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(7) ABSTRACT

The liquid crystal display device according to the present
invention includes a first substrate, a second substrate, a
liquid crystal layer, and a display region including multiple
display units arranged in a matrix. The first substrate
includes a first electrode, and a second electrode. Liquid
crystal molecules are aligned parallel to the first substrate in
a no-voltage-applied state. The second electrode in each of
the display units is provided with an opening having a
certain shape. The display units include at least one high-
speed display unit in which four liquid crystal domains are
generated in the light-transmitting region in a voltage-
applied state and at least one high-luminance display unit in
which two liquid crystal domains are generated in the
light-transmitting region in the voltage-applied state. A data

(51) Imt. CL signal is written in the at least one high-speed display unit
G0IG 3/34 (2006.01) later than in the high-luminance display unit within one
GO2F 1/1337 (2006.01) frame period.
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal
display device. In particular, the present invention relates to
a liquid crystal display device suitable as a horizontal
alignment mode liquid crystal display device provided with
high-definition pixels.

BACKGROUND ART

[0002] Liquid crystal display devices are display devices
that utilize a liquid crystal composition for display. The
typical display mode thereof is applying voltage to a liquid
crystal composition sealed between paired substrates to
change the alignment state of liquid crystal molecules in the
liquid crystal composition according to the applied voltage,
thereby controlling the amount of light transmitted. These
liquid crystal display devices, having characteristics such as
thin profile, light weight, and low power consumption, have
been used in a broad range of fields.

[0003] The display modes of liquid crystal display devices
include horizontal alignment modes, in which the alignment
of liquid crystal molecules is controlled by rotation of the
liquid crystal molecules mainly in a plane parallel to the
substrate surfaces. The horizontal alignment modes have
received attention because these modes make it easy to
achieve wide viewing angle characteristics. For example, in
recent years, liquid crystal display devices for smartphones
and tablet terminals have widely used an in-plane switching
(IPS) mode and a fringe field switching (FFS) mode, each of
which is one type of horizontal alignment mode.

[0004] There is continuing research and development of
the horizontal alignment modes to achieve higher definition
pixels and an improved response speed to improve display
quality. As a technique for improving the response speed, for
example, Patent Literature 1 discloses a technique related to
a liquid crystal display device using a fringe electric field, in
which technique a first electrode is provided with a comb
tooth portion of a specific shape. In addition, Patent Litera-
ture 2 discloses an electrode structure related to an FFS
mode liquid crystal display, which is provided with a slit
including two linear portions and a V-shaped portion formed
by connecting the two linear portions in a V shape.

CITATION LIST

Patent Literature

[0005] Patent Literature 1: JP 2015-114493 A
[0006] Patent Literature 2: WO 2013/021929 Al
SUMMARY OF INVENTION
Technical Problem
[0007] “Image blurring” which occurs when an image is

displayed using a liquid crystal display device is a phenom-
enon in which the contour of an image is recognized in a
blurred state by an observer. A delay in response of liquid
crystal molecules is regarded as one cause of this phenom-
enon. Horizontal alignment mode liquid crystal display
devices offer the advantage of wide viewing angles, but have
the problem that they are slow in response as compared with
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vertical alignment modes such as a multi-domain vertical
alignment (MVA) mode, and hence image blurring tends to
occur.

[0008] FIG. 23 is a view relating to the FFS mode liquid
crystal display device according to Comparative Embodi-
ment 1 studied by the present inventors, in which (a) is a
plan view showing the opening shape of an electrode, and
(b) is a plan view showing the simulation result of the
alignment distribution of liquid crystal molecules in the
voltage-applied state. FIG. 24 is a view relating to the FFS
mode liquid crystal display device according to Comparative
Embodiment 1 studied by the present inventors and a graph
showing a luminance curve in a display unit in which a data
signal is written in the first half of one frame and a display
unit in which a data signal is written in the second half of the
frame.

[0009] In the FFS mode liquid crystal display device of
Comparative Embodiment 1 provided with a pixel electrode
112, for example, an opening 115 having the shape shown in
FIG. 23(a) is formed in the counter electrode, and in the
voltage-applied state, one liquid crystal domain is generated
in a light-transmitting region 170. That is, in the FFS mode
liquid crystal display device according to Comparative
Embodiment 1, there is no boundary (dark lines) of the
liquid crystal domain through which light is not transmitted
in the light-transmitting region 170 in one display unit 150.
[0010] In the FFS mode liquid crystal display device
according to Comparative Embodiment 1, in particular,
when raising the number of display frames per second from
60 frames to 120 frames (60 Hz to 120 Hz), the following
problems sometimes occur.

[0011] In the FFS mode liquid crystal display device
according to Comparative Embodiment 1 having multiple
gate signal lines sequentially scanned in the scan direction
indicated by the arrow in FIG. 24, in the display unit 150 in
which a data signal is written in the first half of one frame,
as indicated by a luminance curve 161 in FIG. 24, liquid
crystal molecules respond sufficiently near the end of one
frame, and high luminance is obtained in a period 163 during
which the backlight lights up. However, in the display unit
150 in which a data signal is written in the second half of one
frame, as indicated by a luminance curve 162 in FIG. 24, in
the period 163 during which the liquid crystal molecules
cannot respond within one frame and the backlight lights up,
sufficient luminance cannot be obtained. As a result, in a
region corresponding to the display unit 150 in which a data
signal is written in the second half of one frame, for
example, in a lower portion of the display region, a phe-
nomenon of image blurring is sometimes recognized. Refer-
ring to FIG. 24, a data signal is written at the time of “gate
ON”.

[0012] Although the response speed can be improved in
the horizontal mode by using the technique disclosed in
Patent Literature 1, the shape of the electrode is largely
restricted by an ultrahigh-definition pixels of not less than
800 ppi, for example. This makes it difficult to adopt a
complicated electrode shape like that disclosed in Patent
Literature 1.

[0013] According to Patent Literature 2, due to the influ-
ence of the V-shaped portion provided in the opening of the
electrode, it is possible to improve the display performance
such as transmittance by dividing the alignment of the liquid
crystal molecules into two regions at the time of voltage
application. However, the effect of speeding up is not great.
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[0014] As aresult of various studies, the present inventors
have found that the response speed of liquid crystal mol-
ecules decreases in the FFS mode liquid crystal display
device according to Comparative Embodiment 1 described
above because only one liquid crystal domain exists in a
light-transmitting region 170 in the voltage-applied state and
there is no wall that generates a force in a direction opposite
to the rotating direction of liquid crystal molecules, and have
also found that high speed can be achieved in an FFS mode
liquid crystal display device even in the horizontal align-
ment mode by using the strain force generated by the bend
and splay liquid crystal alignments formed in a narrow
region by rotating liquid crystal molecules within a range
smaller than a certain pitch in the voltage-applied state to
form four liquid crystal domains and rotating the liquid
crystal molecules in the adjacent liquid crystal domains in
opposite directions.

[0015] FIG. 25 is a schematic plan view of a counter
electrode in a FFS mode liquid crystal display device of
Comparative Embodiment 2 studied by the present inven-
tors. FIG. 26 is a plan view showing the simulation results
of alignment distribution of liquid crystal molecules in the
voltage-applied state in the FFS mode liquid crystal display
device of Comparative Embodiment 2 studied by the present
inventors.

[0016] As shown in FIG. 25, in the FFS mode liquid
crystal display device according to Comparative Embodi-
ment 2, a counter electrode 114 having an opening 115 is
disposed on the upper layer, and a pixel electrode (not
shown) is disposed on the lower layer. The opening 115 is
constituted by a longitudinal-shaped portion 116 and a pair
of protrusions 117 protruding to opposite sides from the
longitudinal-shaped portion 116, and has a shape symmetri-
cal with respect to an alignment azimuth 122 of liquid
crystal molecules 121 in the no-voltage-applied state.
[0017] As shown in FIG. 26, in the FFS mode liquid
crystal display device according to Comparative Embodi-
ment 2, the liquid crystal molecules 121 rotate upon voltage
application, and four liquid crystal domains in which the
alignments of the liquid crystal molecules 121 are symmetri-
cal to each other are formed. Furthermore, the electric field
in the oblique direction at the pair of protrusions 117 allows
the four liquid crystal domains to stably exist, thereby
improving the response characteristics.

[0018] However, in the liquid crystal display device
according to Comparative Embodiment 2, because the four
liquid crystal domains are formed in one display unit 150 for
one opening 115, cross-shaped dark lines as indicated by the
portion surrounded by the dotted line in FIG. 26 are gener-
ated in the central portion of the display unit 150, resulting
in a decrease in luminance. In this way, specializing in the
high-speed performance of the liquid crystal display device
causes a decrease in the luminance of the entire surface of
the liquid crystal panel. For applications observed from
close range such as a head mount display (HMD) mounted
on the user’s head, a reduction in luminance at an end
portion of the display region is lower in influence on display
quality than a reduction in luminance at a central portion of
the display region, and hence is acceptable. However, in
such applications as well, it is necessary to avoid a reduction
in luminance over the entire surface of the display region.
[0019] The present invention has been made in view of
such a current state of the art and aims to provide a high
definition liquid crystal display device in which image
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blurring is suppressed while reduction in luminance is
suppressed at least at part of a display region.

Solution to Problem

[0020] As a result of extensive studies on a high definition
liquid crystal display device in which image blurring is
suppressed while reduction in luminance is suppressed at
least at part of the display region, the inventors of the present
invention have paid attention to four liquid crystal domains
in Comparative Embodiment 2 described above. In each
display unit, an opening including a longitudinal-shaped
portion and a pair of protrusions protruding to opposite sides
from the longitudinal-shaped portion is formed in the elec-
trode of the upper layer, and the pair of protrusions are
provided on the longitudinal-shaped portion except for its
both end portions in the longitudinal direction so as to be
disposed in places corresponding to each other. This makes
it unnecessary to form an opening having a complicated
shape in the second electrode and makes it possible to
achieve high definition. It has also been found that the
response speed can be increased in each display unit by the
four liquid crystal domains as in Comparative Embodiment
2 described above.

[0021] It has been found that providing a high-speed
display unit in which four liquid crystal domains are gen-
erated in a light-transmitting region and a high-luminance
display unit in which two liquid crystal domains are gener-
ated in a light-transmitting region, as display units, reduces
the distortion (twisting force) of the liquid crystal alignment
occurring in the voltage-applied state in the high-luminance
display unit as compared with the high-luminance display
unit, and hence the response speed is relatively slow,
whereas in the light-transmitting region, because the region
occupied by dark lines between the adjacent liquid crystal
domains in the light-transmitting region can be reduced as
compared with the high-speed display unit, the transmit-
tance can be relatively increased. On the other hand, it has
been found that in the high-speed display unit, because the
region occupied by the dark lines between the adjacent
liquid crystal domains in the light-transmitting region is
larger than that in the high-luminance display unit, the
transmittance becomes relatively small, whereas the
response speed can be relatively increased because the
distortion (twisting power) of liquid crystal alignment occut-
ring in the voltage-applied state can be made larger than that
in the high-luminance display unit.

[0022] Ithasbeen found that by writing a data signal in the
high-speed display unit later than in the high-luminance
display unit within one frame period, the time for liquid
crystal response for the high-luminance display unit having
a relatively low response speed can be ensured, and hence
the occurrence of image blurring can be reduced in the
region provided with the high-luminance display unit,
whereas although the time for liquid crystal response with
respect to the high-speed display unit is shortened, because
the response speed is relatively high, the occurrence of
image blurring can be reduced even in a region provided
with the high-speed display unit.

[0023] As described above, it has been found that the
occurrence of image blurring can be reduced in the region
provided with the high-luminance display unit and the
region provided with the high-speed display unit while a
reduction in luminance in the region provided with the
high-luminance display unit is reduced. It has also been
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found that it is possible to achieve high definition of each
display unit. As a result, it has been conceived that the above
problems can be solved satisfactorily to achieve the present
invention.

[0024] That is, one aspect of the present invention may be
a liquid crystal display device including a first substrate, a
second substrate facing the first substrate, a liquid crystal
layer provided between the first substrate and the second
substrate and containing liquid crystal molecules, and a
display region including multiple display units arranged in a
matrix, wherein the first substrate includes a first electrode,
a second electrode provided closer to the liquid crystal layer
than the first electrode, and an insulating film provided
between the first electrode and the second electrode, the
liquid crystal molecules are aligned parallel to the first
substrate in a no-voltage-applied state in which no voltage is
applied between the first electrode and the second electrode,
the second electrode in each of the display units is provided
with an opening including a longitudinal-shaped portion and
a pair of protrusions protruding to opposite sides from the
longitudinal-shaped portion, the pair of protrusions are
provided on portions excluding both the end portions of the
longitudinal-shaped portion in a longitudinal direction and
located in places corresponding to each other, each of the
display units includes a light-transmitting region which can
transmit light and a light-blocking region which blocks light
in a plan view, the light-transmitting region is formed so as
to overlap the longitudinal-shaped portion in each of the
display units, the display units including at least one high-
speed display unit in which four liquid crystal domains are
generated in the light-transmitting region in a voltage-
applied state in which a voltage is applied between the first
electrode and the second electrode and at least one high-
luminance display unit in which two liquid crystal domains
are generated in the light-transmitting region in the voltage-
applied state, and a data signal is written in the at least one
high-speed display unit later than in the at least one high-
luminance display unit within one frame period.

[0025] The pair of protrusions of the at least one high-
speed display unit may be located in a region combining the
light-transmitting region and a region obtained by virtually
expanding the light-transmitting region in the transverse
direction of the longitudinal-shaped portion in a plan view.

[0026] The pair of protrusions of the at least one high-
speed display unit may protrude from an intermediate por-
tion of the longitudinal-shaped portion.

[0027] The pair of protrusions of the at least one high-
luminance display unit may be located outside a region
combining the light-transmitting region and a region
obtained by virtually expanding the light-transmitting region
in a transverse direction of the longitudinal-shaped portion
in a plan view.

[0028] The pair of protrusions of the at least one high-
luminance display unit may be adjacent to one of the end
portions of the longitudinal-shaped portion.

[0029] The at least one high-speed display unit may be
located at an end of the display region.

[0030] The liquid crystal molecules may have positive
anisotropy of dielectric constant.

[0031] The longitudinal direction of the longitudinal-
shaped portion may be parallel to the alignment azimuth of
the liquid crystal molecules in a plan view in the no-voltage-
applied state.
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[0032] The liquid crystal display device may further
include a backlight provided on an opposite side of the first
substrate or the second substrate to the liquid crystal layer.
A luminance of the backlight in a region corresponding to
the at least one high-speed display unit may be higher than
aluminance of the backlight in a region corresponding to the
at least one high-luminance display unit.

[0033] The backlight may include a light source that lights
up for a predetermined time in one frame period. The light
source may start lighting at a later time than when the at least
one high-speed display unit is driven.

