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(57) A vertical alignment liquid crystal panel based
on a transverse electric field drive system is provided
which shows few changes in color when looked squarely
at. A liquid crystal panel (2) is a vertical alignment liquid
crystal panel based on a transverse electric field drive
system, which carries out a display by driving, with a
transverse electric field, a liquid crystal layer (50) sand-
wiched between substrates (10, 20), and the substrate
(10) is provided with an insulating layer (25) having at
least two regions that are different in relative permittivity
from each other in a pixel (6) composed of a red subpixel
(6R), a green subpixel (6G), and a blue subpixel (6B).
Those regions of the insulating layer (25) which corre-
spond to the blue, green, and red subpixel (6B, 6G, 6R)
in the liquid crystal panel (2) have relative permittivities
of 3, 3to 7, and 4 to 7, respectively.
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Description
Technical Field

[0001] The present invention relates to liquid crystal panels and liquid crystal display devices and, more specifically,
to (i) a liquid crystal panel in which transmission of light is controlled by applying a transverse electric field to a vertical
alignment liquid crystal cell whose liquid crystal molecules are aligned along a direction perpendicular to the substrates
when no voltage is applied and (ii) a liquid crystal display device including such a liquid crystal panel.

Background Art

[0002] Among various display devices, liquid crystal display devices have such advantages as thinness, light weight,
and low power consumption. For this reason, in recent years, liquid crystal display devices have been widely used
instead of CRTs (cathode-ray tubes) in various fields of TVs (televisions), monitors, mobile devices such as cellular
phones, etc.

[0003] Aliquid crystal display device has its display system determined according to the way in which the liquid crystals
are aligned within the liquid crystal cell. A liquid crystal display device of a conventionally known display system is an
MVA mode liquid crystal display device. The MVA mode is a system under which a vertical electric field is applied by
providing the electrodes of the active-matrix substrate with slits and providing the counter electrodes of the counter
substrate with liquid crystal alignment controlling projections (ribs) so that the liquid crystals are aligned along multiple
directions while controlling the alignment directions by using the ribs and the slits.

[0004] An MVA mode liquid crystal display device achieves a wide viewing angle by tilting the liquid crystal molecules
along multiple directions when a voltage is applied. Further, since the MVA mode is a vertical alignment mode, the MVA
mode can give higher contrast than a horizontal alignment mode such as an IPS (in-plain switching) mode. However,
the MVA mode undesirably requires complex manufacturing steps.

[0005] In order to solve the processing problems with the MVA mode, a display system has been proposed (e.g., see
Patent Literature 1) under which an electric field parallel to the substrate surfaces (so-called transverse electric field) is
applied by using comb electrodes in a vertical alignment liquid crystal cell whose liquid crystal molecules are aligned
along a direction perpendicular to the substrates when no voltage is applied.

[0006] The display system of Patent Literature 1 controls the direction of alignment of the liquid crystal molecules by
driving with a transverse electric field while keeping the high-contrast characteristic based on vertical alignment. Unlike
the MVA mode, the display system of Patent Literature 1 does not require control of alignment with use of projections,
and as such, is simple in pixel configuration and has an excellent viewing angle characteristic.

Citation List

[0007] Patent Literature 1

Japanese Patent Application Publication, Tokukaihei, No. 10-186351 A (Publication Date: July 14, 1998)
[0008] Patent Literature 2

Japanese Patent Application Publication, Tokukai, No. 2002-23179 A (Publication Date: January 23, 2002)
[0009] Patent Literature 3

Japanese Patent Application Publication, Tokukaihei, No. 10-133190 A (Publication Date: May 22, 1998)
[0010] Patent Literature 4

Japanese Patent Application Publication, Tokukai, No. 2000-193977 A (Publication Date: July 14, 2000)

Summary of Invention
Technical Problem

[0011] However, such a conventional vertical alignment liquid crystal panel based on a transverse electric field drive
system has such a problem that the color of white appears yellowish when the liquid crystal display element is looked
squarely at.

[0012] The present invention has been made in view of the foregoing problems, and it is an object of the present
invention to provide a vertical alignment liquid crystal panel, based on a transverse electric field drive system, which
shows few changes in color when looked squarely at and a liquid crystal display device including such a liquid crystal panel.
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Solution to Problem

[0013] In order to solve the foregoing problems, a liquid crystal panel according to the present invention is a liquid
crystal panel including: a first substrate having at least first and second electrodes provided therein; a second substrate
placed opposite the first substrate; and a liquid crystal layer sandwiched between the first substrate and the second
substrate, the liquid crystal panel being a vertical alignment liquid crystal panel based on a transverse electric field drive
system, in which the liquid crystal layer is driven by a transverse electric field generated between the electrodes provided
in the first substrate and in which when no electric field is applied, liquid crystal molecules in the liquid crystal layer are
aligned perpendicularly to the first and second substrates, at least either the first or second substrate being provided
with a first insulating layer having at least two regions that are different in relative permittivity from each other in each
pixel so that at least two regions that are different in shape of equipotential lines from each other are formed in the each
pixel when the transverse electric field is generated, the each pixel being composed of a red subpixel, a green subpixel,
and a blue subpixel, that region of the first insulating layer which corresponds to the blue subpixel having a relative
permittivity of 3, that region of the firstinsulating layer which corresponds to the green subpixel having a relative permittivity
of 3to 7, that region of the first insulating layer which corresponds to the red subpixel having a relative permittivity of 4 to 7.
[0014] Further, in order to solve the foregoing problems, a liquid crystal panel according to the present invention is a
liquid crystal panel including: a first substrate having at least first and second electrodes provided therein; a second
substrate placed opposite the first substrate; and a liquid crystal layer sandwiched between the first substrate and the
second substrate, the liquid crystal panel being a vertical alignment liquid crystal panel based on a transverse electric
field drive system, in which the liquid crystal layer is driven by a transverse electric field generated between the electrodes
provided in the first substrate and in which when no electric field is applied, liquid crystal molecules in the liquid crystal
layer are aligned perpendicularly to the first and second substrates, at least either the first or second substrate being
provided with an insulating layer, the liquid crystal layer having pixels each composed of a red subpixel, a green subpixel,
and a blue subpixel, that region of the insulating layer which corresponds to the blue subpixel having a relative permittivity
of 3, that region of the insulating layer which corresponds to the green subpixel having a relative permittivity of 3 to 7,
that region of the insulating layer which corresponds to the red subpixel having a relative permittivity of 4 to 7.

[0015] According to each of the foregoing configurations, in such a vertical alignment liquid crystal panel based on a
transverse electric field drive system, at least one of the first and second substrates is provided with an insulating layer,
and those regions of the insulating layer (first insulating layer) which correspond to the blue, green, and red subpixels
have the relative permittivities specified above, respectively; therefore, a tone reversal can be prevented and, moreover,
VT (voltage-transmittance) curves obtained in the blue, green, and red subpixels can be made similar in shape to one
another. For this reason, each of the foregoing configurations makes it possible to provide a liquid crystal panel that
shows few changes in color as observed when the liquid crystal panel is looked squarely at.

[0016] Further, in a case where the liquid crystal panel includes, in each pixel, at least two regions of the insulating
layer (first insulating layer) that are different in relative permittivity from each other, at least two regions that are different
in shape of equipotential lines from each other are formed in each pixel when the transverse electric field is generated.
Since, in this case, at least two regions that are different in alignment direction of liquid crystal molecules from each
other are formed in each pixel, regions having different VT curves can be formed in each pixel. This makes it possible,
as a result, to subject the liquid crystal panel to VT multiplication and improve the viewing angle characteristic of the
liquid crystal panel. Specifically, for example, excess brightness as observed from an oblique angle can be reduced.
[0017] Further, according to each of the foregoing configurations, VT multiplication can be easily carried out simply
by partially changing the relative permittivity of the insulating layer (first insulating layer).

[0018] Therefore, as described above, in case where the liquid crystal panel includes, in each pixel, at least two regions
of the insulating layer (first insulating layer) that are different in relative permittivity from each other, a liquid crystal panel
can be provided which shows few changes in color when looked squarely at, which has an excellent viewing angle
characteristic, and which can be manufactured through simple steps.

[0019] Moreover, since the liquid crystal panel is a vertical alignment liquid crystal panel based on a transverse electric
field drive system ad such a liquid crystal panel has a arched (bent) liquid crystal alignment distribution formed within
the cell when a transverse electric field is applied, it is possible to achieve high-speed response based on bend alignment,
a wide viewing angle based on a self-compensating array, and high contrast based on vertical alignment.

[0020] Further, a liquid crystal display device according to the present invention includes such a liquid crystal panel
according to the present invention.

[0021] According to the foregoing configuration, the liquid crystal display device includes the liquid crystal panel,
thereby providing a liquid crystal display device that shows few changes in color when the liquid crystal display device
is looked squarely at.
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Advantageous Effects of Invention

[0022] A liquid crystal panel and a liquid crystal panel according to the present invention are each configured such
that in such a vertical alignment liquid crystal panel based on a transverse electric field drive system, at least one of the
first and second substrates is provided with an insulating layer, and those regions of the insulating layer (first insulating
layer) which correspond to the blue, green, and red subpixels have the relative permittivities specified above, respectively;
therefore, a tone reversal can be prevented and, moreover, VT (voltage-transmittance) curves obtained in the blue,
green, and red subpixels can be made similar in shape to one another. For this reason, the present invention makes it
possible to provide a liquid crystal panel that shows few changes in color as observed when the liquid crystal panel is
looked squarely at.

[0023] Further, in a case where the liquid crystal panel includes, in each pixel, at least two regions of the insulating
layer (first insulating layer) that are different in relative permittivity from each other, at least two regions that are different
in shape of equipotential lines from each other are formed in each pixel when the transverse electric field is generated.
Since, in this case, at least two regions that are different in alignment direction of liquid crystal molecules from each
other are formed in each pixel, regions having different VT curves can be formed in each pixel. This makes it possible,
as a result, to subject the liquid crystal panel to VT multiplication and improve the viewing angle characteristic of the
liquid crystal panel.

[0024] Therefore, as described above, in case where the liquid crystal panel includes, in each pixel, at least two regions
of the insulating layer (first insulating layer) that are different in relative permittivity from each other, a liquid crystal panel
can be provided which shows few changes in color when looked squarely at, which has an excellent viewing angle
characteristic, and which can be manufactured through simple steps.

Brief Description of Drawings
[0025]

Fig. 1

Fig. 1is a cross-sectional view schematically showing a configuration of a main part of a liquid crystal panel according
to Embodiment 1 of the present invention.

Fig. 2

Fig. 2 is a plan view showing a relationship between comb electrodes of the liquid crystal panel shown in Fig. 1 and
electric field regions that are different in shape of equipotential lines.

Fig. 3

Fig. 3 is a cross-sectional view schematically showing a configuration of a liquid crystal display device according to
Embodiment 1 of the present invention.

Fig. 4

Fig. 4 is a cross-sectional view schematically showing a configuration of a main part of a comparative liquid crystal
panel.

Fig. 5

Fig. 5 is a cross-sectional view schematically showing a configuration of a main part of another comparative liquid
crystal panel.

Fig. 6

Fig. 6 is a diagram showing a distribution of fields within a liquid crystal cell of the liquid crystal panel according to
Embodiment 1 of the present invention and a distribution of liquid crystal directors within the liquid crystal cell.
Fig. 7

Fig. 7 is a diagram showing a distribution of fields within a liquid crystal cell of the liquid crystal panel shown in Fig.
4 and a distribution of liquid crystal directors within the liquid crystal cell.

Fig. 8

Fig. 8 is a set of diagrams (a) through (c) showing relationships between the orientation of the director of a liquid
crystal molecule and directions in which light beams travel, with different voltages applied to the liquid crystal
molecule, respectively, (a) showing a relationship between the orientation of the director of the liquid crystal molecule
and directions in light beams travel, with no voltage being applied to the liquid crystal molecule, (b) showing a
relationship between the orientation of the director of the liquid crystal molecule and directions in light beams travel,
with an intermediate voltage being applied to the liquid crystal molecule, (c) showing a relationship between the
orientation of the director of the liquid crystal molecule and directions in light beams travel, with a normal voltage
being applied to the liquid crystal molecule.

Fig. 9

Fig. 9 is a set of diagrams (a) through (c) each showing a relationship between the orientation of the director of a
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liquid crystal molecule and a direction in which a light beam travels, with an intermediate voltage being applied to
the liquid crystal molecule, (a) showing a relationship between the orientation of the director of a liquid crystal
molecule in a first electric field region in the liquid crystal panel according to Embodiment 1 of the present invention
and a direction in which a light beam travels, with an intermediate voltage being applied to the liquid crystal molecule,
(b) showing a relationship between the orientation of the director of a liquid crystal molecule in a second electric
field region in the liquid crystal panel according to Embodiment 1 of the present invention and a direction in which
alightbeam travels, with anintermediate voltage being applied to the liquid crystal molecule, (c) showing arelationship
between the orientation of the director of a liquid crystal molecule in a first electric field region in the liquid crystal
panel used in Comparative Example 1 and a direction in which a light beam travels, with an intermediate voltage
being applied to the liquid crystal molecule.

Fig. 10

Fig. 10 is a graph showing (i) VT curves obtained in the electric field regions in the liquid crystal panel according
Embodiment 1 of the presentinvention by using two types of insulating material that are different in relative permittivity
from each other, respectively, and (ii) a VT curve obtained by combining these VT curves, as observed when the
liquid crystal panel is looked squarely at.

Fig. 11

Fig. 11 is a graph showing oblique gradations with respect to a square gradation of the liquid crystal panel according
to Embodiment 1 of the present invention.

Fig. 12

Fig. 12 is a graph showing oblique gradations with respect to a square gradation of the liquid crystal panel shown
in Fig. 4.

Fig. 13

Fig. 13 is a graph showing VT curves obtained by varying relative permittivity from one insulating material to another
in the liquid crystal panel according to Embodiment 1 of the present invention.

Fig. 14

Fig. 14 is a graph showing oblique tone-luminance ratios with respect to the square gradation in the liquid crystal
panel according to Embodiment 1 of the present invention.

Fig. 15

Fig. 15 is a graph showing VT curves obtained by varying the relative permittivity of an insulating layer in a blue
subpixel of the liquid crystal panel according to Embodiment 1 of the present invention.

Fig. 16

Fig. 16 is a graph showing VT curves obtained by varying the relative permittivity of an insulating layer in a green
subpixel of the liquid crystal panel according to Embodiment 1 of the present invention.

Fig. 17

Fig. 17 is a graph showing VT curves obtained by varying the relative permittivity of an insulating layer in a red
subpixel of the liquid crystal panel according to Embodiment 1 of the present invention.

Fig. 18

Fig. 18 is a graph showing white-state VT curves obtained by combining R, G, and B VT curves as observed from
a square angle.

Fig. 19

Fig. 19 is a graph showing VT curves obtained by varying relative permittivity in a subpixel of each color.

Fig. 20

Fig. 20 is a graph showing VT curves against normalized transmittance that rise in identical shapes to a VT curve
representing a blue subpixel with a relative permittivity of 3, with varying relative permittivity in an insulating layer
in a subpixel of each color.

Fig. 21

Fig. 21 is a cross-sectional view schematically showing a configuration of a main part of a liquid crystal panel
according to Embodiment 2 of the present invention.

Fig. 22

Fig. 22 is a graph showing oblique tone-luminance ratios with respect to a square gradation in the liquid crystal
panel according to Embodiment 2 of the present invention.

Fig. 23

Fig. 23 is a graph showing oblique tone-luminance ratios with respect to a square gradation in the liquid crystal
panel according to Embodiment 3 of the present invention.

Fig. 24

Fig. 24 is a graph showing oblique tone-luminance ratios with respect to a square gradation in the liquid crystal
panel according to Embodiment 3 of the present invention.

Fig. 25
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Fig. 25 is a cross-sectional view schematically showing a configuration of a main part of a conventional vertical
alignment liquid crystal panel based on a transverse electric field drive system.

Fig. 26

Fig. 26 shows VT curves obtained in subpixels in the conventional vertical alignment liquid crystal panel based on
a transverse electric field drive system shown in Fig. 25, when the liquid crystal panel is looked squarely at.

Fig. 27

Fig. 27 is a graph showing oblique tone-luminance ratios with respect to a square gradation in the liquid crystal
panel shown in Fig. 25.

Fig. 28

Fig. 28 is a plan view schematically showing a configuration of a main part of a liquid crystal display device described
in Patent Literature 2.

Fig. 29

Fig. 29 is a cross-sectional view schematically showing a configuration of a main part of a liquid crystal display
device described in Patent Literature 3.

Fig. 30

Fig. 30 is a set of cross-sectional views (a) and (b) each schematically showing a configuration of a main part of a
liquid crystal display device described in Patent Literature 4.

Fig. 31

Fig. 31 is another cross-sectional view schematically showing a configuration of a main part of a liquid crystal display
device described in Patent Literature 4.

Description of Embodiments

[0026] In order to suppress a change in color that occurs in a vertical alignment liquid crystal panel based on a
transverse electric field drive system when the liquid crystal panel is looked squarely at, the inventors first investigated
the causes of such a change in color.

[0027] Accordingly, prior to a description of the present invention, a configuration of a conventional vertical alignment
liquid crystal panel 300 based on a transverse electric field drive system is first schematically described below with
reference to Fig. 25.

[Liquid Crystal Panel 300]

[0028] Fig. 25 is a cross-sectional view schematically showing a configuration of a main part of a conventional vertical
alignment liquid crystal panel 300 based on a transverse electric field drive system.

[0029] As shown in Fig. 25, the liquid crystal panel 300 includes a substrate 60 (array substrate), a substrate 70
(counter substrate), and a liquid crystal layer 50 sandwiched between the substrate 60 and the substrate 70.

[0030] The substrate 60 includes a glass substrate 11, comb electrodes 14 and 15 stacked on the glass substrate 11,
and an alignment film 16 stacked on the glass substrate 11 and the comb electrodes 14 and 15.

[0031] The comb electrodes 14 and 15 have their branch electrodes 14A (14A1, 14A2, ... 14Am, where m is an integer
of 1 or greater) and branch electrodes 15A (15A1, 15A2, ... 15An, where n is an integer of 1 or greater) disposed
alternately in such a manner as to engage with one another. It should be noted here that the branch electrodes 14A and
15A are equivalent to the teeth of combs.

[0032] The comb electrode 14 (first electrode), which is one of the comb electrodes 14 and 15, is a common electrode,
and the other comb electrode 15 (second electrode) is a pixel electrode.

[0033] Further, the alignment film 16 is a vertical alignment film that causes the liquid crystal molecules of the liquid
crystal layer to be aligned perpendicularly to the substrate surfaces when no voltage is applied. The alignment film 16
is provided on the glass substrate 11 in such a manner as to cover the comb electrodes 14 and 15.

[0034] Further, the substrate 70 includes a glass substrate 21, R (red), G (green), and B (blue) color filters 22 stacked
on the glass substrate 21, a black matrix 23 stacked on the glass substrate 21, and an alignment film 26 stacked on the
color filters 22 and the black matrix 23.

[0035] Each pixel 6 (i.e., a single pixel) is constituted by three subpixels, namely R, G, and B subpixels 6R, 6G, and
6B (dots). As shown in Fig. 25, the subpixels 6R, 6G, and 6B are provided with the R, G, and B color filters 22, which
transmit R, G, and B lights at the respective wavelengths.

[0036] The following gives a specific description of a method for manufacturing a liquid crystal panel 300 used for
verification.

[0037] First, as shown in Fig. 25, comb electrodes 14 and 15 of ITO 1000 A in thickness and 4 pm in electrode width
L were formed at an interelectrode space S of 4 wm from each other on a glass substrate 11.

[0038] Next, alignment film paint (y-butyrolactone solution marketed as "JALS-204" with a solid content of 5% by
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weight) manufactured by JSR Corporation was applied onto the glass substrate 11 by spin coating in such a manner as
to cover the comb electrodes 14 and 15. After that, by sintering for two hour at 200°C, a substrate 60 was formed which
had a surface that would face a liquid crystal layer 50 and which had an alignment film 16 provided as a vertical alignment
film on that surface.

[0039] Meanwhile, color filters 22 and a black matrix 23, each 1.2 um in thickness, were formed on a glass substrate
21 in the usual manner. Next, a vertical alignment film was formed as an alignment film 26 on the color filters 22 and
the black matrix 23 by using the same material and the same process as those used to form the alignment film 16. Thus
formed was a substrate 70 in which the color filters 22 and the black matrix 23 were stacked on the glass substrate 21
and the alignment film 26 was stacked on the color filters 22 and the black matrix 23. Further, the alignment films 16
and 26 thus formed each had a dry film thickness of 1000 A (= 0.1 p.m).

[0040] After that, resin beads 3.25 pm in diameter (marketed as "Micropearl SP20325"; manufactured by Sekisui
Chemical Co., Ltd.) were dispersed as spacers onto one of the substrates 60 and 70. Meanwhile, a sealing resin (marketed
as "Structbond XN-21S"; manufactured by Mitsui Toatsu Chemicals, Inc.) was printed as a sealing agent on the other
substrate that faced the above substrate.

