid crystal molecules 51 are oriented so as to
have their long side in a vertical direction as well as in parallel
with each other as shown in FIG. 1. Meanwhile, as shown in
FIG. 2, when the pair of substrates 10 and 20 is viewed in a
cross-sectional direction, the respective liquid crystal mol-
ecules 51 are oriented obliquely to surfaces of the pair of
substrates 10 and 20 and symmetrically to each other by the
borderlines of the divided regions. Additionally, the cross-
sectional shape of the ribs 21 is not limited to triangle as
shown in FIG. 2, and may be rectangular, trapezoid, a para-
bolic mountain shape or the like, for example. The ribs 21 can
be formed by applying a resin material onto the entire com-
mon electrode 25 by a spin-coating method, and then pattern-
ing it into a desired shape by a photolithography method, for
example. A phenol novolac type material or the like can be
used as the material for the ribs 21.

[0074] The liquid crystal layer 50 of the Embodiment 1 is
applied with the two domain orientation division by the ribs
21, and it is possible to achieve display characteristics equiva-
lent to when viewed in the front direction even when a viewer
tilts his/her viewing angle in a direction divided by the ribs 21,
that is, in the left or right direction when the pair of substrates
10 and 20 is viewed in the front direction. Here, a dotted circle
drawn on one end of the liquid crystal molecules 51 in FIGS.
1 and 2 indicates the end that is located on the side closer to a
viewer among two ends of the liquid crystal molecule 51.
[0075] In Embodiment 1, the color filters 22 are made of
color filters including three primary colors of red, green and
blue, and are designed such that a single color filter 22 cor-
responds to a single pixel. Accordingly, color display is con-
trolled per pixel, and good color display can be achieved.
Moreover, a black matrix that is formed using a black resin or
the like may also be disposed among the color filters 22 of the
respective colors, and the black matrix can prevent color
mixture and light leakage that occur among the respective
color filters 22.

[0076] InEmbodiment 1,the color filters 22 are designed to
have a different film thickness per color. Specifically, the film
thickness of the green color filter 22G and the red color filter
22R is substantially same, and the film thickness of the blue
color filter 22B is larger than the film thickness of the green
color filter 22G and than the film thickness of the red color
filter 22R. Therefore, the liquid crystal layer 50 has a different
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thickness in each region where the pixel electrode 11 of each
color is overlapping with the color filter 22 of each color.
According to Embodiment 1, the thickness of the liquid crys-
tal layer 50 is substantially same in the region corresponding
to the red pixel electrode 11R and in the region corresponding
to the green pixel electrode 11G, and is smaller in the region
corresponding to the blue pixel electrode 11B than in the
region corresponding to the red pixel electrode 11R and in the
region corresponding to the green pixel electrode 11G.

[0077] Theamount of retardation that will be added to light
transmitting through the liquid crystal layer 50 depends on
the thickness of the liquid crystal layer 50. Therefore, accord-
ing to the configuration of Embodiment 1, the retardation that
will be added to light transmitting through the liquid crystal
layer 50 corresponding to the red pixel electrode 11R and the
retardation that will be added to light transmitting through the
liquid crystal layer 50 corresponding to the green pixel elec-
trode 11G are substantially a same size, and the retardation
that will be added to light transmitting through the liquid
crystal layer 50 corresponding to the blue pixel electrode 11B
is smaller than the retardation that will be added to light
transmitting through the liquid crystal layer 50 corresponding
to the red pixel electrode 11R and also smaller than the
retardation that will be added to light transmitting through the
liquid crystal layer 50 corresponding to the green pixel elec-
trode 11G. According to Embodiment 1, after a gamma char-
acteristics change is suppressed by applying the two domain
orientation division, the retardation that will be added in
accordance with the thickness of the liquid crystal layer 50 is
appropriately adjusted per color. Therefore, it is possible to
reduce a gap in the difference of transmittance among the
respective colors in accordance with a wavelength depen-
dency of the liquid crystal molecules 51 between when
viewed in the front direction and when viewed in oblique
directions (left-right direction), and it is possible to greatly
suppress a chromaticity change between when viewed in the
front direction and when viewed in oblique directions (left-
right direction).

[0078] InEmbodiment 1, the thickness of the liquid crystal
layer 50 in a region corresponding to each color is adjusted by
the thickness of the color filters 22, but it is also possible to
perform the adjustment by a method of using a transparent
resin layer or the like that is different from the color filters 22
instead of using the thickness of the color filters 22, or by a
method such as a method of adjusting the thickness of the
color filters 22 and also using a transparent resin layer or the
like, for example. Furthermore, besides an embodiment in
which the thickness of the liquid crystal layer 50 is adjusted
on the color filter substrate 20 side, an embodiment in which
the liquid crystal layer thickness is adjusted on the active
matrix substrate 10 side may be used as well. Such a method
may be a method in which a transparent resin layer such as an
interlayer insulating film, which has the thickness corre-
sponding to each pixel color, is disposed on the active matrix
substrate 10 side, a method of disposing the color filters 22
themselves on the active matrix substrate 10 side, or the like,
for example.

[0079] The common electrode 25 is an electrode that is
formed on the entire color filters 22 regardless of each color’s
borderlines of the color filters 22, and enables application of
a prescribed amount of voltage to the liquid crystal layer 50
by being disposed such a way as to sandwich the liquid crystal
layer 50 together with the pixel electrodes 11. A material
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similar to the one used for the pixel electrodes 11 can be used
as a material of the common electrode 25.

[0080] The liquid crystal layer 50 is filled with a liquid
crystal material that has a characteristic of orienting in a
certain direction when voltage equal to or higher than a
threshold is applied. When using the above-described ribs and
slits of the pixel electrodes, which will be described later, it is
preferable to use a nematic liquid crystal material having
negative dielectric constant anisotropy as a liquid crystal
material for the liquid crystal layer 50 of Embodiment 1. A
nematic liquid crystal material having negative dielectric
constant anisotropy is a liquid crystal material that is oriented
in a direction perpendicular to a substrate surface when volt-
age equal to or lower than a threshold voltage is applied, and
is oriented in a direction horizontal to the substrate surface
when voltage equal to or higher than the threshold voltage is
applied. Therefore, the liquid crystal display panel of
Embodiment 1 can be an alignment system called the Vertical
Alignment (VA) mode, and specifically the Multi-domain
Vertical Alignment (MVA). Further, when the VA mode or the
MVA mode are used, as for an alignment film disposed on the
respective surfaces of the pair of substrates 10 and 20 that are
in contact with the liquid crystal layers 50, it is preferable to
use a vertical alignment film for tilting the liquid crystal
molecules that are close to the alignment films in the vertical
direction relative to surfaces of the pair of substrates 10 and
20. A material used for the liquid crystal layer of Embodiment
1 is not limited to a material used in the VA mode or the MVA
mode, and a material used in the Twisted Nematic (TN) mode,
the Electrically Controlled Birefringence (ECB) mode or the
like may also be used.

