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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese patent application JP 2009-135743 filed on Jun. 5, 2009,
the content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device, and in particular, atechnology effective for being
applied to an in-plane switching (IPS) liquid crystal display
device.

[0004] 2. Description of the Related Art

[0005] Unlike a self-emitting display device, for example a
cathode ray tube (CRT) or a plasma display panel (PDP), a
liquid crystal display device is a non-self-emitting display
device that displays a video or an image by regulating a
transmitted amount of light from a light source or a reflected
amount of external light, or the amounts of both the light.
[0006] Further, the liquid crystal display device has fea-
tures such as thinness, light weight, and lower power con-
sumption, and, in recent years, has been used widely in a
liquid crystal display for a liquid crystal television or a per-
sonal computer, a liquid crystal display for a portable elec-
tronic appliance such as a portable telephone terminal, and
the like.

[0007] The liquid crystal display device includes a liquid
crystal display panel, and a driving circuit for driving the
liquid crystal display panel. The liquid crystal display panel
has a configuration in which a liquid crystal material is sealed
between a pair of substrates, and has a display region formed
of a large number of pixels. Each pixel includes a pixel
electrode, acommon electrode, and a liquid crystal layer, and
the transmitted light amount or the reflected light amount, or
the amounts of both the light are regulated by varying the
alignment of a liquid crystal layer (liquid crystal molecules)
with a potential difference between the pixel electrode and the
common electrode. Further, the arrangement of the pixel elec-
trodes and the common electrode is roughly classified into the
case where the pixel electrodes and the common electrode are
placed on different substrates and the case where the pixel
electrodes and the common electrode are placed on the same
substrate.

[0008] A liquid crystal display panel in which the pixel
electrodes and the common electrode are placed on the same
substrate is generally called an IPS system, and an effective
optical axis is rotated in a plane by rotating liquid crystal
molecules in an in-plane direction, to thereby regulate the
transmitted light amount or the reflected light amount, or the
amounts of both the light. In the liquid crystal display device
having an IPS liquid crystal display panel, an alignment
direction of the liquid crystal layer is substantially horizontal,
and hence, a change in retardation of the liquid crystal layer
due to a change in a viewing angle is small. Therefore, it is
known that the IPS liquid crystal display device can achieve a
wide viewing angle.

[0009] The arrangement of pixel electrodes and a common
electrode in the IPS liquid crystal display panel is roughly
classified into the arrangement in which the pixel electrodes
and the common electrode are opposed to each other on a
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same side of an insulating layer and the arrangement in which
the pixel electrodes and the common electrode are laminated
separately via an insulating layer. In the case where the pixel
electrodes and the common electrode are placed on the same
side of the insulating layer, the plane shape of each of the pixel
electrodes and the plane shape of the common electrode are
rendered interdigital, and the pixel electrodes and the com-
mon electrode are arranged, for example, in such a manner
that tooth portions of the pixel electrodes and tooth portions
of the common electrode are placed alternately. On the other
hand, in the method of laminating the pixel electrodes and the
common electrode, for example, the plane shape of electrodes
closer to the liquid crystal layer is formed in an interdigital
shape and the plane shape of the other electrodes is formed in
a flat plate shape.

[0010] In a liquid crystal display device such as a liquid
crystal television or a liquid crystal display, generally, the
sign of a potential difference between the pixel electrodes and
the common electrode varies ever frame period or every pre-
determined number frame periods. Therefore, in a conven-
tional liquid crystal display device, an in-plane distribution of
atransmittance varies, for example, between the case where a
positive voltage is applied to the pixel electrodes and the case
where a negative voltage is applied thereto, and thus, a phe-
nomenon called flicker occurs. Here, the positive voltage
refers to the case where the potential of the pixel electrodes is
higher than that of the common electrode, and the negative
voltage refers to the case where the potential of the pixel
electrodes is lower than that of the common electrode.
[0011] One of factors for the occurrence of flicker is as
follows: when a thin film transistor (TFT) element is switched
from on to off, an abnormal voltage is applied to the potential
of the pixel electrode due to parasitic capacitance of the TFT,
and a direct current voltage component (DC voltage compo-
nent) is generated in the potential of the pixel electrode.
Therefore, in the conventional liquid crystal display device, a
fluctuation portion of the potential of the pixel electrode
generated due to parasitic capacitance, i.e., a component for
canceling a DC voltage component (hereinafter, referred to as
a “DC offset voltage”) is applied to a gray level voltage to be
applied to the pixel electrode, to thereby suppress flicker (see,
for example, JP 07-020440 A).

SUMMARY OF THE INVENTION

[0012] 1Inthe case where a DC offset voltage is applied to a
gray level voltage in the IPS liquid crystal display device,
when a flicker intensity with respect to the DC offset voltage
is measured, the flicker intensity takes a minimum value at a
certain DC offset voltage.

[0013] However, in the conventional IPS liquid crystal dis-
play device, even if the DC offset voltage is set so that the
flicker intensity becomes a minimum value, the flicker inten-
sity does not become zero in most cases.

[0014] Inis an object of the present invention to provide a
technology capable of suppressing a flicker intensity in an
in-plane switching (IPS) liquid crystal display device to such
a degree as not to influence display quality.

[0015] It is another object of the present invention to pro-
vide a technology capable of easily decreasing the flicker
intensity in the IPS liquid crystal display device.

[0016] The above-mentioned and other objects and new
features of the present invention become apparent with refer-
ence to the description of this specification and the accompa-
nying drawings.
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[0017] Among aspects of the invention disclosed in this
application, the outline of the typical ones is described as
follows.

[0018] (1) A liquid crystal display device, including: a first
substrate; a second substrate; a liquid crystal layer sand-
wiched between the first substrate and the second substrate; a
first polarization plate placed on a side opposite to a side of
the first substrate on which the liquid crystal layer is placed;
a second polarization plate placed on a side opposite to a side
of the second substrate on which the liquid crystal layer is
placed; and a pixel electrode and a common electrode which
are provided on the side of the second substrate on which the
liquid crystallayer is placed, in which: atleast one ofthe pixel
electrode and the common electrode is interdigital; and the
liquid crystal layer has flexoelectric coefficients ¢, , and e5;,
both absolute values of which are +7 pC/m or less.

[0019] (2) The liquid crystal display device according to
item (1), in which the liquid crystal layer has elastic constants
K, and K, both of which are 13 pN or more.

[0020] (3) The liquid crystal display device according to
item (1), in which the liquid crystal layer has elastic constants
K, and K5, both of which are 16 pN or more.

[0021] (4) The liquid crystal display device according to
item (1), in which: the pixel electrode and the common elec-
trode are laminated via an insulating layer; one of the pixel
electrode and the common electrode which is closer to the
liquid crystallayer is interdigital; and assuming that a number
of teeth of the one of the pixel electrode and the common
electrode which is closer to the liquid crystal layer is u, the
following relationship of Mathematical Equation 1 is satis-
fied between a dielectric anisotropy A€ of the liquid crystal
layer and the number of teeth u.

7.5 ()

8¢S S 3exlogw+ 149

[0022] (5) The liquid crystal display device according to
item (1), in which: the pixel electrode and the common elec-
trode are laminated via an insulating layer; one of the pixel
electrode and the common electrode which is closer to the
liquid crystal layer is interdigital; and the liquid crystal dis-
play device further includes a dielectric cap having a permit-
tivity lower than a permittivity of the liquid crystal layer, the
dielectric cap being provided between an outer peripheral
portion of the one of the pixel electrode and the common
electrode which is closer to the liquid crystal layer and the
liquid crystal layer.

[0023] (6) The liquid crystal display device according to
item (5), in which one of the pixel electrode and the common
electrode which is closer to the liquid crystal layer and the
dielectric cap have an overlapped region with an area of 10%
or more and less than 90% with respect to an area of the one
of the pixel electrode and the common electrode which is
closer to the liquid crystal layer.

[0024] (7) The liquid crystal display device according to
item (1), in which the liquid crystal layer has a polar anchor-
ing strength at an interface on the side of the first substrate,
which is smaller than a polar anchoring strength at an inter-
face on the side of the second substrate.

[0025] (8) The liquid crystal display device according to
item (1),
[0026] in which: the pixel electrode and the common elec-

trode are laminated via an insulating layer; one of the pixel
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electrode and the common electrode which is closer to the
liquid crystal layer is interdigital; and assuming that a width
of teeth of the one of the pixel electrode and the common
electrode which is closer to the liquid crystal layer is [ and a
gap of the teeth is S, 0.3=L/(L+S)=0.5 is satisfied.

[0027] (9) A liquid crystal display device, including: a first
substrate; a second substrate; a liquid crystal layer sand-
wiched between the first substrate and the second substrate; a
first polarization plate placed on a side opposite to a side of
the first substrate on which the liquid crystal layer is placed,
a second polarization plate placed on a side opposite to a side
of the second substrate on which the liquid crystal layer is
placed; and a pixel electrode and a common electrode which
are laminated via an insulating layer, the pixel electrode and
the common electrode being provided on the side of the
second substrate on which the liquid crystal layer is placed, in
which: one of the pixel electrode and the common electrode
which is closer to the liquid crystal layer is interdigital; a
relationship between a potential of the pixel electrode and a
potential of the common electrode is inverted on a predeter-
mined number flame period basis; and assuming that a num-
ber of teeth of the one of the pixel electrode and the common
electrode which is closer to the liquid crystal layer is u, a
transmittance fluctuation rate TPP1 on the teeth and a trans-
mittance fluctuation rate TPP2 on a gap portion of the teeth
respectively satisfy the following relationships of Mathemati-
cal Equations 2 and 3.

TPP1281xlog (u)-44 @
TPP2220xlog (1)+7 3
[0028] (10) The liquid crystal display device according to

item (9), in which the liquid crystal layer has a dielectric
anisotropy of a positive value.

[0029] (11) The liquid crystal display device according to
item (9), in which the liquid crystal layer has a dielectric
anisotropy of a negative value.

[0030] According to the liquid crystal display device of the
present invention, a flicker intensity can be suppressed to such
a degree as not to influence display quality.