[0034] The backlight may include a light guide plate
facing the first substrate or the second substrate and a light
source configured to irradiate a light incident surface of the
light guide plate with light, and the at least one high-speed
display unit may be located closer to the light incident
surface of the light guide plate than the at least one high-
luminance display unit.

[0035] The first substrate may further include multiple
gate signal lines which are provided for each row or column
of the display units and which are scanned line-sequentially
in a predetermined direction, and the at least one high-speed
display unit may be connected to a gate signal line of a final
stage of the gate signal lines.

[0036] The display units may include a plurality of the
high-speed display units, and each of the high-speed display
units may be connected to any of the gate signal lines of
consecutive stages including the gate signal line of the final
stage among the gate signal lines.

[0037] At least one of the end portions of the longitudinal-
shaped portion may be rounded.

[0038] The at least one high-speed display unit may
include cross-shaped dark lines at a center of the four liquid
crystal domains.

Advantageous Effects of Invention

[0039] The present invention can provide a high definition
liquid crystal display device in which image blurring is
suppressed while reduction in luminance is suppressed at
least at part of a display region.

BRIEF DESCRIPTION OF DRAWINGS

[0040] FIG. 1 is a schematic cross-sectional view of a
liquid crystal display device according to an embodiment of
the present invention in a voltage-applied state.

[0041] FIG. 2 is a view relating to a high-speed display
unit in the liquid crystal display device according to the
embodiment of the present invention, in which (a) is a plan
view of an opening shape provided in a counter electrode
and (b) is a schematic plan view showing a counter elec-
trode.

[0042] FIG. 3 is a view relating to a high-speed display
unit in the liquid crystal display device according to the
embodiment of the present invention, in which (a) is a
schematic view for explaining alignment control of liquid
crystal molecules in the voltage-applied state, (b) is an
enlarged plan view showing a simulation result of the
alignment distribution of liquid crystal molecules in the
voltage-applied state, and (c) is a plan view showing a
simulation result of the alignment distribution of liquid
crystal molecules in the voltage-applied state.
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[0043] FIG. 4 is a schematic plan view illustrating an
opening shape of a high-speed display unit in the liquid
crystal display device according to the embodiment of the
present invention.

[0044] FIG. 5 is a view relating to a high-luminance
display unit in the liquid crystal display device according to
the embodiment of the present invention, in which (a) is a
plan view of an opening shape provided in a counter
electrode and (b) is a schematic plan view showing a counter
electrode.

[0045] FIG. 6 is a view relating to a high-luminance
display unit in the liquid crystal display device according to
the embodiment of the present invention, in which (a) is a
schematic view for explaining alignment control of liquid
crystal molecules in the voltage-applied state, (b) is an
enlarged plan view showing a simulation result of the
alignment distribution of liquid crystal molecules in the
voltage-applied state, and (c) is a plan view showing a
simulation result of the alignment distribution of liquid
crystal molecules in the voltage-applied state.

[0046] FIG. 7 is a schematic plan view illustrating an
opening shape of a high-luminance display unit in the liquid
crystal display device according to the embodiment of the
present invention.

[0047] FIG. 8 is a schematic plan view showing the
configuration of the liquid crystal display device according
to the embodiment of the present invention.

[0048] FIG.9 is a schematic cross-sectional view showing
the configurations of backlights of the liquid crystal display
devices according to the embodiment of the present inven-
tion, in which (a) is a schematic cross-sectional view of a
liquid crystal display device having an edge-light type
backlight, and (b) is a schematic cross-sectional view of a
liquid crystal display device having a direct type backlight.
[0049] FIG. 10 is a view relating to the liquid crystal
display device according to the embodiment of the present
invention, in which (a) is a schematic plan view showing the
arrangement of each display unit, and (b) is a schematic
view showing luminance curves in a high-luminance display
unit and a high-speed display unit.

[0050] FIG. 11 is a view relating to a high-luminance
display unit A-1, in which (a) is a plan view showing the
opening shape of a counter electrode, and (b) is a plan view
showing the simulation result of the alignment distribution
of liquid crystal molecules in the voltage-applied state.
[0051] FIG. 12 is a view relating to a high-speed display
unit B-1, in which (a) is a plan view showing the opening
shape of a counter electrode, and (b) is a plan view showing
the simulation result of the alignment distribution of liquid
crystal molecules in the voltage-applied state.

[0052] FIG. 13 is a view relating to a high-speed display
unit B-2, in which (a) is a plan view showing the opening
shape of a counter electrode, and (b) is a plan view showing
the simulation result of the alignment distribution of liquid
crystal molecules in the voltage-applied state.

[0053] FIG. 14 is a view relating to a high-luminance
display unit A-2, in which (a) is a plan view showing the
opening shape of a counter electrode, and (b) is a plan view
showing the simulation result of the alignment distribution
of liquid crystal molecules in the voltage-applied state.
[0054] FIG. 15 is a view relating to a high-luminance
display unit A-3, in which (a) is a plan view showing the
opening shape of a counter electrode. and (b) is a plan view
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showing the simulation result of the alignment distribution
of liquid crystal molecules in the voltage-applied state.

[0055] FIG. 16 is a view relating to a high-luminance
display unit A-4, in which (a) is a plan view showing the
opening shape of a counter electrode, and (b) is a plan view
showing the simulation result of the alignment distribution
of liquid crystal molecules in the voltage-applied state.

[0056] FIG. 17 is a view relating to a high-luminance
display unit A-5, in which (a) is a plan view showing the
opening shape of a counter electrode, and (b) is a plan view
showing the simulation result of the alignment distribution
of liquid crystal molecules in the voltage-applied state.

[0057] FIG. 18 is a view relating to a high-luminance
display unit A-6, in which (a) is a plan view showing the
opening shape of a counter electrode, and (b) is a plan view
showing the simulation result of the alignment distribution
of liquid crystal molecules in the voltage-applied state.

[0058] FIG. 19 is a view relating to a high-luminance
display unit A-7, in which (a) is a plan view showing the
opening shape of a counter electrode, and (b) is a plan view
showing the simulation result of the alignment distribution
of liquid crystal molecules in the voltage-applied state.

[0059] FIG. 20 is a schematic view showing a relationship
between the response of liquid crystal molecules and the
backlight in the liquid crystal display device according to
Embodiment 1.

[0060] FIG. 21 is a schematic plan view showing the
luminance distribution of the backlight used for each of the
liquid crystal display devices according to Embodiments 2-1
to 2-24.

[0061] FIG. 22 is a schematic plan view showing the
relationship between the arrangement of the display units
and the luminance distribution of the backlight in each of the
liquid crystal display devices according to Embodiments 2-1
to 2-24.

[0062] FIG. 23 is a view relating to an FFS mode liquid
crystal display device according to Comparative Embodi-
ment 1, in which (a) is a plan view showing an opening
shape of an electrode, and (b) is a plan view showing the
simulation result of the alignment distribution of liquid
crystal molecules in a voltage-applied state.

[0063] FIG. 24 is a view relating to the FFS mode liquid
crystal display device according to Comparative Embodi-
ment 1 and a graph showing luminance curves in a display
unit in which a data signal is written in a first half of one
frame and a display unit in which a data signal is written in
a second half of the frame.

[0064] FIG. 25 is a schematic plan view of a counter
electrode in an FFS mode liquid crystal display device of
Comparative Embodiment 2.

[0065] FIG. 26 is a plan view showing the simulation
result of the alignment distribution of liquid crystal mol-
ecules in the voltage-applied state in the FFS mode liquid
crystal display device according to Comparative Embodi-
ment 2,

[0066] FIG. 27 is a view relating to a display unit R-1 in
an FFS mode liquid crystal display device according to
Comparative Embodiment 1-1, in which (a) is a plan view
showing an opening shape of a counter electrode, and (b) is
a plan view showing the simulation result of the alignment
distribution of liquid crystal molecules in a voltage-applied
state.
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[0067] FIG. 28 is a schematic view showing luminance
curves in a display unit of the liquid crystal display device
according to Comparative Embodiment 1-2.

DESCRIPTION OF EMBODIMENTS

[0068] Hereinafter, embodiments of the present invention
will be described. The following embodiments, however, are
not intended to limit the scope of the present invention. The
present invention may appropriately be modified within the
scope of the configuration of the present invention. In the
following description, the same reference numerals denote
the same parts or parts having similar functions in different
drawings, and a repetitive description thereof is omitted. The
configurations described in the embodiments may appropri-
ately be combined or modified within the spirit of the present
invention.

[0069] FIG. 1 is a schematic cross-sectional view of a
liquid crystal display device according to an embodiment of
the present invention in a voltage-applied state. FIG. 1
shows a cross section taken along line ¢-d in FIGS. 3 and 6
described later.

[0070] As shown in FIG. 1, a liquid crystal display device
1 according to an embodiment of the present invention
includes, in the given order, a first substrate 10, a liquid
crystal layer 20 containing liquid crystal molecules 21, and
a second substrate 30. The first substrate 10 is an array
substrate and has a stacked structure including, in order
toward the liquid crystal layer 20, a first polarizer (not
shown), an insulating substrate (for example, glass sub-
strate) 11, a pixel electrode (first electrode) 12, an insulating
layer (insulating film) 13, and a counter electrode (second
electrode) 14, and the counter electrode 14 is provided with
an opening 15. The second substrate 30 is a color filter
substrate, and has a stacked structure including a second
polarizer (not shown), an insulating substrate (for example,
glass substrate) 31, a color filter 32, and an overcoat layer 33
toward the liquid crystal layer 20. A backlight 60 is disposed
on the opposite side of the first substrate 10 to the liquid
crystal layer 20. The first polarizer and the second polarizer
are both absorptive polarizers and disposed in the crossed
Nicols with their absorption axes perpendicular to each
other. Note that the first substrate 10, the liquid crystal layer
20, the second substrate 30, and the backlight 60 may be
arranged in the given order.

[0071] Although not shown in FIG. 1, a horizontal align-
ment film is usually provided on the surface of the first
substrate 10 and/or the second substrate 30, the surface
being located on the liquid crystal layer 20 side. The
horizontal alignment film acts to align the liquid crystal
molecules 21 near the film parallel to the film surface. In
addition, the horizontal alignment film adjusts the orienta-
tions of the major axes (hereinafter also referred to as
“alignment azimuths™) of the liquid crystal molecules 21
aligned parallel to the first substrate 10 to a specific in-plane
azimuth. The horizontal alignment film preferably has been
subjected to alignment treatment such as photo-alignment
treatment or rubbing treatment. The horizontal alignment
film may be made of an inorganic material or an organic
material.

[0072] In the no-voltage-applied state, where no voltage is
applied between the pixel electrode (first electrode) 12 and
the counter electrode (second electrode) 14 (this state is
hereinafter also simply referred to as the “no-voltage-ap-
plied state™), the alignment of the liquid crystal molecules 21
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is controlled parallel to the first substrate 10. The “parallel”
herein includes not only being completely parallel, but also
a range (substantially parallel) that can be equated with
being parallel in the art. The pre-tilt angle (angle of tilt in the
no-voltage-applied state) of the liquid crystal molecules 21
is preferably less than 3°, more preferably less than 1°
relative to the surface of the first substrate 10, and it is
particularly preferable to set the pre-tilt angle to 0° by using
a photo-alignment film. When the pre-tilt angle is set to 0°,
the influence of the pre-tilt angle on the liquid crystal
domain is eliminated, and the balance of the four liquid
crystal domains can be easily maintained uniformly. In this
specification, the alignment azimuth of the liquid crystal
molecules 21 in the no-voltage-applied state is also referred
to as an initial alignment azimuth 22 of liquid crystal
molecules.

[0073] In the voltage-applied state, where a voltage is
applied between the pixel electrode (first electrode) 12 and
the counter electrode (second electrode) 14 (this state is
hereinafter also simply referred to as the “voltage-applied
state”), the alignment of the liquid crystal molecules 21 is
controlled by the stacked structure of the first substrate 10
including the pixel electrode 12, the insulating layer 13, and
the counter electrode 14. In this case, the pixel electrode 12
is an electrode provided for each display unit, and the
counter electrode 14 is an electrode shared by multiple
display units.

[0074] Note that the “display unit” means a region corre-
sponding to one pixel electrode 12. The display unit may be
one referred to as a “pixel” in the technical field of liquid
crystal display devices, or may be one referred to as a
“sub-pixel”, “dot”, or “picture element” in the cases where
one pixel is divided for driving. Examples of the alignment
of the display units (sub pixels) in the cases where one pixel
is divided for driving include a three color stripe arrange-
ment including, for example, red, green and blue, a three
color mosaic arrangement or delta arrangement including,
for example, red, green and blue, a four color stripe arrange-
ment including, for example, red, green, blue and yellow,
and a squared pattern. When the three color stripe arrange-
ment is used, the aspect ratio of the display unit is 3:1; when
the four color stripe arrangement is used, the aspect ratio of
the display unit is 4:1; and when the three color mosaic
arrangement, three color delta arrangement, or four colored
squared pattern is used, the aspect ratio of the display unit
is 1:1. On the other hand, the aspect ratio of the pixel is
usually 1:1 regardless of whether or not the pixel is divided
for driving. The shape and number of the openings 15 can be
adjusted according to the shape of the display unit. Although
the opening 15 includes a longitudinal-shaped portion as
will be described later, when the display unit has a longi-
tudinal shape (preferably a rectangular shape) as in the case
where the three color stripe arrangement or four color stripe
arrangement is employed, it is preferable that the longitu-
dinal direction of the display unit (preferably a direction of
a long side of a rectangular shape) is coincident with the
longitudinal direction of the longitudinal-shaped portion of
the opening 15.

[0075] The voltage-applied state means a state where the
liquid crystal molecules 21 rotate under the effect of the
electric field and a voltage equal to or higher than a
minimum voltage (threshold voltage) necessary for chang-
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ing the alignment azimuth is applied, and may be a state
where a voltage at which white display is performed (white
voltage) is applied.

[0076] Since the counter electrode 14 supplies a potential
common to each display unit, the counter electrode 14 may
be formed on almost the entire surface of the first substrate
10 (excluding the opening portion for forming a fringe
electric field). The counter electrode 14 may be electrically
connected to the external connecting terminal at the outer
peripheral portion (frame region) of the first substrate 10.
[0077] The positions of the counter electrode 14 and the
pixel electrode 12 may be switched. Specifically, although in
the stacked structure shown in FIG. 1, the counter electrode
14 is adjacent to the liquid crystal layer 20 through a
horizontal alignment film (not shown), the pixel electrode 12
may be adjacent to the liquid crystal layer 20 through a
horizontal alignment film (not shown). In such a case, an
opening 15 including a pair of protrusions in a longitudinal-
shaped portion (to be described later) is formed in the pixel
electrode 12 instead of the counter electrode 14.