[0081] The polarizing plate 14 that is included in the active
matrix substrate 10 and the polarizing plate 24 that is included
in the color filter substrate 20 may include a polarizing film
for only transmitting polarization among natural light that
oscillates in a certain direction (direction of the polarizing
axis), and may include a protection film for protecting the
polarizing film that is attached to both surfaces or one surface
of the polarizing film, for example. A Poly Vinyl Alcohol
(PVA) type film that has been absorbed with iodine complex
or dichroic pigment, or the like can be used as the polarizing
film, and a Tri Acetyl Cellulose (TAC) film or the like can be
used as the protection film. A retarder film such as a A/4 plate
and a A/2 plate may also be attached to the polarizing plate as
necessary. When the respective polarizing axises of the
above-mentioned polarizing plate 14 and the above-men-
tioned polarizing plate 24, are adjusted so as to be in a direc-
tion perpendicular to each other, a normally black display
mode is possible when the orientation system of the VA mode
or the MVA mode is used.

[0082] The configuration of the active matrix substrate 10
will be described more specifically. FIG. 3 is a schematic
exploded perspective view showing the configuration of the
liquid crystal display panel according to Embodiment 1. As
shown in FIG. 3, a plurality of wires are formed around the
pixel electrodes 11 so as to surround the pixel electrodes 11.
Gate signal wires 62 are disposed horizontally and source
signal wires 63 are disposed vertically, for example. A thin
film transistor (TFT) 64 is disposed as a switching element in
the intersection of the gate signal wire 62 and the source
signal wire 63, and gate voltage applied to the gate signal
wires 62 controls a timing of when source signals are written
in the pixel electrodes 11. The TFT 64 is a three-terminal type
field-effect transistor, and includes a semiconductor layer as
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well as three electrodes that are a gate electrode, a source
electrode and a drain electrode. The pixel electrodes 11, the
gate signal wires 62 and the source signal wires 63 are dis-
posed on different layers, respectively, through insulating
films, preventing electric connection between them.

[0083] The active matrix substrate 10 may further include
an auxiliary capacitance wire for keeping signal voltage that
is written in the pixel electrodes 11. It is preferable from a
conductivity and reliability point of view to use a metal with
a low resistance and a high melting point, such as aluminum
(Al), silver (Ag), tantalum nitride (TaN), titanium nitride
(TiN), and molybdenum nitride (MoN), as materials for the
gate signal wires 62, the source signal wires 63, the auxiliary
capacitance wire, and for the gate electrode, the source elec-
trode and the drain electrode included in the TET 64.

[0084] As described above, orientations of the respective
liquid crystal molecules 51 are divided by the ribs 21, which
extend in a left-right direction (horizontal direction), and by
the edges of the pixel electrodes 11 in Embodiment 1. There-
fore, among a plurality of the liquid crystal molecules 51 that
are overlapping with the pixel electrodes 11, the orientation is
likely to be disorderly in the liquid crystal molecules posi-
tioned in regions (dotted elliptic mark in FIG. 1) that are
overlapping with ends of the pixel electrodes 11, and loss of
transmittance could be caused in these regions. In response to
this, the liquid crystal display panel of Embodiment 1 is
designed such that the pixel electrodes 11 are longer in a
horizontal direction than in a vertical direction. Therefore,
even when the liquid crystal molecules 51 are orientated
vertically, that is, when the orientation division is applied by
disposing the ribs 21 so as to cut across the pixel electrodes 11
horizontally, it is possible to suppress loss of transmittance
due to an orientation disorder caused at the ends of the pixel
electrodes 11, compared to when the pixel electrodes 11 are
designed to be longer in a vertical direction than in a horizon-
tal direction.

[0085] Further, when the pixel electrodes 11 are designed to
be longer in a horizontal direction than in a vertical direction,
it is preferable from a display controlling point of view that
the red, green and blue pixel electrodes be vertically posi-
tioned adjacent to each other. Moreover, in relation to this, it
is preferable that gate signals transmitting through the gate
signal wires 62 be adjusted so as to be driven at three times the
speed of when the red, green and blue pixel electrodes 11 are
aligned in a horizontal direction, and it is preferable that the
number of the source signal wires 63 be reduced to one third
of the number of the source signal wires 63 of when the red,
green and blue pixel electrodes 11 are horizontally aligned.

Embodiment 2

[0086] FIG. 4 is a schematic cross-sectional view showing
a liquid crystal display panel of Embodiment 2, and shows a
cross-section including three pixels that are red (R), green
(G), and blue (B). The liquid crystal display panel of Embodi-
ment 2 is different from Embodiment 1 in an aspect that the
film thickness of the green color filter 22G is larger than the
film thickness of the red color filter 22R, and the film thick-
ness of the blue color filter 22B is larger than the film thick-
ness of the green color filter 22G, but everything else is
similar to the liquid crystal display panel of Embodiment 1.
[0087] In Embodiment 2, the film thickness of the green
color filter 22G is larger than the film thickness of the red
color filter 22R, and the film thickness of the blue color filter
22B is larger than the film thickness of the green color filter
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22G, and therefore, the thickness of the liquid crystal layer 50
is smaller in the region corresponding to the green pixel
electrode 11G than in the region corresponding to the red
pixel electrode 11R, and is smaller in the region correspond-
ing to the blue pixel electrode 11B than in the region corre-
sponding to the green pixel electrode 11G. Accordingly, the
retardation that will be added to light transmitting through the
liquid crystal layer 50 corresponding to the green pixel elec-
trode 11G becomes smaller than retardation that will be
added to light transmitting through the liquid crystal layer 50
corresponding to the red pixel electrode 11R, and retardation
that will be added to light transmitting through the liquid
crystal layer 50 corresponding to the blue pixel electrode 11B
becomes smaller than retardation that will be added to light
transmitting through the liquid crystal layer 50 corresponding
to the green pixel electrode 11G.

[0088] An, which indicates refractive index anisotropy of
the liquid crystal molecules 51, is typically larger in blue than
in green, and is larger in green than in red (red<green<blue),
and therefore, when the liquid crystal layer thickness in a blue
wavelength is designed to be smaller than the liquid crystal
layer thickness in a green wavelength, and the liquid crystal
layer thickness in a green wavelength is designed to be
smaller than the liquid crystal layer thickness in a red wave-
length, it is possible to reduce the differences in transmittance
among these respective colors between when viewed in the
front direction and when viewed in oblique directions, and to
further suppress a change in chromaticity between when
viewed in the front direction and when viewed in oblique
directions (left or right direction) compared to Embodiment
1.

Embodiment 3

[0089] FIG. 5 is a schematic plan view showing the con-
figuration of one of the pixel electrodes included in a liquid
crystal display panel of Embodiment 3. FIG. 6 is a schematic
cross-sectional view of the liquid crystal display panel of
Embodiment 3, and shows the cross-section including three
pixels that are red (R), green (G), and blue (B). The liquid
crystal display panel of Embodiment 3 is similar to Embodi-
ment 1 except for an aspect that slits, which are formed in the
common electrode, instead ofthe ribs are used as means of the
two domain orientation division.