[0031] Further, according to the liquid crystal display
device of the present invention, the flicker intensity can be
decreased easily.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] In the accompanying drawings:

[0033] FIG. 1 is a schematic plan view illustrating an
example of a plane configuration of a pixel in a liquid crystal
display panel according to the present invention;

[0034] FIG. 2 is a schematic cross-sectional view illustrat-
ing an example of a cross-sectional configuration taken along
the line A-A of FIG. 1,

[0035] FIG. 3 is a schematic cross-sectional view illustrat-
ing an example of a cross-sectional configuration taken along
the line B-B of FIG. 1;

[0036] FIG. 4 is a schematic plan view illustrating a first
modified example regarding a plane shape of a pixel elec-
trode;

[0037] FIG. 5isa schematic plan view illustrating a second
modified example regarding the plane shape of the pixel
electrode;
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[0038] FIG. 6is a schematic view illustrating an example of
a state of a fluctuation of a potential of pixel electrodes in two
pixels at different distances from a signal input terminal of a
scan line;

[0039] FIG.7isaschematic view illustrating an example of
arelationship between a DC offset voltage and a flicker inten-
sity;

[0040] FIG. 8A is a schematic view illustrating an example

of a relationship between alignment of a liquid crystal layer
and flexoelectric polarization;

[0041] FIG. 8B is a schematic view illustrating another
example of the relationship between the alignment of the
liquid crystal layer and the flexoelectric polarization;

[0042] FIG. 9 is a schematic cross-sectional view illustrat-
ing an example of a relationship between an electric field
generated in a liquid crystal display panel and flexoelectric
polarization;

[0043] FIG. 10A is a schematic plan view illustrating an
example of a relationship between the flexoelectric polariza-
tion and the alignment of liquid crystal molecules;

[0044] FIG. 10B is a schematic plan view illustrating
another example of the relationship between the flexoelectric
polarization and the alignment of liquid crystal molecules;
[0045] FIG.11isaschematic cross-sectional view illustrat-
ing a model of a pixel structure for investigating a change in
alignment of a liquid crystal layer in the flexoelectric polar-
ization;

[0046] FIG. 12A is a schematic view illustrating an
example of a relationship between an applied voltage of a
pixel electrode and a change in transmittance with time in the
model illustrated in FIG. 11;

[0047] FIG. 12B is a schematic view illustrating another
example of the relationship between an applied voltage of the
pixel electrode and a change in transmittance with time in the
model illustrated in FIG. 11;

[0048] FIG. 13A is a schematic view illustrating an
example of a relationship between an applied voltage of a
pixel electrode and an in-plane distribution of a transmittance
in the model illustrated in FIG. 11;

[0049] FIG. 13B is a schematic view illustrating another
example of the relationship between an applied voltage of the
pixel electrode and an in-plane distribution of a transmittance
in the model illustrated in FIG. 11;

[0050] FIG. 14A is a schematic view illustrating an
example of pixels in a liquid crystal display panel equivalent
to those of the model illustrated in FIG. 11;

[0051] FIG. 14B is a schematic view illustrating an
example of the relationship between an applied voltage of a
pixel electrode and a transmittance in a liquid crystal display
panel having pixels equivalent to those of the model illus-
trated in FI1G. 11;

[0052] FIG. 14C is a schematic view illustrating another
example of the relationship between an applied voltage of a
pixel electrode and a transmittance in a liquid crystal display
panel having pixels equivalent to those of the model illus-
trated in FIG. 11;

[0053] FIG. 15A is a schematic view illustrating an
example of a relationship between a flicker intensity and a
transmittance fluctuation rate in an IPS-Pro liquid crystal
display device;

[0054] FIG. 15B is a schematic view illustrating another
example of the relationship between a flicker intensity and a
transmittance fluctuation rate in the IPS-Pro liquid crystal
display device;

Dec. 9, 2010

[0055] FIG. 16 is a schematic view illustrating an example
of a relationship between the number of teeth of a pixel
electrode and a transmittance fluctuation rate in the IPS-Pro
liquid crystal display device;

[0056] FIG. 17A is a schematic view illustrating an
example of a relationship between a flexoelectric coefficient
and the in-plane distribution of a transmittance;

[0057] FIG. 17B is a schematic view illustrating another
example of the relationship between the flexoelectric coeffi-
cient and the in-plane distribution of a transmittance;

[0058] FIG. 18A is a schematic view illustrating an
example of a relationship between the flexoelectric coeffi-
cient and the flicker intensity;

[0059] FIG. 18B is a schematic view illustrating another
example of the relationship between the flexoelectric coeffi-
cient and the flicker intensity;

[0060] FIG. 19 is a schematic plan view illustrating an
example of another method of placing a pixel electrode and a
common electrode;

[0061] FIG. 201s a schematic cross-sectional view illustrat-
ing an example of a cross-sectional configuration of a liquid
crystal display panel taken along the line C-C of FIG. 19;

[0062] FIG. 21 is a schematic cross-sectional view illustrat-
ing an example of a change in alignment of liquid crystal
molecules when an electric field is applied to the liquid crystal
molecules;

[0063] FIG. 22 is a schematic cross-sectional view illustrat-
ing an example of a cross-sectional configuration in a liquid
crystal display panel ofa liquid crystal display device accord-
ing to Example 2 of the present invention;

[0064] FIG. 23A is a schematic view illustrating an
example of a relationship between dielectric anisotropy and
an in-plane distribution of a transmittance of a liquid crystal
layer in the liquid crystal display panel with the configuration
illustrated in FIG. 22;

[0065] FIG. 23B is a schematic view illustrating another
example of the relationship between dielectric anisotropy and
anin-plane distribution ofa transmittance of the liquid crystal
layer in the liquid crystal display panel with the configuration
illustrated in FIG. 22;

[0066] FIG. 23C is a schematic view illustrating still
another example of the relationship between dielectric anisot-
ropy and an in-plane distribution of a transmittance of the
liquid crystal layer in the liquid crystal display panel with the
configuration illustrated in FIG. 22;

[0067] FIG. 24 is a schematic view illustrating a relation-
ship between the dielectric anisotropy and a transmittance
fluctuation rate of a liquid crystal layer on a gap of teeth of the
pixel electrode;

[0068] FIG. 25 is a schematic view illustrating an example
of a relationship between the number of teeth of the pixel
electrode and the flicker intensity;

[0069] FIG. 26 is a schematic plan view illustrating an
example of a plane configuration of a main portion in a liquid
crystal display panel ofa liquid crystal display device accord-
ing to Example 3 of the present invention;

[0070] FIG. 27 is a schematic cross-sectional view illustrat-
ing an example of a cross-sectional configuration of a main
portion of a liquid crystal display panel taken along the line
D-D of FIG. 26; and
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[0071] FIG. 28 is a schematic view illustrating a functional
effect of a liquid crystal display device according to Example
5 of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0072] Hereinafter, the present invention is described in
detail by way of an embodiment (examples) with reference to
the drawings.

[0073] In the entire figures illustrating the examples, ele-
ments having the same functions are denoted with the same
reference symbols, and the repeated descriptions thereof are
omitted.

[0074] FIGS. 1 to 5 are schematic views illustrating an
example of a schematic configuration of a liquid crystal dis-
play panel according to the present invention.

[0075] FIG. 1 is a schematic plan view illustrating an
example of a plane configuration of pixels in a liquid crystal
display panel according to the present invention. FIG. 2 is a
schematic cross-sectional view illustrating an example of a
cross-sectional configuration taken along the line A-A of FIG.
1. FIG. 3 is a schematic cross-sectional view illustrating an
example of a cross-sectional configuration taken along the
line B-B of FIG. 1. FIG. 41s a schematic plan view illustrating
a first modified example regarding a plane shape of pixel
electrodes. FIG. 5 is a schematic plan view illustrating a
second modified example regarding a plane shape of the pixel
electrodes.

[0076] An object of the present invention is to decrease a
flicker intensity in an IPS liquid crystal display device as
described above. A liquid crystal display device includes a
liquid crystal display panel and a driving circuit for driving
the liquid crystal display panel. In the case where the liquid
crystal display device is a transmission type, the liquid crystal
display device also has anilluminating device (backlight unit)
in addition to the liquid crystal display panel and the driving
circuit.

[0077] Further, the present invention relates to a configu-
ration of the liquid crystal display panel in the liquid crystal
display device. The liquid crystal display panel has a configu-
ration in which a liquid crystal material is sealed between a
first substrate and a second substrate, and has a display region
including a large number of pixels. Each of the pixels
includes, for example, a TFT element, a pixel electrode, a
common electrode, and a liquid crystal layer. In the case of the
TIPS system, each pixel is configured, for example, as illus-
trated in FIGS. 1to0 3.

[0078] A firstsubstrate 1 and a second substrate 2 are excel-
lent, for example, in transparency and flatness, and are
formed of borosilicate glass containing less ionic impurities.
[0079] Onthe first substrate 1, a black matrix 4, a color filter
5, aflattening film 6, and a first alignment film 7 are formed on
a surface opposed to a liquid crystal layer 3 (and the second
substrate 2). Further, on the first substrate 1, an antistatic
reverse electrode 8 is formed on a surface opposite to the
surface opposed to the liquid crystal layer 3, and a first polar-
ization plate 9 is attached to the reverse electrode 8.

[0080] On the second substrate 2, scan lines 10, a first
insulating layer 11, signal lines 12, a semiconductor layer of
TFT elements 13, source electrodes 135 of the TFT elements
13, a second insulating layer 14, a common electrode 15, a
third insulating layer 16, pixel electrodes 17, and a second
alignment film 18 are formed on a surface opposed to the
liquid crystal layer 3 (and the first substrate 1). Further, on the
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second substrate 2, a second polarization plate 19 is attached
to a surface opposite to the surface opposed to the liquid
crystal layer 3.

[0081] In this case, the pixel electrodes 17 are closer to the
liquid crystal layer 3, compared with the common electrode
15, and hence the plane shape of the pixel electrodes 17 has an
interdigital shape. Each pixel electrode 17 is connected to the
source electrode 13s via a contact hole CH. In one example of
the plane configuration illustrated in FIG. 1, one pixel elec-
trode 17 has 6 elongated portions (hereinafter, referred to as
teeth) extending in a y-direction, and the 6 teeth are arranged
in an x-direction. Further, the common electrode 15 is shared
by a plurality of pixels. The common electrode 15 is placed at
a position farther from the liquid crystal layer 3, compared
with the pixel electrodes 17, and hence, has a plate-shaped or
band-shaped plane. The liquid crystal layer 3 is formed of, for
example, a liquid crystal material with positive refractive
index anisotropy. In this case, when an electric field is not
applied to the liquid crystal layer 3, more specifically, when a
potential difference between the pixel electrodes and the
common electrode is zero, liquid crystal in the liquid crystal
layer 3 is homogeneously aligned.

[0082] In the case where the extending directions of the
teeth portions of the pixel electrodes 17 are substantially
parallel to the extending direction (y-direction) of the signal
lines 12 as illustrated in FIG. 1, it is desired that the alignment
direction of liquid crystal molecules 3M in a plane parallel to
the substrate plane is in a direction in which an angle o
formed with respect to the extending direction of the scan
lines 10 is about 82.5 degrees. Further, it is desired that the
liquid crystal molecules 3M be aligned while tilting in a
direction perpendicular to the substrate plane at several
degrees as illustrated in FIG. 3. The alignment direction of the
liquid crystal molecules 3M can be controlled by alignment
process (rubbing process) performed with respect to the first
alignment film 7 and the second alignment film 18.