[0078] In the stacked structure shown in FIG. 1, the
counter electrode 14 is formed with an opening 15 including
a longitudinal-shaped portion and a pair of protrusions
protruding to opposite sides from the longitudinal-shaped
portion to. The liquid crystal display device 1 according to
the present embodiment has two types of display units in
which the shapes of the openings 15 are different from each
other. One display unit is a high-speed display unit special-
ized for high-speed processing, and the other display unit is
a high-luminance display unit with enhanced luminance and
response speed. That is, the high-speed display unit is a
display unit with a faster response speed and a lower
luminance than the high-luminance display unit, and the
high-luminance display unit is a display unit with a slower
response speed and a higher luminance than the high-speed
display unit.

[0079] The liquid crystal display device 1 writes a data
signal in the high-speed display unit within one frame period
later than in the high-luminance display unit. As a result, the
time required for liquid crystal to respond in the high-speed
display unit is reduced, but because the response speed is
fast, image blurring can be suppressed. On the other hand,
a data signal is written in the high-luminance display unit at
a timing earlier than in the high-speed display unit within
one frame period. Accordingly, in the high-luminance dis-
play unit having a slow response speed, it is possible to
secure time for the liquid crystal to respond, and hence it is
possible to suppress image blurring. In addition, in a region
provided with at least a high-luminance display unit in the
display region, bright display can be obtained. In this case,
one frame period is a time for displaying one frame (frame).
For example, when the number of display frames per second
is 60 (60 frames per second: 50 to 60 Hz), one frame period
is Yeo second. When the number of frames displayed per
second is 120 (120 frames per second: 120 Hz) (double
speed drive), one frame is %120 second. When the number of
display frames per second is 240 (240 frames per second:
240 Hz) (quadruple speed drive), one frame is Y240 second.
A typical liquid crystal display device is driven at 50 to 60
frames per second (50 to 60 Hz). In the liquid crystal display
device 1 according to the present embodiment, one frame
period can be appropriately set, but the liquid crystal display
device 1 is suitable for displaying each frame in a frame
period shorter than a general frame period. This device is
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especially suitable for double speed drive or quadruple
speed drive, and is more suitable for double speed drive in
particular. Each display unit will be described in detail
below.

[0080] FIG. 2 is a view relating to a high-speed display
unit in the liquid crystal display device according to the
embodiment of the present invention, in which (a) is a
schematic plan view of an opening shape provided in a
counter electrode and (b) is a schematic plan view showing
a counter electrode. FIG. 3 is a view relating to a high-speed
display unit in the liquid crystal display device according to
the embodiment of the present invention, in which (a) is a
schematic view for explaining alignment control of liquid
crystal molecules in the voltage-applied state, (b) is an
enlarged plan view showing a simulation result of the
alignment distribution of liquid crystal molecules in the
voltage-applied state, and (c) is a plan view showing a
simulation result of the alignment distribution of liquid
crystal molecules in the voltage-applied state. FIG. 3(b) is a
simulation result of a region A surrounded by the dotted line
in FIG. 3(a). LCD-Master 3D available from Shintech Co.,
Ltd. was used for simulation in this specification.

[0081] As shown in FIGS. 2 and 3, a high-speed display
unit 50¢ has a light-transmitting region 70a¢ and a light-
blocking region 80a surrounding the periphery of the light-
transmitting region 70a in a plan view. In a voltage-applied
state, four liquid crystal domains 23a are generated in the
light-transmitting region 70a for one opening 15a. The
light-transmitting region 70a is a region that can transmit
light. This region transmits and blocks light by changing the
voltage applied between a counter electrode 14a and a pixel
electrode 124 so as to rotate the liquid crystal molecules 21,
thereby adjusting white display, halftone display, and black
display. The light-blocking region 804 is a region that blocks
light and is a region that always displays black, because a
light blocking member such as a black matrix is disposed.
Note that in this specification, the liquid crystal domain
means a region defined by a boundary where the liquid
crystal molecules 21 do not rotate from the initial alignment
azimuth 22 of liquid crystal molecules in the voltage-applied
state. The boundarv between the liquid crystal domains
where the liquid crystal molecules 21 do not rotate from the
initial alignment azimuth 22 of liquid crystal molecules in
the voltage-applied state is also called a disclination. In the
liquid crystal display device in a normally black mode, the
disclination located in a light-transmitting region is visually
recognized as dark lines.

[0082] The counter electrode 14a in the high-speed dis-
play unit 50q is formed with an opening 15« including a
longitudinal-shaped portion 16a and a pair of protrusions
17a protruding to opposite sides from the longitudinal-
shaped portion 16a. The light-transmitting region 70a is
arranged so as to overlap the longitudinal-shaped portion
16a. The light-transmitting region 70a may overlap at least
part of the longitudinal-shaped portion 16a. However, from
the viewpoint of further increasing the transmittance, it is
preferable that the light-transmitting region 70a overlaps
substantially the entire longitudinal-shaped portion 16a and
overlaps the region excluding one end portion of the longi-
tudinal-shaped portion 16a.

[0083] The longitudinal direction of the longitudinal-
shaped portion 16a is parallel to the alignment azimuth of
liquid crystal molecules 211A in the no-voltage-applied state
(the initial alignment azimuth 22 of liquid crystal mol-
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ecules). The pair of protrusions 17a are present on the left
and right sides of the longitudinal-shaped portion 164 so as
to fix cross-shaped dark lines in the central portion of the
high-speed display unit 50a and fix the four liquid crystal
domains 23a which are vertically and horizontally sym-
metrical. The pair of protrusions 17a are provided at a
portion (hereinafter referred to as an “intermediate portion™)
except for both end portions of the longitudinal-shaped
portion 16a in the longitudinal direction and located in
places corresponding to each other. In addition, the pixel
electrode 12a is provided so as to overlap substantially the
entire opening 15a. Since the opening 154 is used for
forming a fringe electric field (oblique electric field) and
does not include a complicated shape, the opening 15« can
be applied to ultrahigh-definition pixels of not less than 800
ppi, for example, without any problem. Although the defi-
nition of the liquid crystal display device 1 is not particularly
limited, it is preferably not less than 400 ppi and not more
than 1200 ppi, and more preferably not less than 800 ppi and
not more than 1200 ppi. The definition (ppi: pixel per inch)
in this specification is represented by the number of pixels
arranged per inch (2.54 cm). When one pixel is divided into
a plurality of sub-pixels (display units) for driving, the
definition may be calculated based on the size of one pixel
constituted by a plurality of sub-pixels. When sub-pixels (for
example, RGB) of different colors are arranged in a direction
parallel to a gate signal line in stripe arrangement, the size
in a direction (the longitudinal direction of the sub-pixel)
parallel to a source signal line of the sub-pixel corresponds
to the size of one pixel in the case of calculating the
definition.

[0084] FIG. 4 is a schematic plan view illustrating the
opening shape of the high-speed display unit in the liquid
crystal display device according to the embodiment of the
present invention. As shown in FIG. 4, in a plan view, the
pair of protrusions 17a of the high-speed display unit 50a are
located within a region 724 including the light-transmitting
region 70a and a region 71a obtained by virtually expanding
the light-transmitting region 70« in the transverse direction
(the direction orthogonal to the initial alignment azimuth 22
of liquid crystal molecules) of the longitudinal-shaped por-
tion 164, thereby forming the four liquid crystal domains
23a in the light-transmitting region 70a for one opening 154
in the voltage-applied state.

[0085] Cross-shaped dark lines (a region in which the
liquid crystal molecules 21 do not move) exist at the center
of the four liquid crystal domains 23a, and it is considered
that the liquid crystal molecules 21 which do not move serve
as walls for generating a force in a direction opposite to the
rotational direction of the four liquid crystal domains 23a to
improve the response speed. In the high-speed display unit
50a, the response speed can be further improved by increas-
ing the symmetry of the four liquid crystal domains 23a.
[0086] In this case, the pair of protrusions 17a of the
high-speed display unit 50a are located in the region 72a
combining the light-transmitting region 70a and the region
71a obtained by virtually expanding the light-transmitting
region 70a in the transverse direction of the longitudinal-
shaped portion 16a. This arrangement includes a case in
which the pair of protrusions 17a are entirely included inside
the region 72a.

[0087] Even in a case in which part of the pair of protru-
sions 17a is slightly included outside the region 72a, when
the four liquid crystal domains are generated in the light-

Jun. 11, 2020

transmitting region 70q in the voltage-applied state, the pair
of protrusions 17a are regarded to be located inside the
region 72a.

[0088] The initial alignment azimuth 22 of the liquid
crystal molecules parallel to the longitudinal direction of the
longitudinal-shaped portion 16a can be achieved by subject-
ing the alignment film to photo alignment treatment or
rubbing treatment in the transverse direction of the longitu-
dinal-shaped portion 16a. The initial alignment azimuth 22
of the liquid crystal molecules orthogonal to the longitudinal
direction of the longitudinal-shaped portion 16a can be
achieved by subjecting the alignment film to photo align-
ment treatment or rubbing treatment in the longitudinal
direction of the longitudinal-shaped portion 165.

[0089] In the case of using an opening formed only with
a longitudinal-shaped portion not including a pair of pro-
trusions, although it is possible to form four liquid crystal
domains, symmetry around the center of the dark lines
collapses, and the dark lines cannot be fixed, so that a region
in which liquid crystal molecules tend to rotate and a region
in which liquid crystal molecules are hard to rotate are
formed. It is considered that, in the region in which liquid
crystal molecules tend to rotate, liquid crystal molecules
continue to rotate more than necessary, resulting in a slow
response speed. On the other hand, as in the liquid crystal
display device 1 according to the present embodiment,
arranging the pair of protrusions 17a on the longitudinal-
shaped portion 16a generates an electric field 18a in an
oblique direction near the pair of protrusions 17a and
stabilizes the alignment of liquid crystal molecules 211B in
the voltage-applied state, thereby fixing the dark lines. As a
result, it is considered that the response speed can be
improved.

[0090] Further, it is considered that, when the pair of
protrusions 17a is provided at the center in the longitudinal
direction of the longitudinal-shaped portion 164, because the
four liquid crystal domains 23a are generated in the four
regions symmetrical (substantially symmetrical) with
respect to the longitudinal direction and the transverse
direction of the longitudinal-shaped portion 16a, the
response speed can be further improved. From such a
viewpoint, it is preferable that the shape of the opening 154
of the counter electrode 14a is symmetrical with respect to
the initial alignment azimuth 22 of liquid crystal molecules,
and it is preferable that the shape of the opening 15a is
symmetrical with respect to the longitudinal direction and
the transverse direction of the longitudinal-shaped portion
16a.

[0091] The longitudinal-shaped portion 164 is an opering
portion formed in a longitudinal shape having a longitudinal
length larger than the width in the transverse direction, and
examples of the longitudinal shape include an ellipse; a
shape similar to an ellipse such as an egg shape; a long
polygon such as a rectangle; a shape similar to a long
polygon; and a shape in which at least one corner of a long
polygon is rounded. Although both the end portions of the
longitudinal-shaped portion 164 are not necessarily rounded,
it is preferable that at least one of the end portions is
rounded, and it is more preferable that both the end portions
are rounded. When at least one end portion of the longitu-
dinal-shaped portion 16a is rounded, the alignment of the
liquid crystal molecules 21 is fixed by the electric field in the
oblique direction at this end portion, and the response speed
can be further improved.
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[0092] The pair of protrusions 17a protrude to opposite
sides (outside, transverse direction) from the longitudinal-
shaped portion 16a, and are provided at opposite edge
portions of an intermediate portion of the longitudinal-
shaped portion 16a. Each of the protrusions 17« may largely
protrude from the longitudinal-shaped portion 16a or may
only slightly protrude, and the size of each of the protrusions
17a is not limited. Each of the protrusions 17a only needs to
protrude from the longitudinal-shaped portion 164, and its
outer edge may be a circular-arc shape or an elliptical arc
shape, may be curved, or may have irregularities. Further,
each of the protrusions 17¢ may be shaped into a polygon
such as a triangle or a trapezoid (however, a trapezoid whose
longer base is adjacent to the longitudinal-shaped portion
16a) or a shape in which at least one corner of such a
polygon is rounded.

[0093] The pair of protrusions 17a are provided at posi-
tions corresponding to each other at the intermediate portion
of the longitudinal-shaped portion 164, and although the pair
of protrusions 16a may be provided at positions close to one
end portion of the longitudinal-shaped portion 164, the pair
of protrusions 17a are preferably provided at the center in
the longitudinal direction of the longitudinal-shaped portion
16a. By providing the pair of protrusions 17a at the center
in the longitudinal direction of the longitudinal-shaped por-
tion 164, it is possible to align and divide the liquid crystal
molecules 21 into four substantially symmetrical regions in
the voltage-applied state, so that the response speed can be
further improved.

[0094] In the high-speed display unit 50a, by shifting the
positions of the pair of protrusions 17a from the central
portion of the longitudinal-shaped portion 16« in the longi-
tudinal direction to the end portion side and lowering the
symmetry of the shape of the opening 15a, the response
speed is reduced, but the transmittance is not changed much.
[0095] The pair of protrusions 17a are preferably provided
opposite to each other, preferably provided at substantially
the same position in the longitudinal direction of the longi-
tudinal-shaped portion 16a, and preferably provided at posi-
tions symmetrical with respect to the longitudinal direction
of the longitudinal-shaped portion 16a.

[0096] The pair of protrusions 17a may be provided at part
of the intermediate portion or may be provided over the
entire intermediate portion. By adjusting the position and
size of the pair of protrusions 17a, it becomes possible to
balance cross-shaped dark lines generated at the center of
the display unit in the voltage-applied state, and to stabilize
the alignment of the liquid crystal molecules 21.

[0097] When both end portions of the longitudinal-shaped
portion 164 in the longitudinal direction are respectively
defined as an upper end portion 151a¢ and a lower end
portion 152a, and both end portions of the pair of protru-
sions 174 are respectively defined as a left end portion 1534
and a right end portion 154a, the contour of the opening 15a
preferably includes, in a plan view, a first inclined contour
155a along a first line segment 55a extending from the upper
end portion 151¢ to the right end portion 154a of the
opening 15a, a second inclined contour 1564 along a second
line segment 564 extending from the upper end portion 1514
to the left end portion 153a of the opening 15a, a third
inclined contour 157a along a third line segment 574 extend-
ing from the lower end portion 152a of the opening 15a to
the left end portion 1534, and a fourth inclined contour 1584
along a fourth line segment 58a extending from the lower
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end portion 152a to the right end portion 154a. In a plan
view, the first, second, third, and fourth line segments 554 to
58a each are preferably inclined with respect to the initial
alignment azimuth 22 of liquid crystal molecules. When
such an aspect is adopted, the liquid crystal molecules 21
easily rotate upon application of a voltage, thus further
increasing the response speed. “The first to fourth inclined
contours 1554 to 1584 extend along the first to fourth line
segments 55a to 584" means that the first to fourth inclined
contours 1554 to 158a respectively coincide with the first to
fourth line segments 55a to 58a or the first to fourth inclined
contours 1554 to 158« parallelly move (translate) along the
first to fourth line segments 55a to 58a, respectively, and
both may be parallel to each other or may not be parallel in
the range in which the effect of the present invention can be
obtained. In the latter case, the inclined contour may be
curved or may include a linear portion that is not parallel to
the line segment.