[0090] As shown in FIGS. 5 and 6, a method of the orien-
tation division is not limited to a method of using ribs in the
liquid crystal display panel of Embodiment 1, and slits 26
formed in the common electrode 25 may be used as well.
Accordingly, a region of the liquid crystal layer 50 corre-
sponding to a single pixel electrode 11 is divided into two
regions that are a first region 71 and a second region 72 by the
slits 26 and by the outer periphery (edge) of the pixel elec-
trodes 11. When the slits 26 are formed in the common elec-
trode 25, each of the respective liquid crystal molecules 51 is
oriented toward the slits 26 that are formed in the common
electrode 25. As aresult, when the pair of substrates 10 and 20
is viewed in the front direction, the respective liquid crystal
molecules 51 are oriented so as to have their longitudinal axis
in a vertical direction and in parallel with each other, as shown
in FIG. 5. Meanwhile, as shown in FIG. 6, when the pair of
substrates 10 and 20 is viewed in a cross-sectional direction,
the respective liquid crystal molecules 51 are oriented in
directions oblique to surfaces of the pair of substrates 10 and
20 and symmetrically to each other by the borderlines of the
divided regions. Accordingly, because the two domain orien-
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tation division is applied to the liquid crystal display panel of
Embodiment 3, it is possible to suppress a gamma character-
istics change, which occurs when a viewing angle is changed
from the front direction to oblique directions (left or right
direction). Moreover, a viewing angle characteristic can be
further improved by designing the liquid crystal layer thick-
ness in the green wavelength to be smaller than the liquid
crystal layer thickness in the red wavelength.

Embodiment 4

[0091] FIG. 7 is a schematic plan view showing the con-
figuration of one of pixel electrodes included in a liquid
crystal display panel of Embodiment 4. FIG. 8 is a schematic
cross-sectional view of the liquid crystal display panel of
Embodiment 4, and shows the cross-section including three
pixels that are red (R), green (G), and blue (B). The liquid
crystal display panel of Embodiment 4 is similar to Embodi-
ment 1 except for an aspect that the two domain orientation
division in Embodiment 4 is not an orientation division using
either the ribs or the slits, but an orientation division using
both the ribs and the slits, the slits being formed in the pixel
electrodes.

[0092] As shown in FIG. 7, in the liquid crystal display
panel of Embodiment 4, the ribs 21 and the slits 12 are formed
in parallel with each other as well as to cut across the pixel
electrode 11 horizontally to equally divide the pixel electrode
11. As a result, a region of the liquid crystal layer 50 corre-
sponding to a single pixel electrode 11 is divided into two
regions that are a first region 71 and a second region 72 by the
ribs 21, the slits 12 and by the outer periphery (edge) of the
pixel electrodes 11. Further, the directions of inclination of
the liquid crystal molecules 51 are same within the first region
71, and the directions of inclination of the respective liquid
crystal molecules 51 are same within the second region 72.
[0093] Similarly to the above-described cases of using the
ribs 21 or the slits 26, each of the respective liquid crystal
molecules 51is oriented toward the ribs 21 and the slits 12. As
aresult, when the pair of substrates 10 and 20 is viewed in the
front direction, the respective liquid crystal molecules 51 are
oriented to have their longitudinal axis in vertical directions
as well as in parallel with each other, as shown in FIG. 7.
Meanwhile, as shown in FIG. 8, when the pair of substrates 10
and 20 is viewed in a cross-sectional direction, the respective
liquid crystal molecules 51 are oriented in directions oblique
to surfaces of the pair of substrates 10 and 20 and symmetri-
cally to each other by the borderlines of the divided regions.
Accordingly, because the two domain orientation division is
applied to the liquid crystal display panel of Embodiment 4, it
is possible to suppress a gamma characteristics change, which
occurs when a viewing angle is changed from the front direc-
tion to oblique directions (left or right direction). Further, a
viewing angle characteristic can be further improved by
designing the liquid crystal layer thickness in the green wave-
length to be smaller than the liquid crystal layer thickness in
the red wavelength.

[0094] The size of a pixel needs to be designed larger in the
liquid crystal display panel of Embodiment 4 compared to
Embodiment 1. This is effective when the ribs 21 or the slits
12 only cannot add a sufficient orientation to the liquid crystal
molecules 51. This makes it possible to add a sufficient ori-
entation to most of the liquid crystal molecules 51.

[0095] Moreover, according to the liquid crystal display
panel of Embodiment 4, the orientation direction of the two
domain orientation can be improved compared to Embodi-
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ment 1 when the pixel size is similar. As a result, it is possible
to achieve higher effects of suppressing a gamma character-
istics change and lowering a chromaticity change.

Embodiment 5

[0096] FIG. 9 is a schematic plan view showing the con-
figuration of one of the pixel electrodes included in a liquid
crystal display panel of Embodiment 5. Embodiment 5 is
different from Embodiment 1 in an aspect that the pixel
electrode 11 has a rectangular shape with a long side in a
vertical direction (up-down direction) and a short side in a
horizontal direction (left-right direction), but everything else
is similar to Embodiment 1. In the liquid crystal panel of
Embodiment 5, the pixel electrode 11 is designed to be longer
in a vertical direction than in a horizontal direction, and
therefore, a larger number of the ribs 21 and a larger number
of'the slits 12 in the pixel electrodes are formed in orderto add
a sufficient orientation to the respective liquid crystal mol-
ecules 51. Because the liquid crystal molecules are divided
into a first region 71 and a second region 72 having two
orientations in this embodiment as well, the effects of the two
domain orientation division can be achieved similarly to
Embodiment 1.

Embodiment 6

[0097] FIG. 10 is a schematic plan view showing the con-
figuration of one of the pixel electrodes included in a liquid
crystal display panel of Embodiment 6. Embodiment 6 is
different from Embodiment 1 in an aspect that the pixel
electrode 11 has a rectangular shape with a short side in a
horizontal direction (left-right direction) and a long side in a
vertical direction (up-down direction), and when the respec-
tive pixel electrodes 11 are viewed in the front direction, the
ribs 21 are disposed so as to cut across the pixel electrode 11
in the center in a vertical direction, but everything else is
similar to Embodiment 1.

[0098] In the liquid crystal panel of Embodiment 6, the
pixel electrode 11 is divided into two domains in a vertical
direction, not in a horizontal direction, and therefore, when
the pair of substrates 10 and 20 is viewed in the front direc-
tion, the respective liquid crystal molecules 51 are oriented to
have their longitudinal axis in a horizontal direction as well as
in parallel with each other as shown in FIG. 10. In Embodi-
ment 6, the two domain orientation division is applied to the
liquid crystal layer 50 by the rib 21 in this manner, and a
display characteristic similar to the front direction can be
achieved even when a viewer tilts his/her viewing angle in the
directions divided by the rib 21, that is, a direction upward or
downward as the pair substrate 10 and 20 is viewed in the
front direction. Therefore, it is possible to greatly suppress a
change in gamma characteristics and chromaticity between
when viewed in the front direction and when viewed in
oblique directions (upward or downward directions). More-
over, it is also possible to replace the rib 21 with the slit 26, or
to form the slit 12 in the pixel electrode 11 to make each
domain smaller similarly to the horizontally long pixel elec-
trode.