[0083] The configuration of the pixel illustrated in FIGS. 1
to 3 is an exemplary configuration of a liquid crystal display
device of a system called, particularly, an IPS-Provectus
(IPS-Pro) system in the IPS liquid crystal display devices. In
the liquid crystal display panel according to the present inven-
tion, a method of forming the black matrix 4 on the first
substrate 1 and a method of forming the scan lines 10 on the
second substrate 2 may be any of the formation methods
applied in the conventional IPS-Pro liquid crystal display
panel. Therefore, in the present specification, the details
regarding the configuration of a liquid crystal display panel
and a formation method are omitted.

[0084] In the case of the IPS-Pro liquid crystal display
panel, the plane shape of the pixel electrodes 17 is not limited
to the shape illustrated in FIG. 1 and may be, for example, an
interdigital shape in which a plurality of teeth are arranged in
the extending direction of the scan lines 10 as illustrated in
FIG. 4 or 5.

[0085] In the pixel electrodes 17 illustrated in FIG. 4, a
plurality of slits in a substantially boomerang shape are
formed in plate-shaped electrodes. In this case, one pixel
electrode 17 includes a first region in which the extending
direction of the slits (teeth) with respect to the x-direction tilts
by an angle f§ in a counterclockwise direction and a second
region in which the extending direction tilts at an angle f in
the clockwise direction, and the two regions are arranged in
the x-direction.
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[0086] On the other hand, the pixel electrodes 17 illustrated
in FIG. 5 include a first region in which a plurality of slits
(teeth) extending in the first direction and a second region in
which a plurality of slits (teeth) extending in the second
direction inside the plate-shaped electrodes, and the two
regions are arranged in the y-direction.

[0087] Forexample, in the case of providing the pixel elec-
trodes 17 in the shape illustrated in FIGS. 4 and 5, when an
electric field is not applied to the liquid crystal molecules 3M,
the alignment direction of the liquid crystal molecules 3M
becomes substantially parallel to the extending direction
(x-direction) of the scan lines 10. Then, when an electric field
is applied to the liquid crystal molecules 3M, the alignment
direction of the liquid crystal molecules 3M in the first region
and the alignment direction of the liquid crystal molecules
3M in the second region are rotated in opposite directions to
each other. More specifically, in the case where the alignment
direction of the liquid crystal molecules 3M in one region
rotates in a clockwise direction, the alignment direction of the
liquid crystal molecules 3M in another region rotates in a
counterclockwise direction. In this case, when a pixel is seen
from a certain viewing angle direction, a region that looks
yellow compared with the color displayed by the pixel and a
region that looks light blue compared with the color displayed
by the pixel are generated in the pixel, and those regions are
observed by human eyes in such a manner that they overlap
each other. Therefore, the fluctuation of color in that viewing
angle is reduced. Thus, in the liquid crystal display device
including the pixel electrodes 17 as describe above, even in
the case where the viewing angle direction is different from
the direction perpendicular to the substrate plane, when the
display screen is seen from the viewing angle direction, the
pixel is prevented from looking fluctuated from the color
displayed by the pixel, and the viewing angle in an allowable
color reproduction range is ensured more widely.

[0088] FIGS. 6 to 14C are schematic views illustrating one
problem in a conventional liquid crystal display device.
[0089] FIG. 6is a schematic view illustrating an example of
a state of fluctuation of a potential of pixel electrodes in two
pixels at different distances from a signal input terminal of a
scan line.

[0090] FIG.71isaschematic view illustrating an example of
a relationship between the DC offset voltage and the flicker
intensity. FIGS. 8A and 8B are schematic views illustrating
an example ofarelationship between thealignment of aliquid
crystal layer and the flexoelectric polarization. FIG. 9 is a
schematic cross-sectional view illustrating an example of a
relationship between the electric field generated in the liquid
crystal display panel and the flexoelectric polarization. FIGS.
10A and 10B are schematic plan views illustrating an
example of a relationship between the flexoelectric polariza-
tion and the alignment of liquid crystal molecules. FIG. 11 is
a schematic cross-sectional view illustrating a model of a
pixel structure for investigating a change in alignment of the
liquid crystal layer due to the flexoelectric polarization.
FIGS. 12A and 12B are schematic views illustrating an
exampleofarelationship between the applied voltage of pixel
electrodes and the change in transmittance with time in the
model illustrated in FIG. 11. FIGS. 13A and 13B are sche-
matic views illustrating an example of a relationship between
the applied voltage of pixel electrodes and the in-plane dis-
tribution of a transmittance in the model illustrated in FIG. 11.
FIGS. 14A to 14C are schematic views illustrating an
example of arelationship between the applied voltage of pixel
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electrodes and the transmittance in a liquid crystal display
panel including pixels equivalent to those of the model illus-
trated in FIG. 11.

[0091] A pixel placed at a position close to the signal input
terminal of the scan line 10 and a pixel placed at a position far
from the signal input terminal of the scan line 10, which are
provided in a liquid crystal display device performing active
matrix drive used conventionally, are considered. In each of
those pixels, there is a difference, as illustrated in FI1G. 6, with
respect to a change in a potential V; of a scanning signal
applied to a gate electrode of the TFT element 13 and a change
in a potential V- of the pixel electrode 17. V5, and Vpy,
illustrated on the left side of FIG. 6 represent a potential of a
scanning signal at a pixel placed at a position close to the
signal input terminal of the scan line 10 and a potential of the
pixel electrode 17, respectively. On the other hand, V5, and
V gy illustrated on the right side of FI1G. 6 represent a poten-
tial of a scanning signal at a pixel placed at a position far from
the signal input terminal of the scan line 10 and a potential of
the pixel electrode 17, respectively.

[0092] Thepotential ofa scanning signal at the signal input
terminal at which a scanning signal is applied to the scan line
10 has a square wave as indicated by dotted lines. respec-
tively, on both sides of FIG. 6. However, due to the influence
ofawiring resistance and a wiring capacitance of the scan line
10, there is a distortion in the potential of the scanning signal
at the pixel. In this case, the distortion from the square wave
ofthe potential of the scanning signal is larger ata position far
from the signal input terminal. Therefore, the waveform indi-
cating a change in the potential V5 of the scanning signal at a
pixel far from the signal input terminal is further distorted
compared with the waveform indicating a change in the
potential V;, of the scanning signal at the closer pixel. More
specifically, a shift from the square wave indicated by the
dotted line is larger.

[0093] Further, the potentials V4, and V. of the pixel
electrodes 17 respectively illustrated on both the sides of FIG.
6 change respectively to substantially the same potentials as
those of potentials DATA1 and DATAZ2 of the signal line 12
while each TFT element 13 is on. The potentials V,,, and
V 5y, of the pixel electrode 17 fluctuate due to the influence of
parasitic capacitance formed between the gate electrode and
the source electrode, when each TFT element 13 is changed
from onto off. The fluctuation amount V., of the potential is
smaller at a position far from the signal input terminal with
respect to the fluctuation amount V., of the potential at a
position closer to the signal input terminal, as illustrated on
both sides of FIG. 6. On the other hand, a potential Vcom of
the common electrode 15 is almost constant irrespective of
the distance from the signal input terminal of the scan line 10.
Therefore, in the case where a gray level voltage of the same
potential is applied to those two pixels, after each TFT ele-
ment 13 is turned from on to of f, there arises a difference
between respective potential differences AV1 and AV2 of the
pixel electrode 17 and the common electrode 15 while the
potential of the pixel electrode 17 is held.

[0094] Whenthereisa difference in the potential difference
AV between the pixel electrode 17 and the common electrode
15 in the respective pixels in the case where the same gray
level voltage is written in a plurality of pixels, the difference
becomes a DC component, which causes a phenomenon
called flicker.

[0095] Thus, in the conventional liquid crystal display
device, the occurrence of flicker is suppressed by adding a
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component (DC offset voltage) cancelling the DC component
described above to the gray level voltage.

[0096] In the case of suppressing the occurrence of flicker
by adding a DC offset voltage to a gray level voltage in the
conventional IPS liquid crystal display device, it is known
that the relationship between the DC offset voltage VOS to be
added and the flicker intensity IFL becomes, for example, a
relationship as illustrated in FIG. 7. More specifically, the
flicker intensity IFL takes a minimum value when a certain
DC offset voltage is applied, and the DC offset voltage that
minimizes the flicker intensity IFL is called an optimum DC
offset voltage.

[0097] However, even in the case where the optimum DC
offset voltage is added to the conventional IPS liquid crystal
display device, the flicker intensity IFL does not become zero
in many cases. The reason for this may be considered, for
example, as the influence of ions present in the liquid crystal
layer 3. More specifically, in the conventional liquid crystal
display device, the possibility that a DC voltage is generated
in liquid crystal due to the movement of ions in the liquid
crystal layer 3 to cause flicker is considered. However, the
specific resistance of a liquid crystal material used in a gen-
eral liquid crystal display device is 10'*Q-cm” or more, and
hence, flicker does not occur due to the influence of ions in an
actual liquid crystal display device.

[0098] Based on the above, the inventors of this application
newly studied the reason why the flicker intensity does not
become zero even in the case where an optimum DC offset
voltage is applied in the liquid crystal display device, to find
that the polarization caused by a flexoelectric effect involved
in splay deformation and bend deformation occurring when
an electric field is applied to the liquid crystal layer 3 is related
to the reason why the flicker intensity does not become zero.
[0099] The liquid crystal molecules include a plurality of
different kinds of atoms, and the plurality of kinds of atoms
respectively have different electronegativity, and hence, the
liquid crystal molecules have polarization. Thus, the assem-
bly of liquid crystal molecules such as the liquid crystal layer
3 becomes more stable in terms of energy in the case where
the liquid crystal layer 3 is aligned so as to cancel the polar-
ization of each liquid crystal molecule. Further, in the case
where the liquid crystal molecules have a nematic phase,
there are no distinctions of the front and the rear of the liquid
crystal molecules with respect to the alignment direction, and
hence, polarization does not appear in the entire liquid crystal
layer. However, in the case where a rapid change in alignment
occurs in the assembly of the liquid crystal molecules, the
polarization of each liquid crystal molecule is not cancelled,
and the polarization may appear in the entire liquid crystal
layer. The polarization caused by a change in alignment is
called flexoelectric polarization. The detail thereof is
described, for example, in S. Chandrasekhar, “Liquid Crys-
tals.”

[0100] An example of the liquid crystal molecule causing
flexoelectric polarization includes the case where a liquid
crystal molecule has a wedge shape and the polarization
direction is one of a leading end or a trailing end assuming
that the tip end of the wedge shape is the trailing end and the
opposite side thereof is the leading end. In the case where
alignment deformation does not occur in the liquid crystal
layer 3 including the assembly of wedge-shaped liquid crystal
molecules described above, the molecules having a polariza-
tion direction in the right direction and the molecules having
a polarization direction in the left direction are present sub-
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stantially in the same ratio, for example, as illustrated in FIG.
8A. Therefore, the polarization of the respective liquid crystal
molecules is cancelled, and macroscopic polarization does
not appear.