[0041] Next, the substrates 60 and 70 were joined together and sintered for one hour at 135°C.

[0042] After that, a positive liquid crystal material (Ae = 20, An = 0.15) manufactured by Merck & Co., Inc was encap-
sulated as a liquid crystal material in a space between the substrates 60 and 70 by a vacuum injection method, whereby
a liquid crystal cell 301 was fabricated in which the liquid crystal layer 50 was sandwiched between the pair of substrates
60 and 70.

[0043] Then, polarizing plates 35 and 36 were joined on the front and back surfaces of the liquid crystal cell 301 so
that the transmission axes of the polarizing plates 35 and 36 were orthogonal to each other and the direction of extension
of the respective branch electrodes 14A and 15A of the comb electrodes 14 and 15 and the transmission axes of the
polarizing plates 35 and 36 form an angle of 45 degrees. In this manner, the liquid crystal panel 300 shown in Fig. 25
was fabricated.

[0044] Fig. 26 shows VT curves obtained in the subpixels 6R, 6G, and 6B in the conventional vertical alignment liquid
crystal panel 300 based on a transverse electric field drive system shown in Fig. 25, when the liquid crystal panel 300
is looked squarely at (from a polar angle of 0 degree). In Fig. 26, the horizontal axis represents applied voltage, and the
vertical axis represents normalized transmittance (transmittance ratio) obtained by normalizing transmittance.

[0045] Further, Table 1 shows a relationship between the applied voltage and the normalized transmittance in the
subpixels 6R, 6G, and 6B as shown in Fig. 26.

[Table 1]

Transmittance

B G R

oV 1% 0% 0%
1V 1% 0% 0%
2V 1% 0% 0%
3V | 59% 37% 30%
Applied voltage | 4V 89% 72% 63%
5V | 91% 89% 83%
6V | 85% 98% 94%
7V | 80% | 100% 98%
8V | 73% | 100% | 100%

[0046] As shown in Fig. 26, while the VT curves obtained in the R (red) subpixel 6R and the G (green) subpixel 6G
are identical in shape to each other, the VT curve obtained in the B (blue) subpixel 6B reaches its maximum value at a
lower voltage than those obtained in the subpixels 6R and 6G and then turns down to a lower level than those obtained
in the subpixels 6R and 6G.

[0047] For this reason, in the liquid crystal panel 300, the color of white, which is made by mixing the three colors of
R, G, and B, appears yellowish due to a decrease in the B component (blue component). This is the reason why such
a change in color occurs in the vertical alignment liquid crystal panel 300 based on a transverse electric field drive system
when the liquid crystal panel 300 is looked squarely at.
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[0048] Therefore, in order to prevent a change in color from occurring as a result of the application of voltage, it is
desirable that the VT curves obtained in the subpixels 6R, 6G, and 6B be identical in shape to one another.

[0049] Accordingly, in order to make the VT curves obtained in the R, G, and B subpixels 6R, 6G, and 6B uniform in
shape, the inventors first attempted to partially change a V-T characteristic in a driven pixel to give the driven pixel two
or more different V-T characteristics (hereinafter referred to as "VT multiplication") .

[0050] Among various display devices, liquid crystal display devices have such advantages as thinness, light weight,
and low power consumption, but have such problems as narrow viewing angle characteristics. A possible reason for
this is that liquid crystal display devices vary in display characteristic depending on viewing angles.

[0051] A liquid crystal display device carries out a display by applying an electric field to the liquid crystal layer so that
the liquid crystal molecules in the liquid crystal cell move (rotate) and thereby controlling the amount of light that travels
through the liquid crystal cell. However, since the liquid crystal molecules are rod-shaped, they vary in birefringent state,
for example, between a case where the liquid crystal panel of the liquid crystal display device is looked squarely at and
a case where the liquid crystal panel is looked obliquely at. For this reason, V(voltage)-T(transmittance) characteristics
vary depending on viewing angles.

[0052] This results in such a problem that there occurs an excess brightness phenomenon, for example, as observed
from an oblique angle so that the content of a display on the liquid crystal panel becomes hard to look at from an oblique
angle. It should be noted that the term "excess brightness phenomenon as observed from an oblique angle" means a
phenomenon (excess luminance) where the transmittance as observed from an oblique angle in a black display during
the application of voltage is not sufficiently low, so that the display appears excessively bright.

[0053] Inorder to solve such problems, some technologies have recently been proposed for improving a viewing angle
characteristic by averaging, through VT multiplication, V-T mismatches between a case where the liquid crystal panel
is looked squarely at and a case where the liquid crystal panel is looked obliquely at (e.g., see Patent Literatures 2 to 4).
[0054] Fig. 28 is a plan view schematically showing a configuration of a main part of a liquid crystal display device
described in Patent Literature 2.

[0055] As shown in Fig. 28, the liquid crystal display device described in Patent Literature 2 is a horizontal-alignment
and transverse-electric-field-driven liquid crystal display device, such as an IPS mode, which carries out a display by
applying, to a horizontal alignment liquid crystal cell whose liquid crystal molecules 404 are aligned along a direction
parallel to the substrate surfaces when no voltage is applied, a transverse electric filed that is generated between drive
electrodes 402 and 403 (a pixel electrode and a common electrode) provided on a substrate 401.

[0056] When, in such a horizontal-alignment and transverse-electric-field-driven liquid crystal display device, VT mul-
tiplication is carried out by providing the drive electrodes 402 and 403 with bend sections 402a and 403a and forming
the drive electrodes so that the shapes of the drive electrodes are symmetrical about a line A-A connecting the bend
sections 402a and 403a, electric fields are generated in different directions in two regions between the drive electrodes
divided by the line A-A.

[0057] For this reason, when, in such a horizontal-alignment and transverse-electric-field-driven liquid crystal display
device, the drive electrodes are provided with the bend sections 402a and 403a as described above, the two regions
are given different colors as observed from an oblique angle in a white display state, and the different colors compensate
for each other, so that a reduction in coloring is achieved.

[0058] However, in such a liquid crystal display device, it is necessary to form the drive electrodes 402 and 403 in
such a manner that the aperture ratio of a pixel region is kept high. For this reason, the electrodes cannot be formed
close to each other, and the application of a low voltage results in a small electric field; therefore, it takes time to respond.
[0059] In view of this, Patent Literature 2 gradually changes the interelectrode space between the drive electrodes
402 and 403 within the pixel by further making the drive elements 402 and 403 different in bending angle from each
otheras shownin Fig. 28 and thereby gradually changes the ratio of the width of each of the electrodes to the interelectrode
space within the pixel.

[0060] By so doing, Patent Literature 2 achieves a reduction in coloring as observed from an oblique angle, and at
the same time, achieves an improvement in response in a halftone display by causing the application of a high voltage
to result in great field intensity in a part where the interelectrode space is wide and by causing a large electric field to
be applied with a low voltage in a part where the interelectrode space is narrow.

[0061] However, the method described in Patent Literature 2 causes a decrease in aperture ratio because an increase
in angle difference leads to an increase in the amount of space that is occupied by the drive electrodes within the pixel.
For this reason, such a method for carrying out VT multiplication by providing the drive electrodes 402 and 403 with the
bend sections 402a and 403a as in Patent Literature 2 is greatly restricted by the aperture ratio anyway.

[0062] Fig. 29 is a cross-sectional view schematically showing a configuration of a main part of a liquid crystal display
device described in Patent Literature 3.

[0063] As shown in Fig. 29, the liquid crystal display device described in Patent Literature 3 is a horizontal-alignment
and transverse-electric-field-driven liquid crystal display device which includes a horizontal alignment liquid crystal cell
520 whose pair of substrates 501 and 511 have alignment films 502 and 512 that are identical in rubbing direction to
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each other and which carries out a display by applying, to the liquid crystal cell 520, a transverse electric filed that is
generated between a pixel electrode 503 and a common electrode 504 that are provided on the substrate 501.

[0064] Patent Literature 3 discloses that a liquid crystal display device that is completely free of coloring regardless
of which angle it is looked at from can be achieved through carrying out VT multiplication by, as shown in Fig. 29,
providing the other substrate 511 with R (red), G (green), and B (blue) color layers 513 to 515 that transmit different
wavelengths from one another and varying cell thicknesses dR, dG, and dB from one another within the pixel according
to the wavelengths that the color layers 513 to 515 transmit.

[0065] However, as mentioned above, the technology described in Patent Literature 3 makes it necessary to vary the
cell thicknesses dR, dG, and dB from one another within the pixel according to the wavelengths that the color layers
513 to 515 transmit. This imposes strict technical constraints on cell thickness setting and, furthermore, complicates the
manufacturing processes.

[0066] (a) and (b) of Fig. 30 and Fig. 31 are cross-sectional views each schematically showing a configuration of a
main part of a liquid crystal display device described in Patent Literature 4.

[0067] As shown in (a) and (b) of Fig. 30 and Fig. 31, the liquid crystal display device described in Patent Literature
4 is a longitudinal-electric-field-driven (vertical-alignment and longitudinal-electric-field-driven or horizontal-alignment
and transverse-electric-field-driven) liquid crystal display device that carries out a display by applying, to a liquid crystal
layer 603 sandwiched between a pair of substrates (not illustrated) provided with drive electrodes 601 and 602 respec-
tively, a longitudinal electric field that is generated between the drive electrodes 601 and 602.

[0068] In the example shown in (a) of Fig. 30, VT multiplication is carried out by providing an insulating layer 604 on
the drive electrode 601 1 of one of the pair of substrates. Further, in the example shown in (b) of Fig. 30, VT multiplication
is carried out by providing insulating layers 604 on the drive electrodes 601 and 602 provided on the substrates, respec-
tively.

[0069] According to Patent Literature 4, when, in such a longitudinal-electric-field-driven liquid crystal display device
as those shown in (a) and (b) of Fig. 30 and Fig. 31, an insulating layer 604 that aims an applied longitudinal electric
field into different directions in the pixel region is provided on at least either of the drive electrodes, the insulating layer
604 causes electric lines of force to be inclined from the perpendicular to the drive electrodes 601 and 602, for example,
as indicated by dotted lines in (a) and (b) of Fig. 30.

[0070] Furthermore, in the example shown in Fig. 31, VT multiplication is carried out by evenly forming an insulating
layer 604 on the drive electrode 601 of one of the pair of substrates and then irradiating a region 604a of the insulating
layer 604 with ultraviolet rays so that the region 604 irradiated with ultraviolet rays is lower in relative permittivity than a
region 604b not irradiated with ultraviolet rays (¢>3). It should be noted that the example shown in Fig. 31 has vertical
alignment films 605 and 606 provided on the insulating layer 604 and the other drive electrode 602, respectively.
[0071] However, the technologies shown in (a) and (b) of Fig. 30 bring about effects in a VA mode in which electric
field driving is carried out in a vertical direction.

[0072] Meanwhile, the inventors verified the technology described in Fig. 31 for its viewing angle characteristic by
using a vertical alignment (VA) type of vertical electric field liquid crystal panel 200 shown later in Fig. 25. As a result of
the verification, the inventors were not able to sufficiently improve the viewing angle characteristic.

[0073] Therefore, although studies have conventionally been carried out on VT multiplication in various display systems,
a liquid crystal panel which shows little excess brightness when looked at from an oblique angle, which has an excellent
viewing angle characteristic, which does not require a special change in cell thickness or special design of drive electrodes,
and which can be manufactured through simple steps and a liquid crystal display device including such a liquid crystal
panel are yet to be known, let alone the object of the present invention, i.e., suppression of changes in color as observed
in front of a vertical alignment liquid crystal panel based on a transverse electric field drive system and a liquid crystal
display device including such a liquid crystal panel.

[0074] Accordingly, the inventors made it a primary object to provide a vertical alignment liquid crystal panel, based
on a transverse electric field drive system, which shows few changes in color when looked squarely at and a liquid crystal
display device including such a liquid crystal panel. Furthermore, in addiction to a reduction in change in color as observed
from a square angle, the inventors diligently studied a liquid crystal panel which shows little excess brightness when
looked at from an oblique angle, which has an excellent viewing angle characteristic, which does not require a special
change in cell thickness or special design of drive electrodes, and which can be manufactured through simple steps and
a liquid crystal display device including such a liquid crystal panel.

[0075] Thatis, the yellowish change in color tone as observed when the liquid crystal panel is looked squarely at is
due to the difference in VT curve among the colors. In order to solve this problem, VT multiplication needs to be carried
out. Further, VT multiplication is also effective in suppressing excess brightness as observed from an oblique angle.
[0076] Accordingly, as a result of their diligent study, the inventors found that a liquid crystal panel which shows no
excess brightness when looked obliquely at, which is capable of high-speed response, and which can be manufactured
through simple steps can be achieved by providing, in each pixel of a vertical alignment liquid crystal panel based on a
transverse electric field drive system, at least two regions constituted by insulating layers that are different in relative
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permittivity from each other.

[0077] As mentioned above, Patent Literature 4 discloses that VT multiplication of a VA type of liquid crystal display
device is made possible by providing an insulating layer with regions that are different in relative permittivity from each
other. However, this does not allow a sufficient improvement in viewing angle characteristic to be expected from a VA
type of liquid crystal display device.

[0078] However, as a result of their further diligent study, the inventors found, surprisingly, that providing at least either
of the substrates with an insulating layer in a vertical alignment liquid crystal panel based on a transverse electric field
drive system, partially changing the relative permittivity of the insulating layer, and providing, in each pixel, at least two
regions that are different in relative permittivity from each other not only make it possible to easily carry out VT multipli-
cation, but also sufficiently suppress excess brightness as observed from an oblique angle.

[0079] When, in such a vertical alignment liquid crystal panel based on a transverse electric field drive system, at least
two regions constituted by insulating layers that are different in relative permittivity from each other are provided in each
pixel, equipotential lines that are different in shape from each other are formed in the regions corresponding to the
respective insulating layers in the liquid crystal panel, whereby the condition of electric fields in the pixel is partially
changes and at least two electric field regions having different voltage-transmittance curves (hereafter referred to as
"VT curves") are formed in the pixel. Thus, sufficient suppression of excess brightness as observed from an oblique
angle is achieved through simple steps.

[0080] Moreover, since a vertical alignment liquid crystal panel based on a transverse electric field drive system has
a arched (bent) liquid crystal alignment distribution formed within the cell when an electric field is applied, it is possible
to achieve high-speed response based on bend alignment, a wide viewing angle based on a self-compensating array,
and high contrast based on vertical alignment.

[0081] However, the color change problem cannot be solved simply by carrying out VT multiplication as described
above.

[0082] Accordingly, the inventors further diligently studied to reduce the yellowish change in color tone as observed
when the liquid crystal panel is looked squarely at.

[0083] As aresult, the inventors found that the color as observed when the liquid crystal panel is looked squarely at
can be adjusted by combining the relative permittivities of the insulating layers in the subpixels of the respective colors
sothatthe VT curves of the respective colors are similar in shape to one another, thus accomplishing the present invention.
[0084] That is, the inventors found that providing at least either of the pair of substrates with an insulating layer in a
vertical alignment liquid crystal panel based on a transverse electric field drive system and setting the relative permittivities
of the insulating layers in the subpixels of the respective colors within particular ranges prevent a tone reversal and,
furthermore, cause the VT curves obtained in the respective subpixels to be similar in shape to one another, and that
as a result, a liquid crystal panel can be provided which shows few changes in color when looked squarely at.

[0085] Further, assuming that the sole problem to be solved is a change in color, the inventors also found that in a
case where the liquid crystal panel has an insulating layer whose relative permittivity € is 3, it is not indispensable for
the insulating layer to have, in the subpixels of the respective colors, regions that are different in relative permittivity €
from one another.

[0086] Thatis, it was found that in order to prevent a change in color from occurring as a result of the application of
voltage, it is only necessary that a tone reversal be prevented and that the VT curves obtained in the R, G, and B
subpixels 6R, 6G, and 6B be similar in shape (or, desirably, be identical in shape) to one another.

[0087] Further, the inventors found that a liquid crystal panel which shows few changes in color when looked squarely
at, which has an excellent viewing angle characteristic, and which can be manufactured through simple steps can be
provided through carrying out VT multiplication by providing at least two regions, constituted by insulating layers that
are different in relative permittivity from each other, in each pixel, composed of a plurality of subpixels having color filters
of the respective colors, of a vertical alignment liquid crystal panel based on a transverse electric field drive system and
thereby providing at least two regions that are different in shape of equipotential lines from each other and through
setting the relative permittivities of the insulating layers in the subpixels of the respective colors so that the VT curves
of the respective colors are similar in shape to one another.

[0088] The following describes embodiments of the present invention in detail.

[Embodiment 1]

[0089] An embodiment of the present invention is described below with reference to Figs. 1 through 20.

[0090] First, a configuration of a liquid crystal panel according to the present embodiment and a configuration of a
liquid crystal display device according to the present embodiment are schematically described below.

[0091] Fig. 3is a cross-sectional view schematically showing a configuration of a liquid crystal display device according
to the present embodiment.

[0092] As shown in Fig. 3, a liquid crystal display device 1 according to the present embodiment includes a liquid
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crystal panel 2 (liquid crystal display panel, liquid crystal display element), a driving circuit 3, and a backlight 4 (lighting
device). The driving circuit 3 and the backlight 4 are configured in the same manners as their conventional counterparts.
Therefore, their configurations are not described below.

[0093] Fig. 1is a cross-sectional view schematically showing a configuration of a main part of the liquid crystal panel
2. Fig. 2 is a plan view showing a relationship between comb electrodes of the liquid crystal panel 2 and electric field
regions that are different in shape of equipotential lines.

[0094] The liquid crystal panel 2 according to the present embodiment is a vertical alignment liquid crystal panel based
on a transverse electric field drive system.

[0095] As shown in Figs. 1 and 3, the liquid crystal panel 2 according to the present embodiment includes a liquid
crystal cell 5, polarizing plates 35 and 36, and, as needed, wave plates 37 and 38.

[0096] The liquid crystal cell 5 includes: a pair of substrates 10 and 20 placed opposite each other to serve as an array
substrate and a counter substrate; and a liquid crystal layer 50 sandwiched between the pair of substrates 10 and 20.
[0097] Further, at least either of the pair of substrates 10 and 20 (i.e., at least the viewer’s side substrate) includes a
transparent substrate, such as a glass substrate, serving as an insulating substrate (liquid crystal layer retaining member,
base substrate). In the following, the present embodiment is described by taking, as an example, a case where the
insulating substrate used is a glass substrate. However, the present embodiment is not to be limited to such an example.
[0098] As the substrates 10 and 20, an array substrate such as a TFT (thin-film transistor) substrate and a CF (color
filter) substrate or the like can be used, for example.

[0099] It should be noted that the following description assumes that the display surface side (viewer’s side) substrate
is an upper substrate and the other substrate is a lower substrate, and takes, as an example, a case where an array
substrate is used as the lower substrate 10 and a counter substrate is used as the upper substrate 20. However, the
present embodiment is not to be limited to such an example.

[0100] First, the components of the liquid crystal cell 5 are described here. To start with, a configuration of the substrate
10 (first substrate, array substrate) is described.

[0101] The substrate 10 is an array substrate as described above, and includes TFTs (not illustrated), for example,
serving as switching elements.

[0102] Asshownin Fig. 1, the substrate 10 includes: a glass substrate 11; a solid electrode 12 (third electrode) stacked
on the glass substrate 11; an insulating layer 13 (array-side insulating layer) stacked on the solid electrode 12; comb
electrodes 14 and 15 (first and second electrodes, see Fig. 2) stacked on the insulating layer 13; and an alignment film
16 stacked on the insulating layer 13 and the comb electrodes 14 and 15.

[0103] The solid electrode 12 and the comb electrodes 14 and 15 are electrodes for generating transverse electric fields.
[0104] The solid electrode 12 is a common electrode solidly formed on the glass substrate 11 substantially all over
that surface of the glass substrate 11 which faces the substrate 20, in such a manner as to cover a display region in the
substrate 10 (a region surrounded by a sealing agent).

[0105] Further, the insulating layer 13 is solidly formed on the whole display region in the substrate 10 in such a manner
as to cover the solid electrode 12.

[0106] The comb electrodes 14 and 15 formed on the insulating layer 13 are comb-shaped electrodes constituted by
trunk electrodes (trunk lines) and branch electrodes 14A and 15A (branch lines) extending from the trunk electrodes,
respectively.

[0107] As shown in Figs. 1 and 2, the comb electrodes 14 and 15 have their branch electrodes 14A (14A1, 14A2, ...
14Am, where m is an integer of 1 or greater) and branch electrodes 15A (15A1, 15A2, ... 15An, where n is an integer
of 1 or greater) disposed alternately in such a manner as to engage with one another. It should be noted here that the
branch electrodes 14A and 15A are equivalent to the teeth of combs.