[0098] A high-luminance display unit will be described
next. The high-luminance display unit has the same con-
figuration as that of the high-speed display unit 50a except
that the positions of the pair of protrusions are different.
[0099] FIG. 5 is a view relating to a high-luminance
display unit in the liquid crystal display device according to
the embodiment of the present invention, in which (a) is a
plan view of an opening shape provided in a counter
electrode and (b) is a schematic plan view of a counter
electrode. FIG. 6 is a view relating to a high-luminance
display unit in the liquid crystal display device according to
the embodiment of the present invention, in which (a) is a
schematic view for explaining alignment control of liquid
crystal molecules in the voltage-applied state, (b) is an
enlarged plan view showing a simulation result of the
alignment distribution of liquid crystal molecules in the
voltage-applied state, and (c) is a plan view showing a
simulation result of the alignment distribution of liquid
crystal molecules in the voltage-applied state. FIG. 6() is a
simulation result of a region B surrounded by the dotted line
in FIG. 6(a).

[0100] As shown in FIGS. 5 and 6, a high-luminance
display unit 505 has a light-transmitting region 706 and a
light-blocking region 804 surrounding the periphery of the
light-transmitting region 705 in a plan view. In a voltage-
applied state, two liquid crystal domains 2356 are generated
in the light-transmitting region 705 for one opening 155. The
light-transmitting region 705 is a region that can transmit
light. This region transmits and blocks light by changing the
voltage applied between a counter electrode 145 and a pixel
electrode 124 so as to rotate the liquid crystal molecules 21,
thereby adjusting white display, halftone display, and black
display. The light-blocking region 805 is a region that blocks
light and is a region that always displays black, because a
light blocking member such as a black matrix is disposed.
[0101] The counter electrode 145 in the high-luminance
display unit 505 is formed with an opening 156 including a
longitudinal-shaped portion 165 and a pair of protrusions
175 protruding to opposite sides from the longitudinal-
shaped portion 165. The light-transmitting region 705 may
overlap at least part of the longitudinal-shaped portion 165.
However, from the viewpoint of further increasing the
transmittance, it is preferable that the light-transmitting
region 705 overlaps substantially the entire longitudinal-
shaped portion 165 and overlaps the region excluding one
end portion of the longitudinal-shaped portion 165.
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[0102] The longitudinal direction of the longitudinal-
shaped portion 165 is parallel to the alignment azimuth of
liquid crystal molecules 212A in a no-voltage-applied state
(the initial alignment azimuth 22 of liquid crystal mol-
ecules). In the high-speed display unit 50a, the pair of
protrusions 17a are present at the center in the longitudinal
direction of the longitudinal-shaped portion 16a. In contrast
to this, in the high-luminance display unit 505, the pair of
protrusions 175 are provided adjacent to one of the end
portions of the longitudinal-shaped portion 165 in the lon-
gitudinal direction and are located places corresponding to
each other. In addition, the pixel electrode 124 is provided
so as to overlap substantially the entire opening 155. Since
the opening 155 is used for forming a fringe electric field
(oblique electric field) and does not include a complicated
shape. the opening 1556 can be applied to ultrahigh-definition
pixels of not less than 800 ppi, for example, without any
problem.

[0103] FIG. 7 is a schematic plan view illustrating the
opening shape of a high-luminance display unit in the liquid
crystal display device according to the embodiment of the
present invention. As shown in FIG. 7, in a plan view, the
pair of protrusions 175 of the high-luminance display unit
505 are located outside a region 726 combining the light-
transmitting region 700 and a region 715 obtained by
virtually expanding the light-transmitting region 705 in the
transverse direction of the longitudinal-shaped portion 165
(the direction orthogonal to the initial alignment azimuth 22
of the liquid crystal molecules).

[0104] By adopting such an opening shape, the four liquid
crystal domains 235 are generated in the voltage-applied
state, and the two liquid crystal domains 235 among them
are arranged in the light-blocking region 805, thereby hiding
part of a disclination, which serves as dark lines in the
light-transmitting region 705, in the light-blocking region
805. As a result, the transmittance of the high-luminance
display unit 505 can be improved.

[0105] Because the four liquid crystal domains 235 are
generated in the high-luminance display unit 505, it is
possible to improve the response speed as compared with
Comparative Embodiment 1 described above. However, in
the two liquid crystal domains 235 located in the light-
transmitting region 705, the distance from the pair of pro-
trusions 1756 to the end portion of the opening 154 in the
longitudinal direction is large and the distortion of the bend
alignment of the liquid crystal molecules 21 is small. For
this reason, the response speed does not improve as much as
in the high-speed display unit 50a.

[0106] In this case, the pair of protrusions 175 of the
high-luminance display unit 505 are located outside the
region 725 combining the light-transmitting region 705 and
the region 715 obtained by virtually expanding the light-
transmitting region 706 in the transverse direction of the
longitudinal-shaped portion 165. This arrangement includes
a case in which the pair of protrusions 175 are entirely
included outside the region 725.

[0107] Even in a case in which part of the pair of protru-
sions 175 is slightly included inside the region 725, when the
two liquid crystal domains 235 are generated in the light-
transmitting region 705 in the voltage-applied state, the pair
of protrusions 176 are regarded to be located outside the
region 72b.

[0108] The initial alignment azimuth 22 of liquid crystal
molecules parallel to the longitudinal direction of the lon-
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gitudinal-shaped portion 165 can be achieved by subjecting
the alignment film to photo alignment treatment or rubbing
treatment in the transverse direction of the longitudinal-
shaped portion 165. The initial alignment azimuth 22 of the
liquid crystal molecules orthogonal to the longitudinal direc-
tion of the longitudinal-shaped portion 165 can be achieved
by subjecting the alignment film to photo alignment treat-
ment or rubbing treatment in the longitudinal direction of the
longitudinal-shaped portion 164.

[0109] In the high-luminance display unit 504, as in the
high-speed display unit 50a, by arranging the pair of pro-
trusions 175 on the longitudinal-shaped portion 165, an
electric field 185 in an oblique direction is generated near the
pair of protrusions 17b, and the alignment of the liquid
crystal molecules 2128 is stabilized in the voltage-applied
state, so that the disclination (dark lines) can be fixed. As a
result, it is considered that the response speed can be
improved. From the viewpoint of further improving the
response speed, it is preferable that the shape of the opening
155 of the counter electrode 145 is symmetrical with respect
to the initial alignment azimuth 22 of the liquid crystal
molecules.

[0110] The longitudinal-shaped portion 165 is an opening
portion formed in a longitudinal shape having a longitudinal
length larger than the width in the transverse direction, and
examples of the longitudinal shape include an ellipse; a
shape similar to an ellipse such as an egg shape; a long
polygon such as a rectangle; a shape similar to a long
polygon; and a shape in which at least one corner of a long
polygon is rounded. Although both the end portions of the
longitudinal-shaped portion 165 are not necessarily rounded,
it is preferable that at least one of the end portions is
rounded, and it is more preferable that both the end portions
are rounded. When at least one end portion of the longitu-
dinal-shaped portion 164 is rounded, the alignment of the
liquid crystal molecules is fixed by the electric field in the
oblique direction at this end portion, and the response speed
can be further improved.

[0111] The pair of protrusions 174 protrude to opposite
sides from the longitudinal-shaped portion 165 (outside;
transverse direction) and are provided at opposite edge
portions located adjacent to the two sides of one end portion
of the longitudinal-shaped portion 165. Each of the protru-
sions 176 may largely or slightly protrude from the longi-
tudinal-shaped portion 165, and the size of each of the
protrusions 175 is not limited. Each of the protrusions 175
only needs to protrude from the longitudinal-shaped portion
160, and its outer edge may be a circular-arc shape or an
elliptical arc shape, may be curved, or may have irregulari-
ties. Further, each of the protrusions 175 may be shaped into
a polygon such as a triangle or a trapezoid (however, a
trapezoid whose longer base is adjacent to the longitudinal-
shaped portion 165) or a shape obtained by rounding at least
one corner of such a polygon.

[0112] The pair of protrusions 176 may be provided at
positions corresponding to each other at the middle portion
or the central portion of the longitudinal-shaped portion 165.
However, from the viewpoint of ensuring the light-transmit-
ting region 705 as large as possible, it is preferable to make
the two liquid crystal domains 235 generated in the light-
transmitting region 705 larger than the two liquid crystal
domains 235 generated in the light-blocking region 8§05.
Accordingly, as described above, the two liquid crystal
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domains 235 are preferably provided adjacent to both sides
of one end portion of the longitudinal-shaped portion 164.

[0113] In the high-luminance display unit 505, the lumi-
nance is lowered when the positions of the pair of protru-
sions 175 are shifted from one end portion of the longitu-
dinal-shaped portion 166 to the center side in the
longitudinal direction, but the response speed is further
improved in the high-luminance display unit 5056. It is
possible to implement a liquid crystal display device con-
figured to suppress the occurrence of a region in which the
response speed and the luminance abruptly change and to
achieve gradation without unevenness by disposing such an
intermediate improvement pattern between the high-speed
display unit 50¢ and the high-luminance display unit 505, in
which the pair of protrusions 175 are located closer to an end
portion of the longitudinal-shaped portion 165 in the longi-
tudinal direction.

[0114] The pair of protrusions 175 are preferably provided
opposite to each other, preferably provided at substantially
the same position in the longitudinal direction of the longi-
tudinal-shaped portion 165, and preferably provided at posi-
tions symmetrical with respect to the longitudinal direction
of the longitudinal-shaped portion 164.

[0115] When both end portions of the longitudinal-shaped
portion 165 in the longitudinal direction are respectively
defined as an upper end portion 1515 and a lower end
portion 1525, and both end portions of the pair of protru-
sions 176 are respectively defined as a left end portion 1535
and a right end portion 1545, the contour of the opening 155
preferably includes, in a plan view, a first inclined contour
15556 along a first line segment 555 extending from the lower
end portion 1525 to the left end portion 1535 of the opening
154, and a second inclined contour 1564 along a second line
segment 565 extending from the lower end portion 1525 to
the right end portion 1545 of the opening 155. In a plan view,
the first and second line segments 55b and 565 each are
preferably inclined with respect to the initial alignment
azimuth 22 of liquid crystal molecules. When such an aspect
is adopted, the liquid crystal molecules 21 easily rotate upon
application of a voltage, thus further increasing the response
speed. “The first and second inclined contours 1556 and
1560 extend along the first and second line segments 55b
and 565” means that the first and second inclined contours
1556 and 156b respectively coincide with the first and
second line segments 556 and 564 or the first and second
inclined contours 1556 and 1565 parallelly move (translate)
along the first and second line segments 554 and 565,
respectively, and both may be parallel to each other or may
not be parallel in the range in which the effect of the present
invention can be obtained. In the latter case, the inclined
contour may be curved or may include a linear portion that
is not parallel to the line segment. Even in the high-
luminance display unit 505, like the high-speed display umt
50a, inclined contours may be respectively provided
between the contour of the upper end portion 15156 and the
left end portion 1535 and the right end portion 1544.

[0116] In the liquid crystal display device 1, a data signal
is written in the high-speed display unit 50a later than in the
high-luminance display unit 506 within one frame period, so
that as described above, it is possible to implement bright
display in at least part of the display region, as described
above, and to obtain an image in which image blurring is
suppressed. The arrangement of the high-speed display unit
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50a and the high-luminance display unit 505 will be
described below while the configuration of the liquid crystal
display device 1 is shown.

[0117] FIG. 8 is a schematic plan view showing the
configuration of the liquid crystal display device according
to the embodiment of the present invention. As shown in
FIG. 8, the liquid crystal display device 1 is an active matrix
drive type and transmission type liquid crystal display
device, and includes a liquid crystal panel 2. The liquid
crystal panel 2 has a display region 3 for displaying an
image, and the display region 3 is constituted by display
units 4 arranged in a matrix of mxn. In addition, one pixel
is composed of multiple display units 4 (for example, three
display units; red, green, and blue) (that is, sub pixels).

[0118] On the first substrate 10, in the display region 3,
mxn pixel electrodes 12 arranged for each display unit 4 are
formed, together with n gate signal lines Y (Y1, Y2, Y3, ..
., Yn) each extending in the row direction, m source signal
lines X (X1, X2, X3, ..., Xm) each extending in the column
direction, mxn switching elements arranged near the inter-
sections of the source signal lines X and the gate signal lines
Y in each display unit 4, and the counter electrode 14 which
supplies a signal common to all the display units 4 (common
signal). Each switching element is composed of a thin-film
transistor (TFT) 40, for example. In the liquid crystal display
device 1, the gate signal line Y is provided for each row of
the display unit and the source signal line X is provided for
each column of the display unit. However, the gate signal
line Y may be provided for each column of the display unit,
The source signal line X may be provided for each row of
the display unit.

[0119] The first substrate 10 further includes at least part
of a gate driver 5 electrically connected to the gate signal
line Y and at least part of a source driver 6 electrically
connected to the source signal line X in a drive circuit region
8 around the display region 3. The gate driver 5 sequentially
supplies scanning signals (driving signals) to the n gate
signal lines Y under the control of a controller 7. For
example, within one frame period, scanning signals are
sequentially supplied to all the gate signal lines Y in the
display region 3 from the gate signal lines Y1 to Yn. Such
line sequential scanning in a predetermined direction is also
called gate scanning. Line sequential scanning in the liquid
crystal display device 1 is normally performed from one end
portion of the liquid crystal panel 2 toward the other end
portion as described above. However, scanning may be
made from the center of the liquid crystal panel toward both
end portions or may be made from both end portions of the
liquid crystal panel toward the center.

[0120] Gate scanning starts from the beginning of one
frame period and ends at the end of one frame period at the
latest. Gate scanning normally ends at an earlier stage than
the end of one frame period. For example, gate scanning
may be started with the start of one frame period and may
be ended after the lapse of a period of %5 to 45 of one frame
period.

[0121] The source driver 6 supplies data signals (drive
signals) to the m source signal lines X under the control of
the controller 7 at the timing at which the switching elements
of each row are set in the voltage-applied state by a scanning
signal. As a result, the pixel electrodes 12 on each row each
are set to a potential corresponding to the data signal
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supplied via the corresponding switching element, and the
plurality of display units 4 are individually and indepen-
dently driven.