[0101] In contrast, in the case where alignment deforma-
tion occurs, the ratio of the leading ends directed in the
alignment direction becomes different from the ratio of the
trailing ends directed in the alignment direction due to the
asymmetry of the shape of the respective liquid crystal mol-
ecules and the excluded volume effect thereof. More specifi-
cally, in the case where acute splay deformation in which the
liquid crystal layer 3 spreads in a fan shape from the right side
to the left side occurs in the liquid crystal layer 3, for example,
as illustrated in FIG. 8B, the ratio of the molecules having a
polarization direction in the right direction becomes higher
than the ratio of the molecules having a polarization direction
in the left direction. Consequently, the polarization appears
without being cancelled, and macroscopic flexoelectric polar-
ization FP appears in a portion in which splay deformation
oceurs.

[0102] When a potential differenced occurs between the
pixel electrode 17 and the common electrode 15 in an IPS-Pro
liquid crystal display device, a line of electric force EF in an
arc shape passing through the liquid crystal layer 3 is genet-
ated, for example, as illustrated in FIG. 9. At this time, in the
case where the liquid crystal layer 3 has positive dielectric
anisotropy, the alignment direction of the liquid crystal mol-
ecules in the portion where the line of electric force EF is
generated rotates in a substrate plane, and tries to change so as
to move closer to the direction of the line of electric force EF.
[0103] Further, at this time, on the interface of the liquid
crystal layer 3 on the second alignment film 18 side, the
second alignment film 18 tries to regulate the alignment of
liquid crystal molecules to fix the alignment direction of the
liquid crystal molecules in the alignment process direction.
[0104] Thus, onthe interface of the liquid crystal layer 3 on
the second alignment film 18 side and in the vicinity thereof
(region BL1 illustrated in FIG. 9), two conflicting effects
complete with each other. Therefore, an acute change in
alignment (splay deformation) is generated from the interface
of the second alignment film 18 to the portion where an
electric field is present. Further, at this time, splay deforma-
tions in opposite directions are generated between two adja-
cent teeth of the pixel electrode 17, as illustrated in FIG. 9.
Thus, the flexoelectric polarization FP is generated in the
liquid crystal layer 3 in the direction indicated by an open
arrow illustrated in FIG. 9.

[0105] As illustrated in FIG. 9, in the liquid crystal layer 3,
splay deformation is also generated in the region BL2 along
the lamination direction from the vicinity of the center to the
interface on the first alignment film 7 side. However, the
alignment deformation of the splay deformation in the region
BL2 is relatively small compared with that in the region BL1,
and further, is away from the second substrate 2 (second
alignment film 18) in which an electric field is concentrated.
Therefore, the influence of the splay deformation in the
region BL2 is smaller than that in the region BL1, and hence,
the splay deformation in the region BL2 is not considered in
the following description.

[0106] Inthe case where the flexoelectric polarization FP is
generated in the liquid crystal layer 3, the flexoelectric polar-
ization itself causes a change in alignment in response to an
electric field (line of electric force EF), and the polarization
caused by the alignment deformation due to dielectric anisot-
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ropy is added further. The relationship between the direction
of an electric field (line of electric force EF) and the direction
of the flexoelectric polarization FP when the potential of the
pixel electrode 17 is set to be higher than that of the common
electrode 15 becomes a relationship, for example, as illus-
trated in FIG. 10A. In FIG. 10A, the alignment deformation
attributed to dielectric anisotropy is separated from the align-
ment deformation attributed to the flexoelectric polarization
FP, and hence the effect of the latter is exhibited explicitly.
Therefore, the flexoelectric polarization FP in FIG. 10A is the
flexoelectric polarization in an alignment state considering
only the alignment deformation attributed to dielectric anisot-
ropy without considering an electric field response of the
flexoelectric polarization itself.

[0107] Inthe caseofnotconsidering the flexoelectric polar-
ization FP, a change in an alignment direction of the liquid
crystal layer 3 under an electric field application is expressed
by the rotation in the clockwise direction in FIG. 10A. Fur-
ther, in the IPS-Pro system, it is considered that an actual
rotation angle can be set to be almost close to an optimum
value by optimizing the pixel structure and the driving con-
ditions.

[0108] In contrast, a change in alignment caused by the
flexoelectric polarization FP is expressed by the rotation in
which the flexoelectric polarization becomes close to the state
parallel to the electric field direction. Consequently, as illus-
trated in FIG. 10A, a portion where the rotation occurs in a
clockwise direction and a portion where the rotation occurs in
a counterclockwise direction appear alternately. In FIG. 10A,
in a gap portion (on a slit) of two adjacent teeth of the pixel
electrode 17, the rotation in a counterclockwise direction
occurs. In this case, the alignment of liquid crystal molecules
on the slit of the pixel electrode 17 changes so as to return
substantially to the state under no voltage application, and a
transmittance changes. The rotation in a clockwise direction
occurs on the pixel electrode 17, and hence, a transmittance
changes similarly.

[0109] Further, when the potential of the pixel electrode 17
1s set to be lower than that of the common electrode 15, as
illustrated in FIG. 10B, the rotation in a clockwise direction
occurs in a gap portion (on a slit) of the teeth of the pixel
electrode, and the rotation in a counterclockwise direction
occurs on the pixel electrode. Even in this case, a transmit-
tance changes in the same manner as the above due to the
electric field response of the flexoelectric polarization FP.
[0110] Thus, inthe case where a liquid crystal display panel
is driven while polarity is rotated for each predetermined
number of a flame period, the fluctuation in a transmittance is
observed even in any flame period (polarity). Herein, the
polarity refers to a sign indicating whether the potential of the
pixel electrode 17 is higher or lower than that of the common
electrode 15.

[0111] In summary, in the IPS-Pro liquid crystal display
device, when a voltage is applied, acute splay deformation is
generated. Consequently, in the case where the liquid crystal
layer 3 contains liquid crystal molecules having a molecule
shape in a wedge shape indicating the polarization in a lead-
ing or trailing end direction, the flexoelectric polarization FP
is generated. When the flexoelectric polarization FP is gen-
erated, the flexoelectric polarization itself causes a change in
alignment that returns to substantially a state under no voltage
application in response to an electric field, and consequently,
a transmittance changes due to the polarity of a voltage to be
applied.
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[0112] The inventors of this application conducted an
investigation regarding to which degree the fluctuation in a
transmittance attributed to the flexoelectric polarization FP
described above influences the flicker intensity. It is well-
known that the alignment of the liquid crystal layer 3 can be
obtained from Frank’s elastic free energy expressed by the
following Mathematical Equation 4.

1
foias = 3[K (Y w + Kpn-Vxm)? + Ky3(nx ¥ xn)?]

[0113] In Mathematical Equation 4, n is an alignment vec-
tor,and K, |, K,,, and K ; are elastic constants corresponding
to splay deformation, twist deformation, and bend deforma-
tion, respectively.

[0114] Inthe case of considering the flexoelectric polariza-
tion FP when the alignment of the liquid crystal layer 3 is
obtained, electric polarization P induced by the flexoelectric
polarization FP can be incorporated in Mathematical Equa-
tion 4. The relationship expressed by the following Math-
ematical Equation 5 is held between the electric polarization
P and the distortion of the alignment vector n.

P=¢ (V1) +es3(nxVn) (5

[0115] In Mathematical Equation 5, e,, and e;; are flexo-
electric coefficients corresponding to splay deformation and
bend deformation, respectively.

[0116] The flexoelectric coefficient varies depending upon
the liquid crystal material, and can be measured using, for
example, methods described in T. Takashi, et. al. Jpn. J. Appl.
Phys. Vol. 37, 1998, p. 1865, E. K. Tidey, et. al. Liq. Cryst.
Vol. 34, No. 2, 2007, p. 251, and Darren R. Link, et. al. Phys.
Rev. E, Vol. 65, 2001, 010701. Thus, by incorporating the
electric polarization P obtained from Mathematical Equation
5 into Mathematical Equation 4, the alignment of the liquid
crystal layer 3 with the flexoelectric polarization FP (flexo-
electric effect) introduced thereto can be calculated.

[0117] For calculating the alignment of the liquid crystal
layer 3 by Mathematical Equations 1 and 2, the inventors of
this application used a model in which the first substrate 1, the
second substrate 2 in which the plate-shaped common elec-
trode 15, the interlayer insulating film (third insulating film
16), and the interdigital pixel electrode 17 were laminated, as
illustrated in FIG. 1. At this time, a width L (electrode width)
of a tooth of the pixel electrode 17 was set at 4 pm, and a gap
S of the tooth was set at 5 um. Further, a thickness T1 of the
third insulating film 16 was set at 400 pm, and a thickness T2
of the liquid crystal layer 3 was set at 3.5 um. Further, the
liquid crystal layer 3 was formed of a liquid crystal material
having a dielectric anisotropy A€ of 6.5 and a retardation
An-d of 380 um, and a pre-tilt angle was set at two.

[0118] Further, an LCD-Master (produced by Shintech) in
which two-dimensional simulation can be performed and the
electric polarization P expressed by Mathematical Equation 5
can be incorporated was used for calculating the alignment of
the liquid crystal layer 3.

[0119] Theinventors ofthis application calculated a change
in transmittance with time when a predetermined AC voltage
was applied to the pixel electrode 17, based on the alignment
of the liquid crystal layer 3 obtained by the calculation using
the above-mentioned simulator, and the results as illustrated
in FIGS. 12A and 12B were obtained. FIGS. 12A and 12B are
graphs respectively in which a horizontal axis represents a
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time (msec) and a vertical axis represents a transmittance TP
(arbitrary unit). FIG. 12A illustrates a change in transmit-
tance TP when an AC voltage of 5V is applied to the pixel
electrode 17 with the flexoelectric coefficient being e, =e,;-
10 uC/m, in which a solid line represents a change in the case
of considering the flexoelectric effect. Further, FIG. 12B
illustrates a change in transmittance TP when an AC voltage
of 5 V is applied to the pixel electrode 17, when an AC
voltage of +4 V is applied, and an AC voltage of +3 V is
applied, with the flexoelectric coefficient being e,,=e;;=10
uC/m.

[0120] As indicated by the solid line of FIG. 124, in the
case of considering the flexoelectric effect, the transmittance
TP fluctuates in accordance with the polarity of a voltage to be
applied to the pixel electrode 17. In contrast, as indicated by
the broken line of FIG. 12A, in the case of calculating without
considering the flexoelectric effect, the transmittance TP does
not fluctuate in accordance with the polarity of a voltage to be
applied to the pixel electrode 17.

[0121] Further, as is also understood from T. Takahashi, et
al. Jpn. J. Appl. Phys. Vol. 37, 1998, p. 1865, generally, in the
case of measuring a flexoelectric coefficient, the flexoelectric
coefficient is measured as a sum or difference of e, and e5;.
Further, in T. Takahashi, et al. Ipn. J. Appl. Phys. Vol. 37,
1998, p. 1865, the absolute values of the flexoelectric coefli-
cients e,, and e,, of a general liquid crystal material are
considered as about 10 pC/m. Thus, in the liquid crystal
display panel using a general liquid crystal material, it is
considered that the transmittance TP fluctuates as illustrated
in FIG. 12 A in accordance with the polarity of a voltage to be
applied to the pixel electrode.