[0108] It should be noted that the numbers (m, n) of teeth (branch electrodes 14A and 15A) of the comb electrodes
14 and 15 that are provided in each pixel are not particularly limited, and as such, are determined in terms of a relationship
with a pixel pitch or the like. For example, in a case where the pixel pitch is 100 um, where the comb electrodes 14 and
15 each have an electrode width L (i.e., the width of each branch electrode 14A or 15A serving as an electrode line) of
4 um, and where the comb electrodes 14 and 15 are placed at an interelectrode space S (i.e., the distance between
branch electrodes 14 and 15 that serve as a space) of 4 um from each other, it is possible to provide a total of twelve
branch electrodes 14A and 15A, namely six branch electrodes 14 and six branch electrodes 15A in each of the comb
electrodes 14 and 15, in each pixel.

[0109] The comb electrode 14 (first electrode), which is one of the comb electrodes 14 and 15, is a common electrode
having the same potential (mainly 0 V) as the solid electrode 12. Further, the other comb electrode 15 (second electrode)
is a pixel electrode, connected to a signal line and a switching element such as a TFT via a drain electrode (not illustrated),
to which a signal corresponding to a video signal is applied.

[0110] Further, the alignment film 16 is a so-called vertical alignment film that causes the liquid crystal molecules of
the liquid crystal layer to be aligned perpendicularly to the substrate surfaces when no electric field is applied. It should
be noted here that the term "perpendicular" encompass "substantially perpendicular”. The alignment film 16 is provided

11



10

15

20

25

30

35

40

45

50

55

EP 2 487 538 A1

above the glass substrate 11 in such a manner as to cover the comb electrodes 14 and 15.

[0111] As described above, the substrate 10 has a configuration that is similar to the electrode configuration of an
electrode substrate (array substrate) in a liquid crystal panel based on a display system of a so-called FFS (fringe field
switching) mode in which a common electrode and a pixel electrode are lapped over each other via an insulating layer.
Therefore, a substrate having such a configuration is hereinafter referred to as a substrate of an "FFS structure”.
[0112] However, the liquid crystal panel 2 according to the present embodiment merely employs the FFS structure as
the electrodes configuration of the substrate 10, and as such, is different from a so-called FFS mode liquid crystal panel.
[0113] Inthe FFS mode, when no voltage is applied, liquid crystal molecules sandwiched between a pair of substrates
are homogeneously aligned so that their longer sides are parallel to the substrate surfaces. On the other hand, in the
liquid crystal panel 2 according to the present embodiment, when no voltage is applied, liquid crystal molecules 52
sandwiched between the pair of substrates 10 and 20 are homeotropically aligned so that their longer sides are perpen-
dicular to the substrate surfaces. For this reason, the liquid crystal panel 2 according to the present embodiment is totally
different in behavior of the liquid crystal molecules 52 from the FFS mode.

[0114] Further, assuming that L is the electrode width L of each comb electrode, S is the interelectrode distance S,
and D is the cell gap (thickness of the liquid crystal layer), a display is carried out in the FFS mode by generating a so-
called fringe electric field by making the interelectrode space S smaller than the electrode width L and the cell gap D.
[0115] However, the present embodiment has its interelectrode space S set greater than its cell gap D as will be
described later in examples. It should be noted, however, thatin the presentinvention, there is not necessarily a correlation
between the transmittance of the liquid crystal cell 5 as a whole and the cell gap D. For this reason, the cell gap D is not
particularly limited.

[0116] Next, a configuration of the substrate 20 (second substrate, CF substrate) is described.

[0117] The substrate 20 includes a glass substrate 21, R (red), G (green), and B (blue) color filters 22 stacked on the
glass substrate 21, a black matrix 23 stacked on the glass substrate 21, a solid electrode 24 (fourth electrode) stacked
on the color filters 22 and the black matrix 23, an insulating layer 25 (CF-side insulating layer) stacked on the solid
electrode 24, and an alignment film 26 stacked on the insulating layer 25.

[0118] Each pixel 6 (i.e., a single pixel) is constituted by three subpixels, namely R, G, and B subpixels 6R, 6G, and
6B (dots). As shown in Fig. 1, the subpixels 6R, 6G, and 6B are provided with the R, G, and B color filters 22, which
transmit R, G, and B lights at the respective wavelengths.

[0119] It should be noted that for convenience of illustration and explanation, it is assumed in Figs. 1 and 2 that each
of the subpixels 6R, 6G, and 6B are provided in correspondence with a space between adjacent branch electrodes 15A
and 14A of the comb electrodes 14 and 15. However, since, as mentioned above, the numbers (m, n) of branch electrodes
14A and 15A are determined, for example, in terms of a relationship between (i) the electrode width L of each of the
comb electrodes 14 and 15 and the interelectrode space S between the comb electrodes 14 and 15 and (i) a pixel pitch,
it goes without explaining that a plurality of branch electrodes 15A and 14A may be provided in each of the subpixels
6R, 6G, and 6B.

[0120] Further, the solid electrode 24 is a common electrode solidly formed all over a display region in the substrate
20 (i.e., aregion surrounded by a sealing agent; not illustrated) in such a manner as to cover the color filters 22 and the
black matrix 23.

[0121] Further, the insulating layer 25 is solidly formed on the whole display region in the substrate 20 in such a manner
as to cover the solid electrode 24. The insulating layer 25 has provided in each pixel 6 at least two regions constituted
by insulating layers that are different in relative permittivity from each other. As such, the insulating layer 25 functions
both as an overcoat layer (planarizing layer) and a VT multiplication layer that forms at least two electric field regions
that are different in shape of equipotential lines from each other.

[0122] As with the alignment film 16, the alignment film 26 is a so-called vertical alignment film. The alignment film 26
is solidly provided in such a manner as to cover the insulating layer 25.

[0123] Next, materials for the layers in the substrates 10 and 20 and method for forming such layers are described.
[0124] The comb electrodes 14 and 15 and the solid electrodes 12 and 24 are not to be particularly limited as long as
at least the solid-state electrode provided on the viewer’s side substrate is made of a transparent electrode material.
These electrodes may each be made of a transparent electrode material such as ITO (indium tin oxide) or 1ZO (indium
zinc oxide) or of a metal such as aluminum. Further, these electrodes may be made of the same electrode material as
each other or may be made of different electrode materials respectively.

[0125] These electrodes can be formed (laminated) by employing any of conventionally publicly known methods such
as sputtering, vacuum deposition, and plasma CVD without any particular limitation. Further, among these electrodes,
the comb electrodes 14 and 15 can be pattern-formed by employing a publicly known patterning method such as
photolithography without any particular limitation.

[0126] These electrodes are not to be particularly limited in film thickness; however, itis preferable that these electrodes
each have a film thickness set within a range of 100 A to 2000 A.

[0127] Further, the insulating layers 13 and 25 can each be made of any of various insulating materials examples of
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which include organic insulating materials such as acrylic resin and inorganic insulating materials such as silicon nitride
(SiN).

[0128] In the present embodiment, the insulating layer 13 is constituted by a single layer, i.e., made of an identical
material (one type of insulating material) all over the region in which the insulating layer 13 is formed.

[0129] Meanwhile, the insulating layer 25 has provided in each pixel 6 at least two regions (i.e., at least two types of
insulating layer) made of insulating materials that are different in relative permittivity from each other.

[0130] The subpixels 6R, 6G, and 6B may be provided with insulating layers 25 made of insulating materials having
different relative permittivities from one another, respectively, or insulating layers 25 in any two of these three subpixels
6R, 6G, and 6B constituting each pixel 6 may be commonly made of insulating materials that are equal in relative
permittivity to each other (e.g., identical insulating materials). Therefore, three or two types of insulating layer made of
insulting materials that are different in relative permittivity may be formed as the insulating layers 25 in each pixel 6.
[0131] Fig. 1 shows an example where assuming that the insulating layer 25 has regions 25A, 25B, and 25C bordering
each other along the central parts of the branch electrodes 15A and 14A of the comb electrodes 14 and 15 and corre-
sponding to the space between the branch electrodes 15A1 and 14A1, the space between the branch electrodes 14A1
and 15A2, and the space between the branch electrodes 15A2 and 14A2, respectively, the regions 25A and 25B, which
correspond to the subpixels 6R and 6G, are equal in relative permittivity to each other and the region 25C, which
corresponds to the subpixel 6B, is different in relative permittivity from the regions 25A and 25B.

[0132] For this reason, assuming that as shown in Figs. 1 and 2, there are electric field regions 31 to 33 bordering
each other along the central parts of the branch electrodes 15A and 14A of the comb electrodes 14 and 15 in the liquid
crystal panel 2 and corresponding to the space between the branch electrodes 15A1 and 14A1, the space between the
branch electrodes 14A1 and 15A2, and the space between the branch electrodes 15A2 and 14A2, respectively, the
electric field regions 31 and 32, which correspond to the subpixels 6R and 6G, and the electric field region 33, which
corresponds to the subpixel 6B, are different in shape of equipotential lines from each other as shown in Fig. 1.

[0133] Inotherwords, inthe example showninFig. 1, two electric field regions that are different in shape of equipotential
lines from each other, namely a first electric filed region constituted by the electric field regions 31 and 32 and a second
electric field region constituted by the electric field region 33, are provided in each pixel 6.

[0134] It should be noted, however, that the example showing in Fig. 1 is merely an embodiment. The liquid crystal
panel 2 may have provided in each pixel 6 three electric field regions that are different in shape of equipotential lines
from one another. Further, there is no particular limitation on a combination of the first electric field region and the second
electric field region, i.e., a combination of subpixels that are identical in shape of equipotential lines and an subpixel that
is different in shape of equipotential lines.

[0135] That is, in adjacent ones of the regions 25A to 25C (i.e., adjacent regions for insulating layer formation), as
mentioned above, insulating layers made of insulting materials having different relative permittivities, respectively, may
be formed as the insulating layer 25. Alternatively, in any two of the regions, an insulating layer made of an insulting
material having a different relative permittivity from the other one of the regions may be formed.

[0136] Alternatively, at least two regions that are different in relative permittivity from each other may also be provided
in any one of the subpixels 6R, 6G, and 6B. That is, the number of electric field regions that are formed in each pixel 6
in the liquid crystal panel 2 is not to be particularly limited as long as it is a plural number of 2 or greater, and can be
appropriately set according to the pixel pitch and the numbers of branch electrodes 14A and 15A equivalent to the teeth
of the comb electrodes 14 and 15 formed in each pixel 6.

[0137] It should be noted that for efficient bending of an electric field, it is preferable that the insulating layer 25 have
a thickness falling within a range of 1 um or greater to 5.0 um or less for example or, more preferably, 2.3 wm or greater
to 5.0 pm or less.

[0138] Further, from a point of view of efficient bending of an electric field, it is preferable that the difference between
the relative permittivity (€) of the insulating layer 25 in the first electric field region and the relative permittivity (€) of the
insulating layer 25 in the second electric field region fall within a range of 2 to 4.5.

[0139] Further, the insulating layers 13 and 25 may be commonly made of an identical insulating material or may be
made of different insulating materials from each other.

[0140] Theseinsulating layers 13 and 25 can be formed (laminated) by employing any of conventionally publicly known
methods such as sputtering, vacuum deposition, plasma CVD, and coating, without any particular limitation, according
to the insulating material(s) used and the like.

[0141] Further, an example of a method for partially changing the relative permittivity of the insulating layer 25 is a
method including the steps of forming a solid-state layer on the whole display region from any one of the types of
insulating material of which the insulating film 25 can be made; then eliminating a portion of the solid-state insulating
layer by photolithography; and forming, in the portion from which the insulating layer has been eliminated, an insulating
film made of an insulating material having a different relative permittivity. It should be noted that in this case, the insulating
layer that is formed in the portion from which the insulating layer has been eliminated is preferably formed in such a
manner as to have the same film thickness as that portion of the insulating layer which has been eliminated.
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[0142] Further, the relative permittivity of the insulating layer 25 can also be partially changed by partially irradiating
the solidly formed insulating layer 25 with ultraviolet rays or the like.

[0143] By thus making the insulating layer 25 have a constant thickness regardless of its relative permittivity, the need
to control a plurality of cell thicknesses (thickness of the liquid crystal layer 50) in each pixel 6 is eliminated and manu-
facturing is facilitated.

[0144] Further, in a case of providing, in each pixel 6, such a region that the directors of liquid crystal molecules 52
is symmetrical, breaking of the symmetry of the directors becomes unlikely when the cell thicknesses in that pixel 6 are
uniform; therefore a further improvement in viewing angle characteristic is can be achieved.

[0145] Further, materials for the alignment films 16 and 26 and methods for forming the alignment films 16 and 26 are
not to be particularly limited. The alignment films 16 and 26 can each be formed, for example, by applying a publicly
known alignment film material having vertical alignment controlling force onto the comb electrodes 14 and 15 or onto
the color filters 22 and the black matrix 23.

[0146] The liquid crystal cell 5 in the liquid crystal panel 2 is formed by joining the substrate 10 and the substrate 20
together with a sealing agent via spacers (not illustrated) and filling the space between the substrates 10 and 20 with a
medium containing a liquid crystal material.

[0147] Itis possible to use, as the liquid crystal material, either a p-type (positive) liquid crystal material whose liquid
crystal molecules 52 have positive dielectric anisotropy Ae or an n-type (negative) liquid crystal material whose liquid
crystal molecules 52 have negative dielectric anisotropy Ae.

[0148] A specific example of the p-type liquid crystal material is a nematic liquid crystal material, and a specific example
of the n-type liquid crystal material is a banana-type liquid crystal material. The present embodiment is described by
taking, as an example, a case where a p-type liquid crystal material is used as the liquid crystal material. However, the
sole difference between a case where a p-type liquid crystal material is used and a case where an n-type liquid crystal
material is used is a difference in the direction of bend arrangement (bend alignment), and the present invention is not
to be limited thereby in any way.

[0149] As shown in Figs. 1 and 3, the liquid crystal panel 2 is formed by joining the polarizing plates 35 and 36 and,
as needed, the wave plates 37 and 38 to the liquid crystal cell 5.

[0150] As shown in Figs. 1 and 3, the polarizing plates 35 and 36 are provided on those surfaces of the substrates
10 and 20 opposite those surfaces of the substrates 10 and 20 which face the liquid crystal layer 50, respectively. Further,
as shown in Fig. 3, the wave plates 37 and 38 are provided as needed, for example, between the polarizing plates 35
and 36 and the substrates 10 and 20, respectively. It should be noted that the wave plate 37 or 38 may be provided on
either surface of the liquid crystal panel 2. Further, in the case of a display device that uses squarely transmitted light,
the wave plates 37 and 38 are not indispensable.

[0151] The polarizing plates 35 and 36 are disposed, for example, so that the transmission axes of the polarizing
plates 35 and 36 are orthogonal to each other and the direction of extension of the respective branch electrodes 14A
and 15B of the comb electrodes 14 and 15 and the transmission axes of the polarizing plates 35 and 36 form an angle
of 45 degrees.

[0152] Next, adisplay system (vertical alignment transverse electric field mode) of the liquid crystal panel 2 is described
below with reference to Fig. 1.

[0153] The liquid crystal panel 2 is configured such that vertical alignment films are provided as the alignment films
16 and 26 on the surfaces of the substrates 10 and 20. This allows the liquid crystal molecules 52 in the liquid crystal
panel 2 to be aligned perpendicularly to the substrate surfaces when no electric field is applied.

[0154] The liquid crystal panel 2 carries out a display by giving a potential difference between the pixel electrode and
the common electrode in the substrate 10. That is, the liquid crystal panel 2 carries out a display by giving potential
differences between the pair of comb electrodes 14 and 15 and between the comb electrode 15 and the solid electrode
12. These potential differences cause transverse electric fields to be generated between the pair of comb electrodes 14
and 15 and between the comb electrode 15 and the solid electrode 12, so that electric lines of force between the comb
electrodes 14 and 15 are semicircularly curved. The liquid crystal molecules 52 are arranged according to a distribution
of electric field intensity within the liquid crystal cell 5 and binding force from the interface.

[0155] Thus, in a case where a p-type liquid crystal material is used, the liquid crystal molecules 52 come into arched
bend arrangement through the thickness of the substrates as shown in Fig. 1. It should be noted that in a case where
an n-type liquid crystal material is used, the liquid crystal molecules 52 come into arched bend arrangement within the
plane of the substrates. Therefore, in either case, birefringence is exerted on light that travels in a direction perpendicular
to the substrate surfaces.

[0156] Thus, the liquid crystal panel 2 carries out a display by rotating the liquid crystal molecules 52 with a transverse
electric field that is generated between the comb electrodes 14 and 15 and thereby controlling the amount of light that
travels through the liquid crystal panel 2.

[0157] When a voltage is applied, the liquid crystal molecules 52 continuously change from homeotropic alignment to
bend arrangement. As a result, the liquid crystal layer 50 always exhibits bend arrangement as shown in Fig. 1 during
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normal driving, thus enabling high-speed gray-to-gray response.

[0158] Further, the vertical alignment transverse electric field mode controls the direction of alignment of the liquid
crystal molecules 52 by driving with a transverse electric field while keeping the high-contrast characteristic that is
achieved through vertical alignment. For this reason, unlike the MVA mode, the vertical alignment transverse electric
field mode does not require control of alignment with use of projections, and as such, has an excellent viewing angle
characteristic with a simple pixel configuration.

[0159] Further, by carrying out transverse electric field driving in the vertical alignment mode as described above, a
bent (arched) electric field is formed when an electric field is applied, and two domains that are different in director
orientation from each other by substantially 180 degrees are formed between the adjacent comb electrodes 14 and 15,
with the result that a wide viewing angle characteristic can be obtained.

[0160] Therefore, the liquid crystal panel 2 has the advantage of giving high-speed response based on bend alignment,
a wide viewing angle based on a self-compensating array, and high contrast based on vertical alignment, and also have
the advantages being simple in structure, easy to manufacture, and inexpensive to manufacture.

[0161] Moreover, since the liquid crystal panel 2 has an FFS structure as described above, those liquid crystal molecules
on the comb electrodes 14 and 15, as well as those between the comb electrodes 14 and 15, are driven. For this reason,
the liquid crystal panel 2 has the advantage of being larger in aperture than in a case where the solid electrode 12 is
not provided.

[0162] Next, a method for manufacturing such a liquid crystal panel 2 is specifically described by taking, as an example,
a method for manufacturing samples (liquid crystal panels (1) to (3)) used for verification to be described later, and
results obtained by verifying the effectiveness of the liquid crystal panel 2 are explained below.

[0163] However, the specific size, material, and manufacturing method of each component in the following description
are merely a set of conditions used for verification as described above, and the scope of the present invention should
not be interpreted in a limited way because of the following description. As for the following manufacturing method, the
samples were manufactured under the same conditions unless otherwise noted.

[Liquid Crystal Panels (1) to (3)]

[0164] First, as shown in Fig. 1, a film of ITO, 1000 A in thickness, was formed entirely on a glass substrate 11 by
sputtering, whereby a solid electrode 12 was formed which covered the whole display region of the glass substrate 11.
[0165] Next, an acrylic insulating material (first insulating material) having a relative permittivity € of 3.7 was applied
by spin coating and formed into a film, 1 to 3 wm in thickness, by sputtering to cover an entire surface of the solid
electrode 12. In this manner, an insulating layer 13 of a different thickness was formed as an array-side insulating layer
in each sample.

[0166] Then, comb electrodes 14 and 15 of ITO, each 1000 Ain thickness and 4 wm in electrode width L, were formed
as upper electrodes at an interelectrode space S of 4 um from each other on the insulating layer 13.

[0167] Next, alignment film paint (y-butyrolactone solution marketed as "JALS-204" with a solid content of 5% by
weight) manufactured by JSR Corporation was applied onto the insulating layer 13 by spin coating in such a manner as
to cover the comb electrodes 14 and 15. After that, by sintering for two hour at 200°C, a substrate 10 was formed which
had a surface that would face a liquid crystal layer 50 and which had an alignment film 16 provided as a vertical alignment
film on that surface.

[0168] Meanwhile, color filters 22 and a black matrix 23, each 1.2 um in thickness, were formed on a glass substrate
21 in the usual manner. Next, a film of ITO, 1000 A in thickness, was formed entirely on the color filters 22 and the black
matrix 23 by sputtering, whereby a solid electrode 24 was formed which covered the whole display region of the glass
substrate 21.

[0169] Next, an insulating layer 25 that varies in relative permittivity from one part to another was formed on the solid
electrode 24 in the following manner. First, the acrylic insulating material (first insulating material) having a relative
permittivity € of 3.7 was applied onto the solid electrode 24 by spin coating and formed into a film, 1 to 3 wm in thickness,
to cover an entire surface of the solid electrode 24.