[0099] Further, the orientation of respective liquid crystal
molecules 51 are divided by the rib 21, which extends in an
up-down direction (vertical direction), and by the edges of the
pixel electrodes 11 in Embodiment 6. Therefore, among a
plurality of the liquid crystal molecules 51 that are overlap-
ping with the pixel electrodes 11, the orientation is likely to be
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disorderly in the liquid crystal molecules positioned in
regions (dotted elliptic mark in FIG. 10) that are overlapping
with the upper end and the lower end of the pixel electrodes
11, and loss of transmittance could occur in these regions. In
response to this, the liquid crystal display panel of Embodi-
ment 6 is designed such that the pixel electrode 11 is longer in
a vertical direction than in a horizontal direction. Therefore,
even when the liquid crystal molecules 51 are orientated
horizontally, that is, when the orientation division is applied
by disposing the rib 21 so as to cut across the pixel electrodes
11 in a vertical direction, it is possible to suppress loss of
transmittance due to an orientation disorder caused at the
ends of the pixel electrodes 11, compared to when the pixel
electrode 11 is designed to be longer in a horizontal direction
than in a vertical direction.

[0100] Further, when the pixel electrode 11 is designed to
be longer in a vertical direction than in a horizontal direction,
it is preferable from a display controlling point of view to
position the red, green and blue pixel electrodes adjacent to
each other in a horizontal direction. Moreover, in relation to
this, it is preferable that gate signals transmitting through the
gate signal wires 62 be adjusted so as to be driven at one third
of the speed of when the red, green and blue pixel electrodes
11 are vertically aligned, and it is preferable that the number
of the source signal wires 63 be increased to three times the
number of the source signal wires 63 of when the red, green
and blue pixel electrodes 11 are vertically aligned.

Embodiment 7

[0101] FIGS. 11 and 12 are schematic exploded plan views
of a liquid crystal display panel of Embodiment 7. FIG. 11
shows when the liquid crystal molecules are respectively
oriented in vertical directions, and FIG. 12 shows when the
liquid crystal molecules are respectively oriented in horizon-
tal directions. The liquid crystal display panel of Embodiment
7 is the liquid crystal display panel of Embodiments 1 to 6 that
further includes a diffusion sheet for blocking light incident
from a direction oblique to surfaces of the pair of substrates
10 and 20, and for horizontally or vertically guiding light
incident from a direction perpendicular to the surfaces of the
pair of substrates 10 and 20, which is an aspect different from
Embodiments 1 to 6, but everything else is similar to Embodi-
ments 1 to 6.

[0102] A total internal reflection diffusion sheet (hereinaf-
ter also referred to as a TIR (Total Internal Reflection)), a
lenticular lens sheet or the like can be used as the diffusion
sheet. FIG. 13 is a schematic cross-sectional view of a TIR
included in the liquid crystal display panel of Embodiment 7.
The TIR has a structure in which a black low refractive index
resin 82 having a wedge-shaped cross section is embedded in
stripes in a transparent high refractive index resin 81, and has
a flat front and back surfaces. As shown in FIG. 13, the TIR
has a structure in which light incident from the front direction
is fully reflected in an interfacial surface of the transparent
high refractive index resin 81 and the black low refractive
index resin 82, and then the light is diffused and emitted from
the surface, and light incident from oblique directions is
absorbed in the black low refractive index part (becomes non
total reflection condition), and therefore, it is possible to
significantly improve a viewing angle characteristic in a
direction light is guided. Here, FIG. 13 schematically shows
three different patterns of the light absorption and diffusion.
[0103] FIG. 14 is a schematic cross-sectional view of a
lenticular lens sheet included in the liquid crystal display
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panel of Embodiment 7. An absorber part 84 is disposed in
strips in areas except for the areas close to the focal points of
the lens part 83. This absorber part 84 can be formed by a
self-align exposure. This lenticular lens sheet has a structure
in which light incident from the front direction is diffused and
light incident from oblique directions is absorbed by the
absorber part 84, and therefore, a viewing angle characteristic
can be significantly improved in a direction light is guided.
Here, FIG. 14 schematically shows three different patterns of
the light absorption and diffusion.

[0104] Asshown in FIG. 11, when each of the liquid crystal
molecules 51 is vertically oriented, a diffusion sheet (herein-
after also referred to as a vertical diffusion sheet.) 41 having
a characteristic of vertically guiding light incident from a
direction perpendicular to the substrate surface is used as the
diffusion sheet. Meanwhile, as shown in FIG. 12, when each
of the liquid crystal molecules 51 is horizontally oriented, a
diffusion sheet (hereinafter also referred to as a horizontal
diffusion sheet.) 42 having a characteristic of horizontally
guiding light incident from a direction perpendicular to the
substrate surface is used as the diffusion sheet.

[0105] When each of the liquid crystal molecules 51 is
vertically oriented, for example, the two domain orientation
division significantly improves the viewing angle character-
istic in horizontal directions, but a problem remains in a
display characteristic of the viewing angle characteristic in
vertical directions. Moreover, when each of the liquid crystal
molecules 51 is horizontally oriented, a viewing angle char-
acteristic in vertical directions is significantly improved, but a
problem remains in a display characteristic of the viewing
angle characteristic in horizontal directions.

[0106] According to the configuration of Embodiment 7 in
FIG. 11, when the liquid crystal molecules 51 are vertically
oriented, the vertical diffusion sheet 41 for diffusing light in
vertical directions is used, and therefore, a viewing angle in
horizontal directions is improved by the two domain orienta-
tions, and a viewing angle in vertical directions is improved
by the vertical diffusion sheet 41. As a result, gamma char-
acteristics and lowering of chromaticity are reduced in all
directions of vertical directions and horizontal directions, and
a high quality display can be viewed in all directions.

[0107] According to the configuration of Embodiment 7 in
FIG.12, when the liquid crystal molecules 51 are horizontally
oriented, the horizontal diffusion sheet 42 for diffusing light
in horizontal directions is used, and therefore, a viewing angle
in vertical directions is improved by the two domain orienta-
tion, and a viewing angle in horizontal directions is improved
by the horizontal diffusion sheet 42. As a result, gamma
characteristics and lowering of chromaticity are reduced in all
directions of vertical directions and horizontal directions, and
a high quality display can be viewed in all directions.