[0122] Further, the fluctuation of the transmittance TP in
the case of considering the flexoelectric effect was investi-
gated changing the magnitude of a voltage to be applied to the
pixel electrode 17, and the results as illustrated in FIG. 12B
were obtained.

[0123] Asillustrated in FIG. 12B, as a voltage to be applied
to the pixel electrode 17 increases, the range in which the
transmittance TP fluctuates in accordance with the polarity of
an applied voltage becomes larger. The flexoelectric effect is
polarization induced by the distortion of the alignment of the
liquid crystal layer 3, as described above. Thus, it can be said
that the polarization to be generated increases and the fluc-
tuation in the transmittance TP increases due to the applica-
tion of a high voltage.

[0124] The in-plane distribution of the transmittance TP in
a section from x=0 to x=X illustrated in FIG. 11 was calcu-
lated using the above-mentioned simulator, and the results as
illustrated in FIGS. 13A and 13B were obtained. FIGS. 13A
and 13B are respectively graphs in which a horizontal axis
represents a position Xp in an x-direction in the section from
x=0 to x=X, and a vertical axis represents a transmittance TP
(arbitrary unit). Further, FIG. 13A illustrates an in-plane dis-
tribution of the transmittance TP when a positive voltage (5
V) is applied to the pixel electrode 17, in which a solid line
represents an in-plane distribution in the case of considering
the flexoelectric effect and a broken line represents an in-
plane distribution without considering the flexoelectric
effect. FIG. 13B illustrates an in-plane distribution of the
transmittance TP when a negative voltage (-5 V) is applied to
the pixel electrode 17, in which a solid line represents an
in-plane distribution in the case of considering the flexoelec-
tric effect and a broken line represents an in-plane distribution
without considering the flexoelectric effect.
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[0125] As illustrated in FIGS. 13A and 13B, the in-plane
distribution of the transmittance TP without considering the
flexoelectric effect becomes substantially the same distribu-
tion irrespective of the polarity of a voltage to be applied to
the pixel electrode 17.

[0126] Incontrast, in the case of considering the flexoelec-
tric effect, the fluctuation in the transmittance TP in a plane
was observed depending upon the polarity of a voltage
applied to the pixel electrode 17. When a positive voltage is
applied, the transmittance TP on the tooth of the pixel elec-
trode 17 becomes low and the transmittance TP on the gap of
the teeth becomes high, as illustrated in FIG. 13A. Further,
when a negative voltage is applied, the transmittance TP on
the tooth of the pixel electrode 17 becomes high, and the
transmittance TP on the gap of the teeth becomes low, as
illustrated in FIG. 13B.

[0127] The inventors of this application consider that the
fluctuation in the transmittance TP in a plane caused by the
flexoelectric effect is a main component of the flicker inten-
sity remaining when an optimum DC offset voltage is applied
asillustrated in FIG. 7. The same phenomenon may occur, for
example, even due to the influence of ions in liquid crystal.
However, as described above, because the specific resistance
of liquid crystal is sufficiently high, the influence of ions may
be considered to be negligibly small in the IPS-Pro liquid
crystal display device according to the present invention.
[0128] Next, in order to investigate the validity of the
above-mentioned simulation results, the inventors of this
application produced a liquid crystal display panel having
pixels (liquid crystal cells) equivalent to those ofa model used
in the simulation, and measured a transmittance when an AC
voltage of 30 Hz was applied to the pixel electrode. Results as
illustrated in FIGS. 14A to 14C were obtained. FIG. 14A
illustrates a plane shape of the pixel electrode 17 in the pro-
duced liquid crystal display panel. FIG. 14B illustrates an
image of a pixel when a positive voltage (5 V)is applied to the
pixel electrode 17, and FIG. 14C is an image of a pixel when
a negative voltage (-5 V) is applied to the pixel electrode 17.
Further, FIGS. 14B and 14C respectively illustrate images
after 8 msec from the switch of the polarity of a voltage to be
applied to the pixel electrode 17.

[0129] Inthe case of applying a positive voltage to the pixel
electrode 17, as illustrated in FIG. 14B, a dark line is gener-
ated in a portion on the tooth of the pixel electrode 17. On the
other hand, in the case of applying a negative voltage to the
pixel electrode 17, as illustrated in FIG. 14C, a dark line is
generated on a gap portion of the teeth of the pixel electrode
17. More specifically, it can be said that the in-plane distri-
bution of the transmittance TP illustrated in FIGS. 13A and
13B obtained in the simulation reproduces well the in-plane
distribution of a transmittance in an actual liquid crystal dis-
play device. Thus, the flexoelectric effect cannot be consid-
ered as a negligible effect as the cause of flicker in the IPS
liquid crystal display device.

[0130] Thus, in order to decrease the flicker intensity
remaining in the IPS liquid crystal display device, the fluc-
tuation in the transmittance TP caused by the flexoelectric
effect can be suppressed.

Example 1

[0131] In order to decrease the flicker intensity remaining
in an IPS-Pro liquid crystal display panel, in a liquid crystal
display device according to Example 1, absolute values of
flexoelectric coefficients e, ; and e, of the liquid crystal layer
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3 are set at 7 pC/m or less, to thereby suppress the fluctuation
of the transmittance TP attributed to the flexoelectric effect.
Hereinafter, the grounds therefor are described.

[0132] The liquid crystal display panel of the liquid crystal
display device according to Example 1 has pixels having a
configuration as illustrated in FIGS. 1 to 3, and the other
configurations than that of the liquid crystal layer 3 are the
same as those of the conventional liquid crystal display panel.
[0133] FIGS.15A to 18B are schematic views illustrating a
method of suppressing a fluctuation of a transmittance in the
liquid crystal display device according to Example 1 of the
present invention.

[0134] FIGS.15A and 15B are schematic views illustrating
an example of a relationship between the flicker intensity and
the transmittance fluctuation rate in an IPS-Pro liquid crystal
display device. FIG. 16 is a schematic view illustrating an
example of a relationship between the number of teeth of a
pixel electrode and a transmittance fluctuation rate in the
IPS-Pro liquid crystal display device. FIGS. 17A and 17B are
schematic views illustrating an example of a relationship
between the flexoelectric coefficient and the in-plane distri-
bution of a transmittance. FIGS. 18A and 18B are schematic
views illustrating an example of a relationship between the
flexoelectric coefficient and the flicker intensity.

[0135] In order to suppress a fluctuation in the transmit-
tance TP attributed to the flexoelectric effect in the IPS-Pro
liquid crystal display device, the inventors of this application
first studied the relationship between the flicker intensity and
the fluctuation of the transmittance TP.

[0136] The inventors of this application investigated the
relationship between the flicker intensity and the in-plane
transmittance fluctuation rate, and the effects as illustrated in
FIGS. 15A and 15B were obtained. FIGS. 15A and 15B
respectively are graphs in which a horizontal axis represents
a flicker intensity IFL (%) and a vertical axis represents a
transmittance fluctuation rate TPP (%). Further, FIG. 15A
illustrates a relationship between the flicker intensity IFL and
the transmittance fluctuation rate TPP on the tooth of the pixel
electrode 17, and F1G. 15B illustrates a relationship between
the flicker intensity IFL and the transmittance fluctuation rate
TPP on a gap portion of the teeth.

[0137] Here, a portion on the tooth refers to that on the
center of the tooth in a width direction (arrangement direc-
tion), and a portion on a gap portion of the teeth refers to that
on the middle point of a gap between two adjacent teeth.
[0138] A transmittance fluctuation rate TPP is a ratio
between a maximum transmittance and a minimum transmit-
tance in a certain place in a pixel when a predetermined AC
voltage is applied to the pixel electrode 17. The transmittance
fluctuation rate TPP of 0% means that the transmittance TP
does not fluctuate at all depending upon the polarity of a
voltage to be applied to the pixel electrode 17.

[0139] Further, the flicker intensity IFL changes depending
upon the number of teeth of the pixel electrode 17. Therefore,
FIGS. 15A and 15B respectively illustrate a relationship
between the flicker intensity IFL and the transmittance fluc-
tuation rate TPP in the case of four teeth, in the case of eight
teeth, and in the case of 12 teeth.

[0140] Inthe IPS-Pro liquid crystal display device, in order
to prevent flicker from being observed when an optimum DC
off set voltage is applied to a gray level voltage, for example,
it is necessary to set the flicker intensity IFL (the remaining
flicker intensity) attributed to the flexoelectric effect within
3%, desirably within 1%. Therefore, in the case where the
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number of teeth of the pixel electrode 17 is four, for example,
in order to set the flicker intensity IFL, within an allowable
range (within 3%), it is necessary to set the transmittance
fluctuation rate TPP on the tooth at 450% or less and to set the
transmittance fluctuation rate TPP on a gap portion of the
teeth at 80% or less.

[0141] Further, from the results illustrated in FIGS. 15A
and 15B, the relationship between the number of teeth of the
pixel electrode 17 and the transmittance fluctuation rate TPP
in the case of setting the flicker intensity IFL at 1% is, for
example, as illustrated in FIG. 16. F1G. 16 illustrates a graph
in which a horizontal axis represents the number of teeth u of
the pixel electrode 17 and a vertical axis represents a trans-
mittance fluctuation rate TPP (%). Further, in FIG. 16, a solid
diamond (#) indicates measurement results of the transmit-
tance fluctuation rate TPP on the tooth, and an open diamond
(<) indicates measurement results of the transmittance fluc-
tuation rate TPP on a gap portion.

[0142] Further, in FIG. 16, a curve F1is a regression curve
of the transmittance fluctuation rate TPP on the tooth, and a
curve F2 is a regression curve of the transmittance fluctuation
rate TPP on a gap portion. The regression curves F1 and F2
are respectively functions using the number of teeth u of the
pixel electrode as a variable, and are expressed by the follow-
ing Mathematical Equations 6 and 7.

F1=81xlog,(u)-44 6
F2=20xlog,(u)+7 7
[0143] Thus, in orderto set the flicker intensity IFL remain-

ing in the case of adding an optimum DC offset voltage within
10, a transmittance fluctuation rate TPP1 on the tooth and a
transmittance fluctuation rate TPP2 on a gap portion can be
set so as to satisfy the following Mathematical Equations 2
and 3.

TPP1281xlog (u)-44 @
TPP2220xlog (1)+7 3
[0144] More specifically, in the liquid crystal display

device of Example 1, the liquid crystal layer 3 is formed using
aliquid crystal material having such flexoelectric coefficients
e,, and e, that the transmittance fluctuation rate TPP1 on the
tooth of the pixel electrode 17 and the transmittance fluctua-
tion rate TPP2 on a gap portion satisfy Mathematical Equa-
tions 2 and 3.