[0170] After that, regions that are different in relative permittivity were formed by eliminating a portion of the insulating
layer made of the first insulating material by photolithography and forming an insulating film of SiN (second insulating
material) having a relative permittivity € of 6.9 by sputtering in the portion from which the insulating layer has been
eliminated, in such a manner that the resulting insulating layer has the same film thickness as that portion of the insulating
layer which has been eliminated. In this manner, an insulating layer 25 of a different thickness was formed as a CF-side
insulating layer in each sample. The insulating layer 25 had two regions that are different in relative permittivity from
each other in each pixel as mentioned above.

[0171] Next, a vertical alignment film was formed as an alignment film 26 on the insulating layers 25 by using the
same material and the same process as those used to form the alignment film 16, whereby a substrate 20 was formed.
The alignment films 16 and 26 thus formed each had a dry film thickness of 1000 A (= 0.1 pum).
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[0172] After that, resin beads 3.25 pm in diameter (marketed as "Micropearl SP20325"; manufactured by Sekisui
Chemical Co., Ltd.) were dispersed as spacers onto one of the substrates 10 and 20. Meanwhile, a sealing resin (marketed
as "Structbond XN-21S"; manufactured by Mitsui Toatsu Chemicals, Inc.) was printed as a sealing agent on the other
substrate that faced the above substrate.

[0173] Next, the substrates 10 and 20 were joined together and sintered for one hour at 135°C.

[0174] After that, a positive liquid crystal material (Ae = 20, An = 0.15) manufactured by Merck & Co., Inc was encap-
sulated as a liquid crystal material in a space between the substrates 10 and 20 by a vacuum injection method, whereby
a liquid crystal cell 5 was fabricated in which the liquid crystal layer 50 was sandwiched between the pair of substrates
10 and 20.

[0175] Then, polarizing plates 35 and 36 were joined on the front and back surfaces of the liquid crystal cell 5 so that
the transmission axes of the polarizing plates 35 and 36 were orthogonal to each other and the direction of extension
of the respective branch electrodes 14A and 15A of the comb electrodes 14 and 15 and the transmission axes of the
polarizing plates 35 and 36 form an angle of 45 degrees. In this manner, liquid crystal panels (1) to (3) were each
fabricated in the form of a liquid crystal panel 2 (liquid crystal display element) shown in Fig. 1. The liquid crystal panels
(1) to (3) differed in thickness of the insulating layers 13 and 25 from one another.

[0176] Next, for verification of the effectiveness of the liquid crystal panel 2, a structure of a comparative liquid crystal
panel is described below together with a method for manufacturing such a liquid crystal panel.

[0177] Itshould be noted that the following description mainly explains points of difference from the liquid crystal panel
2. Further, those components having the same functions as those of the liquid crystal panels 2 and 300 described above
are given the same reference numerals, and as such, are not described below.

[Liquid Crystal Panel 100]

[0178] Fig. 4 is a cross-sectional view schematically showing a configuration of a main part of a comparative liquid
crystal panel 100.

[0179] The comparative liquid crystal panel 100 shown in Fig. 4 differs from the liquid crystal panel 2 shown in Fig. 1
in that the substrate 20 is replaced by a substrate 70 not provided with a solid electrode 24 or an insulating layer 25
serving as a CF-side insulating layer.

[0180] The substrate 70 has the same configuration as the substrate 20 shown in Fig. 1, except that the substrate 70
is not provided with a solid electrode 24 or an insulating layer 25 serving as a CF-side insulating layer.

[0181] The following gives a specific description of a method for manufacturing samples (liquid crystal panels (A) to
(C)) of liquid crystal panel 100 having a structure shown in Fig. 4. The samples were used for verification. As for the
following manufacturing method, too, the samples were manufactured under the same conditions unless otherwise noted.

[Liquid Crystal Panels (A) to (C)]

[0182] First, substrates 10 having the same structure as those in the liquid crystal panels (1) to (3) were formed by
using the same materials and the same processes as those used for the method for manufacturing the substrates 10
in the liquid crystal panels (1) to (3).

[0183] Meanwhile, substrates 70 for use in liquid crystal panels (A) to (C) were formed by using the same materials
and the same processes as those used for the method for manufacturing the substrates 20 in the liquid crystal panels
(1) to (3), except that neither a solid electrode 24 nor an insulating layer 25 was formed.

[0184] Specifically, color filters 22 and a black matrix 23 were formed on each glass substrate 21 by using the same
materials and the same processes as those used for the liquid crystal panels (1) to (3).

[0185] Next, a vertical alignment film was formed as an alignment film 26 on the color filters 22 and the black matrix
23 by using the same material and the same process as those used to form the alignment film 16. Thus formed was a
substrate 70 in which the color filters 22 and the black matrix 23 were stacked on the glass substrate 21 and the alignment
film 26 was stacked on the color filters 22 and the black matrix 23. Further, the alignment films 16 and 26 thus formed
each had a dry film thickness of 1000 A (= 0.1 wm).

[0186] After that, resin beads 3.25 um in diameter (Micropearl SP20325) were dispersed as spacers onto one of the
substrates 10 and 70. Meanwhile, a sealing resin (Structbond XN-21S) was printed as a sealing agent on the other
substrate that faced the above substrate.

[0187] Next, the substrates 10 and 70 were joined together and sintered for one hour at 135°C.

[0188] After that, a positive liquid crystal material (Ae = 20, An = 0.15) manufactured by Merck & Co., Inc was encap-
sulated as a liquid crystal material in a space between the substrates 10 and 70 by a vacuum injection method, whereby
a liquid crystal cell 101 was fabricated in which the liquid crystal layer 50 was sandwiched between the pair of substrates
10 and 70.

[0189] Then, polarizing plates 35 and 36 were joined on the front and back surfaces of the liquid crystal cell 101 in
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the same manner as in the liquid crystal panels (1) to (3). In this manner, the liquid crystal panels (A) to (C) were each
fabricated in the form of a comparative liquid crystal panel 100 (liquid crystal display element) shown in Fig. 4. The liquid
crystal panels (A) to (C) differed in thickness of the insulating layers 13 from one another.

[0190] Next, a structure of another comparative liquid crystal panel is described below together with a method for
manufacturing such a liquid crystal panel.

[0191] Itshould be noted that the following description mainly explains points of difference from the liquid crystal panel
2. Further, those components having the same functions as those of the liquid crystal panels 2, 100, and 300 described
above are given the same reference numerals, and as such, are not described below.

[Liquid Crystal Panel 200]

[0192] Fig. 5 is a cross-sectional view schematically showing a configuration of a main part of a comparative liquid
crystal panel 200.

[0193] As shown in Fig. 5, the liquid crystal panel 200 is a vertical alignment (VA) type of vertical electric field liquid
crystal panel, and as such, is different in display system from the liquid crystal panel 2.

[0194] As shown in Fig. 5, the liquid crystal panel 200 includes a substrate 210 (array substrate), a substrate 220
(counter substrate), and a liquid crystal layer 50 sandwiched between the substrates 210 and 220.

[0195] The substrate 210 includes a glass substrate 211, an array electrode 212 (pixel electrode) stacked on the glass
substrate 11 and constituted by a solid electrode, and an insulating layer 213 stacked on the array electrode 212, and
an alignment film 214 stacked on the insulating layer 213.

[0196] The substrate 220 includes a glass substrate 221, color filters 222 stacked on the glass substrate 221, a black
matrix 223 stacked on the glass substrate 221, a counter electrode 224 (common electrode) stacked on the color filters
222 and the black matrix 223 and constituted by a solid electrode, and an alignment film 225 stacked on the counter
electrode 224.

[0197] The alignment films 214 and 225 are vertical alignment films, and the liquid crystal layers 50 contains liquid
crystal molecule 52 that are aligned perpendicularly to the substrates 210 and 220 when no voltage is applied.

[0198] The insulating layer 213 has provided in each pixel 6 two regions constituted by insulating layers that are
different in relative permittivity from each other. That is, in the liquid crystal panel 200, the insulating layer 213 that varies
in relative permittivity from one part to another is provided on the array electrode 212 serving as a solid electrode on the
side of the substrate 210 serving as an array substrate.

[0199] Fig. 5 shows an example where regions 213A and 213B in the insulating layer 213 which correspond to the
subpixels 6R and 6G are equal in relative permittivity to each other and a region 213C in the insulating layer 213 which
corresponds to the subpixel 6B is different in relative permittivity from the regions 213A and 213B.

[0200] The following gives a specific description of a method for manufacturing samples (liquid crystal panels (D) and
(E)) of liquid crystal panel 200 having a structure shown in Fig. 5. The samples were used for verification. As for the
following manufacturing method, too, the samples were manufactured under the same conditions unless otherwise noted.

[Liquid Crystal Panels (D) and (E)]

[0201] First, as shown in Fig. 5, a film of ITO, 1000 A in thickness, was formed entirely on a glass substrate 211 by
sputtering, whereby a solid-state array electrode 212 was formed which covered the whole display region of the glass
substrate 211.

[0202] Next, aninsulating layer 213 that varies in relative permittivity from one part to another was formed on the array
electrode 212 in the following manner. First, an acrylic insulating material (first insulating material) having a relative
permittivity eof 3.7 was applied onto the array electrode 212 by spin coating and formed into a film, 1 to 3 wm in thickness,
to cover an entire surface of the solid electrode 212.

[0203] After that, regions that are different in relative permittivity were formed by eliminating a portion of the insulating
layer made of the first insulating material by photolithography and forming an insulating film of SiN (second insulating
material) having a relative permittivity € of 6.9 by sputtering in the portion from which the insulating layer has been
eliminated, in such a manner that the resulting insulating layer has the same film thickness as that portion of the insulating
layer which has been eliminated. In this manner, an insulating layer 213 of a different thickness was formed as an array-
side insulating layer in each sample. The insulating layer 213 had two regions that are different in relative permittivity
from each other in each pixel as mentioned above.

[0204] Next, a vertical alignment film was formed as an alignment film 214 on the insulating layer 213 by using the
same material and the same process as those used to form the alignment films 16 of the liquid crystal panels (1) to (3).
Thus formed was a substrate 210 in which the array electrode 212 was stacked on the glass substrate 211, in which
the insulating layer 213 was stacked on the array electrode 212, and in which the alignment film 214 was stacked on
the insulating layer 213.
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[0205] Meanwhile, color filters 222 and a black matrix 223 were formed on a glass substrate 221 by using the same
materials and the same processes as those used for the liquid crystal panels (1) to (3). Furthermore, a film of ITO, 1000
A in thickness, was formed entirely on the color filters 222 and the black matrix 223 by sputtering, whereby a counter
electrode 224 was formed which covered the whole display region of the glass substrate 221.

[0206] Next, a vertical alignment film was formed as an alignment film 525 on the counter electrode 224 by using the
same material and the same process as those used to form the alignment film 16. Thus formed was a substrate 220 in
which the color filters 222 and the black matrix 223 were stacked on the glass substrate 221, in which the counter
electrode 224 was stacked on the color filters 222 and the black matrix 223, and in which the alignment film 225 was
stacked on the counter electrode 224. Further, the alignment films 214 and 225 thus formed each had a dry film thickness
of 1000 A (= 0.1 pm).

[0207] After that, resin beads 3.25 um in diameter (Micropearl SP20325) were dispersed as spacers onto one of the
substrates 210 and 220. Meanwhile, a sealing resin (Structbond XN-21S) was printed as a sealing agent on the other
substrate that faced the above substrate.

[0208] Next, the substrates 210 and 220 were joined together and sintered for one hour at 135°C.

[0209] After that, a negative liquid crystal material (Ae = -3, An = 0.1) manufactured by Merck & Co., Inc was encap-
sulated as a liquid crystal material in a space between the substrates 210 and 220 by a vacuum injection method,
whereby a liquid crystal cell 201 was fabricated in which the liquid crystal layer 50 was sandwiched between the pair of
substrates 210 and 220.

[0210] Then, polarizing plates 35 and 36 were joined on the front and back surfaces of the liquid crystal cell 201 in
the same manner as in the liquid crystal panels (1) to (3). In this manner, the liquid crystal panels (D) and (E) were each
fabricated in the form of a comparative liquid crystal panel 200 (liquid crystal display element) shown in Fig. 5. The liquid
crystal panels (D) and (E) differed in thickness of the insulating layers 213 from each other.

[0211] Next, results obtained by verifying the effectiveness of the liquid crystal panel 2 with use of the comparative
liquid crystal panels 100, 200, and 300 are explained below.

[0212] First, prior to an explanation of an improvement in change in color as observed from a square angle, an effect
of improvement in viewing angle characteristic of the liquid crystal panel 2 by VT multiplication is explained.

[Viewing Angle Characteristic]

[0213] First, results obtained by verifying the viewing angle characteristic of the liquid crystal panel 2 according to the
present embodiment in comparison with the liquid crystal panel 100 are explained.

[0214] It should be noted that the following description treats, as a V-T characteristic in each electric field region, a
V-T characteristic in each electric field region that corresponds to a total average of birefringence (specifically, a V-T
characteristic in a white state), and does not look into V-T characteristics for each separate color. V-T characteristics
for each separate color will be looked into in the review below of changes in color as observed from a square angle.

(Shapes of Equipotential Lines)

[0215] As mentioned above, the liquid crystal panel 2 according to the present embodiment has provided in each pixel
6 two electric field regions that are different in shape of equipotential lines from each other.

[0216] Accordingly, first, the results of simulation calculations of (i) distributions of fields within the liquid crystal cells
5 and 101 of the liquid crystal panels 2 and 100 fabricated on the basis of the material property values and cell config-
urations as described in the aforementioned manufacturing methods and (ii) distributions of liquid crystal directors within
the liquid crystal cells 5 and 101 in the presence of voltage are shown in Figs 6 and 7, respectively.

[0217] The simulations were run by using an "LCD-MASTER" manufactured by SHINTECH, Inc. Further, during the
simulations, the electrode width L was 4 pm and the interelectrode space was 6 pm.

[0218] In the example shown in Fig. 6, two groups of electric fields are formed with each branch electrode 14A of the
comb electrode 14 interposed therebetween. That is, in the liquid crystal cell 5, the first electric field region and the
second electric field region, which are adjacent to each other, have their respective groups of electric fields formed
therein. As shown in Fig. 6, the group of electric fields in the first electric field region and the group of electric fields in
the second electric field region are different from each other. This means that the groups of electric fields in the electric
field regions are different in shape (curvedness) of equipotential lines from each other.

[0219] As shown in Fig. 6, both in the first and second electric field regions, the equipotential lines in the groups of
electric fields in these electric field regions are shaped in such a manner as to be closed in the respective regions.
[0220] However, as can be seen from the shape of each group of electric fields, the first electric field region and the
second electric field region are different in closed shape of equipotential lines. That is, the equipotential lines in the left
electric field region (first electric field region) in Fig. 6 are more distorted than those in the right electric field region
(second electric field region) in Fig. 6.
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[0221] Specifically, as compared with the equipotential lines in the second electric field region, the equipotential lines
in the first electric field region are at narrower intervals in an area near the substrate 10 and, on the other hand, are at
wide intervals in an area near the substrate 20.

[0222] Further, since the first electric region and the second electric region are different in shape of equipotential lines
from each other as described above, the first electric region and the second electric region are different in alignment
direction (director) of liquid crystal molecules 52 from each other.

[0223] Since the directions of alignment of the liquid crystal molecules 52 vary between the electric field regions, the
first electric region and the second electric region exhibit different VT characteristics (VT curves). That is, the liquid
crystal panel 2 is finished with so-called VT multiplication.

[0224] Meanwhile, as shown in Fig. 7, in the liquid crystal cell 101 of the comparative liquid crystal panel 100, two
groups of electric fields are formed with each branch electrode 14A of the comb electrode 14 interposed therebetween.
However, the two groups of electric fields thus formed are substantially identical in shape to each other, and the shapes
of equipotential lines in the groups of electric fields in the electric field regions are substantially identical. Further, the
shapes of equipotential lines in the groups of electric fields in the electric field regions are all open.

[0225] As shown in Fig. 7, in a case where the comparative liquid crystal panel 100 is used, the groups of electric
fields are identical in curvedness of equipotential lines to each other. This means that in the comparative liquid crystal
panel 100, electric filed regions bordering each other along the central portions of the branch electrodes 14A and 15A
of the comb electrodes 14 and 15 and corresponding to the spaces between the branch electrodes 14A and 15A are
identical in alignment direction (director) of liquid crystal molecules 52 to one another. In other words, the electric field
regions in the comparative liquid crystal panel 100 exhibit identical VT characteristics (VT curves), and the comparative
liquid crystal panel 100 does not include a second electric field region that is different in shape of equipotential lines
from a first electric field region.

[0226] Next, a relationship between the orientation of the director of a liquid crystal molecule 52 and birefringence,
VT curves in the liquid crystal panel 2, and tone-luminance ratios are explained in order.

(Relationship between the Orientation of the Director of a Liquid Crystal Molecule 52 and Birefringence)

[0227] (a) through (c) of Fig. 8 show relationships between directions of the director of a liquid crystal molecule 52
and directions in which light beams travel, with different voltages applied to the liquid crystal molecule 52, (a) with no
voltage being applied to the liquid crystal molecule 52, (b) with an intermediate voltage being applied to the liquid crystal
molecule 52, (c) with a normal voltage being applied to the liquid crystal molecule 52, respectively. Further, the arrows
indicate directions in which light beams travel or, specifically, a light beam from a square angle (SQUARE ANGLE 0
DEGREE), a light beam from a polar angle of 20 degrees (20 DEGREES), and a light beam from a polar angle of 60
degrees (60 DEGREES), respectively.

[0228] First, a relationship between the inclination of a liquid crystal molecule 52 and birefringence is explained.
[0229] As shown in (a) through (c) of Fig. 8, the application of an electric field (e.g., OFF — intermediate — ON) to a
rodlike liquid crystal molecule 52 causes a change in the orientation of the director of the liquid crystal molecule 52.
When this change occurs or, especially, when a voltage that is close to the intermediate voltage has been applied to
the liquid crystal molecule 52, there are increases in length of the optical paths of light beams especially from oblique
angles (polar angles of 20 to 60 degrees) with respect to a long side of the liquid crystal molecule 52.

[0230] Birefringence is a product of the refractive index difference An and the distance d. Therefore, when a voltage
that is close to the intermediate voltage has been applied to the liquid crystal molecule 52, there is an increase in
birefringence of the liquid crystal molecule 52. Since the birefringence occurs at the oblique angles, there is a rise in
transmittance as observed when the liquid crystal panel 2 is looked squarely at. For this reason, at a voltage that is close
to the intermediate voltage, there is an increase in the difference in luminance between a case where the liquid crystal
panel 2 is looked squarely at and a case where the liquid crystal panel 2 is looked obliquely at.

[0231] Asdescribed above, the rotation of the director of the liquid crystal molecule 52 causes a change in birefringence,
and the change in birefringence causes a change in transmittance.

[0232] Since, in the liquid crystal panel 2 according to the present embodiment, the first electric field region and the
second electric field region are different in shape of equipotential lines from each other as described above, the first
electric field region and the second electric field region are different in the orientation of the directors of the liquid crystal
molecules 52 from each other.

[0233] Next, a relationship between the orientation of the director of a liquid crystal molecule 52 and birefringence is
explained by taking, as an example, a case where an intermediate voltage is applied.

(Intermediate Voltage)

[0234] (a) through (c) of Fig. 9 show (a) a relationship between the orientation of the director of a liquid crystal molecule
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52in afirst electric field region in the liquid crystal panel 2 and a direction in which a light beam travels, with an intermediate
voltage being applied to the liquid crystal molecule 52, (b) a relationship between the orientation of the director of a liquid
crystal molecule 52 in a second electric field region in the liquid crystal panel 2 and a direction in which a light beam
travels, with an intermediate voltage being applied to the liquid crystal molecule 52, and (c) a relationship between the
orientation of the director of a liquid crystal molecule 52 in a first electric field region in the liquid crystal panel 100 and
a direction in which a light beam travels, with an intermediate voltage being applied to the liquid crystal molecule 52. As
explained earlier, the directors of liquid crystal molecules in the electric field regions are identical.

[0235] Birefringence reaches its minimum in a case where a ray of light and the minor axis of the director of a liquid
crystal molecule 52 are orthogonal to each other.

[0236] In the liquid crystal panel 2 according to the present embodiment, as shown in (a) of Fig. 9, the birefringence
by aliquid crystal molecule 52 in the first electric field region reaches its minimum when an intermediated voltage is applied.
[0237] On the other hand, in the second electric field region, as shown in (b) of Fig. 9, when an intermediate voltage
is applied, there occurs birefringence that is greater than the birefringence by a liquid crystal molecule 52 in the first
electric field region. It should be noted that the birefringence caused by the liquid crystal molecule 52 in the second
electric field region takes on a greater value than the birefringence occurring in the liquid crystal panel 100 as shown in
(c) of Fig. 9.

[0238] However, in the liquid crystal panel 2, the total average of birefringence is birefringence obtained by combining
the birefringence occurring in the first electric field region as shown in (a) of Fig. 9 and the birefringence occurring in the
second electric field region as shown in (b) of Fig. 9. The total average of birefringence is smaller than the birefringence
occurring in the liquid crystal panel 100 as shown in (c) of Fig. 9.