[0108] Further, in view of improvement effects by the
above-mentioned diffusion sheets, it is possible to consider
using both the vertical diffusion sheet 41 and the horizontal
diffusion sheet 42 to guide light that is necessary to the
vertical and horizontal directions, respectively, in addition to
the four domain orientation division (comparative example
1). FIG. 15 is a schematic exploded plan view of a liquid
crystal display panel of the comparative example 1. Accord-
ing to the liquid crystal display panel of the comparative
example 1, however, the brightness of the front surface is
lowered due to a lowering of the total aperture ratio caused by
the diffusion sheets, the front surface contrast is lowered due
to an increase of relative luminance when displaying black, a
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blurred image is caused due to an increase in the total thick-
ness of the diffusion sheets, and occurring of moire is recog-
nized due to an increase in a cycle pattern. Moreover, the cost
is also increased because two diffusion sheets are used.
[0109] Evaluation Test 1

[0110] In order to verify a gamma characteristics (grada-
tion-luminance characteristics) change of the liquid crystal
display panel of the present invention, an evaluation was
performed on the liquid crystal display panels of reference
examples 1 to 3, Example 1, and comparison example 1.
[0111] The liquid crystal display panel of Example 1 is an
example of the liquid crystal display panel according to
Embodiment 1 of the present invention, and has a multi-gap
structure in which the two domain orientation division is
applied, and the liquid crystal layer thickness is substantially
same in the regions corresponding to the red and green pixel
electrodes, and the liquid crystal layer thickness is smaller in
the region corresponding to the blue pixel electrode than in
the regions corresponding to the red and green pixel elec-
trodes. More specifically, a ratio of the liquid crystal layer
thickness in the regions corresponding to the blue pixel elec-
trode (d (B)) to either the liquid crystal layer thickness in the
region corresponding to the red pixel electrode (d (R)) or the
liquid crystal layer thickness in the region corresponding to
the green pixel electrode (d (G)) (d (B) divided by d (G) or d
(R)) was set to 0.82.

[0112] The liquid crystal display panel of the reference
example 1 is an example of a liquid crystal display panel that
is compared to the present invention, and is an example in
which the four domain orientation division is applied instead
of the two domain orientation division, and the liquid crystal
layer thickness is substantially same in the region corre-
sponding to the red pixel electrode, the region corresponding
to the green pixel electrode, and the region corresponding to
the blue pixel electrode (no multi-gap structure is formed).
[0113] The liquid crystal display panel of the reference
example 2 is an example of a liquid crystal display panel that
is compared to the present invention, and is an example
including a multi-gap structure in which the four domain
orientation division is applied instead of the two domain
orientation division, and the liquid crystal layer thickness is
substantially same in the regions corresponding to the red
pixel electrode and the green pixel electrode, and the thick-
ness of the liquid crystal layer is smaller in the region corre-
sponding to the blue pixel electrode than in the region corre-
sponding to the red pixel electrode and in the region
corresponding to the green pixel electrode. More specifically,
a ratio of the liquid crystal layer thickness in the region
corresponding to the blue pixel electrode (d (B)) to either the
liquid crystal layer thickness in the region corresponding to
the red pixel electrode (d (R)) or the liquid crystal layer
thickness in the region corresponding to the green pixel elec-
trode (d (G)) (d (B) divided by d (G) or d (R)) was set to 0.82.
[0114] The liquid crystal display panel of the reference
example 3 is an example of a liquid crystal display panel that
is compared to the present invention, and is an example in
which the two domain orientation division is applied, and the
liquid crystal layer thickness is substantially same in the
region corresponding to the red pixel electrode, the region
corresponding to the green pixel electrode, and in the region
corresponding to the blue pixel electrode (no multi-gap struc-
ture is formed).

[0115] The liquid crystal display panel of the comparison
example 1 is an example of a conventional liquid crystal
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display panel, and is an example in which a mono-domain
liquid crystal display panel, which has not undergone an
orientation division, is applied with a multi-gap structure
such that the liquid crystal layer thickness is substantially
same in the regions corresponding to the red pixel electrode
and the green pixel electrode, and the liquid crystal layer
thickness is smaller in the region corresponding to the blue
pixel electrode than in the region corresponding to the red
pixel electrode and in the region corresponding to the green
pixel electrode.

[0116] Inorder to verify the suppression effect of a gamma
characteristics change for the liquid crystal display panel of
Embodiment 1, gradation values of the respective X (red), Y
(green) and Z (blue) based on a tristimulus value were calcu-
lated using the liquid crystal display panels of the reference
examples 1 to 3 and Example 1. A liquid crystal orientation
simulator “LCD Master” of Symtec was used for calculating
the gradation values. FIGS. 16 and 17 show the calculation
result of the reference example 1, FIGS. 18 and 19 show the
calculation result of the reference example 2, FIGS. 20 and 21
show the calculation result of the reference example 3, and
FIGS. 22 and 23 show the calculation result of Example 1,
respectively. FIGS. 16, 18, 20 and 22 are graphs showing
relative relationships among the respective gradation values
of X, Y and Z when viewed in the front direction and when
viewed in oblique directions (tilted 45° to the left or right
from the front direction).

[0117] Further, in order to verify the suppression effectof a
chromaticity characteristic change in the liquid crystal dis-
play panel of Embodiment 1, the amount of change was
measured in u'v' values (Au'v') based on CIE1976 Lu'v' color
matching function when the liquid crystal display panels of
the reference examples 1 to 3 and Example 1 are tilted from
the front direction to oblique directions (tilted 45° to the left
or right from the front direction), and the value was used as an
evaluation index of the chromaticity change. The liquid crys-
tal orientation simulator “LLCD Master” of Symtec was used
for calculating the u'v' values. FIGS. 17, 19, 21 and 23 are
graphs showing values of the amount of each color’s chroma-
ticity change based on a Macbeth chart, and their average
values.

[0118] As shown in FIGS. 16 and 18, a large shift in gra-
dation values was seen for the respective gradation of X, Y
and Z between the front gradation and the oblique gradation
(horizontal direction) in the examples in which the four
domain orientation division was applied (the reference
examples 1 and 2). Specifically, comparing the front grada-
tion and the oblique gradation (horizontal direction), higher
values were obtained for the oblique gradation. Further, when
FIG. 16 and FIG. 18 are compared, between the reference
example 1 in which a multi-gap structure is formed and the
reference example 2 in which a multi-gap is absent, differ-
ences among the values of the respective gradation of X, Y
and Z was slightly improved in the reference example 2,
however, the fundamental shifts in gradation values were not
improved. Therefore, as shown in FIGS. 17 and 19, a sub-
stantial change in the Au'v' values was commonly seen for
most of the colors in the Macbeth charts.