[0145] The inventors of this application investigated the
relationship between the flexoelectric coefficient of the liquid
crystal layer 3 and the in-plane distribution of the transmit-
tance TP, and obtained the results as illustrated in FIGS. 17A
and 17B. FIGS. 17A and 17B are respectively graphs in
which a horizontal axis represents a position xp in a section
from x=0 to x=X illustrated in FIG. 11, and a vertical axis
represents a transmittance TP. Further, FIG. 17A illustrates
flexoelectric coefficient dependency of an in-plane distribu-
tion of the transmittance TP when a positive voltage (5 V) is
applied to the pixel electrode 17, and FIG. 17B illustrates
flexoelectric coefficient dependency of an in-plane distribu-
tion of the transmittance TP when a negative voltage (-5V) is
applied to the pixel electrode.

[0146] Further, FIGS.17A and 17B respectively illustrate a
distribution curve in the case where the flexoelectric coeffi-
cients e, and e, are set at 10 pC/m, 20 pC/m, 1 uC/m, and 5
uC/m, respectively.
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[0147] By decreasing the flexoelectric coefficients e, ; and
ey; as illustrated in FIGS. 17A and 17B, the difference
between the distribution of the transmittance TP when a posi-
tive voltage is applied and the distribution of the transmit-
tance TP when a negative voltage is applied becomes small,
and the transmittance fluctuation rate in a plane becomes
small. Thus, by forming the liquid crystal layer 3 using a
liquid crystal material with small flexoelectric coefficients e, |
and e, the flicker intensity IFL attributed to the flexoelectric
effect can be decreased.

[0148] Further, the relationship between the flexoelectric
coefficients e,, and e5; and the transmittance fluctuation rate
TPP based on the measurement results of the in-plane distri-
bution of the transmittance TP illustrated in FIGS. 17A and
17B are as illustrated in FIGS. 18A and 18B. In respective
FIGS. 18A and 18B, a horizontal axis represents flexoelectric
coefficients e,, and e, (pC/m), and a vertical axis represents
the transmittance fluctuation rate TPP (%). Further, FIG. 18A
is a graph illustrating flexoelectric coefficient dependency of
the transmittance fluctuation rate TPP on the tooth of the pixel
electrode 17, and FIG. 18B is a graph illustrating flexoelectric
coefficient dependency of the transmittance fluctuation rate
TPP on a gap portion of the teeth.

[0149] Further, a curve F3 illustrated in FIG. 18A and a
curve F4 illustrated in FIG. 18B are respectively regression
curves calculated from the transmittance fluctuation rate TPP
when the flexoelectric coefficients e, and e, are 10 pC/m, 20
pC/m, 1 pC/m, and 5 pC/m.

[0150] In the case where the number of teeth u of the pixel
electrode 17 is four, in order to suppress the remaining flicker
intensity IFL within 3%, the transmittance fluctvation rate
TPP1 on the tooth needs to be 450% or less and the transmit-
tance fluctuation rate TPP2 on a gap portion needs to be 80%
or less, as described above.

[0151] Thus, in the case where the number of teeth u of the
pixel electrode 17 is set at four in the liquid crystal display
device of Example 1, it is desirable from FIGS. 18A and 18B
to usea liquid crystal material, in which absolute values of the
flexoelectric coefficients e, ; and e55 are 7 pC/m or less, for the
liquid crystal layer 3.

[0152] Further, in orderto suppress the flicker intensity IFL
within 1%, it is necessary to further decrease the transmit-
tance fluctuation rate TPP1 on the tooth and the transmittance
fluctuation rate TPP2 on a gap portion, as illustrated in FIGS.
15A and 15B. Further, the transmittance fluctuation rates
TPP1 and TPP2 at which the flicker intensity IFL. becomes
1% vary depending upon the number of teeth u of the pixel
electrode 17. Therefore, in the liquid crystal display device of
Example 1, the flexoelectric coefficients e, and e,; of the
liquid crystal material used for the liquid crystal layer 3 can be
changed appropriately based on the relationships illustrated
in FIGS. 15A and 15B and FIGS. 18A and 18B in accordance
with the number of teeth u of the pixel electrode 17.

[0153] The flexoelectric coefficients e, and e of the lig-
uid crystal layer 3 are determined mainly by the shape of
liquid crystal and the polarizability of liquid crystal mol-
ecules. In order to decrease the flexoelectric coefficients of
the liquid crystal layer 3, for example, a liquid crystal material
having a molecular structure in which the shape of liquid
crystal molecules has a molecular structure closer to a bar
shape can be used. Further, in order to decrease the polariz-
ability of liquid crystal molecules, a liquid crystal material
having a small absolute value of dielectric anisotropy A€ can
be used as liquid crystal, and in particular, it is desired that
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AE=0. However, in the case of using liquid crystal having
small dielectric anisotropy. there is a disadvantage that a
driving voltage becomes high.

[0154] Therefore, in order to decrease the flexoelectric
coefficient of the liquid crystal layer 3, for example, it is
desired to mix a liquid crystal material having dielectric
anisotropy AE of 1 or less (AE=1) with a liquid crystal
material having dielectric anisotropy of more than 1 (A&>1).
At this time, in the liquid crystal material used as the liquid
crystal layer 3, for example, it is desired to set the content of
the liquid crystal material having dielectric anisotropy A€ of
1 or less (AE=1) at 40% or more.

[0155] As described above, in the liquid crystal display
device according to Example 1, the absolute values of the
flexoelectric coefficients e, ; and e, of the liquid crystal layer
Jaresetat 7uC/morless, and hence the difference inin-plane
distribution of transmittance between the case where a posi-
tive voltage is applied to the pixel electrode 17 and the case
where a negative voltage is applied to the pixel electrode 17
can be decreased. Therefore, in the IPS-Pro liquid crystal
display device, the flicker intensity [FL that still remains even
when an optimum DC offset voltage is applied can be
decreased.

[0156] Further, flexoelectric polarization occurs when
splay deformation or bend deformation is generated in the
liquid crystallayer 3. Therefore, the flexoelectric polarization
can also be decreased by increasing an elastic constant K
corresponding to splay deformation and an elastic constant
K5 corresponding to bend deformation so as to prevent each
deformation from being generated. In this case, in order to set
the flicker intensity within an allowable range, for example, it
is desired to set both the elastic constants K, ; and K55 at 13.0
pN or more. Further, in order to set the flicker intensity within
1%, it is desired to set both the elastic constants K, and K55
at 16.0 pN or more.

[0157] Further, in the liquid crystal display device accord-
ing to Example 1, the IPS-Pro liquid crystal display device
having the pixel electrode 17 in a plane shape as illustrated in
FIG. 1 is exemplified. However, the present invention is not
limited thereto, and even when the pixel electrode 17 has, for
example, a plane shape as illustrated in FIGS. 5 and 6, the
remaining flicker intensity IFL can be decreased, needless to
say, by setting the absolute values of the flexoelectric coeffi-
cientse,, and ey; of the liquid crystal layer 3 at 7 uC/m or less.
[0158] FIGS. 19 to 21 are schematic views illustrating
applied examples of Example 1.

[0159] FIG. 19 is a schematic plan view illustrating an
example of another method of placing a pixel electrode and a
common electrode. FIG. 20 is a schematic cross-sectional
view illustrating an example of a cross-sectional configura-
tion of a liquid crystal display panel taken along the line C-C
of FIG. 19. FIG. 21 is a schematic cross-sectional view illus-
trating an example of a change in alignment of liquid crystal
molecules when an electric field is applied to the liquid crystal
molecules.

[0160] Example 1 describes a method of decreasing the
flicker intensity IFL by reducing the transmittance fluctuation
rate TPP in a plane in the IPS-Pro liquid crystal display panel
in which an interdigital pixel electrode and a plate-shaped
common electrode are laminated via the third insulating
layer, as illustrated in FIGS. 1 to 3.

[0161] However, the IPS liquid crystal display panel also
has an advance super-1PS (AS-IPS) system as illustrated in
FIGS. 19 and 20. Here, in the AS-IPS liquid crystal display
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panel, both a pixel electrode and a common electrode are
interdigital and are placed on the same plane of the second
insulating layer. At this time, when the teeth of the pixel
electrode 17 and the teeth of the common electrode 15 are
arranged alternately in an extending direction of the scan line
10, the line of electric force EF has an arc shape as illustrated
in FIG. 21 when a positive voltage is applied to the pixel
electrode 17.

[0162] In the case of the IPS-Pro liquid crystal display
panel, only the teeth of the pixel electrode 17 are arranged on
the third insulating layer 16, and two fringe electric fields are
generated between two adjacent teeth. In contrast, in the case
of the AS-IPS liquid crystal display panel, the teeth of the
pixel electrode 17 and the teeth of the common electrode 15
are arranged alternately on the second insulating layer 14, and
one fringe electric field is generated between two adjacent
teeth. Therefore, in the case of the AS-IPS liquid crystal
display panel, assuming that the total number of teeth of the
pixel electrode 17 and the common electrode 15 formed on
the second insulating layer 14 is u, the relationship of the
transmittance fluctuation rates TPP1 and TPP2 correspond-
ing to Mathematical Equations 2 and 3 are respectively
rewritten as expressed by the following Mathematical Equa-
tions 2' and 3'.

TPP1=81xlog,(2u)-44 2)

TPP2=20xlog,(2u)+7 3)
Example 2

[0163] In order to decrease the flicker intensity remaining

in the IPS-Pro liquid crystal display panel, in a liquid crystal
display device according to Example 2, the dielectric anisot-
ropy A€ of the liquid crystal layer 3 is changed in accordance
with the number of teeth u of the pixel electrode 17, to thereby
suppress the fluctuation of the transmittance TP attributed to
the flexoelectric effect.

[0164] The liquid crystal display panel of the liquid crystal
display device according to Example 2 includes pixels having
a configuration as illustrated in FIGS. 1 to 3, and the other
configurations than that of the liquid crystal layer 3 are the
same as those of the conventional liquid crystal display panel.
[0165] FIGS. 22 to 25 are schematic views illustrating a
schematic configuration of a liquid crystal display panel of
the liquid crystal display device according to Example 2 of
the present invention.

[0166] FIG.22isaschematic cross-sectional view illustrat-
ing anexample of a cross-sectional configuration of the liquid
crystal display panel of the liquid crystal display device
according to Example 2 of the present invention. FIGS. 23A
to 23C are schematic views illustrating an example of a rela-
tionship between the dielectric anisotropy and the in-plane
distribution of a transmittance of the liquid crystal layer in the
liquid crystal display panel with the configuration illustrated
in FIG. 22. FIG. 24 is a schematic view illustrating a relation-
ship between the dielectric anisotropy and the transmittance
fluctuation rate of the liquid crystal layer on a gap of the teeth
of the pixel electrode. FIG. 25 is a schematic view illustrating
an example of a relationship between the number of teeth of
the pixel electrode and the flicker intensity.