[0122] 1In this way, in the voltage-applied state, a data
signal is applied to the lower layer pixel electrode 12 via a
TFT 40, and a fringe electric field is generated between the
counter electrode 14 formed on the upper layer via the
insulating film 13 and the pixel electrode 12. The TFT 40
preferably has a channel formed from indium-gallium-zinc-
oxygen (IGZ0), which is an oxide semiconductor.

[0123] FIG. 9 is a schematic cross-sectional view showing
the configurations of the backlights of the liquid crystal
display devices according to the embodiment of the present
invention, in which (a) is a schematic cross-sectional view
of a liquid crystal display device having an edge-light type
backlight, and (b) is a schematic cross-sectional view of a
liquid crystal display device having a direct type backlight.
[0124] The liquid crystal display device 1 includes the
backlight 60 that emits light to the liquid crystal panel 2. The
backlight 60 is not particularly limited as long as it emits
light including visible light, and may emit light including
only visible light, or may emit light including both visible
light and ultraviolet light. In order to enable color display by
the liquid crystal display device 1, it is preferable that the
backlight 60 emits white light.

[0125] The backlight 60 is disposed behind the liquid
crystal panel 2. The liquid crystal display device 1 normally
uses an edge-light type backlight 60A, but may use a direct
type backlight 60B.

[0126] As shown in FIG. 9(a), the edge-light type back-
light 60A includes a light source 60a, a light guide plate 605,
and an optical sheet (not shown) such as a diffusion sheet
disposed on the liquid crystal panel 2 side of the light guide
plate 605. The light guide plate 605 is disposed to face the
first substrate 10 (or the second substrate 30) of the liquid
crystal panel 2. The light source 60a is disposed to face a
side surface of the light guide plate 605 and irradiates the
side surface of the light guide plate 606 with light. The light
emitted from the light source 60a is converted into planar
light by internal reflection of the light guide plate 605 and
exits from the surface of the light guide plate 605 which is
located on the liquid crystal panel 2 side. The liquid crystal
panel 2 is then irradiated with this light via the optical sheet.
The side surface of the light guide plate on which light from
the light source 60q is incident is also referred to as a light
incident surface 60d.

[0127] As shown in FIG. 9(b), the direct type backlight
60B includes a light source 60a, a diffusion plate 60c, and
an optical sheet (not shown) such as a diffusion sheet
disposed on the liquid crystal panel 2 side of the diffusion
plate 60c. The light source 60a is disposed on substantially
the entire rear surface of the liquid crystal panel 2, and the
liquid crystal panel 2, the optical sheet, the diffusion plate
60c, and the light source 60a are arranged in the given order
from the viewer side. The light emitted from the light source
60a is converted into planar light by the diffusion of the
diffusion plate 60c. The liquid crystal panel 2 is then
irradiated with this light via the optical sheet.

[0128] Examples of the light source 60a include a light
emitting diode (LED) and a cold cathode tube. It is prefer-
able to use an LED. The light guide plate 605 and the
diffusion plate 60c are made of organic materials such as
polycarbonate and acrylic resin.
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[0129] The light source 60a preferably lights up for a
predetermined time in one frame period and preferably starts
lighting at a later time than when the high-speed display unit
50¢ is driven, and more preferably starts lighting at a later
time than when the high-speed display unit 50a connected to
the gate signal line Y of the final stage is driven. By adopting
suich an aspect, lighting can be performed in a state in which
the response of the liquid crystal molecules 21 has further
advanced, so that image blurring can be further suppressed.
Further, it is preferable that the light source 60a lights up
until the end of one frame period. By adopting such an
aspect, a brighter image can be obtained.

[0130] The lighting time of the light source 60a is pref-
erably 30% or less of one frame period, more preferably 5%
or more and 15% or less of one frame period.

[0131] FIG. 10 is a view relating to the liquid crystal
display device according to the embodiment of the present
invention, in which (a) is a schematic plan view showing the
arrangement of each display unit, and (b) is a schematic
view showing luminance curves in a high-luminance display
unit and a high-speed display unit. In the liquid crystal
display device 1, scanning signals are sequentially supplied
to the gate signal lines Y along a gate scanning direction Ya
shown in FIG. 10(a) from the upper portion to the lower
portion in FIG. 10(a).

[0132] The liquid crystal display device 1 writes a data
signal in the high-speed display unit 50a within one frame
period later than in the high-luminance display unit 504.
That is, the high-luminance display unit 505 and the high-
speed display unit 50q are arranged along the gate scanning
direction Ya in this order toward the light incident surface
60d. In other words, the high-speed display unit 50a is
located at an end portion of the display region, and the
high-luminance display unit 505 is located at the other
portion of the display region which includes the central
portion of the display region.

[0133] The relationship between the operation of the lig-
uid crystal molecules 21 and the luminance of the display
unit in each of the high-speed display unit 50a and the
high-luminance display unit 505 will be described. In the
high-luminance display unit 504, a data signal is written at
a stage earlier than in the high-speed display unit 50a.
Therefore, as indicated by a luminance curve 61 of the
high-luminance display unit in FIG. 10(b), because the
liquid crystal molecules 21 can sufficiently respond near the
end of one frame, high luminance can be obtained in the
period 63 during which the backlight lights up.

[0134] On the other hand, a data signal is written in the
high-speed display unit 50« later than in the high-luminance
display unit 505. However, in the high-speed display unit
50a, the liquid crystal molecules 21 respond quickly as
compared with the high-luminance display unit 505, and
hence the liquid crystal molecules 21 sufficiently respond
within one frame and sufficient luminance is obtained in the
period 63 in which the backlight lights up, as indicated by
a luminance curve 62 of the high-speed display unit in FIG.
10(b). Referring to FIG. 10(5), a data signal is written at the
time of “gate ON”.

[0135] The high-speed display unit 50a in the liquid
crystal display device 1 is preferably connected to any of
multiple successive gate signal lines Y including the gate
signal line Yn of the final stage, and the display unit
connected to a given gate signal line of the n1th stage to the
gate signal line Yn of the nth stage among n gate signal lines
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Y1 to Yn is more preferably the high-speed display unit 50a.
However, nl is preferably an integer satisfying nx%s=nl=<n,
and more preferably an integer satisfying nx¥=n l=n.
[0136] The high-luminance display unit 505 in the liquid
crystal display device 1 is preferably connected to any of
multiple successive gate signal lines Y including the gate
signal line Y1 of the first stage, and the display unit
connected to a gate signal line Y1 of the first stage to a given
gate signal line of the n2th stage among n gate signal lines
Y1 to Yn is more preferably the high-luminance display unit
506. However, n2 is preferably an integer satisfying
1=n2<nx%, and more preferably an integer satistying
1=n2<nx% from the viewpoint of gradation adjustment.
[0137] The backlight 60 preferably has luminance that
changes in accordance with the arrangement of the high-
speed display unit 50a and the high-luminance display unit
505, and the luminance in a region facing the high-speed
display unit 50 is preferably higher than that in a region
facing the high-luminance display unit 505. Changing the
luminance distribution of the backlight 60 in this manner can
compensate for a decrease in luminance in the high-speed
display unit 50a with the luminance of the backlight 60 and
obtain a uniform image over the entire surface of the display
region 3. The edge-light type backlight 60A can control the
luminance distribution in the plane (within the light-emitting
surface) of the liquid crystal panel 2, for example, by
adjusting the shape of the light guide plate 605. The direct
type backlight 60B can control the luminance distribution in
the plane (within the light-emitting surface) of the liquid
crystal panel 2, for example, by adjusting the amount of light
emitted from the light source 60a disposed below the
diffusion plate 60c.

[0138] In the liquid crystal display device 1, it is prefer-
able that the high-speed display unit 50a is located closer to
the light incident surface 604 of the light guide plate 605
than the high-luminance display unit 504. By adopting such
an aspect, it is possible to easily increase the luminance of
the backlight 60 in a region facing the high-speed display
unit 50a with insufficient luminance, and it is easy to obtain
a bright image on the entire surface of the display region 3.
[0139] As Modification 1 of the liquid crystal display
device 1, there is presented an aspect in which multiple light
sources 60a are arranged along the display unit 4 connected
to the source signal line X1 and/or the display unit 4
connected to the source signal line Xm, and the light source
60a on a side of the high-speed display unit 50a is caused to
emit light with high luminance. By adopting such an aspect,
it is possible to easily increase the luminance of the back-
light 60 in a region facing the high-speed display unit 50a
with insufficient luminance.

[0140] As Modification 2 of the liquid crystal display
device 1, there is presented an aspect in which the high-
speed display unit 50a is disposed on the end face side
opposite to the light incident surface 60d. Adopting such an
aspect makes it possible to easily increase the luminance of
the backlight 60 in a region facing the high-speed display
unit 50a with insufficient luminance by using light reflected
by the side surface opposite to the light incident surface 60d.
[0141] Members common to the high-speed display unit
50a and the high-luminance display unit 505 will be
described below.

[0142] The pixel electrode 12 is a planar electrode without
opening. The pixel electrode 12 and the counter electrode 14
are stacked with the insulating layer 13 interposed therebe-
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tween. As shown in FIG. 8, in a plan view, each pixel
electrode 12 is positioned under the corresponding opening
15 in the counter electrode 14. Thus, a fringe electric field
is generated around the openings 15 in the counter electrode
14 when a potential difference is generated between the pixel
electrodes 12 and the counter electrode 14. As shown in FIG.
8, the openings 15 in the counter electrode 14 are preferably
arranged in line in the row direction and/or the column
direction in adjacent display units 4. This arrangement can
stabilize the alignment of the liquid crystal molecules 21 in
the voltage-applied state.

[0143] As the insulating layer 13 provided between the
pixel electrode 12 and the counter electrode 14, for example,
an organic film (dielectric constant =3 to 4), an inorganic
film (dielectric constant &=5 to 7) such as silicon nitride
(SiNx) film, silicon oxide (8i02) film, or a multilayer film
containing these films can be used.

[0144] The liquid crystal molecules 21 may have negative
or positive value for the anisotropy of dielectric constant
(As) defined by the formula below. That is, the liquid crystal
molecules 21 may have negative anisotropy of dielectric
constant or positive anisotropy of dielectric constant. Since
the liquid crystal materials containing the liquid crystal
molecules 21 having negative anisotropy of dielectric con-
stant tend to have a relatively high viscosity, from the
viewpoint of obtaining high-speed response performance,
liquid crystal materials containing the liquid crystal mol-
ecules 21 having positive anisotropy of dielectric constant
are advantageous. However, even with a liquid crystal
material having negative anisotropy of dielectric constant, if
this liquid crystal material has a viscosity as low as that of
aliquid crystal material having positive anisotropy of dielec-
tric constant, the same effect can be obtained by means of the
present embodiment. The initial alignment azimuth 22 of the
liquid crystal molecules 21 having negative anisotropy of
dielectric constant is a direction of rotation by 90 degrees
with respect to the liquid crystal molecules 21 having
positive anisotropy of dielectric constant.

Ae=(dielectric constant in the major axis direction)-
(dielectric constant in the minor axis direction)

[0145] From the viewpoint of high speed and high trans-
mittance, when the liquid crystal molecules 21 having
positive anisotropy of dielectric constant are used, it is
preferable that the initial alignment azimuth 22 of the liquid
crystal molecules 21 in a plan view is parallel to the
longitudinal direction of the longitudinal-shaped portions
16a and 165, and when the liquid crystal molecules 21
having negative anisotropy of dielectric constant are used, it
is preferable that the initial alignment azimuth 22 of liquid
crystal molecules in a plan view is orthogonal to the longi-
tudinal direction of the longitudinal-shaped portions 164 and
165. On the other hand, in a plan view, when the initial
alignment azimuth 22 of liquid crystal molecules having
positive anisotropy of dielectric constant is made orthogonal
to the longitudinal direction of the longitudinal-shaped por-
tions 16a and 165, or when the initial alignment azimuth 22
of the liquid crystal molecules having negative anisotropy of
dielectric constant is made parallel to the longitudinal direc-
tion of the longitudinal-shaped portions 16a and 165,
although the effect of speeding up is provided, the effect is
not large, and the transmittance is extremely lowered.

[0146] In a plan view, the alignment azimuth of the liquid
crystal molecules 21 in the no-voltage-applied state is par-
allel to the absorption axis of one of the first polarizer and
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the second polarizer, and orthogonal to the absorption axis
of the other. The control mode of the liquid crystal display
device 1 is thus what is called a normally black mode, which
provides black display when the liquid crystal layer 20 is in
the no-voltage-applied state.

[0147] The second substrate 30 is not particularly limited,
and a color filter substrate generally used in the field of
liquid crystal display devices can be used. The overcoat
layer 33 smooths the surface of the second substrate 30
which is located on the liquid crystal layer 20 side. and for
example, an organic film (dielectric constant =3 to 4) can
be used.

[0148] Usually, the first substrate 10 and the second sub-
strate 30 are bonded together with a sealing material pro-
vided so as to surround the liquid crystal layer 20, and the
liquid crystal layer 20 is held by the first substrate 10, the
second substrate 30, and the sealing material in a predeter-
mined region. Examples of the sealing material include
epoxy resins containing an inorganic or organic filler and a
curing agent.

[0149] The liquid crystal display device 1 may include
optical films such as a retardation film, a viewing angle-
increasing film, and a luminance-increasing film, external
circuits such as a tape-carrier package (TCP) and a printed
circuit board (PCB), and members such as a bezel (frame),
in addition to the first substrate 10, liquid crystal layer 20,
and second substrate 30. These components are not limited,
and may be those usually used in the field of liquid crystal
display devices. The description of these components is thus
omitted.

[0150] The operation of the liquid crystal display device 1
will be described hereinbelow.

[0151] In the liquid crystal layer 20 in the no-voltage-
applied state, no electric field is generated, and the liquid
crystal molecules 21 are aligned parallel to the first substrate
10. Since the alignment azimuth of the liquid crystal mol-
ecules 21 is parallel to the absorption axis of one of the first
polarizer and the second polarizer, and since the first polar-
izer and the second polarizer are disposed in the crossed
Nicols, the liquid crystal panel 2 in the no-voltage-applied
state does not transmit light and provides black display.
[0152] FIG. 1 shows the voltage-applied state, where a
voltage is applied between the pixel electrode 12 and the
counter electrode 14. In the liquid crystal layer 20 in the
voltage-applied state, an electric field according to the level
of the voltage between the pixel electrode 12 and the counter
electrode 14 is generated. Specifically, since the opening 15
is formed in the counter electrode 14 provided closer to the
liquid crystal layer 20 than the pixel electrode 12, a fringe
electric field is generated around the opening 15. The liquid
crystal molecules 21 rotate under the effect of the electric
field and change their alignment azimuth from the alignment
azimuth (FIG. 3) in the no-voltage-applied state to the
alignment azimuth in the voltage-applied state. The liquid
crystal panel 2 in the voltage-applied state thus transmits
light to provide white display.