[0119] Meanwhile, as seen in FIGS. 20 and 22, significant
improvements in shifts of gradation values were seen for all of
the gradation of X, Y and Z between the front gradation and
the oblique gradation (horizontal direction) in the examples
in which the two domain orientation division was applied (the
reference example 3 and Example 1) compared to when the
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four domain orientation division was applied. Further, as seen
by comparing FIG. 20 and FIG. 22, between the reference
example 3 in which a multi-gap is absent and Example 1 in
which a multi-gap is applied, a gap among the respective
gradation values of X, Y and Z was further resolved in
Example 1 in which a multi-gap was applied. Because shifts
in gradation values as well as differences among the respec-
tive gradation values of X, Y and Z are small, as seen in FIG.
23, significant improvements were seen in a chromaticity
change for most of the colors in the Macbeth chart in Example
1, and as a result of comparing FIG. 23 with FIG. 21, a
chromatically change was significantly lowered especially
for the Au'v' values of achromatic colors such as white, neu-
tral colors, black and the like, which are circled in FIG. 21.
Moreover, as seen in FIG. 23, Example 1 has the Au'v' values
that are equal to or lower than 0.02 for almost all the colors,
and achieved a degree that a chromaticity change is hardly
recognized between when viewed in the front direction and
when viewed in oblique directions (45° to the left or right).
[0120] Furthermore, in order to compare and verify a view-
ing angle characteristic of the liquid crystal display panel of
Embodiment 1 and a viewing angle characteristic of a con-
ventional liquid crystal display panel when tilted from the
front direction to oblique directions (directions tilted 45°
upward or downward from the front direction), gradation
values of the respective X (red), Y (green) and Z (blue) based
on tristimulus values were calculated using the liquid crystal
display panels of Example 1 and the comparison example 1.
The liquid crystal orientation simulator “LLCD Master” of
Symtec was used for calculating the gradation values. FI1G. 24
is a graph showing relative relationships among the respective
gradation values of X, Y and Z of the liquid crystal display
panel of Example 1 when viewed in the front direction and
when viewed in oblique directions (tilted 45°upward or
downward from the front direction). FIG. 25 is a graph show-
ing relative relationships among the respective gradation val-
ues of X, Y and Z of the liquid crystal display panel of the
comparison example 1 when viewed in the front direction and
when viewed in oblique directions (tilted 45° upward or
downward from the front direction).

[0121] AsseeninFIG. 24, intheliquid crystal display panel
of Example 1, substantial shifts in gradation values were seen
for all of the gradation of X, Y and Z between when viewed in
the front direction and when viewed in oblique directions
(direction tilted 45° upward or downward from the front
direction), but no big difference was seen among the respec-
tive gradations, and gray scale inversion was not seen as well.
[0122] On the other hand, as seen in FIG. 25, in the liquid
crystal display panel of a comparison example 1 in which no
orientation division was applied, not only substantial shifts in
gradation values were seen for all of the gradations of X, Y
and Z between the front gradation and the oblique gradation
(upward or downward direction), but also deviations were
seen among the respective gradations, and gray scale inver-
sion occurred for all of the gradation of X, Y and 7 as well. As
a result, a display with an undesirable appearance was
obtained. Therefore, it was found that it is not possible to
achieve a good result in terms of improving the entire viewing
angle even when the liquid crystal layer thickness is adjusted
to correspond to one direction in a mono-domain liquid crys-
tal display panel.

[0123] Evaluation Test 2

[0124] In order to verify a gamma characteristics (grada-
tion-luminance characteristic) change in the liquid crystal
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display panel of the present invention, prototype liquid crystal
display panels of the reference example 4 and Example 2
were manufactured and evaluated. Here, the liquid crystal
display panel of Example 2 is an example of the liquid crystal
display panel of Embodiment 1.

[0125] The liquid crystal display panel of the reference
example 4 was manufactured as an example of a liquid crystal
display panel that is compared to the present invention, and
has a similar configuration to Example 2 except for the
aspects that the four domain orientation division was applied,
and the liquid crystal layer thickness was substantially the
same in the region corresponding to the red pixel electrode,
the region corresponding to the green pixel electrode, and in
the region corresponding to the blue pixel electrode.

[0126] The liquid crystal display panel of Example 2 was
manufactured as an example of the liquid crystal display
panel of the present invention, and the two domain orientation
division was applied as well as a multi-gap structure was
formed such that the liquid crystal layer was substantially
same in the regions corresponding to the red and green pixel
electrodes, and the liquid crystal layer was smaller in the
region corresponding to the blue pixel electrode than in the
region corresponding to the red pixel electrode and in the
region corresponding to the green pixel electrode. More spe-
cifically, a ratio of the liquid crystal layer thickness in the
region corresponding to the blue pixel electrode (d(B)) to
either the thickness of the liquid crystal layer in the region
corresponding to the red pixel electrode (d(R)) or the thick-
ness of the liquid crystal layer in the region corresponding to
the green pixel electrode (d(G)) (d(B) divided by d(G) or
d(R)) was set to 0.84.

[0127] Inorder to verify the suppression effect of a gamma
characteristics change in the liquid crystal display panel of
Embodiment 1, the liquid crystal display panels of the refer-
ence example 4 and Example 2 were manufactured, and gra-
dation values of the respective X (red), Y (green) and Z (blue)
based on tristimulus values were measured. An ultra-low
luminance spectral radiometer “SR-UL1” of TOPCON was
used to measure the gradations. FIGS. 26 and 27 show results
of'the measurement of the reference example 4, and FIGS. 28
and 29 show results of the measurement of Example 2,
respectively. FIGS. 26 and 28 are graphs showing relative
relationships among the respective gradation values of X, Y’
and Z when viewed in the front direction and when viewed in
oblique directions (tilted 45° to the left or right from the front
direction).

[0128] Further, in order to verify the suppression effectof a
chromaticity characteristic change in the liquid crystal dis-
play panel of Embodiment 1, the amount of change was
measured in u'v' values (Au'v') based on CIE1976 Lu'v' color
matching function when the liquid crystal display panels of
the reference example 4 and Example 2 were tilted from the
front direction to oblique directions (tilted 45° to the left or
right from the front direction), and the value was used as an
evaluation index of the chromaticity change. A viewing angle
measuring device “EZContrast]1 60D of ELDIM was used to
measure the u'v' values. FIGS. 27 and 29 are graphs showing
values of the amount of each color’s chromaticity change
based on a Macbeth chart, and their average values.

[0129] As seen in FIG. 26, large shifts in gradation values
were seen for the gradation of all of X, Y and Z between the
front gradation and the oblique gradation (left or right direc-
tion) in the examples in which the four domain orientation
division was applied (the reference example 4). Specifically,



US 2011/0279745 Al

between the front gradation and oblique gradation (left or
right direction), higher values were obtained for the oblique
gradations. This result also well matches the calculation
result of the reference example 1. Additionally, as seen in
FIG. 27, a significant change in the Au'v' values was seen for
most of the colors in the Macbeth chart. This result also well
matches the calculation result of the reference example 1.
[0130] Meanwhile, as seen in FIG. 28, in an example (Ex-
ample 2) in which the two domain orientation division was
applied as well as a multi-gap structure was formed, between
the front gradation and oblique gradation (left or right direc-
tion), significant improvements were seen in the shifts in
gradation values between the front gradation and the oblique
gradation (left or right direction) for all of the gradations of X,
Y and Z. Moreover, it was found that the differences among
the respective gradation values of X, Y and Z were resolved by
forming a multi-gap structure. This result also well matches
the calculation result of Example 1. Because the shifts in
gradation values as well as a gap among the respective gra-
dation values of X, Y and Z are small, as seen in FIG. 29,
significant improvements in a chromaticity change were seen
for most ofthe colors in the Macbeth chart of Example 2. This
result also well matches the calculation result of Example 1.
Moreover, as seen in FIG. 29, Example 2 has the Au'v' values
that are equal to or lower than 0.02 for almost all the colors,
and achieved a degree that a chromaticity change is hardly
recognized between when viewed in the front direction and
when viewed in oblique directions (45° to the left or right).
[0131] Evaluation Test 3