[0167] In the IPS-Pro liquid crystal display panel, for
example, in the case where the number of teeth u of the pixel
electrode 17 is four as illustrated in FIG. 22, the relationship
between the in-plane distribution of the transmittance TP
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from x=0 to x=XX and the dielectric anisotropy A€ of the
liquid crystal layer 3 is investigated, and the results as illus-
trated in FIGS. 23A to 23C are obtained, for example. FIGS.
23A, 23B, and 23C are respectively graphs in which a hori-
zontal axis represents a position xp in a section from x=0 to
x=XX in FIG. 22 and a vertical axis represents arelative value
of the transmittance TP. FIGS. 23A, 23B, and 23C respec-
tively illustrate an in-plane distribution of the transmittance
TP when the dielectric anisotropy A€ of the liquid crystal
layer 3 is 4.4, 7.0, and 10.3. Further, in the respective FIGS.
23A, 23B, and 23C, a solid line represents an in-plane distri-
bution in the case where a positive voltage is applied to the
pixel electrode 17, and a dotted line represents an in-plane
distribution when a negative voltage is applied to the pixel
electrode.

[0168] Asillustrated in FIGS. 23 A to 23C, as the dielectric
anisotropy A€ increases, the difference between the in-plane
distribution of the transmittance TP in the case where a posi-
tive voltage is applied to the pixel electrode 17 and the in-
plane distribution of the transmittance TP in the case where a
negative voltage is applied to the pixel electrode 17 increases,
and the transmittance fluctuation rate in a plane also
increases.

[0169] At this time, when the relationship between the
transmittance fluctuation rate in a plane and the dielectric
anisotropy on a gap of the teeth is investigated from FIGS.
23A to 23C, for example, a relationship illustrated in F1G. 24
is obtained. FIG. 24 is a graph in which a horizontal axis
represents a dielectric anisotropy A€ and a vertical axis rep-
resents a transmittance fluctuation rate TPP (%).

[0170] Inorderto setthe flicker intensity, for example, ona
gap portion at 10 or less in the liquid crystal display panel in
which the number of teeth of the pixel electrode 17 is four, it
is necessary that the transmittance fluctuation rate TPP is set
at 35% or less from Mathematical Equation 3. Thus, in the
case where there is the relationship illustrated in FIG. 24
between the dielectric anisotropy AE of the liquid crystal
layer 3 and the transmittance fluctuation rate TPP, the flicker
intensity can be set at 1% or less if the dielectric anisotropy
AE of the liquid crystal layer 3 is 7.5 or less. The reason why
the flicker intensity can be reduced by decreasing the dielec-
tric anisotropy A€ of the liquid crystal layer 3 is that the
polarizability of liquid crystal molecules is decreased by
decreasing the dielectric anisotropy AE and the flexoelectric
coefficients e, , and e, become small as described above.
[0171] Further, the flicker intensity IFL. depends upon the
number of teeth u of the pixel electrode 17, and as the number
of teeth u becomes larger, the flicker intensity IFL decreases.
The inventors of this application investigated the relationship
between the number of teeth u of the pixel electrode 17 and
the flicker intensity when a predetermined AC voltage (for
example, +5 V) was applied to the pixel electrode 17 in the
IPS-Pro liquid crystal display panel, and the results illustrated
in FIG. 25 were obtained. FIG. 25 is a graph in which a
horizontal axis represents the number of teeth u of the pixel
electrode 17 and a vertical axis represents the flicker intensity
IFL. Further, FIG. 25 illustrates measurement results of the
flicker intensity in the case where the number of teeth u is 4,
8, and 12, and a regression curve F5 obtained from those
results. Further, in FIG. 25, the flicker intensity in the case
where the number of teeth u is four is set at 1.

[0172] The regression curve F5 illustrated in FIG. 25 rep-
resents the relationship between the number of teeth u of the
pixel electrode 17 and the flicker intensity IFL, and the fol-
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lowing Mathematical Equation 8 represents the flicker inten-
sity ratio PFL when the number of teeth is u assuming that the
flicker intensity in the case where the number of teeth is 4 is
setat 1.

PFL=F5=-036xlog,(1)+1.49 (8)

[0173] Further, in the case where the number of teeth is
four, the dielectric anisotropy A€ at which the flicker inten-
sity becomes 1% is 7.5. Thus, in the case where the number of
teeth is u, the value PFL _of'the dielectric anisotropy A€ at
which the flicker intensity becomes 1% is expressed by the
following Mathematical Equation 9.

e 7.5 ()
Lnex = -0.36 xlog, () + 1.49
[0174] More specifically, in the case where the number of

teeth of the pixel electrode is v, if the liquid crystal layer 3 is
formed using a liquid crystal material in which the dielectric
anisotropy AE is smaller than the value PFL,,,. obtained
fromMathematical Equation 9 (AE=PFL, ), the flicker
intensity can be set within 1%.

[0175] Further, in the case where the dielectric anisotropy
AE is negative, liquid crystal molecules do not rise even when
an electric field is applied, and hence splay deformation or
bend deformation does not occur. Therefore, in the case
where the dielectric anisotropy AE is negative, the flexoelec-
tric polarization is also small.

[0176] As described above, in the liquid crystal display
device according to Example 2, the flexoelectric coefficients
e,; and e;; can be decreased by decreasing the dielectric
anisotropy A€ of the liquid crystal layer 3 in accordance with
the number of teeth u of the pixel electrode. Therefore, in the
IPS-Pro liquid crystal display device, the remaining flicker
intensity IFL can be decreased even when an optimum DC
offset voltage is applied.

[0177] Further, in the liquid crystal display device accord-
ing to Example 2, the IPS-Pro liquid crystal display device is
exemplified. However, the present invention is not limited
thereto, and the flicker intensity can be decreased easily by
decreasing the dielectric anisotropy A€ of the liquid crystal
layer 3 even in the AS-IPS liquid crystal display device.
[0178] In the case of the AS-IPS liquid crystal display
device, as described above, one fringe electric field is gener-
ated between two adjacent teeth (the tooth of the pixel elec-
trode 17 and the tooth of the common electrode 15). There-
fore, in the case of the AS-IPS liquid crystal display panel,
assuming that the total number of teeth of the pixel electrode
17 and the common electrode 15 formed on the insulating
layer is u, the value PFL,, . of the dielectric anisotropy AS
corresponding to Mathematical Equation 8 is rewritten as the
following Mathematical Equation 9'.

max.

PRI = 0 @)
T 036 % log,(2u) + 1.49
Example 3
[0179] In the liquid crystal display device according to

Examples 1 and 2, the flicker intensity is decreased by
decreasing the flexoelectric coefficients ¢,, and e;; of the
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liquid crystal layer 3. In contrast, in the liquid crystal display
device according to Example 3, the flexoelectric polarization
is weakened by alleviating the acute electric field distribution
to decrease the flicker intensity.

[0180] FIGS. 26 to 27 are schematic views illustrating a
schematic configuration of a liquid crystal display panel
according to Example 3 of the present invention.

[0181] FIG. 26 is a schematic plan view illustrating an
example of a plane configuration of a main portion of the
liquid crystal display panel of the liquid crystal display device
according to Example 3 of the present invention. FIG. 27 isa
schematic cross-sectional view illustrating an example of a
cross-sectional configuration of a main portion of the liquid
crystal display device taken along the line D-D of FIG. 26.

[0182] In the liquid crystal display panel according to
Example 3, in order to alleviate the acute electric field distri-
bution, for example, as illustrated in FIGS. 26 and 27, the
dielectric cap 20 is placed on the outer periphery of the pixel
electrode 17.

[0183] The dielectric cap 20 is formed of a dielectric (insu-
lator) having a permittivity lower than that of the liquid crys-
tal layer 3. Further, the dielectric cap 20 is placed only in an
edge portion of the tooth of the pixel electrode 17, and is not
formed in the vicinity of the center of the tooth portion or the
vicinity of the center of a gap portion of the teeth. Further, the
liquid crystal display panel according to Example 3 has the
same configuration as that of the conventional liquid crystal
display panel, for example, except that the dielectric cap 20 is
provided in the liquid crystal display panel with the configu-
ration illustrated in FIGS. 1to 3.

[0184] Thus, an electric field (electric line of force EF)
generated when a positive voltage is applied to the pixel
electrode 17 has a distribution indicated by an arrow of a solid
line in FIG. 27. On the other hand, an electric field in the case
where the dielectric cap 20 is not provided has a distribution
indicated by an arrow of a dotted line in FIG. 27. More
specifically, in the liquid crystal display panel in which the
dielectric cap 20 is provided, an electric field in the vicinity of
an edge of the tooth of the pixel electrode 17 is distorted, and
an electric field component in the direction normal to a sub-
strate surface is weakened.

[0185] Further, although not illustrated, an electric field
(electric line of force EF) generated when a negative voltage
is applied to the pixel electrode 17 merely has the direction of
an arrow of the electric line of force EF illustrated in F1G. 27
inverted.

[0186] When an electric field component in a normal direc-
tion is weakened due to the presence of the dielectric cap 20,
splay deformation and bend deformation are suppressed. A
flexoelectric polarization occurs when liquid crystal is sub-
jected to splay deformation or bend deformation. Therefore,
the flexoelectric polarization is reduced and an in-plane trans-
mittance fluctuation rate is decreased by suppressing splay
deformation and bend deformation. Thus, in the liquid crystal
display panel according to Example 3, a fluctuation in trans-
mittance attributed to a flexoelectric effect can be suppressed,
and the flicker intensity can be decreased in the same way as
in the liquid crystal display panel according to Examples 1
and 2.

[0187] In order to form the dielectric cap 20, for example,
an organic film having a relative permittivity can be used,
suich as an organic resist. The dielectric cap 20 can be formed
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of any material that has a permittivity lower than that of a
liquid crystal material and is a dielectric, without being lim-
ited to the organic film.

[0188] Further, inorderto reduce the flicker intensity by the
dielectric cap 20, as illustrated in FIGS. 26 and 27, it is
necessary that the dielectric cap 20 is placed only in an edge
portion of the tooth of the pixel electrode 17, and is not placed
in the vicinity of the center of a tooth portion and the vicinity
of the center of a gap portion of the teeth. At this time, an area
in which the teeth of the pixel electrode 17 and the dielectric
cap 20 overlap each other in a plane as illustrated in FIG. 26
is set at 10% to less than 90% with respect the area of the
teeth.

[0189] As described above, according to the liquid crystal
display device of Example 3, a flexoelectric polarization is
decreased and the flicker intensity can be decreased easily, by
providing the dielectric cap 20.

[0190] Further, in the liquid crystal display device accord-
ing to Example 3, for example, the same liquid crystal mate-
rial as that of the conventional general IPS-Pro liquid crystal
display device can be used for the liquid crystal layer 3.
Therefore, in the liquid crystal display device according to
Example 3, the flicker intensity can be decreased further more
easily compared with that of the liquid crystal display devices
according to Examples 1 and 2.