[0239] For this reason, as will be described later, the liquid crystal panel 2 according to the present embodiment shows
less excess transmittance when looked at from an oblique angle than the comparative liquid crystal panel 100.

[0240] Specifically, the following shows the appearance of a VT curve corresponding to the total average of birefrin-
gence in the present embodiment.

(VT Curves in the Liquid Crystal Panel 2)

[0241] As shown in (a) and (b) of Fig. 9, the first electric field region and the second electric field region are different
in the orientation of the directors of the liquid crystal molecules 52 from each other when the same electric field is applied.
This is because the insulating layer 25 varies in relative permittivity between the first electric field region and the second
electric field region.

[0242] Since the first electric field region and the second electric field region are different in the orientation of the
directors of the liquid crystal molecules 52 from each other as described above, the first electric field region and the
second electric field region exhibit different VT curves.

[0243] Fig. 10 is a graph showing (i) VT curves obtained in the electric field regions (first electric field region, second
electricfield region) in the liquid crystal panel 2 by using, as the first insulating material and the second insulating material,
two types of insulating material that are different in relative permittivity from each other (¢ = 3, and € = 7), respectively,
and (ii) a VT curve (composite VT) obtained by combining these VT curves, as observed when the liquid crystal panel
2 is looked squarely at.

[0244] In Fig. 10, the curved line indicated by a thin solid line is a VT curve in the first electric field region provided
with the insulating layer 25 having a relative permittivity € of 3, and the curved line indicated by a thick solid line is a VT
curve in the second electric field region provided with the insulating layer 25 having a relative permittivity € of 7. Further,
in Fig. 10, the curved line indicated by a dotted line is a VT curve (composite VT) obtained by combining these VT curves.
[0245] In the liquid crystal panel 2 according to the present embodiment, gradation voltages are set on the basis of
the composite VT curve. On the basis of the composite VT curve shown in Fig. 10, for example, the half-tone voltage
(intermediate voltage) is 4 V, and the transmittances as obtained through the insulating layer 25 having a relative
permittivity € of 3 and the insulating layer 25 having a relative permittivity € of 7 are 35% and 60%, respectively, with
respect to the basis.

(Tone-luminance Ratios)

[0246] Next, tone-luminance ratios are explained below with reference to Figs. 11 and 12.

[0247] Fig. 11 is a graph showing oblique gradations with respect to a square gradation of the liquid crystal panel 2
according to the present embodiment. Fig. 12 is a graph showing oblique gradations with respect to a square gradation
of the liquid crystal panel 100.

[0248] Fig. 11 shows oblique gradations with respect to a square gradation as observed when the liquid crystal panel
2 according to the present embodiment is a liquid crystal panel whose insulating layer 25 has a thickness of 3 pm and
is made of two types of insulating material, namely an insulating material having a relative permittivity € of 3 and an

20



10

15

20

25

30

35

40

45

50

55

EP 2 487 538 A1

insulating material having a relative permittivity € of 7 and whose insulating layer 13 has a thickness of 3 wm and is made
of an insulating material having a relative permittivity € of 3. Fig. 12 shows oblique gradations with respect to a square
gradation as observed when the liquid crystal panel 100 is a liquid crystal panel whose insulating layer 13 has a thickness
of 3 wm and is made of an insulating material having a relative permittivity € of 3.

[0249] The term "square gradation" here means a gradation as observed when the liquid crystal panel 2 or 100 is
looked at from an angle normal thereto (azimuth of O degrees, polar angle of O degree). The term "oblique gradation”
here means a gradation as observed when the liquid crystal panel 2 or 100 is looked at from an angle inclined with
respect to an angle normal to the liquid crystal panel 2 or 100 in an azimuth (azimuth of 45 degrees) 45 degrees off the
absorption axes of the polarizing plates 35 and 36.

[0250] Further, Figs. 11 and 12 show gradations as observed from polar angles of 0 degree (square (normal) angle),
20 degrees, 40 degrees, and 60 degrees inclined with respect to the normal angle. Specifically, in each of Figs. 11 and
12, the solid line, the dotted line, the dashed line, and the chain double-dashed line indicate gradations as observed
from polar angles of 0 degree (square), 20 degrees, 40 degrees, and 60 degrees, respectively.

[0251] Further, in each of Figs. 11 and 12, the gradation range differentiates 256 levels. The liquid crystal panel 2 has
two types of VT curve occurring within the liquid crystal cell 5. For this reason, Fig. 11 represents gradations as indices
in the form of luminance ratios to each separate gradation voltage after combining the VT curves in the two electric field
regions in the liquid crystal panel 2.

[0252] That is, the oblique gradations with respect to the square gradation in the liquid crystal panel 2 as shown in
Fig. 11 are obtained on the basis of the composite VT shown in Fig. 10.

[0253] Meanwhile, the oblique gradations with respect to the square gradation in the comparative liquid crystal panel
100 as shown in Fig. 12 are obtained on the basis of not the composite VT but one type of VT curve that is obtained in
a case where € = 3 as shown in Fig. 10, because the liquid crystal panel 100 exhibits only one type of VT curve.
[0254] In both the liquid crystal panels 2 and 100, as shown in Figs. 11 and 12, the larger the polar angle becomes,
the greater an excess in luminance ratio becomes as observed from a square angle.

[0255] However, a comparison between Fig. 11 and Fig. 12 shows that in the liquid crystal panel 2, the extent of
excess in luminance ratio is more significantly reduced than in the liquid crystal panel 100. That is, the liquid crystal
panel 2 is less viewing-angle-dependent than the liquid crystal panel 100.

[0256] This is because whereas the liquid crystal panel 2 is finished with VT multiplication as mentioned above, the
liquid crystal panel 100 is not finished with VT multiplication, albeit with a parallel electric field generated therein.
[0257] Thatis, in the liquid crystal panel 100, an electric field is controlled solely by the substrate 10 (array substrate)
provided with the comb electrodes 14 and 15; therefore, regions having different VT characteristics cannot be formed
in each pixel 6. For this reason, the luminance ratio at a polar angle to the tone-luminance ratio as observed from a
square angle becomes excessive.

[0258] On the other hand, the liquid crystal panel 2 has provided in each pixel 6 at least two regions provided with
insulating layers 25 that are different in relative permittivity from each other. For this reason, at least two regions having
different VT characteristics are formed in each pixel 6. That is, because of VT multiplication, the extent of excess in
luminance ratio as observed from an oblique angle can be reduced.

[0259] It should be noted that as described above, Fig. 10 shows a viewing angle characteristic obtained when, as
described above, the insulating layer 25 is made by using, as the first insulating material and the second insulating
material, two types of insulating material (e = 3, and € = 7), respectively, and the insulating layers 13 and 25 each have
a thickness of 3 um. However, the present embodiment is not to be limited to this.

(Excess Luminance)

[0260] Next, for a preferred difference in relative permittivity between insulating materials and a preferred insulating
layer thickness for reducing the extent of excess luminance (excess luminance ratio) as observed from an oblique angle
are explained in order.

(Difference in Relative Permittivity)

[0261] Fig. 13 shows VT curves obtained by varying the relative permittivity of insulating materials for the insulating
layer 25 in the liquid crystal panel 2 by means of simulations. The simulations were run by using an "LCD-MASTER"
manufactured by SHINTECH, Inc.

[0262] In the case of MPD (multi-pixel drive) with the liquid crystal panel 2 used in a TV (television), it is preferable
that a VT difference (AV) between different VT regions be 0.8 VV or more or, more preferably, 1.0 V or more.

[0263] By thus forming, in each pixel 6, regions that are different in half-tone potential from each other by 0.8 V or
more, the liquid crystal molecules 52 can be made to vary in alignment direction between the regions so sufficiently that
the viewing angle characteristic can be improved. As a result, the viewing angle characteristic can be more surely
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improved. The term "halftone" here means a median gradation value in the whole gradation range.

[0264] It should be noted that AV = 1.0 can be attained, for example, by causing one of the insulating materials to
have a relative permittivity (relative permittivity €) of approximately 3 and the other insulating material to have a relative
permittivity (relative permittivity €) of 7 and thereby satisfying Ae = 4. For this purpose, it is only necessary to use an
acrylic resin or the like having a relative permittivity € of approximately 3 as one of the insulating materials and SiN or
the like having a relative permittivity € of approximately 7 as the other insulating material.

[0265] It should be noted that no big difference was found between a VT curve obtained when an insulating material
having a relative permittivity of 9 was used and a VT curve obtained when an insulating material having a relative
permittivity € of 7 was used.

[0266] Further, in a case where an insulating material having a relative permittivity € of less than 3 is used as one of
the insulating materials, it is easy to obtain a greater VT difference (AV) than in a case where an insulating material
having a relative permittivity eof 3 is used as one of the insulating materials as described above. However, a decrease
in value of € causes a rise in applied voltage, thus leading to an increase in power consumption.

[0267] Therefore, for VT multiplication, the difference in relative permittivity (Ae) between insulating materials for
adjacent insulating layers is preferably 2 or more or, more preferably, 3 or more.

[0268] Further, in a case where a material having a relative permittivity € of less than 3 is used as one of the insulating
materials, it is easy to obtain a greater VT difference (AV) than in a case where an insulating material having a relative
permittivity € of 3 is used as one of the insulating materials as described above. However, a decrease in value of € causes
a rise in applied voltage, thus possibly leading to an increase in power consumption.

[0269] As described above, for VT multiplication, a preferred difference in relative permittivity (relative permittivities
for use in insulating layers provided adjacent to each other, Ae) is 2 or more or, more preferably, 3 or more.

(Insulating Layer Thickness)

[0270] The following looks into viewing angle levels as achieved with varying thicknesses of insulating layers of liquid
crystal panels obtained by using the liquid crystal panels (1) to (3), (A) to (F), and 300 as the liquid crystal panels 2, 100,
200, and 300.

[0271] Fig. 14 shows tone-luminance ratios as observed from a square angle (polar angle of 0 degree) and oblique
angles (polar angles of 10 degrees, 20 degrees, 30 degrees, 40 degrees, and 60 degrees) when the insulating layers
13 and 25 in the liquid crystal panel 2 each have a thickness of 2 um. That is, the tone-luminance ratios were measured
by using the liquid crystal panel (2) as the liquid crystal panel 2. Further, in Fig. 14, the azimuth is a direction 45 degrees
off the absorption axes of the polarizing plates 35 and 36, as in Fig. 11.

[0272] Further, Fig. 27 shows tone-luminance ratios as observed when the liquid crystal panel 300 shown in Fig. 25
is looked at from a square angle (polar angle of 0 degree) and oblique angles (polar angles of 10 degrees, 20 degrees,
30 degrees, 40 degrees, and 60 degrees). It should be noted that in Fig. 27, too, the azimuth is a direction 45 degrees
off the absorption axes of the polarizing plates 35 and 36.

[0273] Further, the level changes in oblique viewing angle with respect to the square curve were confirmed by placing
a backlight on each of the liquid crystal panels (1) to (3), (A) to (F), and 300 and measuring, with use of "Ex-contrast"
(product name) manufactured by ELDIM, a change in voltage transmittance as observed from a square angle and a
change in voltage transmittance as observed from a polar angle of 45 degrees obliquely off the polarization axis.
[0274] Results obtained by thus measuring each of the liquid crystal panels (1) to (3), (A) to (F), and 300 for the
difference in tone-luminance ratio (viewing angle level) between a square angle (polar angle of O degree) and a polar
angle of 60 degrees at a gradation of 128 as indicated by double-headed arrows in Figs. 14 and 27 are shown in Table 2.
[0275] It should be noted that in each of the liquid crystal panels (1) to (3), those regions in the insulating layer 25
which were made of different insulating materials were identical in thickness to each other as mentioned above and the
insulating layer 13 was identical in thickness to the insulating layer 25. Further, in each of the liquid crystal panels (A)
to (F), those regions in the insulating layers 13 or 213 which were made of different insulating materials were identical
in thickness to each other as mentioned above. It should be noted that in each liquid crystal panel, the liquid crystal layer
had a thickness of 3.4 um.
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[0276] As shown in Fig. 14 and Table 2, the liquid crystal panel (2), each of whose insulating layers 13 and 25 had a
thickness of 2 um, exhibited a difference (viewing angle level) of 26% and therefore exhibited a satisfactory viewing
angle characteristic with little excess luminance as visually observed. It should be noted thatin general, excess luminance
becomes greater at a larger polar angle. In the present embodiment, many improvements in excess luminance were
found at a polar angle of 60 degrees, and the luminance as observed from a square angle reaches 50% of its maximum
at a square gradation of 128. As such, excess luminance was evaluated by excess in half-tone luminance as observed
from a square angle.

[0277] Further, the liquid crystal panel (3), whose insulating layer 25 had a thickness of 3 um, exhibited a difference
(viewing angle level) of 25% as shown in Table 1 and therefore exhibited a more satisfactory viewing angle characteristic
as visually observed.

[0278] Further, the liquid crystal panel (1), whose insulating layer 25 had a thickness of 1 um, exhibited a difference
(viewing angle level) of 30% as shown in Table 1 and therefore also exhibited a satisfactory viewing angle characteristic
as visually observed.

[0279] On the other hand, as shown in Table 2, each of the liquid crystal panels (A) to (C) exhibited a difference
(viewing angle level) of 51% or 52% regardless of the thickness of the insulating layer 25, and as such, none of them
was able to exhibit a satisfactory viewing angle characteristic as visually observed.

[0280] Further, as shown in Table 2, each of the liquid crystal panels (D) to (F) exhibited a difference (viewing angle
level) of more than 38%. In particular, the liquid crystal panel (F1), whose insulating layer 213 had a thickness of 3 wm,
exhibited a difference (viewing angle level) of more than 48% as shown in Table 2 and therefore was not able to exhibit
a satisfactory viewing angle characteristic.

[0281] Further, as shown in Table 2, the liquid crystal panel 300 exhibited a great difference (viewing angle level) of
53% and therefore exhibited a poor viewing angle level (viewing angle characteristic as visually observed.

[0282] These verification results show that the liquid crystal panel 2 according to the present embodiment has an
improved viewing angle characteristic as compared with the comparative liquid crystal panels 100, 200, and 300. It
should be noted that such an improved in viewing angle characteristic is due to a difference in curvedness of an electric
field, i.e., in shape of equipotential lines within the liquid crystal cell 5.

[0283] Next, results obtained by verifying a relationship between the relative permittivity of the insulating layer 25 in
each of the subpixels 6R, 6G, and 6B in the liquid crystal panel 2 and a change in color as observed from a square angle
are explained below.

[Change in Color as Observed from a Square Angle]

[0284] The color of white is made by mixing the three colors of R, G, and B. The yellowish change in color tone as
observed when the liquid crystal panel is looked squarely at is due to the difference in VT curve among the colors as
shown in Fig. 26. Whereas the VT curves obtained in the R and G subpixels 6R and 6G are similar in shape to each
other, the VT curve obtained in the B subpixel 6B reaches its maximum value of transmittance at a low-voltage side and
then reverses. This makes the mixed color appear yellowish.

[0285] For this reason, in order to prevent a change in color from occurring as a result of the application of voltage, it
is desirable that the VT curves obtained in the subpixels 6R, 6G, and 6B be as similar in shape as possible (or, preferably,
identical in shape) to one another.

[0286] First, in order to suppress changes in color in the subpixels 6R, 6G, 6B as observed from a square angle,
changes in VT curves as observed from a square angle due to the difference in relative permittivity of the insulating layer
25 in the subpixels 6R, 6G, and 6B of the liquid crystal panel 2 were obtained by means of simulations. The results are
shown in Figs. 15 through 17.

[0287] Fig. 15 is a graph showing VT curves obtained by varying the relative permittivity of the insulating layer 25 in
the subpixel 6B of the liquid crystal panel 2. Figs. 16 and 17 are graphs VT curves obtained by varying the relative
permittivity of the insulating layer 25 in the subpixels 6G and 6R of the liquid crystal panel 2, respectively.

[0288] The simulations were run by using an "LCD-MASTER" manufactured by SHINTECH, Inc. Further, in each of
Figs. 15 through 17, too, the horizontal axis represents applied voltage, and the vertical axis represents normalized
transmittance (transmittance ratio).

[0289] Further, Tables 3 to 5 show relationships between the applied voltage and the transmittance in the subpixels
6R, 6G, and 6B during the simulations, respectively, and Tables 3 to 8 show relationships between the applied voltage
and the normalized transmittance in the subpixels 6R, 6G, and 6B, respectively.
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[Table 3]
Transmittance/430 nm (blue)
Dli-:;e::rlc Dielectric Dielectric Dielectric Dielectric | Dielectric Dielectric
Ngne layere=1 | layere=2 | layere=3 | layere=4 | layere=5 | layere=7
0.1%
oV 0.1% 0.1% 0.1% 0.1% (0.09%) 0.1% 0.1 %
0.1%
1V 0.1% 0.1% 0.1% 0.1% (0.09%) 0.1% 0.1%
0.1%
2V 0.2% 0.1% 0.1% 0.1% (0.10%) 0.1% 0.1%
1.0%
3V 9.6% 0.1% 0.1% 0.3% (0.98%) 1.6% 3.3%
i 0,
Cgl‘t’ggg 4v 14.6% 0.2% 3.1% 6.9% (8.2;57%/; 10.2% 11.5%
13.4%
0, 0, 0, 0, [s) 0,
5V 14.8% 1.6% 9.2% 12.2% (13.35%) 14.3% 15.0%
15.4%
0, 0, 0, 0, [s) 0,
6V 14.0% 5.9% 12.9% 14.9% (15.42%) 15.8% 16.0%
16.1%
0, 0, 0, 0, [v) 0,
7V 13.0% 9.4% 14.9% 16.0% (16.13%) 16.2% 16.1%
16.1%
0, 0, 0, 0, [v) 0,
8V 12.0% 12.0% 15.9% 16.3% (16.11%) 16.1% 16.0%
[Table 4]
Transmittance/550 nm (green)
Dlge:trnc Dielectric Dielectric Dielectric Dielectric | Dielectric Dielectric
N(Zne layere =1 | layere=2 | layere=3 | layere=4 | layere=5 | layere=7
oV 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
1V 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
2V 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
3V 7.7% 0.0% 0.0% 0.2% 0.6% 1.1% 2.3%
Cgl‘t’;';: 4v 15.1% 0.1% 2.1% 5.2% 6.7% 8.2% 9.7%
5V 18.8% 1.1% 7.3% 10.4% 11.9% 13.3% 14.6%
6V 20.5% 4.3% 11.2% 14.1% 15.3% 16.6% 17.6%
7V 20.9% 7.4% 14.1% 16.7% 17.6% 18.7% 19.5%
8V 21.0% 10.0% 16.3% 18.5% 19.2% 20.1% 20.5%

25




10

15

20

25

30

35

40

45

50

55

EP 2 487 538 A1
[Table 5]
Transmittance/630 nm (red)
Di:—:;j::ric Dielectric Dielectric Dielectric Dielectric Dielectljc Dielectr_ic

None layere=1 | layere=2 | layere=3 | layere=4 | layere=5 | layere=7
ov 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
1V 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
2V 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
3V 6.0% 0.0% 0.0% 0.1% 0.4% 0.8% 1.7%
Cgﬁ!gg 4v 12.5% 0.0% 1.6% 3.9% 4.4% 6.4% 7.6%
5V 16.4% 0.8% 5.6% 8.2% 9.7% 10.7% 11.9%
6V 18.6% 3.3% 8.8% 11.4% 12.7% 13.8% 14.8%
7V 19.4% 5.7% 11.4% 13.8% 15.0% 15.9% 16.8%
8V 19.8% 7.8% 13.4% 15.7% 16.6% 17.5% 18.2%

[Table 6]

Normalized transmittance/430 nm (blue)
Di:—:;s:trric Dielectiic Dielectiic Dielectiic Dielectiic Dielectr_ic Dielectr_ic

None layere=1 | layere=2 | layere=3 | layere=4 | layere=5 | layere=7
oV 0.6% 0.6% 0.6% 0.6% 0.6% 0.6% 0.6%
1V 0.6% 0.6% 0.6% 0.6% 0.6% 0.6% 0.6%
2V 1.2% 0.6% 0.6% 0.6% 0.6% 0.6% 0.6%
3V 58.6% 0.6% 0.9% 2.0% 6.0% 10.0% 19.9%
Cgl‘t’;igeg 4v 89.4% 1.0% 19.0% 42.3% 53.0% 62.4% 70.7%
5V 90.6% 9.8% 56.5% 74.9% 81.7% 87.6% 91.6%
6V 85.5% 36.2% 78.8% 91.0% 94.4% 96.9% 97.8%
7V 79.6% 57.8% 91.2% 97.8% 98.8% 99.2% 98.4%
8V 73.5% 73.2% 97.5% 100.0% 98.7% 98.7% 98.2%

26




10

15

20

25

30

35

40

45

50

55

EP 2 487 538 A1
[Table 7]
Normalized transmittance/550 nm (green)
Dizjztrric Dielectric Dielectric Dielectric Dielectric | Dielectric Dielectric

None layere =1 | layere=2 | layere=3 | layere=4 | layere=5 | layere=7

ov 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

1V 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

2V 0.4% 0.0% 0.0% 0.1 % 0.1 % 0.1% 0.1%

3V 36.7% 0.1% 0.2% 0.8% 2.7% 5.1% 10.8%

Cglﬂge: 4v 72.0% 0.3% 10.2% 24.6% 32.1% 39.3% 46.3%
5V 89.3% 5.0% 34.5% 49.6% 56.5% 63.4% 69.6%

6V 97.6% 20.6% 53.1% 67.2% 73.0% 79.0% 83.9%

7V 99.5% 35.4% 67.1 % 79.5% 83.8% 89.2% 92.8%

8V 100.0% 47.7% 77.6% 88.3% 91.6% 95.9% 97.6%

[Table 8]
Normalized transmittance/630 nm (red)
Di:—:;j::ric Dielectric Dielectric Dielectric Dielectric | Dielectric Dielectric

None layere =1 | layere=2 | layere=3 | layere=4 | layere=5 | layere=7

ov 0.0% 0.0% 0.0% 0.6% 0.0% 0.0% 0.0%

1V 0.0% 0.0% 0.0% 0.6% 0.0% 0.0% 0.0%

2V 0.3% 0.0% 0.0% 0.1% 0.1% 0.1% 0.1%

3V 30.1% 0.1% 0.2% 0.6% 2.0% 4.0% 8.5%

Cgl‘t’!ge: 4v 63.2% 0.2% 8.1% 19.8% 22.0% 32.3% 38.5%
5V 82.7% 3.9% 28.1% 41.3% 48.9% 54.1% 60.1%

6V 94.1 % 16.5% 44.4% 57.6% 64.0% 69.6% 74.9%

7V 98.0% 28.9% 57.5% 69.9% 75.7% 80.6% 84.8%

8V 100.0% 39.6% 67.8% 79.3% 83.8% 88.4% 91.9%

[0290] As can be seen from Figs. 15 through 17 and Tables 3 to 8, in a case where an insulating layer 25 is provided

in any of those regions between the branch electrodes 14A and 15A of the comb electrodes 14 and 15 to which a
transverse electric field is applied, the VT curves varies in shape according to the values of the relative permittivity € of
the insulating layer 25.