[0132] In order to verify a preferable ratio of the liquid
crystal layer thickness among the respective colors in the
liquid crystal display panel of the present invention, an evalu-
ation test was performed on the liquid crystal display panels
of the reference example 2 and Example 1. FIGS. 30 and 31
are graphs showing relative relationships between the ratio of
the liquid crystal layer thickness among the respective colors
(the ratio of the liquid crystal layer thickness in the region
corresponding to the blue pixel electrode d(B) to either the
thickness of the liquid crystal layer in the region correspond-
ing to the red pixel electrode d(R) or the thickness of the liquid
crystal layer in the region corresponding to the green pixel
electrode d(G) (d(B) divided by d(G) or d(R)) and the average
values of each color’s Au'v' based on a Macbeth chart.
[0133] As seen in FIG. 30, when using the liquid crystal
display panel of the reference example 2 in which the four
domain orientation division was applied as well as a multi-
gap structure was formed, it was found that the average values
of Au'v' in the Macbeth chart became equal to or higher than
0.03 even when a value of d(B) divided by d(G) or d(R) was
set to any value, and therefore, reduction effects of a chroma-
ticity change was small. Moreover, as seen in FIG. 30, the
similar result was obtained even when the dAn (G) value was
set to any one of 300 nm, 320 nm, 340 nm and 360 nm.
[0134] Further, as seen in FIG. 30, when using the liquid
crystal display panel of the reference example 2 in which the
four domain orientation division is applied, it was not pos-
sible to suppress a chromaticity change even when a multi-
gap structure was formed to change the thickness of the liquid
crystal layer among the regions corresponding to the respec-
tive colors.

[0135] On the other hand, as seen in FIG. 31, when using
the liquid crystal display panel of Example 1 in which the two
domain orientation division is applied as well as a multi-gap
structure is formed, if the value of d(B) divided by d(G) or
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d(R) is in a range of 0.7 to 0.9, average values of Au'v' in a
Macbeth chart became equal to or lower than 0.02. Therefore,
it was found that by adjusting the thickness of the liquid
crystal layer in the region corresponding to the blue pixel
electrode to be in a range 0f 0.7 to 0.9 times the thickness of
the liquid crystal layer in the regions corresponding to the
green or red pixel electrodes, it is possible to suppress in an
especially preferable manner a chromaticity change that
occurs when a viewing angle is tilted from the front direction
to oblique directions (tilted 45° to the left or right from the
front direction). Moreover, as seen in FIG. 31, the similar
result was obtained even when the value of the dAn (G) was
set to any one of 300 nm, 320 nm, 340 nm and 360 nm.
[0136] Therefore, it was found that it is not sufficient to
only adjust the thickness of the liquid crystal layer in the
regions corresponding to the respective colors, or only apply
the two domain orientation division, but it is necessary to
adjust the thickness of the liquid crystal layer in the regions
corresponding to the respective colors after the two domain
orientation division is applied in order to achieve sufficient
effects of suppressing a chromaticity change.

[0137] Evaluation 4

[0138] On the condition that the liquid crystal layer has a
smaller thickness in the region corresponding to the blue pixel
electrode than in the region corresponding to the green pixel
electrode and in the region corresponding to the red pixel
electrode, an evaluation test was performed to further verify
what value is suited for the ratio of the liquid crystal layer
thickness in the region corresponding to the green pixel elec-
trode to the liquid crystal layer thickness in the region corre-
sponding to the red pixel electrode.

[0139] Asasample of the evaluation test, an evaluation was
performed on the liquid crystal display panel of Example 3
having the d(B) divided by d(G) value of 0.88, the liquid
crystal display panel of Example 4 having the d(B) divided by
d(G) value of 0.82, and the liquid crystal display panel of
Example 5 having the d(B) divided by d(G) value of 0.76,
respectively. Here, the liquid crystal display panels of
Examples 3 to 5 are examples of the liquid crystal display
panel of Embodiment 2. FIGS. 32 to 35 are graphs showing
relative relationships between the ratio of the liquid crystal
layer thickness in the region corresponding to the red pixel
electrode to the liquid crystal layer thickness in the region
corresponding to the green pixel electrode when the liquid
crystal layer thickness in the region corresponding to the blue
pixel electrode is fixed, and average values of Au'v' for the
respective colors based on a Macbeth chart. FIG. 32 shows a
result of the measurement of Example 3, FIG. 33 shows a
result of the measurement of Example 4, and FIG. 34 shows
a result of the measurement of Example 5, respectively.
[0140] As shown in FIG. 32, according to the liquid crystal
display panel of Example 3, the average values of Au'v' in the
Macbeth chart became equal to or lower than 0.02 for all the
ranges, but it was found that the average values of Au'v'
becomes equal to or lower than 0.015, which is more prefer-
able, when the value of d(R) divided by d(G) is 1.09 to 1.13,
and becomes even more preferable when the value of d(R)
divided by d(G) is 1.11. Moreover, as seen in FIG. 32, a
similar result was achieved even when the dAn(G) value was
set to either 300 nm or 320 nm.

[0141] Asshown in FIG. 33, according to the liquid crystal
display panel of Example 4, the average values of Au'v' in the
Macbeth chart became equal to or lower than 0.02 for all the
ranges, but it was found that the average values of Au'v'
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becomes equal to or lower than 0.015, which is more prefer-
able, when the value of d(R) divided by d(G)is 1.07 to 1.11,
and becomes even more preferable when the value of d(R)
divided by d(G) is 1.09. Further, as shown in FIG. 33, a
similar result was achieved even when the dAn(G) value was
set to either 300 nm or 320 nm.

[0142] As shown in FIG. 34, according to the liquid crystal
display panel of Example 5, the average values of Au'v' in the
Macbeth chart became equal to or lower than 0.02 for all the
ranges, but it was found that the average values of Au'v'
becomes equal to or lower than 0.015, which is more prefer-
able, when the value of d(R) divided by d(G) is 1.05 to 1.09,
and becomes even more preferable when the value of d(R)
divided by d(G) is 1.07. Further, as seen in FIG. 34, a similar
result was achieved even when the dAn(G) value was set to
either 300 nm or 320 nm.

[0143] Next, based on the results above, a preferable range
for the liquid crystal layer thickness in the regions corre-
sponding to the red, green and blue pixel electrodes was
calculated. FIG. 35 is a graph showing a result of creating an
approximate curve by plotting the optimal values of d(R)
divided by d(G) for the values of d(B) divided by d(G). As
shown in FIG. 35, a formula representing the obtained
approximate curve was y=0.307x+0.840 (correlation coeffi-
cient R*=0.998).

[0144] As a result, it was found that a preferable range for
the liquid crystal layer thickness in the regions corresponding
to the red, green and blue pixel electrodes was R:G:B=(“0.
3*d(B)+0.82” to “0.3*d(B)+0.867):1:0.7 t0 0.9, or more pref-
erably, R:G:B="0.3*d(B)+0.84:1:0.7 t0 0.9.