[0153] The alignment mode of the liquid crystal display
device 1 is a fringe field switching (FFS) mode, and is
particularly preferably used for a display typified by a head
mount display (HMD) or the like mounted on the user’s
head. These displays preferably have a virtual reality func-
tion. By suppressing image blurring by using the liquid
crystal display device 1 as a display such as HMD, it is
possible to suppress motion sickness.
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[0154] Results of simulation concerning various high-
speed display units and high-luminance display units will be
described below.

(High-Luminance Display Unit A-1)

[0155] FIG. 11 is a view relating to a high-luminance
display unit A-1, in which (a) is a plan view showing the
opening shape of a counter electrode, and (b) is a plan view
showing the simulation result of the alignment distribution
of liquid crystal molecules in the voltage-applied state.

[0156] For the counter electrode 145 in a high-luminance
display unit A-1, the opening 154 is cut out along the shape
of the solid line in FIG. 11(a).

[0157] For the liquid crystal layer 20, the refractive index
anisotropy (An) is set to 0.11, the in-plane retardation (Re)
is set to 310 nm, and the viscosity is set to 70 cps. In
addition, the anisotropy of dielectric constant (Ae) of the
liquid crystal molecules 21 is set to 7 (positive type), and the
initial alignment azimuth 22 of the liquid crystal molecules
is set to be parallel to the longitudinal direction of sub-pixels
and the longitudinal-shaped portion 164 of the opening 155.
Moreover, a pair of polarizing plates are arranged on the
opposite side of a pair of substrates (the first substrate 10 and
the second substrate 30) sandwiching the liquid crystal layer
20 to the liquid crystal layer 20. The pair of polarizing plates
are arranged in the crossed Nicols so that the polarizing plate
absorption axes are parallel and perpendicular to the initial
alignment azimuth 22 of liquid crystal molecules, and are set
to what is called a normally black mode which provides
black display when the liquid crystal layer 20 is in the
no-voltage-applied state.

[0158] The alignment distribution of the liquid crystal
molecules 21 in the high-luminance display unit A-1 in the
voltage-applied state (4 V application) will be described
with reference to FIG. 11(b). In the high-luminance display
unit A-1, when a voltage is applied between the pixel
electrode 12b and the counter electrode 14b, the liquid
crystal molecules 21 rapidly rotate to change the alignment
state, and in the light-transmitting region 705, two liquid
crystal domains 23b are formed, and bend alignment is
formed.

(High-Speed Display Unit B-1)

[0159] FIG. 12 is a view relating to a high-speed display
unit B-1, in which (a) is a plan view showing the opening
shape of a counter electrode, and (b) is a plan view showing
the simulation result of the alignment distribution of liquid
crystal molecules in the voltage-applied state.

[0160] The high-speed display unit B-1 is set under the
same conditions as those for the high-luminance display unit
A-1 except that the shape of the opening 154 of the counter
electrode 14a is changed to the shape of the solid line in FIG.
12(a).

[0161] The alignment distribution of the liquid crystal
molecules 21 in the high-speed display unit B-1 in the
voltage-applied state (4 V application) will be described
with reference to FIG. 12(b). In the high-speed display unit
B-1, when a voltage is applied between the pixel electrode
12a and the counter electrode 14a, the liquid crystal mol-
ecules 21 rapidly rotate to change the alignment state, and in
the light-transmitting region 70a, four liquid crystal domains
23a are formed, and bend or splay alignment is formed.
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(High-Speed Display Unit B-2)

[0162] FIG. 13 is a view relating to a high-speed display
unit B-2, in which (a) is a plan view showing the opening
shape of a counter electrode, and (b) is a plan view showing
the simulation result of the alignment distribution of liquid
crystal molecules in the voltage-applied state.

[0163] The high-speed display unit B-2 is set under the
same conditions as those for the high-luminance display unit
A-1 except that the shape of the opening 154 of the counter
electrode 14a is changed to the shape of the solid line in FIG.
13(a).

[0164] The alignment distribution of the liquid crystal
molecules 21 in the high-speed display unit B-2 in the
voltage-applied state (4 V application) will be described
with reference to FIG. 13(d). In the high-speed display unit
B-2, when a voltage is applied between the pixel electrode
12a and the counter electrode 144, the liquid crystal mol-
ecules 21 rapidly rotate to change the alignment state, and in
the light-transmitting region 704, four liquid crystal domains
including the two large liquid crystal domains 23a and the
two small liquid crystal domains 234 are formed, and bend
and splay alignment is formed.

(High-Luminance Display Unit A-2)

[0165] FIG. 14 is a view relating to a high-luminance
display unit A-2, in which (a) is a plan view showing the
opening shape of a counter electrode, and (b) is a plan view
showing the simulation result of the alignment distribution
of liquid crystal molecules in the voltage-applied state.
[0166] The high-luminance display unit A-2 is set under
the same conditions as those for the high-luminance display
unit A-1 except that the shape of the opening 156 of the
counter electrode 145 is changed to the shape of the solid
line in FIG. 14(a).

[0167] The alignment distribution of the liquid crystal
molecules 21 in the high-luminance display unit A-2 in the
voltage-applied state (4 V application) will be described
with reference to FIG. 14(b). In the high-luminance display
unit A-2, when a voltage is applied between the pixel
electrode 125 and the counter electrode 1454, the liquid
crystal molecules 21 rapidly rotate to change the alignment
state, and in the light-transmitting region 705, two liquid
crystal domains 236 are formed, and bend alignment is
formed.

(High-Luminance Display Unit A-3)

[0168] FIG. 15 is a view relating to a high-luminance
display unit A-3, in which (a) is a plan view showing the
opening shape of a counter electrode. and (b) is a plan view
showing the simulation result of the alignment distribution
of liquid crystal molecules in the voltage-applied state.
[0169] The high-luminance display unit A-3 is set under
the same conditions as those for the high-luminance display
unit A-1 except that the shape of the opening 156 of the
counter electrode 145 is changed to the shape of the solid
line in FIG. 15(a).

[0170] The alignment distribution of the liquid crystal
molecules 21 in the high-luminance display unit A-3 in the
voltage-applied state (4 V application) will be described
with reference to FIG. 15(b). In the high-luminance display
unit A-3, when a voltage is applied between the pixel
electrode 12b and the counter electrode 145, the liquid
crystal molecules 21 rapidly rotate to change the alignment
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state, and in the light-transmitting region 705, two liquid
crystal domains 23b are formed, and bend alignment is
formed.

(High-Luminance Display Unit A-4)

[0171] FIG. 16 is a view relating to a high-luminance
display unit A-4, in which (a) is a plan view showing the
opening shape of a counter electrode, and (b) is a plan view
showing the simulation result of the alignment distribution
of liquid crystal molecules in the voltage-applied state.
[0172] The high-luminance display unit A-4 is set under
the same conditions as those for the high-luminance display
unit A-1 except that the shape of the opening 156 of the
counter electrode 145 is changed to the shape of the solid
line in FIG. 16{a).

[0173] The alignment distribution of the liquid crystal
molecules 21 in the high-luminance display unit A-4 in the
voltage-applied state (4 V application) will be described
with reference to FIG. 16(b). In the high-luminance display
unit A-4, when a voltage is applied between the pixel
electrode 125 and the counter electrode 145, the liquid
crystal molecules 21 rapidly rotate to change the alignment
state, and in the light-transmitting region 704, two liquid
crystal domains 23b are formed, and bend alignment is
formed.

(High-Luminance Display Unit A-5)

[0174] FIG. 17 is a view relating to a high-luminance
display unit A-5, in which (a) is a plan view showing the
opening shape of a counter electrode, and (b) is a plan view
showing the simulation result of the alignment distribution
of liquid crystal molecules in the voltage-applied state.
[0175] The high-luminance display unit A-5 is set under
the same conditions as those for the high-luminance display
unit A-1 except that the shape of the opening 156 of the
counter electrode 145 is changed to the shape of the solid
line in FIG. 17(a).

[0176] The alignment distribution of the liquid crystal
molecules 21 in the high-luminance display unit A-5 in the
voltage-applied state (4 V application) will be described
with reference to FIG. 17(b). In the high-luminance display
unit A-5, when a voltage is applied between the pixel
electrode 12b and the counter electrode 14b, the liquid
crystal molecules 21 rapidly rotate to change the alignment
state, and in the light-transmitting region 705, two liquid
crystal domains 23b are formed, and bend alignment is
formed.

(High-Luminance Display Unit A-6)

[0177] FIG. 18 is a view relating to a high-luminance
display unit A-6, in which (a) is a plan view showing the
opening shape of a counter electrode, and (b) is a plan view
showing the simulation result of the alignment distribution
of liquid crystal molecules in the voltage-applied state.
[0178] The high-luminance display unit A-6 is set under
the same conditions as those for the high-luminance display
unit A-1 except that the shape of the opening 1556 of the
counter electrode 145 is changed to the shape of the solid
line in FIG. 18(a).

[0179] The alignment distribution of the liquid crystal
molecules 21 in the high-luminance display unit A-6 in the
voltage-applied state (4 V application) will be described
with reference to FIG. 18(b). In the high-luminance display
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unit A-6, when a voltage is applied between the pixel
electrode 125 and the counter electrode 145, the liquid
crystal molecules 21 rapidly rotate to change the alignment
state, and in the light-transmitting region 705, two liquid
crystal domains 236 are formed, and bend alignment is
formed.

(High-Luminance Display Unit A-7)

[0180] FIG. 19 is a view relating to a high-luminance
display unit A-7, in which (a) is a plan view showing the
opening shape of a counter electrode, and (b) is a plan view
showing the simulation result of the alignment distribution
of liquid crystal molecules in the voltage-applied state.
[0181] The high-luminance display unit A-7 is set under
the same conditions as those for the high-luminance display
unit A-1 except that the shape of the opening 1556 of the
counter electrode 145 is changed to the shape of the solid
line in FIG. 19(a).

[0182] The alignment distribution of the liquid crystal
molecules 21 in the high-luminance display unit A-7 in the
voltage-applied state (4 V application) will be described
with reference to FIG. 19(b). In the high-luminance display
unit A-7, when a voltage is applied between the pixel
electrode 125 and the counter electrode 145, the liquid
crystal molecules 21 rapidly rotate to change the alignment
state, and in the light-transmitting region 705, two liquid
crystal domains 236 are formed, and bend alignment is
formed.

(Display Unit R-1 in FFS Mode Liquid Crystal Display
Device According to Comparative Embodiment 1-1)

[0183] FIG. 27 is a view relating to a display unit R-1 in
an FFS mode liquid crystal display device according to
Comparative Embodiment 1-1, in which (a) is a plan view
showing the opening shape of a counter electrode, and (b) is
a plan view showing the simulation result of the alignment
distribution of liquid crystal molecules in the voltage-ap-
plied state. The FFS mode liquid crystal display device
according to Comparative Embodiment 1-1 is a conven-
tional FFS mode liquid crystal display device.

[0184] A display unit R-1 is set under the same conditions
as those for the high-luminance display unit A-1 except that
the shape of the opening 115 of the counter electrode is
changed to the shape of the solid line in FIG. 27(a).
[0185] The alignment distribution of liquid crystal mol-
ecules in the display unit R-1 in the voltage-applied state (4
V application) will be described with reference to FIG.
27(b). In the display unit R-1, when a voltage is applied
between the pixel electrode 112 and the counter electrode,
liquid crystal molecules rapidly rotate to change the align-
ment state, and in the light-transmitting region 170, one
liquid crystal domain is formed.

(Display Unit R-2 in High-Speed FFS Mode Liquid Crystal
Display Device According to Comparative Embodiment
1-2)

[0186] A display unit R-2 in the high-speed FFS mode
liquid crystal display device according to Comparative
Embodiment 1-2 is set in the same manner as the display
unit R-1 in the FFS mode liquid crystal display device
according to Comparative Embodiment 1-1 except that the
cell thickness is reduced to 264 nm to set a display unit with
a small cell thickness. In the display unit R-2, when a
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voltage is applied between the pixel electrode 112 and the
counter electrode, liquid crystal molecules rapidly rotate to
change the alignment state, and in the light-transmitting
region 170, one liquid crystal domain is formed.

(Comparisons Between Display Units)

<Evaluation of Black-White Response>

[0187] With the maximum transmittance obtainable by
optical modulation being defined as a transmittance ratio of
100%, the rise response time is defined as time required for
the transmittance ratio to change from 10% to 90%, and the
decay response time is defined as time required for the
transmittance ratio to change from 90% to 10%. The rise
response characteristics correspond to switching from black
display to white display, and the decay response character-
istics correspond to switching from white display to black
display. For each display unit, the rise response time and the
decay response time are calculated manually, and the sum of
the rise response time and the decay response time is divided
by 2 to obtain the average value of the black-white response
times (ms).

[0188] When the black-white response time is 8.1 ms or
less, it is possible to cope with double speed display in which
the number of display frames per second is increased to 120
frames, and good display performance can be obtained.
Response judgment is performed such that if the black-white
response time is 8.1 ms or less, it is marked with O, and if
the black-white response time exceeds 8.1 ms, it is marked
with x.

[0189] In general, “transmittance” indicates luminance
when the liquid crystal panel lights up with respect to the
luminance of the backlight. However, in this specification,
“transmittance” indicates the transmittance obtained by
dividing the transmittance of light transmitted through an
opening portion (a portion excluding a light blocking por-
tion, such as a black matrix) by the transmittance of a
parallel Nicole polarizing plate. In principle, the parallel
Nicole polarizing plate exhibits the maximum transmittance
in the white state.

<Bvaluation of Transmittance and Transmittance Ratio>

[0190] A voltage of 4.0 V is applied to each display unit
to obtain the transmittance in white display. Assuming that
the transmittance of the display unit R-1 according to
Comparative Embodiment 1-1 is a transmittance ratio of
100%, the transmittance ratio in each display unit is
obtained. That is, the ratio (percentage) of the transmittance
in each display unit to the transmittance in the display umt
R-1 according to Comparative Embodiment 1-1 was
assumed to be a transmittance ratio. Then, with reference to
Comparative Embodiment 1-2, transmittance judgment is
performed such that if the transmittance ratio is 70% or
more, it is marked with O, and if the transmittance ratio is
less than 70%, it is marked with x.

<Comprehensive Judgment>

[0191] Assume that when good results are obtained in both
transmittance ratio judgment and response judgment, com-
prehensive judgment is indicated by O; otherwise, compre-
hensive judgment is indicated by x.