[0291] Accordingly, next, VT curves in a white state (during a white display) were obtained by combining R, G, and B
VT curves as observed from a square angle. The VT curves thus obtained are shown in Fig. 18. Further, Table 9 shows
a relationship between the applied voltage and the transmittance during the white display.
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[Table 9]
Transmittance/Synthetic white
Dlieg:nc Dielectric Dielectric Dielectric Dielectric Dielectric Dielectric

Ngne layere =1 | layere=2 | layere=3 | layere=4 | layere=5 | layere=7
ov 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
1V 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
2V 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
3V 7.8% 0.0% 0.1% 0.2% 0.6% 1.2% 2.4%
Cgl’;’:ge: 4V 14.1% 0.1% 2.3% 5.3% 6.6% 8.3% 9.6%
5v 16.6% 1.1% 7.4% 10.3% 11.6% 12.8% 13.8%
6V 17.7% 4.5% 10.9% 13.5% 14.5% 15.4% 16.1%
v 17.8% 7.5% 13.5% 15.5% 16.2% 17.0% 17.4%
8V 17.6% 9.9% 15.2% 16.9% 17.3% 17.9% 18.2%

[0292] As shown in Fig. 9, in the absence of an insulating layer 25, the VT curve reaches its peak (maximum value)
at around 6 V and then turns down due to the influence of the shape of the blue (B) VT curve.

[0293] Meanwhile, in the presence of an insulating layer 25, no such a phenomenon is observed as would be observed
in the absence of an insulating layer 25 where the VT curve reaches its peak (maximum value) and then turns down.
However, since, as can be seen from Fig. 9, there is an extreme increase in voltage in a case where € = 1, use of such
a relative permittivity is undesirable from a point of view of power consumption. For this reason, it is preferable that the
relative permittivity € be 2 or higher.

[0294] Further, as the VT curves obtained in the subpixels 6R, 6G, and 6B become more similar to one another, the
balance in the color of white does not shift from voltage to voltage, so that there are less changes in color as observed
from a square angle.

[0295] Therefore, changes in color can be minimized by selecting a combination of relative permittivities of the insulating
layer 25 in the R, G, and B subpixels 6R, 6G, and 6B so that the VT curves obtained in the R, G, and B subpixels 6R,
6G, and 6B are similar in shape to one another.

[0296] Accordingly, next, the result of the study of an optimum combination of relative permittivities is explained below.
[0297] Fig. 19 is a graph showing VT curves obtained by varying the relative permittivity € in the R, G, and B subpixels
6R, 6G, and 6B, excerpts from the relationships between the applied voltage and the normalized transmittance shown
in Tables 6 to 8 being shown in the form of VT curves. In Fig. 19, the values of R, G, and B represent the values of
relative permittivity € in the R, G, and B subpixels 6R, 6G, and 6B, respectively. Further, as can be seen from Tables 6
to 8, the VT curves obtained with the use of relative permittivities € not shown in Fig. 19 are located between the VT
curves in the corresponding R, G, and B subpixels 6R, 6G, and 6B as obtained with the use of relative permittivities €
higher or lower than the relative permittivities € not shown in Fig. 19.

[0298] In determining an optimum combination of relative permittivities, the inventors focused their attention on the
blue subpixel 6B.

[0299] Among the VT curves obtained in the R, G, and B subpixels 6R, 6G, and 6B, only the VT curve obtained in the
blue subpixel 6B reverses (i.e., starts to decrease in transmittance after reaching its maximum value). A change in the
color of white, which is made by mixing the three colors of R, G, and B, is derived from a decrease in the blue component
due to the reversal of the VT curve.

[0300] As can be seen from Tables 3 to 8, in the range of relative permittivities of 1 to 3 of the insulating layer 25 in
the subpixel 6B, VT free of tone reversal is obtained, as in the cases of the subpixels 6R and 6G.

[0301] However, as can be seen from Tables 3 to 8, Figs. 15 through 17, and Fig. 19, in a case where the relative
permittivity € of the insulating layer 25 in the subpixel 6B is 2 or lower, there is no relative permittivity € at which any of
the VT curves obtained in the subpixels 6R and 6G exhibits a rise of the same shape.

[0302] Specifically, as can be seen from Fig. 19, in a case where the relative permittivity € of the insulating layer 25
in the subpixel 6B is 2, the VT curve rises sharply as compared with the other VT curves obtained in the subpixels 6R
and 6G, and there is no relative permittivity € at which any of the VT curves obtained in the subpixels 6R and 6G exhibits
a rise of the same shape.

[0303] Further, as can be seen from Figs. 15 through 17 and Fig. 19, in a case where the relative permittivity € of the
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insulating layer 25 in the subpixel 6B is 1, there is no relative permittivity € at which any of the VT curves obtained in the
subpixels 6R and 6G exhibits a rise of the same shape. Further, since there is an extreme increase in voltage in a case
where € = 1, use of such a relative permittivity is undesirable from a point of view of power consumption.

[0304] Further, also in the conventional vertical alignment liquid crystal panel 300 based on a transverse electric field
drive system, which has no insulating layers 13 and 25, the blue subpixel 6B exhibits no tone reversal at a low-voltage
side (4V or below) as with the subpixels 6R and 6G as shown in Fig. 26, so that there are less changes in color.
[0305] Accordingly, the maximum value of a difference in normalized transmittance at 4 V in the liquid crystal panel
300 having no insulating layers 13 and 25 was set as a comparative value.

[0306] The maximum value of the difference in normalized transmittance at 4 V in the liquid crystal panel 300 is
calculated as 89% (normalized transmittance at the time of application of 4 V in the subpixel 6B) - 63% (normalized
transmittance at the time of application of 4 V in the subpixel 6R) = 26% from Fig. 26 and Table 1.

[0307] Further, the color made by mixing the colors of the R, G, and B subpixels 6R, 6G, and 6B whose VT curves
are identical in shape to one another shows very few changes in color from black through gray to white.

[0308] Accordingly, the relative permittivity € of the insulating layer 25 in the subpixels 6R and 6G at which the average
of normalized transmittances at voltages of 4 V to 6 V falls within 26% was determined by varying the relative permittivity
¢ of the insulating layer 25 in the subpixels 6R and 6G while fixing the relative permittivity of the insulating layer 25 in
the subpixel 6B to 3 so that the VT curves for each separate color rise in identical shapes and the VT curves obtained
for each separate color with the use of normalized transmittance are identical to one another with a small shift amount.
[0309] Fig.20shows VT curves againstnormalized transmittance thatrise inidentical shapestoa VT curve representing
the blue subpixel 6B with a relative permittivity of 3, with variations in the relative permittivity € of the insulating layer 25
in the R and G subpixels 6R and 6G. Table 10 shows a relationship between the average of normalized transmittances
at voltages of 4 V to 6 V in the R, G, and B subpixels 6R, 6G, and 6B and the relative permittivity €.

[0310] In Table 10 and Fig. 20, the values of R, G, and B represent the values of relative permittivity € in the R, G,
and B subpixels 6R, 6G, and 6B, respectively. Further, although Table 10 shows values rounded off to the first decimal
place, the values shown in Table 10 are values calculated to the second decimal place.

[Table 10]
Normalized transmittance (%)
Value of relative permittivity € B=3 G=3 G=5 G=7 R=4 R=5 R=7
4V 42.3% | 24.6% | 39.3% | 46.3% | 22.0% | 32.3% | 38.5%
Applied voltage 5V 749% | 49.6% | 63.4% | 69.6% | 48.9% | 54.1% | 60.1%
6V 91.0% | 67.2% | 79.0% | 83.9% | 64.0% | 69.6% | 74.9%
AVE 3V 69.4% | 47.1% | 60.6% | 66.6% | 45.0% | 52.0% | 57.8%
AB-each color 4V 222% | 8.8% 27% | 244% | 17.4% | 11.5%

* AVE: Average of normalized transmittances at 4 to 6 V.
* AB - each color: (Average of normalized transmittances at 4 to 6 V in blue subpixel) - (Average of
normalized transmittances at 4 to 6 V in subpixel of each color)

[0311] The results shown in Fig. 20 and in Table 10 show that on the basis of the relative permittivity (¢ = 3) of the
insulating layer 25 in the subpixel 6B, the average of normalized transmittances at voltages of 4 V to 6 V fall within 26%
when the relative permittivity of the insulating layer 25 in the subpixel 6G is 0 or higher to 4 or lower (i.e., e = 3to 7) and
the relative permittivity of the insulating layer 25 in the subpixel 6R is 1 or higher to 4 or lower (i.e., e =4 to 7).

[0312] Therefore, according to the present embodiment, as described above, by causing the relative permittivity € of
the insulating layer 25 in the subpixel 6B to be 3, causing the relative permittivity € of the insulating layer 25 in the subpixel
6G to be 3 to 7, and causing the relative permittivity € of the insulating layer 25 in the subpixel 6R to be 4 to 7, a tone
reversal can be prevented and, moreover, the VT (voltage-transmittance) curves obtained in the R, G, and B subpixels
6R, 6G, and 6B can be made similar in shape to one another. This makes it possible to provide a liquid crystal panel 2
which, regardless of the applied voltage, shows few changes in color when looked squarely at.

[0313] For this reason, assuming that the sole problem to be solved is a change in color, in a case where the relative
permittivity € of each of the insulating layers 13 and 25 of the liquid crystal panel 2 is 3, it is not indispensable for the
insulating layers 13 and 25 to have regions that are different in relative permittivity ¢ from one another.

[0314] However, as described above, in a case where the insulating layer 25 has provided in each pixel 6 at least two
regions that are different in relative permittivity from each other, at least two electric field regions that are different in
shape of equipotential lines from each other are formed in each pixel 6 when a transverse electric field is generated.
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For this reason, in this case, there are improvements in excess brightness as observed from an oblique angle and in
viewing angle characteristic as mentioned above.

[0315] Therefore, by causing the insulating layer 25 to have provided in each pixel 6 at least two regions that are
different in relative permittivity from each other and, as described above, by causing the relative permittivity € of the
insulating layer 25 in the subpixel 6B to be 3, causing the relative permittivity € of the insulating layer 25 in the subpixel
6G to be 3 to 7, and causing the relative permittivity € of the insulating layer 25 in the subpixel 6R to be 4 to 7, a liquid
crystal panel 2 can be provided which shows few changes in color when looked squarely at and which has an excellent
viewing angle characteristic.

[0316] Next, the result of the study of still another modification of a liquid crystal panel 2 according to the present
invention is shown below.

[Embodiment 2]

[0317] Another embodiment of the present invention is described below with reference to Figs. 21 and 22.

[0318] It should be noted that the following description mainly explains points of difference from the liquid crystal panel
2 according to Embodiment 1. Those components having the same functions as those described above in Embodiment
1 are given the same reference numerals, and as such, are not described below.

[0319] Fig. 21 is a cross-sectional view schematically showing a configuration of a main part of a liquid crystal panel
2 according to the present embodiment.

[0320] Asshownin Fig. 21, the liquid crystal panel 2 according to the present embodiment differs from the liquid crystal
panel 2 shown in Fig. 1 in that the substrate 10 is replaced by a substrate 60 not provided with a solid electrode 12 or
aninsulating layer 13 serving as an array-side insulating layer. Thatis, the liquid crystal panel 2 of the present embodiment
does not have an FFS structure.

[0321] The substrate 60 has the same configuration as the substrate 10 shown in Fig. 1, except that the substrate 60
is not provided with a solid electrode 12 or an insulating layer 13 serving as an array-side insulating layer.

[0322] In the following, the configuration of the liquid crystal panel2 structured as shown in Fig. 21 is specifically
described by taking, as an example, a method for manufacturing samples (liquid crystal panels (4) to (6)) used for
verification. As for the following manufacturing method, too, the samples were manufactured under the same conditions
unless otherwise noted.

[Liquid Crystal Panels (4) to (6)]

[0323] First, as shown in Fig. 21, comb electrodes 14 and 15 of ITO, each 1000 A in thickness and 4 um in electrode
width L, were formed at an interelectrode space S of 4 um from each other on a glass substrate 11.

[0324] Next, alignment film paint (y-butyrolactone solution marketed as "JALS-204" with a solid content of 5% by
weight) manufactured by JSR Corporation was applied onto the glass substrate 11 by spin coating in such a manner as
to cover the comb electrodes 14 and 15. After that, by sintering for two hour at 200°C, a substrate 60 was formed which
had a surface that would face a liquid crystal layer 50 and which had an alignment film 16 provided as a vertical alignment
film on that surface.

[0325] Meanwhile, substrates 20 having the same structure as those in the liquid crystal panels (4) to (6) were formed
by using the same materials and the same processes as those used for the method for manufacturing the substrates
20 in the liquid crystal panels (1) to (3).

[0326] It should be noted that in the present embodiment, too, the alignment films 16 and 26 thus formed each had a
dry film thickness of 1000 A (= 0.1 um).

[0327] After that, resin beads 3.25 um in diameter (Micropearl SP20325) were dispersed as spacers onto one of the
substrates 60 and 20. Meanwhile, a sealing resin (Structbond XN-21S) was printed as a sealing agent on the other
substrate that faced the above substrate.

[0328] Next, the substrates 60 and 20 were joined together and sintered for one hour at 135°C.

[0329] After that, a positive liquid crystal material (As = 20, An = 0.15) manufactured by Merck & Co., Inc was encap-
sulated as a liquid crystal material in a space between the substrates 60 and 20 by a vacuum injection method, whereby
a liquid crystal cell 5 was fabricated in which the liquid crystal layer 50 was sandwiched between the pair of substrates
60 and 20.

[0330] Then, polarizing plates 35 and 36 were joined on the front and back surfaces of the liquid crystal cell 5 in the
same manner as in the liquid crystal panels (1) to (3). In this manner, the liquid crystal panels (4) to (6) were each
fabricated in the form of a liquid crystal panel 2 (liquid crystal display element) shown in Fig. 21. The liquid crystal panels
(4) to (6) differed in thickness of the insulating layers 25 from one another.
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(Excess Luminance)

[0331] Fig. 22 shows tone-luminance ratios as observed from a square angle (polar angle of 0 degree) and oblique
angles (polar angles of 10 degrees, 20 degrees, 30 degrees, 40 degrees, and 60 degrees) when the insulating layer 25
in the liquid crystal panel 2 shown in Fig. 21 has a thickness of 1 um. That is, the tone-luminance ratios were measured
by using the liquid crystal panel (4). Further, in Fig. 22, too, the azimuth is a direction 45 degrees off the absorption axes
of the polarizing plates 35 and 36.

[0332] Further, the level changes in oblique viewing angle with respect to the square curve were confirmed by placing
a backlight on each of the liquid crystal panels described above and measuring, with use of "Ex-contrast” (product name)
manufactured by ELDIM, a change in voltage transmittance as observed from a square angle and a change in voltage
transmittance as observed from a polar angle of 45 degrees obliquely off the polarization axis.

[0333] Resultsobtained by thus measuring each of the liquid crystal panels (4) to (6) for the difference in tone-luminance
ratio (viewing angle level) between a square angle (polar angle of 0 degree) and a polar angle of 60 degrees at a gradation
of 128 as indicated by a double-headed arrow in Fig. 22 are shown in Table 2.

[0334] As shown in Table 2, the liquid crystal panels (4) to (6) exhibited a difference (viewing angle level) of at most
34% in tone-luminance ratio between a square angle (polar angle of 0 degree) and a polar angle of 60 degrees at a
square gradation of 128, which is not only smaller than the difference (viewing angle level) in the liquid crystal panel
300 but also smaller than the difference (viewing angle level) of 38% in the VA-type liquid crystal panel 200, and therefore
exhibited a dramatically improved viewing angle characteristic. Further, as a result of visual observation, satisfactory
viewing angle characteristics were obtained.

[Change in Color as Observed from a Square Angle]

[0335] Further, Table 11 shows a relationship between the applied voltage and the normalized transmittance in the
subpixel 6B as obtained by using an insulating layer 25 having a thickness of 3 wm in the liquid crystal panel 2 and
varying the relative permittivity € of the insulating layer 25. That is, Table 11 shows a relationship between the applied
voltage and the normalized transmittance as obtained by using the liquid crystal panel (6) as the liquid crystal panel 2.

[Table 11]
Liquid crystal panel 2
Embodiment 2 Embodiment 3
Transmittance /430 nm (blue) Transmittance /430 nm (blue)

Dielectric Dielectric Dielectric Dielectric Dielectric Dielectric

layer e=2 layer e=3 layer e=4 layer e=2 layer e=3 layer e=4
oV 0.1% 0.1% 0.1% 0.1% 0.1% 0.1%
1V 0.1% 0.1 % 0.1% 0.1 % 0.1 % 0.1 %
2V 0.1% 0.1 % 0.1 % 0.1% 0.1 % 0.1 %
3V 0.1% 0.3% 1.0% 0.1% 0.1 % 0.1 %
Cgft’g‘;: 4v 3.2% 7.1% 8.9% 2.7% 6.0% 7.5%
5V 9.5% 12.5% 13.7% 7.8% 10.3% 11.2%
6V 13.2% 15.2% 15.8% 10.8% 12.5% 13.0%
7V 15.3% 16.4% 16.5% 13.0% 13.9% 14.1%
8V 16.2% 16.5% 16.3% 13.8% 14.1% 13.9%

[0336] As can be seen from Table 11, the liquid crystal panel 2 according to the present embodiment also exhibits a
reversal (i.e., tone reversal) of a VT curve in the subpixel 6B at € = 4 and exhibits the same behavior as the liquid crystal
panel 2.

[0337] Further, the liquid crystal panels (4) and (5) produced the same results as the liquid crystal panels (1) to (3)
according Embodiment 1 and the liquid crystal panel (6).

[0338] Therefore, in the liquid crystal panel 2 according to the present embodiment, as in the liquid crystal panel 2
according to Embodiment 1, a change in color as observed from a square angle can be suppressed by causing the
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relative permittivity € of the insulating layer 25 in the subpixel 6B to be 3, causing the relative permittivity € of the insulating
layer 25 in the subpixel 6G to be 3 to 7, and causing the relative permittivity € of the insulating layer 25 in the subpixel
6R to be 4 to 7. Further, in the present embodiment, too, by having provided in each pixel 6 at least two regions that are
different in relative permittivity from each other and being finished with VT multiplication as described above, the liquid
crystal panel 2 can make a liquid crystal panel 2 which shows few changes in color when looked squarely at and which
has an excellent viewing angle characteristic.