[0145] Evaluation Test 5

[0146] In order to verify improvement effects of display
characteristics by a TIR, a liquid crystal display panel of
Example 6 in which light is diffused by a TIR in directions in
which no characteristic improvement effects by the two
domain orientation division were achieved, and a liquid crys-
tal display panel of the reference example 5 in which light is
not diffused by the TIR in directions in which no effect by the
two domain orientation division was achieved were manufac-
tured, and then, a gamma characteristics change and a chro-
maticity change between when viewed in the front direction
and when viewed in oblique directions were measured.
[0147] FIGS.36 and 37 show aresult ofthe measurement of
the reference example 5, and FIGS. 38 and 39 show a result of
the measurement of Example 6. FIGS. 36 and 38 are graphs
showing relative relationships among the respective grada-
tion values of X, Y and Z when viewed in the front direction
and when viewed in oblique directions (direction tilted 45°
upward, downward, left or right from the front direction).
FIGS. 37 and 39 are graphs showing values of the amount of
each color’s chromaticity change based on a Macbeth chart,
and their average values.

[0148] As seen in FIG. 36, when light is not diffused by a
TIR, significant shifts in gradation value were seen for the
gradation of all of X, Y and Z between the front gradation and
the oblique gradation. Specifically, higher values were
obtained in the oblique gradation between the front gradation
and the oblique gradation. Moreover, as seen in FIG. 37, a
significant change in the u'v' values was seen for most of the
colors in the Macbeth chart.

[0149] Incontrast, as seen in FIG. 38, when light is diffused
by a TIR, shifts in the gradation values were significantly
improved for the gradation of all of X, Y and Z between the
front gradation and the oblique gradation. Moreover, as seen
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in FIG. 39, significant improvements were seen in a chroma-
ticity change for most of the colors in the Macbeth chart of
Example 6. Especially, the Au'v' values became equal to or
lower than 0.01 for almost all the colors, achieving a degree
that a chromaticity change is hardly recognized between
when viewed in the front direction and when viewed in
oblique directions.

[0150] Furthermore, Example 6 having only one TIR was
able to greatly improve lowering of the front luminance and
lowering of the front contrast, and also to achieve a good
display in which the occurrence of a blurred image and moire
is hardly recognized compared to when two TIRs are formed.
[0151] The present application claims priority of Japanese
Patent Application 2009-016503 filed on Jan. 28, 2009, based
on the regulations of Paris Convention or other laws of the
countries that are entered. The entire content of that applica-
tion is hereby incorporated by reference in the present appli-
cation.

DESCRIPTION OF REFERENCE CHARACTERS

[0152] 10: active matrix substrate
[0153] 11: pixel electrode

[0154] 11R: red pixel electrode
[0155] 11G: green pixel electrode
[0156] 11B: blue pixel electrode
[0157] 12: slit (on pixel electrodes)
[0158] 13, 23: supporting substrates
[0159] 14, 24: polarizing plates
[0160] 20: color filter substrate
[0161] 21:ribs

[0162] 22: color filter

[0163] 22R: red color filter

[0164] 22G: green color filter
[0165] 22B: blue color filter

[0166] 25: common electrode

[0167] 26: slit (on common electrode)
[0168] 41: TIR (vertical direction)

[0169] 42: TIR (horizontal direction)
[0170] 50: liquid crystal layer

[0171] 51: liquid crystal molecule

[0172] 62: gate signal wire

[0173] 63: source signal wire

[0174] 64: TFT

[0175] 71: first region

[0176] 72: second region

[0177] 81: transparent high refractive index resin
[0178] 82: black low refractive index resin
[0179] 83: lens part

[0180] 84: absorber part

1. A liquid crystal display panel, comprising:

a pair of substrates, at least one of which includes a plural-
ity of pixel electrodes including red, green and blue pixel
electrodes; and

a liquid crystal layer disposed between said pair of sub-
strates,

wherein for each pixel, said liquid crystal layer is divided
into a first region and a second region that have liquid
crystal molecules different in directions of inclination
from each other,

wherein when voltage equal to or higher than a threshold is
applied, liquid crystal molecules positioned in said first
region and liquid crystal molecules positioned in said
second region are both oriented either vertically or hori-
zontally when said pair of substrates is viewed in a front
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direction, and are oriented in directions oblique to a
substrate surface and symmetrically to each other when
said pair of substrates is viewed in a cross-sectional
direction, and

wherein said liquid crystal layer has a smaller thickness in
aregion corresponding to the blue pixel electrode than in
a region corresponding to the green pixel electrode and
in a region corresponding to the red pixel electrode.

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

wherein said liquid crystal layer has a smaller thickness in
the region corresponding to the green pixel electrode
than in the region corresponding to the red pixel elec-
trode.

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

wherein when said pair of substrates is viewed in the front
direction, liquid crystal molecules in said liquid crystal
layer are oriented in vertical directions, and

wherein a shape of said pixel electrode is longer in a hori-
zontal direction than in a vertical direction.

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

wherein when said pair of substrates is viewed in the front
direction, liquid crystal molecules of said liquid crystal
layer are oriented in horizontal directions, and

wherein a shape of said pixel electrode is longer in a ver-
tical direction than in a horizontal direction.

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

wherein when said pair of substrates is viewed in the front
direction, liquid crystal molecules in said liquid crystal
layer are oriented in vertical directions, and

wherein said liquid crystal display panel includes a diffu-
sion sheet to block light incident from oblique directions
to a substrate surface and to guide light incident from a
direction perpendicular to the substrate surface in verti-
cal directions.
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6. The liquid crystal display panel according to claim 1,

wherein when said pair of substrates is viewed in the front
direction, liquid crystal molecules of said liquid crystal
layer are oriented in horizontal directions, and

wherein said liquid crystal display panel includes a diffu-
sion sheet to block light incident from oblique directions
to a substrate surface and to guide light incident from a
direction perpendicular to the substrate surface in hori-
zontal directions.

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

wherein said liquid crystal layer thickness is set such that a
value of a liquid crystal layer thickness in the region
corresponding to the blue pixel electrode d(B) divided
by a liquid crystal layer thickness in the region corre-
sponding to the green pixel electrode d(G) is 0.7 to 0.9.

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

wherein said liquid crystal layer thickness is set such that a
value of a liquid crystal layer thickness in the region
corresponding to the blue pixel electrode d(B) divided
by a liquid crystal layer thickness in the region corre-
sponding to the red pixel electrode d(R) is 0.7 to 0.9.

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

wherein said liquid crystal layer thickness is set such that a
liquid crystal layer thickness in the region correspond-
ing to the blue pixel electrode d(B): a liquid crystal layer
thickness in the region corresponding to the green pixel
electrode d(G): a liquid crystal layer thickness in the
region corresponding to the red pixel electrode d(R)
satisfies 0.7 to 09:1: (03*d(B)+0.82) to
(0.3*d(B)+0.860).
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