[0192] Table 1 given below shows evaluation results in
each display unit.
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TABLE 1
Display unit A-l B-1 B2 A-2 A-3 A-4
Pattern High High speed  High speed High High High
luminance luminance luminance luminance
Transmittance 39% 52% 51% 54% 56% 58%
Transmittance Comparative 80% 1% 70% 73% 76% 78%
ratio Embodiment
1-1
Transmittance judgment Good Good Good Good Good Good
Black-white response time (ms) 6.3 5.0 53 5.7 5.8 6.5
Response judgment Good Good Good Good Good Good
Comprehensive judgment Good Good Good Good Good Good
Display unit A-5 A-6 A7 R-1 R-2
Pattern High High High FFS FFS
luminance luminance  luminance
Transmittance 36% 58% 58% 73% 51.3%
Transmittance Comparative 76% 80% 79% 100% 70%
ratio Embodiment
1-1
Transmittance judgment Good Good Good Good Good
Black-white response time (ms) 6.0 6.3 6.4 9.3 8.2
Response judgment Good Good Good Poar Poor
Comprehensive judgment Good Good Good Poar Poor

[0193] The black-white response times are short and the
transmittances are also good in all the high-luminance
display units A-1 to A-7 and the high-speed display units B-1
to B-2 each having the opening 15¢ or 1556 including the
longitudinal-shaped portion 16a or 165 and the pair of
protrusions 17a or 175 protruding to opposite sides from the
longitudinal-shaped portion 16a or 164.

[0194] In the high-luminance display unit A-1, part of the
dark lines is hidden in the light-blocking region 804, so that
a high transmittance ratio (80%) is obtained. In addition, the
response speed of the liquid crystal molecules 21 is
increased by the bend liquid crystal alignment, and the
black-white response time is 6.3 ms.

[0195] The opening 15« in the high-speed display unit B-1
has an opening shape provided with the pair of protrusions
174 at the center of the longitudinal-shaped portion 16a, and
the liquid crystal domains 23a are formed in the four
substantially symmetrical regions. This increases the black-
white response by 1.3 ms compared with the high-luminance
display unit A-1. However, since the cross-shaped dark lines
exist in the light-transmitting region 70a, the transmittance
ratio is reduced by 9% compared with the high-luminance
display unit A-1.

[0196] In the opening 15a in the high-speed display unit
B-2, the pair of protrusions 17a are located in the region
obtained by expanding the light-transmitting region 70a in
the transverse direction of the longitudinal-shaped portion
16a. In the high-speed display unit B-2, the cross-shaped
dark lines are not hidden in the light-blocking region 80a
and the transmittance ratio is 70%. However, since the four
liquid crystal domains 23a form a bend alignment, the
black-white response time is increased to 5.3 ms. However,
the black-white response time of the high-speed display unit
B-2is 0.3 ms later than the black-white response time of the
high-speed display unit B-1. In the opening 15a of the
high-speed display unit B-2, the distance from the pair of
protrusions 17a to the longitudinal-shaped portion 16a
extending downward increases, and the shape of the bend
arc for improving the response speed becomes long. As a

result, the force of distortion of the bend decreases, and the
effect of improving the response speed decreases.

[0197] In the opening 155 in the high-luminance display
unit A-2, the pair of protrusions 175 are located outside the
region obtained by expanding the light-transmitting region
706 in the transverse direction of the longitudinal-shaped
portion 165. In the high-luminance display unit A-2, the
response speed is slowed for the same reason as in the
high-speed display unit B-2, but part of the dark lines is
hidden in the light-blocking region 805, so the transmittance
ratio is improved to 73%.

[0198] The high-luminance display unit A-3 has the open-
ing 156 with a shape in which the pair of protrusions 175 in
the opening 154 of the high-luminance display unit A-2 are
pushed in until they protrude slightly from the pixel elec-
trode 12b. The response speed of the high-luminance display
unit A-3 is almost the same as that of the high-luminance
display unit A-2. In addition, because the dark lines are
completely hidden in the light-blocking region 805, the
transmittance ratio is 76%, and a high luminance improving
effect is obtained.

[0199] The high-luminance display unit A-4 has the open-
ing 155 with the shape obtained by slightly extending the
cut-out shape of the longitudinal-shaped portion 165 on the
opposite side to the protrusions 175 in the opening 155 of the
high-luminance display unit A-3 in the longitudinal direc-
tion of the longitudinal-shaped portion 165. The transmit-
tance ratio can be further improved by slightly widening the
longitudinal-shaped portion 165 from the pixel electrode
125 with respect to the high-luminance display unit A-3.
However, because the distance from the dark lines extending
in the lateral direction has increased, the response speed
further decreases.

[0200] The high-luminance display unit A-5 has an open-
ing 156 with the shape obtained by widening the root of the
long side of the pair of protrusions 164 in the opening 156
of the high-luminance display unit A-4 by 0.3 pm. The
transmittance ratio of the high-luminance display unit A-5 is
76%, which is almost the same as that of the high-luminance
display unit A-4, and the effect obtained by widening the
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longitudinal-shaped portion 166 upward and downward
deteriorates. This is because the width of the electrode in the
lateral direction is large, the dark lines at the center are
difficult to distort, and the line width of the dark lines does
not decrease. In addition, the response speed slightly
decreases.

[0201] The high-luminance display units A-6 and A-7
respectively have openings 155 with the shapes obtained by
narrowing the root of the long side of the pair of protrusions
174 in the opening 155 of the high-luminance display unit
A-1by 0.2 um and 0.1 pum. When the width of the opening
156 in the lateral direction is smaller than that of the
high-luminance display unit A-1, the distortion of the liquid
crystal molecules 21 increases, and the response speed is
improved.

Embodiment 1

[0202] In an FFS mode liquid crystal display device
according to Embodiment 1, display units 4 connected to a
gate signal line Y of the first stage to a gate signal line Y of
the 1499th stage among the 2000 gate signal lines Y are set
as high-luminance display units A-1, and display units 4
connected to the gate signal line Y of the 1500th stage to the
gate signal line Y of 2000th stage are set as high-speed
display units B-1.

Comparative Embodiment 1-2

[0203] Display units R-2 are arranged over the entire
display region to obtain an FFS mode liquid crystal display
device according to Comparative Embodiment 1-2 with a
small cell gap.

[0204] As a backlight for each of the FFS mode liquid
crystal display devices according to Embodiment 1 and
Comparative Embodiment 1-2, a backlight with a duty ratio
of 10% configured to light up in a last period of %10 of one
frame is used. The gate driver is configured to perform
high-speed writing and finish writing in 6 ms.

[0205] FIG. 20 is a schematic view showing a relationship
between the response of liquid crystal molecules and the
backlight in the liquid crystal display device according to
Embodiment 1. FIG. 28 is a schematic view showing a
luminance curve in a display unit of the liquid crystal display
device according to Comparative Embodiment 1-2.

[0206] As indicated by a luminance curve 161 in FIG. 28,
in the liquid crystal display device according to Comparative
Embodiment 1-2, in the display region corresponding to the
initial stage to the middle stage of a gate scan, liquid crystal
molecules sufficiently respond by a period 163 during which
the backlight lights up, and hence sufficient luminance can
be obtained. However, in a display unit located at the final
stage of the gate scan, writing of a data signal is delayed, and
as indicated by a luminance curve 162 in FIG. 28, liquid
crystal molecules cannot respond sufficiently until the back-
light lights up. Therefore, the response of the liquid crystal
molecules delays at the final stage of the gate scan, and
image blurring occurs when a moving image is displayed.
[0207] In the liquid crystal display device 1 according to
Embodiment 1, the display units 4 connected to the gate
signal line Y of the first stage to the gate signal line Y of the
1499th stage are set as the high-luminance display units A-1
with a black-white response time of 6.3 ms, and the display
units 4 connected to the gate signal line Y of the 1500th stage
to the gate signal line Y of the 2000th stage are set as the
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high-speed display units B-1 with a black-white response
time of 5.0 ms. The black-white response time in the region
corresponding to the gate signal line Y of the 1500th stage
to the gate signal line Y of the 2000th stage is shorter by 1.3
ms than in the remaining region.

[0208] As shown in FIG. 20. a driving voltage for the
liquid crystal molecules 21 is applied to the display unit 4
connected to the gate signal line of the first stage at 0 s after
the start of one frame (at the same time as the start of one
frame), and a luminance curve 61 (also referred to as a
response curve) rises. In the display unit 4 connected to the
gate signal line of the final stage (2000th stage), the driving
voltage for the liquid crystal molecules 21 is applied at 6 ms
after the start of one frame, and a luminance curve 62 rises.
The display unit 4 connected to the gate signal line of the
first stage is the high-luminance display unit A-1, and the
display unit 4 connected to the gate signal line of the final
stage (2000th stage) is the high-speed display unit B-1, so
that the luminance curve 62 of the display unit 4 connected
to the gate signal line of the final stage (2000th stage) rises
sharply. Note that the liquid crystal display device according
to Embodiment 1 is driven at double speed (120 Hz; 1
frame="120 second=8.33 ms). Accordingly, because the time
from the writing of a data signal in the region corresponding
to the gate signal line of the 2000th stage as the final stage
until the end of one frame period is 8.33 ms-6 ms=2.33 ms,
high-speed display units may preferably be arranged from a
position corresponding to about % of a gate scan period in
which a response curve rises up to about %5.

[0209] As indicated by the luminance curve 61 in FIG. 20,
in the liquid crystal display device 1 according to Embodi-
ment 1, in a display region 3 corresponding to the gate signal
line Y of the first stage to the gate signal line Y of the 1499th
stage, liquid crystal molecules 21 sufficiently respond by a
period 63 during which the backlight 60 lights up, and hence
sufficient luminance can be obtained. Further, as indicated
by the luminance curve 62 in FIG. 20 as an example, in a
display region 3 corresponding to the gate signal line Y of
the 1500th gate to the gate signal line Y of the 2000th gate
as well, the liquid crystal molecules 21 respond to some
extent when the backlight 60 lights up, and the luminance
curve can be improved by 50% or more. Therefore, in the
liquid crystal display device 1 according to Embodiment 1,
it is possible to suppress image blurring when moving
images are displayed.

Embodiments 2-1 to 2-24

[0210] Liquid crystal display devices 1 according to
Embodiments 2-1 to 2-24 include high-luminance display
units A-1 to A-7, high-speed display units B-1 to B-2, and
backlights 60 having characteristics in the luminance distri-
bution. FIG. 21 is a schematic plan view showing the
luminance distribution of the backlight used for each of the
liquid crystal display devices according to Embodiments 2-1
to 2-24. FIG. 22 is a schematic plan view showing the
relationship between the arrangement of display units and
the luminance distribution of the backlight in each of the
liquid crystal display devices according to Embodiments 2-1
to 2-24.

[0211] In each of the liquid crystal display devices 1
according to Embodiments 2-1 to 2-24, in order to further
increase the luminance of a high-speed display unit 50a
disposed at the final stage of a gate scan on the light-emitting
surface of the backlight 60, a region 60e¢ in which the
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luminance distribution of the backlight 60 is 10% higher
than the remaining region is provided near a light incident
surface 604 on which light from a light source 60¢ is
incident, and the high-speed display unit 50« is disposed in
the region 60e. That is, each of the liquid crystal display
devices 1 according to Embodiments 2-1 to 2-24 uses the
backlight 60 with a luminance curve 60f shown in FIG. 22
which indicates that the luminance of the backlight 60 near

tance ratio of about 70% is disposed. Using the backlight 60
with a luminance curve 60findicating that the differences in
transmittance ratio among these three regions are canceled
each other can make the luminance uniform over the entire
surface of the liquid crystal panel 2. Table 2 below shows the
configurations of the liquid crystal display devices 1 accord-
ing to Embodiments 2-1 to 2-24.

TABLE 2

Region Region Region

R1 R2 R3

[Embodiment 2-1] High-luminance ~ A-1  High-luminance A-2  High-speed B-1

display unit display unit display unit
[Embodiment 2-2] High-luminance  A-1  High-luminance A-2  High-speed B-2
display unit display unit display unit
[Embodiment 2-3] High-luminance ~ A-1  High-luminance A-3  High-speed B-1
display unit display unit display unit
[Embodiment 2-4] High-luminance  A-1  High-luminance A-3  High-speed B-2
display unit display unit display unit
[Embodiment 2-5] High-luminance ~ A-1  High-luminance A4  High-speed B-1
display unit display unit display unit
[Embodiment 2-6] High-luminance ~ A-1  High-luminance A-4  High-speed B-2
display unit display unit display unit
[Embodiment 2-7] High-luminance  A-1  High-luminance A-5 High-speed B-1
display unit display unit display unit
[Embodiment 2-8] High-luminance  A-1  High-luminance A-5  High-speed B-2
display unit display unit display unit
[Embodiment 2-9] High-luminance ~ A-6  High-luminance A-2  High-speed B-1
display unit display unit display unit
[Embodiment 2-10]  High-luminance A-6  High-luminance A-2 High-speed B-2
display unit display unit display unit
[Embodiment 2-11]  High-luminance A-6  High-luminance A-3  High-speed B-1
display unit display unit display unit
[Embodiment 2-12]  High-luminance A-6  High-luminance A-3  High-speed B-2
display unit display unit display unit
[Embodiment 2-13]  High-luminance A-6  High-luminance A-4  High-speed B-1
display unit display unit display unit
[Embodiment 2-14]  High-luminance A-6  High-luminance A-4 High-speed B-2
display unit display unit display unit
[Embodiment 2-15]  High-luminance A-6  High-luminance A-5  High-speed B-1
display unit display unit display unit
[Embodiment 2-16]  High-luminance A-6  High-luminance A-5 High-speed B-2
display unit display unit display unit
[Embodiment 2-17]  High-luminance =~ A-7  High-luminance A-2 High-speed B-1
display unit display unit display unit
[Embodiment 2-18]  High-luminance = A-7 High-luminance A-2 High-speed B-2
display unit display unit display unit
[Embodiment 2-19]  High-luminance =~ A-7  High-luminance A-3  High-speed B-1
display unit display unit display unit
[Embodiment 2-20]  High-luminance =~ A-7  High-luminance A-3  High-speed B-2
display unit display unit display unit
[Embodiment 2-21]  High-luminance =~ A-7  High-luminance A-4 High-speed B-1
display unit display unit display unit
[Embodiment 2-22]  High-luminance A-7  High-luminance A-4 High-speed B-2
display unit display unit display unit
[Embodiment 2-23]  High-luminance =~ A-7  High-luminance A-5 High-speed B-1
display unit display unit display unit
[Embodiment 2-24]  High-luminance =~ A-7  High-luminance A-5 High-speed B-2
display unit display unit display unit
the light incident surface 604 of the LED is 100%, and the [0213] In each of the liquid crystal display devices 1

luminance of the backlight 60 in the remaining region is
90%.