[Embodiment 3]

[0339] Still another embodiment of the present invention is described below with reference to Figs. 23 and 24.
[0340] Itshould be noted that the following description mainly explains points of difference from the liquid crystal panel
2 according to Embodiment 1. Those components having the same functions as those described above in Embodiments
1 and 2 are given the same reference numerals, and as such, are not described below.

[0341] Fig. 23 is a cross-sectional view schematically showing a configuration of a main part of a liquid crystal panel
2 according to the present embodiment.

[0342] As shown in Fig. 23, the liquid crystal panel 2 according to the present embodiment includes a substrate 80
(array substrate), a substrate 70 (counter substrate), and a liquid crystal layer 50 sandwiched between the substrate 80
and the substrate 70.

[0343] As shown in Fig. 23, the substrate 80 includes: a glass substrate 11; a solid electrode 12 (third electrode)
stacked on the glass substrate 11; an insulating layer 13 (array-side insulating layer) stacked on the solid electrode 12;
comb electrodes 14 and 15 (first and second electrodes) stacked on the insulating layer 13; and an alignment film 16
stacked on the insulating layer 13 and the comb electrodes 14 and 15.

[0344] The substrate 10 differs from the substrate 10 in that the insulating layer 13 has provided in each pixel 6 at
least two regions constituted by insulating layers that are different in relative permittivity from each other and functions
as a VT multiplication layer that forms at least two electric field regions that are different in shape of equipotential lines
from each other. That is, in the present embodiment, the insulating layer 13 that varies in relative permittivity from one
part to another is provided on the array electrode 12 on the side of the substrate 80 serving as an array substrate.
[0345] Fig. 23 shows an example where assuming that the insulating layer 13 has regions 13A, 13B, and 13C bordering
each other along the central parts of the branch electrodes 15A and 14A of the comb electrodes 14 and 15 and corre-
sponding to a space between the branch electrodes 15A and 14A1, a space between the branch electrodes 14A1 and
15A2, and a space between the branch electrodes 15A2 and 14A2, respectively, the regions 13A and 13B, which
correspond to the subpixels 6R and 6G, are equal in relative permittivity to each other and the region 13C, which
corresponds to the subpixel 6B, is different in relative permittivity from the regions 13A and 13b.

[0346] However, in the present embodiment, too, in adjacent ones of the regions 13A to 13C (i.e., adjacent regions
for insulating layer formation), insulating layers made of insulting materials having different relative permittivities, re-
spectively, may be formed as the insulating layer 13. Alternatively, in any two of the regions, an insulating layer made
of an insulting material having a different relative permittivity from the other one of the regions may be formed.

[0347] Further, the substrate 70 includes a glass substrate 21, R (red), G (green), and B (blue) color filters 22 stacked
on the glass substrate 21, a black matrix 23 stacked on the glass substrate 21, and an alignment film 26 stacked on the
color filters 22 and the black matrix 23.

[0348] Thatis, as described above, the substrate 70 has the same configuration as the substrate 20 shown in Fig. 1,
except that the substrate 70 is not provided with a solid electrode 24 or an insulating layer 25 serving as a CF-side
insulating layer.

[0349] In the following, the configuration of the liquid crystal panel2 structured as shown in Fig. 23 is specifically
described by taking, as an example, a method for manufacturing samples (liquid crystal panels (7) to (9)) used for
verification. As for the following manufacturing method, too, the samples were manufactured under the same conditions
unless otherwise noted.

[Liquid Crystal Panels (7) to (9)]

[0350] First, as shown in Fig. 23, comb electrodes 14 and 15 of ITO, each 1000 A in thickness and 4 um in electrode
width L, were formed at an interelectrode space S of 4 um from each other on a glass substrate 11.

[0351] Next, aninsulating layer 13 that varies in relative permittivity from one part to another was formed in the following
manner. First, an acrylic insulating material (first insulating material) having a relative permittivity € of 3.7 was applied
onto the glass substrate 11 by spin coating and formed into a film, 1 to 3 wm in thickness, to cover an entire display
region of the glass substrate 11.

[0352] After that, regions that are different in relative permittivity were formed by eliminating a portion of the insulating
layer made of the first insulating material by photolithography and forming an insulating film of SiN (second insulating
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material) having a relative permittivity € of 6.9 by sputtering in the portion from which the insulating layer has been
eliminated, in such a manner that the resulting insulating layer has the same film thickness as that portion of the insulating
layer which has been eliminated. In this manner, an insulating layer 13 of a different thickness was formed as an array-
side insulating layer in each sample, and the insulating layer 13 had two regions that are different in relative permittivity
from each other in each pixel 6.

[0353] Then, comb electrodes 14 and 15 of ITO, each 1000 Ain thickness and 4 pwm in electrode width L, were formed
as upper electrodes at an interelectrode space S of 4 um from each other on the insulating layer 13.

[0354] Next, alignment film paint (y-butyrolactone solution marketed as "JALS-204" with a solid content of 5% by
weight) manufactured by JSR Corporation was applied onto the insulating layer 13 by spin coating in such a manner as
to cover the comb electrodes 14 and 15. After that, by sintering for two hour at 200°C, a substrate 80 was formed which
had a surface that would face a liquid crystal layer 50 and which had an alignment film 16 provided as a vertical alignment
film on that surface.

[0355] Meanwhile, color filters 22 and a black matrix 23 were formed on a glass substrate 221 by using the same
materials and the same processes as those used for the liquid crystal panels (1) to (3). Furthermore, a vertical alignment
film was formed as an alignment film 26 on the color filters 22 and the black matrix 23 by using the same material and
the same process as those used to form the alignment film 16. Thus formed was a substrate 70 in which the color filters
22 and the black matrix 23 were stacked on the glass substrate 21 and the alignment film 26 was stacked on the color
filters 22 and the black matrix 23. Further, the alignment films 16 and 26 thus formed each had a dry film thickness of
1000 A (= 0.1 um).

[0356] After that, resin beads 3.25 um in diameter (Micropearl SP20325) were dispersed as spacers onto one of the
substrates 80 and 70. Meanwhile, a sealing resin (Structbond XN-21S) was printed as a sealing agent on the other
substrate that faced the above substrate.

[0357] Next, the substrates 80 and 70 were joined together and sintered for one hour at 135°C.

[0358] After that, a positive liquid crystal material (Ae = 20, An = 0.15) manufactured by Merck & Co., Inc was encap-
sulated as a liquid crystal material in a space between the substrates 80 and 70 by a vacuum injection method, whereby
a liquid crystal cell 5 was fabricated in which the liquid crystal layer 50 was sandwiched between the pair of substrates
80 and 70.

[0359] Then, polarizing plates 35 and 36 were joined on the front and back surfaces of the liquid crystal cell 5 in the
same manner as in the liquid crystal panels (1) to (3). In this manner, the liquid crystal panels (7) to (9) were each
fabricated in the form of a liquid crystal panel 2 (liquid crystal display element) shown in Fig. 23. The liquid crystal panels
(7) to (9) differed in thickness of the insulating layers 13 from one another.

(Excess Luminance)

[0360] Fig. 24 shows tone-luminance ratios as observed from a square angle (polar angle of 0 degree) and oblique
angles (polar angles of 10 degrees, 20 degrees, 30 degrees, 40 degrees, and 60 degrees) when the insulating layer 25
in the liquid crystal panel 2 shown in Fig. 23 has a thickness of 1 um. That is, the tone-luminance ratios were measured
by using the liquid crystal panel (7) as the liquid crystal panel 2. Further, in Fig. 24, too, the azimuth is a direction 45
degrees off the absorption axes of the polarizing plates 35 and 36.

[0361] Further, the level changes in oblique viewing angle with respect to the square curve were confirmed by placing
a backlight on each of the liquid crystal panels described above and measuring, with use of "Ex-contrast" (product name)
manufactured by ELDIM, a change in voltage transmittance as observed from a square angle and a change in voltage
transmittance as observed from a polar angle of 45 degrees obliquely off the polarization axis.

[0362] Results obtained by thus measuring each of the liquid crystal panels (7) to (9) for the difference in tone-luminance
ratio (viewing angle level) between a square angle (polar angle of 0 degree) and a polar angle of 60 degrees at a gradation
of 128 as indicated by a double-headed arrow in Fig. 24 are shown in Table 2.

[0363] Table 2 shows that for the liquid crystal panels (7) to (9), whose insulating layers 13 had thicknesses of 1 pum,
2 pm, and 3 pm, the differences in tone-luminance ratio (viewing angle level) between a square angle (polar angle of
0 degree) and a polar angle of 60 degrees at a gradation of 128 were 42%, 40%, and 36%, respectively. This shows
that the liquid crystal panels (7) to (9) are lower in viewing angle level than the liquid crystal panels 2 according to
Embodiments 2 and 3 but show improvements in viewing angle level over the conventionally configuration.

[0364] Especially, in the case where the insulating layer 13 had a thickness of 3 pm, the difference (viewing angle
level) was 36%, which is not only smaller than the difference (viewing angle level) in the conventional liquid crystal panel
100 as described above but also smaller than the difference (viewing angle level) of 38% in the VA-type liquid crystal
panel 300 of Comparative Example 2, and a great effect of improvement in viewing angle characteristic was achieved,
so that the resulting viewing angle characteristic was satisfactory as visually observed.

[0365] Further, the results shown in Table 2 show that the liquid crystal panel 2 according to the present invention
exhibits a higher viewing angle level when the insulating layer is thicker, regardless of whether the insulating layer 13
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or 25 is provided with regions that are different in relative permittivity from each other, contrary to the liquid crystal panels
100, 200, and 300.

[0366] Further, the results shown in Table 2 show that from a point of view of improvement in viewing angle charac-
teristic, it is more preferable that the insulating layer 25, which serves as a CF-side insulating layer, on the solid electrode
24 be provided with regions that are different in relative permittivity from each other.

[Change in Color as Observed from a Square Angle]

[0367] Further, Table 11 shows a relationship between the applied voltage and the normalized transmittance in the
subpixel 6B as obtained by using an insulating layer 25 having a thickness of 3 wm in the liquid crystal panel 2 and
varying the relative permittivity € of the insulating layer 25. That is, Table 11 shows a relationship between the applied
voltage and the normalized transmittance as obtained by using the liquid crystal panel (9) as the liquid crystal panel 2.
[0368] As can be seen from Table 11, the liquid crystal panel 2 according to the present embodiment also exhibits a
reversal (i.e., tone reversal) of a VT curve in the subpixel 6B at € = 4 and exhibits the same behavior as the liquid crystal
panel 2.

[0369] Further, the liquid crystal panels (7) and (8) produced the same results as the liquid crystal panels (1) to (6)
according Embodiment 1 and the liquid crystal panel (9).

[0370] Further, the liquid crystal panels 100, 200, and 300 were also measured for a relationship between the applied
voltage and the normalized transmittance in the subpixel 6B as obtained by varying the relative permittivity € of the
insulating layer. The results are shown in Table 12. Table 12 shows a relationship between the applied voltage and the
normalized transmittance as obtained by using the liquid crystal panel (C) as the liquid crystal panel 100. Further, Table
12 shows a relationship between the applied voltage and the normalized transmittance as obtained by using the liquid
crystal panel (F) as the liquid crystal panel 200.
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[0371] These measurement results show that in the liquid crystal panel 2 according to the present embodiment, as in
the liquid crystal panels 2 according to Embodiments 1 and 2, a change in color as observed from a square angle can
be suppressed by causing the relative permittivity € of the insulating layer 25 in the subpixel 6B to be 3, causing the
relative permittivity € of the insulating layer 25 in the subpixel 6G to be 3 to 7, and causing the relative permittivity € of
the insulating layer 25 in the subpixel 6R to be 4 to 7. Further, in the present embodiment, too, by having provided in
each pixel 6 at least two regions that are different in relative permittivity from each other and being finished with VT
multiplication as described above, the liquid crystal panel 2 can make a liquid crystal panel 2 which shows few changes
in color when looked squarely at and which has an excellent viewing angle characteristic.

[0372] Further, these measurement results show that a tone reversal occurs at € = 4 in any of the liquid crystal panels.
[0373] Therefore, as described above, a change in color as observed when the liquid crystal panel is looked squarely
at can be improved by using a combination so that VT curves for each separate color are similar in shape to one another,
on the basis of a VT curve obtained when the relative permittivity € of the insulating layer in the subpixel 6B constituted
by the B (blue) color filter 22 is 3.

[0374] Further, as can be seen from the foregoing description, in the liquid crystal panel 2, as described above, a
change in color as observed from a square angle can be suppressed by causing the relative permittivity € of the insulating
layer 25 in the subpixel 6B to be 3, causing the relative permittivity € of the insulating layer 25 in the subpixel 6G to be
3 to 7, and causing the relative permittivity € of the insulating layer 25 in the subpixel 6R to be 4 to 7.

[0375] Therefore, although each of the foregoing embodiments has been described by taking, as an example, a case
where one of the pair of substrates is provided with regions that varies in relative permittivity from one part to another
as described above, the present inventions is not to be limited to such an example.

[0376] That is, the liquid crystal panel 2 needs only be configured such that at least one of the pair of substrates is
provided with aninsulating layer and atleast one of the insulating layers has regions that are different in relative permittivity
as described above. Further, in this connection, when an insulating layer provided in contact with an electrode or, in
particular, a solid electrode has regions that are different in relative permittivity as described above, a liquid crystal panel
can be surely provided which shows few changes in color when looked squarely at and which has an excellent viewing
angle characteristic.

[0377] Further, although each of the foregoing embodiments has been described by taking, as an example, a case
where resin beads are used as spacers, the present invention is not to be limited to such an example. For example, the
resin beads may be replaced as spacers by a combination of resin beads and columnar spacers so provided in positions
corresponding to the comb electrodes 14 and 15 as to control the gap between the substrates 10 and 20.

[0378] The liquid crystal panel 2 can be suitably used in various types of liquid crystal display device, such as liquid
crystal TVs and mobile terminals, in which the liquid crystal panel 2 is used as a display section.

[0379] As described above, a liquid crystal panel according to the present invention is a liquid crystal panel including:
a first substrate having at least first and second electrodes provided therein; a second substrate placed opposite the
first substrate; and a liquid crystal layer sandwiched between the first substrate and the second substrate, the liquid
crystal panel being a vertical alignment liquid crystal panel based on a transverse electric field drive system, in which
the liquid crystal layer is driven by a transverse electric field generated between the electrodes provided in the first
substrate and in which when no electric field is applied, liquid crystal molecules in the liquid crystal layer are aligned
perpendicularly to the first and second substrates, at least either the first or second substrate being provided with a first
insulating layer having at least two regions that are different in relative permittivity from each other in each pixel so that
at least two regions that are different in shape of equipotential lines from each other are formed in the each pixel when
the transverse electric field is generated, the each pixel being composed of a red subpixel, a green subpixel, and a blue
subpixel, that region of the first insulating layer which corresponds to the blue subpixel having a relative permittivity of
3, that region of the first insulating layer which corresponds to the green subpixel having a relative permittivity of 3 to 7,
that region of the first insulating layer which corresponds to the red subpixel having a relative permittivity of 4 to 7.
[0380] As described above, a liquid crystal panel according to the present invention is a liquid crystal panel including:
a first substrate having at least first and second electrodes provided therein; a second substrate placed opposite the
first substrate; and a liquid crystal layer sandwiched between the first substrate and the second substrate, the liquid
crystal panel being a vertical alignment liquid crystal panel based on a transverse electric field drive system, in which
the liquid crystal layer is driven by a transverse electric field generated between the electrodes provided in the first
substrate and in which when no electric field is applied, liquid crystal molecules in the liquid crystal layer are aligned
perpendicularly to the first and second substrates, at least either the first or second substrate being provided with an
insulating layer, the liquid crystal layer having pixels each composed of a red subpixel, a green subpixel, and a blue
subpixel, that region of the insulating layer which corresponds to the blue subpixel having a relative permittivity of 3, that
region of the insulating layer which corresponds to the green subpixel having a relative permittivity of 3 to 7, that region
of the insulating layer which corresponds to the red subpixel having a relative permittivity of 4 to 7.

[0381] According to each of the foregoing configurations, in such a vertical alignment liquid crystal panel based on a
transverse electric field drive system, at least one of the first and second substrates is provided with an insulating layer,
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and those regions of the insulating layer (first insulating layer) which correspond to the blue, green, and red subpixels
have the relative permittivities specified above, respectively; therefore, a tone reversal can be prevented and, moreover,
VT (voltage-transmittance) curves obtained in the blue, green, and red subpixels can be made similar in shape to one
another. For this reason, each of the foregoing configurations makes it possible to provide a liquid crystal panel that
shows few changes in color as observed when the liquid crystal panel is looked squarely at.

[0382] Further, according to each of the foregoing configurations, VT multiplication can be easily carried out simply
by partially changing the relative permittivity of the insulating layer (first insulating layer).

[0383] Therefore, as described above, in case where the liquid crystal panel includes, in each pixel, at least two regions
of the insulating layer (first insulating layer) that are different in relative permittivity from each other, a liquid crystal panel
can be provided which shows few changes in color when looked squarely at, which has an excellent viewing angle
characteristic, and which can be manufactured through simple steps. Moreover, since the liquid crystal panel is a vertical
alignment liquid crystal panel based on a transverse electric field drive system ad such a liquid crystal panel has a arched
(bent) liquid crystal alignment distribution formed within the cell when a transverse electric field is applied, it is possible
to achieve high-speed response based on bend alignment, a wide viewing angle based on a self-compensating array,
and high contrast based on vertical alignment.

[0384] Theliquid crystal panelis preferably configured such that: the second substrate further has an electrode provided
therein; and the first insulating layer is formed on the electrode provided in the second substrate.

[0385] According to the foregoing configuration, the shape of equipotential lines that are formed in those regions of
the insulating layer (first insulating layer) which are different in relative permittivity can be efficiently varied, and the
difference in tone-luminance ratio (viewing angle level) between a square angle (polar angle of O degree) and a polar
angle of 60 degrees at a gradation of 128 can be made much smaller than it has conventionally been. For this reason,
a great effect of improvement in viewing angle characteristic is achieved, so that the resulting viewing angle characteristic
is satisfactory.

[0386] The liquid crystal panel is preferably configured such that: the first and second electrodes are comb electrodes;
the first substrate further has a third electrode provided therein; and the first and second electrodes are provided above
the third electrode with a second insulating layer sandwiched between the first and second electrodes and the third
electrode, the second insulating layer having a relative permittivity of 3.

[0387] The liquid crystal panel is preferably configured such that: the first and second electrodes are comb electrodes;
the first substrate further has a third electrode provided therein; and the first and second electrodes are provided above
the third electrode with the first insulating layer sandwiched between the first and second electrodes and the third
electrode.

[0388] According to each of the foregoing configurations, the liquid crystal panel has an FFS (fringe field switching)
structure in which the comb electrodes (first and second electrodes) are provided over the third electrode via the insulating
layer (first or second insulating layer); therefore, a high aperture ratio can be achieved. Accordingly, a high transmittance
can be achieved.

[0389] Further, especially, in a case where the insulating layer (first insulating layer) having at least two regions that
are different in relative permittivity from each other is provided on the electrode provided in the second substrate and
the liquid crystal panel has such an FFS structure, the difference in tone-luminance ratio (viewing angle level) between
a square angle (polar angle of 0 degree) and a polar angle of 60 degrees at a gradation of 128 can be made even smaller
than it would be if only either of the substrates were provided with the insulating layer (first insulating layer). Therefore,
in this case, not only can the aperture ratio be improved, but also a very satisfactory viewing angle characteristic can
be obtained.

[0390] The liquid crystal panelis preferably configured such that the insulting layer has a constant thickness regardless
of its relative permittivity.

[0391] According to the foregoing configuration, the insulting layer has a constant thickness regardless of its relative
permittivity. This eliminates the need to control a plurality of cell thicknesses (thickness of the liquid crystal layer) in each
pixel and facilitates manufacturing.

[0392] Further, in a case of providing, in each pixel, such a region that the directors of liquid crystal molecules is
symmetrical, breaking of the symmetry of the directors becomes unlikely when the cell thicknesses in that pixel are
uniform; therefore a further improvement in viewing angle characteristic is can be achieved.

[0393] Theliquid crystal panel is preferably configured such that those regions of the insulating layer which are different
in relative permittivity from each other are different in relative permittivity from each other by 2 or more.

[0394] According to the foregoing configuration, the shape of equipotential lines that are formed in those regions
corresponding to insulating layers that are different in relative permittivity can be made to vary to such an extent that
the liquid crystal molecules are sufficiently different in alignment direction between the regions. Therefore, the viewing
angle characteristic can be more surely improved.

[0395] The liquid crystal panel is preferably configured such that the regions that are different in shape of equipotential
lines from each other differ in potential from each other by 0.8 VV or more, the potential being applied to the liquid crystal
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molecules in displaying a halftone.