Example 4

[0191] In a liquid crystal display device according to
Fxample 4, in order to decrease the flicker intensity remain-
ing in the IPS-Pro liquid crystal display panel, a polar anchor-
ing strength at an interface between the liquid crystal layer 3
and the first alignment film 7 is reduced, and hence a fluctua-
tion in the transmittance TP attributed to the flexoelectric
effect is suppressed. Here, the polar anchoring strength is a
parameter indicating to which degree liquid crystal molecules
are fixed to the interface with another material such as the first
alignment film 7. As the polar anchoring strength becomes
larger. liquid crystal molecules become more strongly fixed to
an interface.

[0192] In the case of weakening the polar anchoring
strength at an interface with the first alignment film 7, the first
alignment film 7 is likely to rotate further in a polar angle
direction, compared with the case where the polar anchoring
strength is strong. Flexoelectric polarization occurs when
splay deformation or bend deformation is generated. There-
fore, if the liquid crystal alignment on the first alignment film
side rotates in a polar angle direction easily, acute splaying
deformation and bend deformation are reduced. More spe-
cifically, when the polar anchoring strength at the interface
with the first alignment film 7 is weakened, for example, the
tilt of the liquid crystal molecules in a region BL2 illustrated
in FIG. 9 becomes large. Consequently, it is considered that
the splay deformation in the region BL1 is relatively allevi-
ated, and the flexoelectric polarization becomes small, and
the flicker intensity is decreased.

[0193] Inorder to weaken the polar anchoring strength, for
example, the rubbing strength of the firstalignment film 7 can
be set to be smaller than the rubbing strength of the second
alignment film 18. Further, the polar anchoring strength can
be reduced easily also by selecting a material to be used for
forming the first alignment film 7.

[0194] As described above, in the liquid crystal display
device according to Example 4, the polar anchoring strength
of the first alignment film 7 at a position far away from the

Dec. 9, 2010

pixel electrode 17 and the common electrode 15 is set to be
smaller than the polar anchoring strength of the second align-
ment film 18 at a position close to the pixel electrode 17 and
the common electrode 15, and hence the flicker intensity can
be decreased easily.

[0195] Further, in the liquid crystal display device accord-
ing to Example 4, a liquid crystal material used for the con-
ventional general IPS liquid crystal display device can be for
the liquid crystal layer 3. Therefore, in the liquid crystal
display device according to Example 4, the flicker intensity
can be decreased further more easily compared with that of
the liquid crystal display devices according to Examples 1
and 2.

[0196] Further, in the liquid crystal display device accord-
ing to Example 4, the alignment deformation of liquid crystal
can be performed easily, and hence the enhancement of a
transmittance can be expected.

Example 5

[0197] In a liquid crystal display device according to
Example 5, due to the relationship between a width L of the
tooth of the pixel electrode 17 and a size S of a gap, a
transmittance fluctuation rate is small to such a degree that the
transmittance fluctuation rate may not be observed as flicker.
More specifically, in the liquid crystal display device accord-
ing to Example 5, for example, by optimizing the relationship
between the width L of the tooth of the pixel electrode illus-
trated in FIG. 11 and the size S of a gap, an in-plane trans-
mittance fluctuation rate becomes small to such a degree that
the transmittance fluctuation rate may not be observed as
flicker.

[0198] FIG. 28 is a schematic view illustrating a functional
effect of the liquid crystal display device according to
Example 5 of the present invention.

[0199] In order to optimize the relationship between the
width L of the tooth of the pixel electrode and the size S of the
gap, the inventors of this application conducted simulation
regarding the relationship between L/(L+S) and the flicker
intensity IFL assuming that the teeth of the pixel electrode 17
are arranged infinitely. FIG. 28 illustrates the simulation
results. FIG. 28 is a graph illustrating the relationship
between L/(L+S) and the flicker intensity IFL when an AC
voltage with a rectangular wave of £5'V and 30 Hz is applied
to the pixel electrode. Further, in FIG. 28, a curve F6 repre-
sents simulation results assuming that the flexoelectric coef-
ficient is set at e, ,=e;;—10 pC/m, and a curve F7 represents
simulation results assuming that the flexoelectric coefficient
is set at a small value that satisfies Mathematical Equations 2
and 3.

[0200] As is understood from FIG. 28, even in the case
where the flexoelectric coefficient is any value, when L/(L+S)
1s about 0.4, the flicker intensity IFL takes a minimum value.
The reason for this is considered as follows. When L/(L+S) is
set at about 0.4, the distribution of an in-plane transmittance
becomes substantially equal between the case where a posi-
tive voltage is applied to the pixel electrode 17 and the case
where a negative voltage is applied to the pixel electrode 17,
and a transmittance fluctuation rate becomes small.

[0201] Further, in the case where the liquid crystal layer 3 is
formed using a liquid crystal material having a small flexo-
electric coefficient that satisfies Mathematical Equations 2
and 3, the optimum width of L/(L+S) becomes large, and the
flicker intensity IFL becomes 1% or less when 0.3=L/(L+S)
=0.5, which may not be observed as flicker.
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[0202] Thus, in the liquid crystal display device according
to Example 5, by setting the relationship between the width L
of the pixel electrode and the gap S of the teeth to be L/(L+
S)=0.4, the flicker intensity can be decreased.

[0203] Further, when the liquid crystal layer 3 is formed
using a liquid crystal material with a small flexoelectric coef-
ficient as described in Examples 1 and 2, the degree of free-
dom of the relationship between the width L. of the pixel
electrode and the gap S of the teeth becomes high, which
enables easily decreasing the flicker intensity.

[0204] The present invention has been described specifi-
cally based on the above-mentioned examples. The present
invention is not limited to the above-mentioned examples,
and needless to say, various modifications can be made with-
out departing from the spirit and scope of the present inven-
tion.

[0205] For example, in the IPS-Pro liquid crystal panel
described in the above-mentioned examples, the reverse elec-
trode 8 is provided between the first substrate 1 and the first
polarization plate 9. However, the present invention is not
limited thereto, and the reverse electrode 8 may not be
present.

[0206] Further, the configurations described in Examples 1
to 3 and Example 5 can also be applied to the IPS-Pro liquid
crystal display panel without the first alignment film 7 and the
second alignment film 18, for example.

[0207] Further, in the liquid crystal display panel described
in the above-mentioned examples, the first substrate 1, the
liquid crystal layer 3, and the second substrate 2 are placed
between the first polarization plate 9 and the second polariza-
tion plate 19. However, the present invention is not limited
thereto, and for example, the second polarization plate 19
may be placed between the liquid crystal layer 3 and the
second substrate 2.

[0208] While there have been described what are at present
considered to be certain embodiments of the invention, it will
be understood that various modifications may be made
thereto, and it is intended that the appended claims cover all
such modifications as fall within the true spirit and scope of
the invention.

What is claimed is:

1. A liquid crystal display device, comprising;

a first substrate;

a second substrate;

a liquid crystal layer sandwiched between the first sub-
strate and the second substrate;

a first polarization plate placed on a side opposite to a side
of the first substrate on which the liquid crystal layer is
placed;

a second polarization plate placed on a side opposite to a
side of the second substrate on which the liquid crystal
layer is placed; and

a pixel electrode and a common electrode which are pro-
vided on the side of the second substrate on which the
liquid crystal layer is placed, wherein:

at least one of the pixel electrode and the common elec-
trode is interdigital; and

theliquid crystal layer has flexoelectric coefficients e, ; and
€,5. both absolute values of which are +7 pC/m or less.

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

wherein the liquid crystal layer has elastic constants K, and
K5, both of which are 13 pN or more.
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3. The liquid crystal display device according to claim 1,
wherein the liquid crystal layer has elastic constants K, and
K5, both of which are 16 pN or more.

4. The liquid crystal display device according to claim 1,
wherein:

the pixel electrode and the common electrode are lami-

nated via an insulating layer;
one of the pixel electrode and the common electrode which
is closer to the liquid crystal layer is interdigital; and

assuming that a number of teeth of the one of the pixel
electrode and the common electrode which is closer to
the liquid crystal layer is u, the following relationship of
Mathematical Equation 1 is satisfied between a dielec-
tric anisotropy AE of the liquid crystal layer and the
number of teeth u.

735 M

Ae —m —n
= 036 xlog () + 1.49

5. The liquid crystal display device according to claim 1,
wherein:

the pixel electrode and the common electrode are lami-

nated via an insulating layer;
one of the pixel electrode and the common electrode which
is closer to the liquid crystal layer is interdigital; and

the liquid crystal display device further comprises a dielec-
tric cap having a permittivity lower than a permittivity of
the liquid crystal layer, the dielectric cap being provided
between an outer peripheral portion of the one of the
pixel electrode and the common electrode which is
closer to the liquid crystal layer and the liquid crystal
layer.

6. The liquid crystal display device according to claim 5,
wherein one of the pixel electrode and the common electrode
whichis closer to the liquid crystal layer and the dielectric cap
have an overlapped region with an area of 10% or more and
less than 90% with respect to an area of the one of the pixel
electrode and the common electrode which is closer to the
liquid crystal layer.

7. The liquid crystal display device according to claim 1,
wherein the liquid crystal layer has a polar anchoring strength
at an interface on the side of the first substrate, which is
smaller than a polar anchoring strength at an interface on the
side of the second substrate.

8. The liquid crystal display device according to claim 1,
wherein:

the pixel electrode and the common electrode are lami-

nated via an insulating layer;
one of the pixel electrode and the common electrode which
is closer to the liquid crystal layer is interdigital; and

assuming that a width of teeth of the one of the pixel
electrode and the common electrode which is closer to
the liquid crystal layer is L and a gap of the teeth is S,
0.3=L/(L+S)=0.5 is satisfied.

9. A liquid crystal display device, comprising:

a first substrate;

a second substrate;

a liquid crystal layer sandwiched between the first sub-

strate and the second substrate;

a first polarization plate placed on a side opposite to a side

of the first substrate on which the liquid crystal layer is
placed;
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a second polarization plate placed on a side opposite to a
side of the second substrate on which the liquid crystal
layer is placed; and

a pixel electrode and a common electrode which are lami-
nated via an insulating layer, the pixel electrode and the
common electrode being provided on the side of the
second substrate on which the liquid crystal layer is
placed, wherein:

one of the pixel electrode and the common electrode which
is closer to the liquid crystal layer is interdigital;

arelationship between a potential of the pixel electrode and
a potential of the common electrode is inverted on a
predetermined number flame period basis; and

assuming that a number of teeth of the one of the pixel
electrode and the common electrode which is closer to
the liquid crystal layer is u, a transmittance fluctuation
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rate TPP1 on the teeth and a transmittance fluctuation
rate TPP2 on a gap portion of the teeth respectively
satisfy the following relationships of Mathematical
Equations 2 and 3.

TPP1=81xlog(u)-44 2

TPP2=20xlog (1)+7 (3)

10. The liquid crystal display device according to claim 9,
wherein the liquid crystal layer has a dielectric anisotropy of
a positive value.

11. The liquid crystal display device according to claim 9,
wherein the liquid crystal layer has a dielectric anisotropy of
a negative value.
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