[0396] According to the foregoing configuration, regions that are different in half-tone potential from each other by 0.8
V or more are formed in each pixel. For this reason, therefore, the liquid crystal molecules can be made to vary in
alignment direction between the regions so sufficiently that the viewing angle characteristic can be improved. Therefore,
according to the foregoing configuration, the viewing angle characteristic can be more surely improved. The term "half-
tone" here means a median gradation value in the whole gradation range.

[0397] Aliquid crystal display device according to the present invention includes such a liquid crystal panel according
to the present invention, thereby providing a liquid crystal display device that shows few changes in color when the liquid
crystal display device is looked squarely at.

[0398] The presentinvention is not limited to the description of the embodiments above, but may be altered by a skilled
person within the scope of the claims. An embodiment based on a proper combination of technical means disclosed in
different embodiments is encompassed in the technical scope of the present invention.

Industrial Applicability

[0399] As described above, a liquid crystal panel of the present invention is a vertical alignment liquid crystal panel
based on a transverse electric field drive system, has high-speed response, a wide viewing angle, and a high-contrast
characteristic, and, furthermore, shows few changes in color when looked squarely at, and a liquid crystal display device
of the present invention is a liquid crystal display device including such a liquid crystal panel. As such, the liquid crystal
panel of the present invention and the liquid crystal display device of the present invention can be suitably used for
various practical purposes examples of which include public bulletin boards for outdoor use, mobile devices such as
cellular phones and PDAs, etc.

Reference Signs List

[0400]

1 Liquid crystal display device
2 Liquid crystal panel

3 Drive circuit

4 Backlight

5 Liquid crystal cell

6 Pixel

6B Subpixel

6G Subpixel

6G Subpixel

10 Substrate (first substrate)

11 Glass substrate

12 Solid electrode (third electrode)
13 Insulating layer

13Ato 13C  Region

14 Comb electrode (first electrode)
15 Comb electrode (second electrode)
14A Branch electrode

15A Branch electrode

16 Alignment film

20 Substrate (second substrate)
22 Color filter

23 Black matrix

24 Solid electrode (electrode)
25 Insulating layer

25At0o 25C  Region

26 Alignment film

311033 Electric field region

35 Polarizing plate

36 Polarizing plate

50 Liquid crystal layer

52 Liquid crystal molecule
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60 Substrate (first substrate)
70 Substrate (second substrate)
80 Substrate (first substrate)
Claims
1. Aliquid crystal panel comprising:
a first substrate having at least first and second electrodes provided therein;
a second substrate placed opposite the first substrate; and
a liquid crystal layer sandwiched between the first substrate and the second substrate,
said liquid crystal panel being a vertical alignment liquid crystal panel based on a transverse electric field drive
system, in which the liquid crystal layer is driven by a transverse electric field generated between the electrodes
provided in the first substrate and in which when no electric field is applied, liquid crystal molecules in the liquid
crystal layer are aligned perpendicularly to the first and second substrates,
at least either the first or second substrate being provided with a first insulating layer having at least two regions
that are different in relative permittivity from each other in each pixel so that at least two regions that are different
in shape of equipotential lines from each other are formed in said each pixel when the transverse electric field
is generated, said each pixel being composed of a red subpixel, a green subpixel, and a blue subpixel,
that region of the first insulating layer which corresponds to the blue subpixel having a relative permittivity of 3,
that region of the first insulating layer which corresponds to the green subpixel having a relative permittivity of
3 to 7, that region of the first insulating layer which corresponds to the red subpixel having a relative permittivity
of4to 7.
2. The liquid crystal panel as set forth in claim 1, wherein:
the second substrate further has an electrode provided therein; and
the first insulating layer is formed on the electrode provided in the second substrate.
3. The liquid crystal panel as set forth in claim 2, wherein:
the first and second electrodes are comb electrodes;
the first substrate further has a third electrode provided therein; and
the first and second electrodes are provided above the third electrode with a second insulating layer sandwiched
between the first and second electrodes and the third electrode, the second insulating layer having a relative
permittivity of 3.
4. The liquid crystal panel as set forth in claim 1 or 2, wherein:
the first and second electrodes are comb electrodes;
the first substrate further has a third electrode provided therein; and
the first and second electrodes are provided above the third electrode with the first insulating layer sandwiched
between the first and second electrodes and the third electrode.
5. The liquid crystal panel as set forth in any one of claims 1 to 4, wherein the insulting layer has a constant thickness
regardless of its relative permittivity.
6. The liquid crystal panel as set forth in any one of claims 1 to 5, wherein those regions of the insulating layer which
are different in relative permittivity from each other are different in relative permittivity from each other by 2 or more.
7. The liquid crystal panel as set forth in any one of claims 1 to 6, wherein the regions that are different in shape of
equipotential lines from each other differ in potential from each other by 0.8 V or more, the potential being applied
to the liquid crystal molecules in displaying a halftone.
8. A liquid crystal panel comprising:

a first substrate having at least first and second electrodes provided therein;

39



10

15

20

25

30

35

40

45

50

55

EP 2 487 538 A1

a second substrate placed opposite the first substrate; and

a liquid crystal layer sandwiched between the first substrate and the second substrate,

said liquid crystal panel being a vertical alignment liquid crystal panel based on a transverse electric field drive
system, in which the liquid crystal layer is driven by a transverse electric field generated between the electrodes
provided in the first substrate and in which when no electric field is applied, liquid crystal molecules in the liquid
crystal layer are aligned perpendicularly to the first and second substrates,

at least either the first or second substrate being provided with an insulating layer,

said liquid crystal layer having pixels each composed of a red subpixel, a green subpixel, and a blue subpixel,
that region of the insulating layer which corresponds to the blue subpixel having a relative permittivity of 3, that
region of the insulating layer which corresponds to the green subpixel having a relative permittivity of 3 to 7,
that region of the insulating layer which corresponds to the red subpixel having a relative permittivity of 4 to 7.

9. Aliquid crystal display device comprising a liquid crystal panel as set forth in any one of claims 1 to 8.

40



EP 2 487 538 A1

FIG.1

, 15AT 15A2 1401 14A2
{ Y— ! — \
31 15 32 14 33

41



EP 2 487 538 A1

FIG. 2

14A

14A2

14A1

148

15A

42



EP 2 487 538 A1

FI1G.3

TN

1350 21 38 36

)4
\\
P

43

E
=
|

NNRRNNN

~—1 QOO0 |




EP 2 487 538 A1

F1G.4

100

15A1 15A2 14A1  14A2
\_—_\f_} kﬂ_—')
15 14

44



EP 2 487 538 A1

FI1G.5

200
J

'8 po

222 22?3 222 ;2?3 222 ;2; 222 ;23
S S

201 <

-

213A 213B 213C
- S/

~

213

45



EP 2 487 538 A1

FI1G.6

> 20
5

' 10
(um)

R

e ————————— e i

[V=6.000V]

21

(um)

1

00 |25.000/ 30.000 35.000 \ 40.00044.000

10.000 \15.000 20.0

0.000 | 5.000
4A

1

3,200
(43) 0.000
(#2) 0.000 A
(#1) 0.000 0 -

15A

15A

46



EP 2 487 538 A1

FIG.7
é[401
21
(um) [V=7. 500V]
3. 400 L 3’
3. 000 N H-
23N : 52
P~ A‘j —
2.000 2P g gl |
R 50
1.000 S
(#2)0. 000 )
{
2. 000
1.000 > 10
(#1)0. 000
J

0.000 |5.000 10.000 15.000 \20.000 | 25.000 /30.000 35.000 \ 40.000 44.000(m)

14A 14A 11

15A  15A

47



FI1G.8

EP 2 487 538 A1

(a)

(b)

(c)

POWER OFF
20 DEGREES

60 DEGREES

SQUARE ANGLE OF 0 DEGREE

INTERMEDIATE POWER ON
20 DEGREES

60 DEGREES

SQUARE ANGLE OF 0 DEGREE

POWER ON
20 DEGREES, 4

60 DEGREES

SQUARE ANGLE OF 0 DEGREE

48




EP 2 487 538 A1

FIG. 9
(a)
52
OBLIQUE LIGHT =
(b)
BIREFRINGENGCE OF X 50%
(c)
« BIREFRINGENCE OF x 100%

49



FIG. 10

TRANSMITTANCE RAT10 (%)

FI1G.11

GRADATION AS OBSERVED
FROM OBLIQUE ANGLE

EP 2 487 538 A1

100% 7?5’".
90% sl
K 7/
80% a4
70% . //
60% -
50% - ——————+~ ‘,'—/-——— ——m—s—= -
40% -
304 / '//
20% / , &7
10% /"l / s— E=
A - = - COMPOSITE
L/ : : : i
0
%0 1 2 3 4 5 6 7 8 9 10
APPLIED VOLTAGE (V)
256 —
sy
224 ../‘ : /
s
192 P ' P /
. 7’ y/
r/ P - //
160 ey
128 Lorigelonyd
96 Loty s POLAR ANGLE OF
/7 / """ 0 DEGREE (SQUARE)
AV A POLAR ANGLE OF
64 20 DEGREES
/ . / . POLAR ANGLE OF
(. 2 40 DEGREES
32 ](// —.._ POLAR ANGLE OF
: 60 DEGREES

64

96

128 160 192 224 256

SQUARE GRADATION

50



EP 2 487 538 A1

FIG. 12

256 —

224 ./.-" P
/' ,-’ /
192 e //'
. s’ s

160 Sy
el aa ‘,’/

/. /',. ,’/

T . POLAR ANGLE OF

7
967 , P — 0 DEGREE (SQUARE)
D L7 POLAR ANGLE OF

GRADATION AS OBSERVED
FROM OBLIQUE ANGLE

64 [ 17 20 DEGREES
[ .
/o, _._._. POLAR ANGLE OF
[, 40 DEGREES
3217, —.._ POLAR ANGLE OF
: 60 DEGREES

0 32 64 96 128 160 192 224 256
SQUARE GRADATION

FIG. 13
100% o o
90% 1 ... €= : : : /// % § | /
& . A gl e :
s 80%([ —.—. € =5 I e
= v/ /
SR )| R S
= VARV /
60% | ——— e=9 [
© 4/ 4
= ShpFTTTTTTo 7
= 40% [ AT 7
S 30% o]
=< B A AR / -
10% /A
0% ,/5/ E/E
0O 1 2 3 4 ;5 6 7 8 9 10

APPLIED VOLTAGE (V)

51



EP 2 487 538 A1

FI1G.14
120%
100% —
= et
<< = /
e 80%
Ll
S POLAR ANGLE
= OF O DEGREE
=  60% (SQUARE)
= . POLAR ANGLE
3 OF 10 DEGREES
! . POLAR ANGLE
o 40% OF 20 DEGREES
el POLAR ANGLE
OF 30 DEGREES
0 POLAR ANGLE
20% OF 40 DEGREES
POLAR ANGLE

T OF 60 DEGREES

0%

96 128 160

SQUARE GRADATION

52

192 224 256



EP 2 487 538 A1

FIG. 15

NORMALIZED TRANSMITTANCE (%)

0 1 2 3 4 5 6 1 8
APPLIED VOLTAGE (V)

o m}ggm INSULAT ING O e =1 —O- g9 —— £=3
—%— £=4 —O— g=5 —O— e=]

FI1G. 16

100%
90%
80%
10%
60%
50%
40%
30%
20%
10%

0%

NORMAL IZED TRANSMITTANCE (%)

0 1 2 3 4 5 6 1 8
APPLIED VOLTAGE (V)

. \:;&Egm INSULATING — _ 5 o 4 -O- =2 —— €=3
—>— =4 —0— £=5 —O— ¢g=1]

53



EP 2 487 538 A1

FIG. 17

100% —— E |
90% o 1

AY

13 80% ¥ /S,Z%
2 0 / /C;/)Z
= 60% / _ %[S Q/,,
2 5o AT £

— 40% : ( /,, !
S / v // /
% 20% N

2

0% o— O
0 1 2 3 4 5 6 1 8
APPLIED VOLTAGE (V)

—o—mEgUT INSULAT ING - — —
X— =4 —— ¢g=h -0— =7

54



EP 2 487 538 A1

F1G.18

TRANSMITTANGE (%)

COMPOSITE WHITE

20. 0% , . :
S S S
16.0% [ | My —
14.0% [ v S
12. 0%
10. 0%
8.0% -
6. 0% -
4.0% f-
2.0% f-
0. 0%

APPLIED VOLTAGE (V)

LAYER

o— WITHOUT INSULATING  _ 3 ¢ — -O- =9 —— £=3
—>— =4 —0— g=h —O— €=

55




EP 2 487 538 A1

FIG.189

100%

90%

80%

70%
60%
50%
40%
30%
20%

(%) JONVLLINSNYYL Q3Z17TVIWHON

APPLIED VOLTAGE (V)

RELATIVE PERMITTIVITY €

2 —4—G=3

7

A ¢
3 ~%-—-R=b —%—R

=7

--0-—-B

=5

4 —e—B

2 —--R

3 —O—8B

7 -x—R

B=2 --O--B
5 —&—G

——h-- G

-

56



FI1G. 20

NORMALIZED TRANSMITTANCE (%)

EP 2 487 538 A1

2 3 4 5 6
APPLIED VOLTAGE (V)
-0-B=3 —A—G=3 -A-G5 —AG=]
—X-R=4  ->--R=b5 ¢ R=7

57




EP 2 487 538 A1

FI1G. 21

15A1 15A2 ! 1401 14A2
31 15 32 14 33

58



EP 2 487 538 A1

FI1G. 22
120%
100%
—
=
= 80%
L
&) POLAR ANGLE
= OF 0 DEGREE
= 60% (SQUARE)
= POLAR ANGLE
= OF 10 DEGREES
| 40% . POLAR ANGLE
= OF 20 DEGREES
i POLAR ANGLE
OF 30 DEGREES
POLAR ANGLE
20% OF 40 DEGREES
POLAR ANGLE
/s —— OF 60 DEGREES
0%

0 32 64 96 128 160 192 224 256
SQUARE GRADATION

59



EP 2 487 538 A1

FI1G.23

,\j’:\/\/\/\/\/\. ’V.IWV\;}' ‘
\ X N> YA =t
) /) 35
7 \ 7 ' < 7
15A1 15A2 ' 14A1  14A2
31 15 32 14 33
130 13B 13C
— J
~
13

60



EP 2 487 538 A1

FI1G.24
120%
N
100% TUEETS
9 - "/ :, e
= X j/”
= 80% 2
Lu »
= POLAR ANGLE
= — —— OF 0 DEGREE
= 60k (SQUARE)

Y (S 2 A < L [— POLAR ANGLE
2 OF 10 DEGREES
! 0 __.__. POLAR ANGLE
= 40% OF 20 DEGREES

= ___ POLAR ANGLE
. OF 30 DEGREES
POLAR ANGLE |
20% — T T OF 40 DEGREES
POLAR ANGLE
~——— OF 60 DEGREES
0%

0 32 64 96 128 160 192 224 256
SQUARE GRADATION

61



EP 2 487 538 A1

FIG. 25

300
J

[
\

22 23
[
\

——ee e e T S =
5
u

22 23
[

36

21
10
26

[
\
!

~—
—

- —

u
I
@
|

14A2

14A1

15A2

15A1

14

15

62



EP 2 487 538 A1

FIG.26

100% T T i e O

90% -+ s S et il
IAVANY: |

80% |- 6% y

60% |- '

50%

77

105 | iy
Qe R //;/ —o-B
20% |- -G
10% [~ /// —O-R
0% O—0O<L3 : ’ :

o 1 2 3 4 5 6 1 8
APPLIED VOLTAGE (V)

NORMAL1ZED TRANSMITTANCE (%)

FI1G.27
120%
N\
100% N
= L
o 80% o
L
2 POLAR ANGLE
= OF 0 DEGREE
= 60k (SQUARE)
= | [/ L7 T TP POLAR ANGLE
3 OF 10 DEGREES
Lo 40% —._ . POLAR ANGLE
= OF 20 DEGREES
= __ POLAR ANGLE
OF 30 DEGREES
POLAR ANGLE
20% T ™ OF 40 DEGREES
POLAR ANGLE

" OF 60 DEGREES

0 32 64 96 128 160 192 224 256
SQUARE GRADAT ION

63



EP 2 487 538 A1

FI1G.28

INITIAL DIRECTION OF ALIGNMENT OF
LIQUID CRYSTAL MOLECULES

404

403

ELECTRIC FIELD DIRECTION

“~EQUIPOTENTIAL SURFACE

> 520

FI1G. 29
513 512 514 515
\ [ \ .
| ~ { Y AN 1\
511{ il A 1\11: -y LLX}\\\J ]///\r/
J / ’r-_l-L fr-l‘l
l, N
— | ® T T de e
501 = = =R S S
{J 7 E v 1
—Z \Y — 1)
— F
504 503 502

64



EP 2 487 538 A1

FIG.30
- : " | : ﬁ"602
(a) ) EL'ECTR‘IC I.‘INE.S? OF FORCE . ‘.\ 603
L = N
604
604 604
‘ E ’ ( ———~ 602
"\ “ELECTRIC LINES'
(b) ! ', OF FORle. 603
l : : 'l { ) E ‘ :‘ {
) ‘) \) ~ 601
604 604 604
FI1G.31
602
- ————]
( )
606
603 <
\ 605
601 - r— e - rL===q)='1
) ) ) )
604a 604b 604a 604b 604a 604b
— _
——
604

65




EP 2 487 538 A1

INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2010/059721

A. CLASSIFICATION OF SUBJECT MATTER
G02F1/1368(2006.01)1, GO2F1/1333(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GO02F1/1368, GO2F1/1333

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Koho 1922-1996 Jitsuyo Shinan Toroku Koho 1996-2010
Kokai Jitsuyo Shinan Koho 1971-2010 Toroku Jitsuyo Shinan Koho 1994-2010

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A JP 2000-305100 A (Fujitsu Ltd.), 1-9
02 November 2000 (02.11.2000),
entire text; all drawings
& US 6642984 Bl & US 2004/0066480 Al
& TW 587191 B
A JP 10-186351 A (Hitachi, Ltd.), 1-9
14 July 1998 (14.07.1998),
entire text; all drawings
(Family: none)
A JP 2000-193977 A (Fujitsu Ltd.), 1-9
14 July 2000 (14.07.2000),
entire text; all drawings
& US 2001/0050742 Al & US 2006/0250561 Al
& WO 2000/039630 Al & TW 223119 B

Further documents are listed in the continuation of Box C.

I:l See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“B” earlier application or patent but published on or after the international
filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination

being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

01 September, 2010 (01.09.10) 14 September, 2010 (14.09.10)
Name and mailing address of the ISA/ Authorized officer

Japanese Patent Office
Facsimile No. Telephone No.

Form PCT/ISA/210 (second sheet) (July 2009)

66




EP 2 487 538 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2010/059721

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

1-9

A

JP 8-050281 A (Sanyo Electric Co., Ltd.),

20 February 1996 (20.02.1996),
entire text; all drawings
(Family: none)

Form PCT/ISA/210 (continuation of second sheet) (July 2009)

67




EP 2 487 538 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« JP 10186351 A [0007]  JP 10133190 A [0009]
* JP 2002023179 A [0008] * JP 2000193977 A [0010]

68



patsnap

TRBR(F) RREERNERE REE
DF(RE)F EP2487538A1 DF(E)A 2012-08-15
HiFs EP2010821775 RiFH 2010-06-08

RIRBE(ERFR)AGE) EEKRAL4
RF(EFR)AGE) EEHMAau
HAHRBHEIRAE) EEHRAatt

[FRIRBAA MURATA MITSUHIRO
KOZAKI SHUICHI
ISHIHARA SHOICHI
SAKURAI TAKEHISA
OHTAKE TADASHI

REBAA MURATA, MITSUHIRO
KOZAKI, SHUICHI
ISHIHARA, SHOICHI
SAKURAI, TAKEHISA
OHTAKE, TADASHI

IPCH %S G02F1/1368 GO2F1/1333 G02F1/1343

4 2009233418 2009-10-07 JP

H T 3Rk EP2487538A4

SAERBEE Espacenet

HE(L%) Fl1aG. 1
BEE-METHEOEGRIRENEERCRIER , HEAN , HE . B )
THELWHEE(, REER (2) RETEQEZRFIRENEER 2/5" ue = L

ERSER , EESRAEOSZEIREER (1028 ) WEEE

(50 ) R#ITER. 20) , EiR (10) EFLEE (25) , ZEEE

(25) EHLAEBTHRE (6R) , FETHBEMKNGEE (6) FEEFE
DPAMINNEERFTEANXE (6G) MEEFHE (6B) . WHNTR
mER (2) PNEE , GEBRNOIETFHEK (6B, 6G, 6R) WALRE

(25) WBEXFGEGIEIMAZTHHAN T BER , 25, »

15A1 15A2 1M1 142,
; I5M_15A2 JaA114AZ y
31 15 32 14 33


https://share-analytics.zhihuiya.com/view/4b56d844-de38-4e7a-9f71-26701265314a
https://worldwide.espacenet.com/patent/search/family/043856583/publication/EP2487538A1?q=EP2487538A1