[0212] In each of the liquid crystal display devices 1
according to Embodiments 2-1 to 2-24, the region R2 where
the high-luminance display unit 505 with a transmittance
ratio of about 70% to 80% is disposed is provided between
a region R1 where a high-luminance display unit 505 with
a transmittance ratio of about 80% is disposed and a region
R3 where the high-speed display unit 50a with a transmit-

according to Embodiments 2-1 to 2-24, a reduction in
luminance in the high-speed display unit 50a can be com-
pensated for by setting the display region 3 where the
high-speed display unit 50a is disposed as a region 60e
where the luminance distribution of the backlight 60 is high,
that is, by making the luminance of the backlight 60 in a
region corresponding to the high-speed display unit 50a
higher than that of the backlight 60 in a region correspond-
ing to the high-luminance display unit 5054. By providing the
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backlight 60 with a luminance distribution and disposing the
high-speed display unit 50a and the high-luminance display
unit 504 in accordance with the luminance distribution of the
backlight 60, it is possible to obtain the uniform high-
definition liquid crystal display device 1 that provides bright
images without motion sickness.

[0214] Each and every detail described for Embodiments
of the present invention shall be applied to all the aspects of
the present invention.

ADDITIONAL REMARKS

[0215] One aspect of the present invention may be a liquid
crystal display device including the first substrate 10, the
second substrate 30 facing the first substrate 10, the liquid
crystal layer 20 provided between the first substrate 10 and
the second substrate 30 and containing the liquid crystal
molecules 21, and the display region 3 including the display
units 4 arranged in a matrix, wherein the first substrate 10
includes the first electrode 12, 12a, or 124, the second
electrode 14, 14a, or 145 provided closer to the liquid crystal
layer 20 than the first electrode 12, 12a, or 12b, and the
insulating film 13 provided between the first electrode 12,
124, or 126 and the second electrode 14, 14a, or 145, the
liquid crystal molecules 21 are aligned parallel to the first
substrate 10 in a no-voltage-applied state in which no
voltage is applied between the first electrode 12, 12a, or 125
and the second electrode 14, 14a, or 14b, the second
electrode 14, 14a, or 145 in each of the display units 4 is
provided with the opening 15, 15a, or 156 including the
longitudinal-shaped portion 16a or 165 and the pair of
protrusions 17a or 175 protruding to opposite sides from the
longitudinal-shaped portion 16a or 164, the pair of protru-
sions 17a or 17 are provided on portions excluding both the
end portions of the longitudinal-shaped portion 16a or 165
in the longitudinal direction and located in places corre-
sponding to each other, each of the display units 4 includes
the light-transmitting region 70a or 705 which can transmit
light and the light-blocking region 80a or 805 which blocks
light in a plan view, the light-transmitting region 70a or 705
is formed so as to overlap the longitudinal-shaped portion
16a or 164 in each of the display units 4, each of the display
units 4 including the high-speed display unit 50¢ in which
the four liquid crystal domains 23a are generated in the
light-transmitting region 70a in a voltage-applied state in
which a voltage is applied between the first electrode 12,
124, or 125 and the second electrode 14, 14a, or 146 and the
high-luminance display unit 505 in which the two liquid
crystal domains 235 are generated in the light-transmitting
region 705 in the voltage-applied state, and a data signal is
written in the high-speed display unit 50q later than in the
high-luminance display unit 505 within one frame period.

[0216] As described above, because in each of the display
units 4, the second electrode 14, 14a, or 14b is provided with
the opening 15, 15a, or 155 including the longitudinal-
shaped portion 16a or 166 and the pair of protrusions 17a or
17 protruding to opposite sides from the longitudinal-
shaped portion 16a or 165, and the pair of protrusions 17a
or 17b are provided on portions excluding both the end
portions of the longitudinal-shaped portion 16a or 165 in the
longitudinal direction and located in places corresponding to
each other, the four liquid crystal domains 23a or 235 can be
formed per one opening 15, 154, or 156 in the voltage-
applied state. This can rotate the liquid crystal molecules 21
in the adjacent liquid crystal domains 23a or 235 in opposite
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azimuths. As a result, in each display unit 4, distortion
(twisting force) can be generated in the liquid crystal align-
ment, and the response speed can be increased compared
with a general FFS mode. It is unnecessary to form the
opening 15, 15¢, and 155 having complicated shapes in the
second electrodes 14, 14a, and 145, and high definition can
be achieved.

[0217] Each of the display units 4 includes the high-speed
display unit 50a in which the four liquid crystal domains 23a
are generated in the light-transmitting region 70a in the
voltage-applied state in which a voltage is applied between
the first electrode 12, 124, or 126 and the second electrode
14, 14a, or 145 and the high-luminance display unit 505 in
which the two liquid crystal domains 235 are generated in
the light-transmitting region 705 in the voltage-applied state.
This reduces the distortion of the liquid crystal alignment
occurring in the voltage-applied state in the high-luminance
display unit 505 as compared with the high-speed display
unit 50qa, and hence the response speed is relatively slow.
However, in the light-transmitting region 705, because the
region occupied by dark lines between the adjacent liquid
crystal domains 235 can be reduced as compared with the
high-speed display unit 50q, the transmittance can be rela-
tively increased. On the other hand, in the high-speed
display unit 50a, because the region occupied by the dark
lines between the adjacent liquid crystal domains 23« in the
light-transmitting region 70a is larger than that in the
high-luminance display unit 505, the transmittance becomes
relatively small, whereas the response speed can be rela-
tively increased because the distortion of liquid crystal
alignment occurring in the voltage-applied state can be made
larger than that in the high-luminance display unit 505.

[0218] A data signal is then written in the high-speed
display unit 504 later than in the high-luminance display unit
504 within one frame period, that is, a data signal is written
in the high-luminance display unit 505 earlier than in the
high-speed display unit 50a¢ within one frame period.
Accordingly, the time for liquid crystal response for the
high-luminance display unit 505 having a relatively low
response speed can be ensured, and hence the occurrence of
image blurring can be reduced in the region provided with
the high-luminance display unit 505, whereas although the
time for liquid crystal response with respect to the high-
speed display unit 50« is shortened, because the response
speed is relatively high, the occurrence of image blurring
can be reduced even in a region provided with the high-
speed display unit 50a.

[0219] As described above, the occurrence of image blur-
ring can be reduced in the region provided with the high-
luminance display unit 505 and the region provided with the
high-speed display unit 50a while a reduction in luminance
in the region provided with the high-luminance display unit
504, that is, part of the display region 3, is reduced. In
addition, it is possible to achieve high definition of each
display unit 4.

[0220] The pair of protrusions 17a of the high-speed
display unit 50¢ may be located in a region 72a combining
the light-transmitting region 70a and the region 71a
obtained by virtually expanding the light-transmitting region
70a in the transverse direction of the longitudinal-shaped
portion 164 in a plan view. Using such an aspect can easily
form the four liquid crystal domains 23¢ in the light-
transmitting region 70a.



US 2020/0184909 A1

[0221] The pair of protrusions 17a of the high-speed
display unit 50a may protrude from the intermediate portion
of the longitudinal-shaped portion 16a. When such an aspect
is adopted, it is possible to further increase the response
speed of the high-speed display unit 50a.

[0222] The pair of protrusions 175 of the high-luminance
display unit 505 may be located outside the region 726
combining the light-transmitting region 704 and the region
715 obtained by virtually expanding the light-transmitting
region 705 in the transverse direction of the longitudinal-
shaped portion 165 in a plan view. Using such an aspect can
easily form the two liquid crystal domains 234 in the
light-transmitting region 705.

[0223] The pair of protrusions 175 of the high-luminance
display unit 505 may be adjacent to one of the end portions
of the longitudinal-shaped portion 165. When such an aspect
is adopted, it is possible to further increase the transmittance
of the high-luminance display unit 505.

[0224] The high-speed display unit 50a may be located at
an end of the display region 3. Such an aspect is suitably
used when a gate scan is performed in one direction.

[0225] The liquid crystal molecules 21 may have positive
anisotropy of dielectric constant. Because the liquid crystal
molecules 21 having positive anisotropy of dielectric con-
stant have a relatively lower viscosity than the liquid crystal
molecules 21 having negative anisotropy of dielectric con-
stant, the response speed can be further improved.

[0226] The longitudinal direction of the longitudinal-
shaped portion 16a or 165 may be parallel to the alignment
azimuth of the liquid crystal molecules 21 in a plan view in
the no-voltage-applied state described above. When such an
aspect is adopted, the symmetry of the liquid crystal
domains 23a or 235 in the voltage-applied state increases,
and the response speed can be further increased.

[0227] The liquid crystal display device 1 may further
include the backlight 60, 60A, or 60B provided on the
opposite side of the first substrate 10 or the second substrate
30 to the liquid crystal layer 20. The luminance of the
backlight 60, 60A, or 60B in the region corresponding to the
high-speed display unit 50a may be higher than that of the
backlight 60, 60A, or 60B in the region corresponding to the
high-luminance display unit 505. By adopting such an
aspect, the luminance of the high-speed display unit 50a
having a lower transmittance than that of the high-luminance
display unit 505 is increased, and the luminance can be made
uniform over the entire surface of the display region 3.

[0228] The backlight 60, 60A, or 60B may include the
light source 60a that lights up for a predetermined time in
one frame period, and the light source 60a may start lighting
at a later time than when the high-speed display unit 50a is
driven. By adopting such an aspect, lighting can be per-
formed in a state in which the response of the liquid crystal
molecules 21 has further advanced, so that image blurring
can be further suppressed.

[0229] The backlight 60A may include a light guide plate
606 facing the first substrate 10 or the second substrate 30
and the light source 60a configured to irradiate the light
incident surface 604 of the light guide plate 605 with light,
and the high-speed display unit 50a may be located closer to
the light incident surface 604 of the light guide plate 605
than the high-luminance display unit 504. By adopting such
an aspect, it is possible to easily increase the luminance of
the backlight 60A in a region corresponding to the high-
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speed display unit 50a with insufficient luminance, and it is
easy to obtain a bright image on the entire surface of the
liquid crystal panel 2.

[0230] The first substrate 10 may further include multiple
gate signal lines Y which are provided for each row or
column of the display unit 4 and which are scanned line-
sequentially in a predetermined direction, and the high-
speed display unit 50a may be connected to a gate signal line
Y of the final stage of the gate signal lines Y. With such an
aspect, it is possible to easily write a data signal in the
high-speed display unit 50a later than the high-luminance
display unit 505 within one frame period.

[0231] The display units 4 may include the high-speed
display units 50a, and each of the high-speed display units
50a may be connected to any of the gate signal lines Y of the
consecutive stages including the gate signal line Y of the
final stage among the gate signal lines Y. By adopting such
an aspect, it is possible to increase the response speed of the
display unit 4 in which a data signal is written in a certain
period at the final stage of the gate scan, so that the image
blurring can be further suppressed.

[0232] At least one of the end portions of the longitudinal-
shaped portion 16a or 1656 may be rounded. Adopting such
an aspect can generate an electric field in an oblique direc-
tion at the rounded end portion and improve the response
speed.

[0233] Thehigh-speed display unit 50a may include cross-
shaped dark lines at the center of the four liquid crystal
domains 23a. When such an aspect is adopted, it is possible
to further improve the response speed.

[0234] The embodiments of the present invention shown
above may be combined as appropriate within the spirit of
the present invention.

REFERENCE SIGNS LIST

[0235] 1 Liquid crystal display device

[0236] 2 Liquid crystal panel

[0237] 3 Display region

[0238] 4. 150 Display unit

[0239] 5 Gate driver

[0240] 6 Source driver

[0241] 7 controller

[0242] 8 Drive circuit region

[0243] 10 First substrate

[0244] 11, 31 Insulating substrate (for example, glass
substrate)

[0245] 12, 12a, 125, 112 Pixel electrode (first electrode)

[0246] 13 Insulating layer (insulating film)

[0247] 14, 14a, 14b, 114 Counter electrode (second elec-
trode)

[0248] 15, 154, 155, 115 Opening

[0249] 164, 165, 116 Longitudinal-shaped portion

[0250] 17a, 17b, 117 Protrusion

[0251] 184, 185 Electric field

[0252] 20 Liquid crystal layer

[0253] 21, 121 Liquid crystal molecules

[0254] 22 Initial alignment azimuth of liquid crystal mol-
ecules

[0255] 23a, 235 Liquid crystal domain

[0256] 30 Second substrate

[0257] 32 Color filter

[0258] 33 Overcoat layer

[0259] 40 Thin-film transistor (TFT)

[0260] 50a High-speed display unit
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[0261] 505 High-luminance display unit

[0262] 55a. 555 First line segment

[0263] 56a. 565 Second line segment

[0264] 57a Third line segment

[0265] 58a Fourth line segment

[0266] 60, 60A, 60B Backlight

[0267] 60a Light source

[0268] 605 Light guide plate

[0269] 60c¢ Diffusion plate

[0270] 604 Light incident surface

[0271] 60e Region with high luminance distribution of
backlight

[0272] 60f, 161, 162 Luminance curve

[0273] 61 Luminance curve of high-luminance display
unit

[0274] 62 Luminance curve of high-speed display unit

[0275] 63, 163 Period during which backlight lights up

[0276] 70a. 705, 170 Light-transmitting region

[0277] 71a, 715 Region obtained by virtually expanding

light-transmitting region in transverse direction of longi-
tudinal-shaped portion

[0278] 72a. 72b Region combining light-transmitting
region and region obtained by virtually expanding light-
transmitting region in transverse direction of longitudinal-
shaped portion

[0279] 80a. 805 Light-blocking region

[0280] 122 Alignment azimuth of liquid crystal molecules
in no-voltage-applied state

[0281] 151a, 1515 Upper end portion

[0282] 152a, 1526 Lower end portion

[0283] 153a, 1535 Left end portion

[0284] 1544, 1545 Right end portion

[0285] 155a, 1556 First inclined contour

[0286] 1564, 1565 Second inclined contour

[0287] 157a, 1575 Third inclined contour

[0288] 1584, 1585 Fourth inclined contour

[0289] 211A, 212A Liquid crystal molecules in no-volt-

age-applied state

[0290] 211B, 212B Liquid crystal molecules in voltage-
applied state

[0291] A, B Region surrounded by dotted line

[0292] R1 Region in which high-luminance display unit
with transmittance ratio of about 80% is disposed

[0293] R2 Region in which high-luminance display unit
with transmittance ratio of about 70% to 80% is disposed

[0294] R3 Region in which high-speed display unit with
transmittance ratio of about 70% is disposed

[0295] X, X1, X2, X3, Xm Source signal line
[0296] Y, Y1, Y2, Y3, Yn Gate signal line
[0297] Ya Gate scan direction

1. A liquid crystal display device comprising:

a first substrate;

a second substrate facing the first substrate;

a liquid crystal layer provided between the first substrate
and the second substrate and containing liquid crystal
molecules; and

a display region including multiple display units arranged
in a matrix,

wherein the first substrate includes a first electrode, a
second electrode provided closer to the liquid crystal
layer than the first electrode, and an insulating film
provided between the first electrode and the second
electrode,
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the liquid crystal molecules are aligned parallel to the first
substrate in a no-voltage-applied state in which no
voltage is applied between the first electrode and the
second electrode,

the second electrode in each of the display units is
provided with an opening including a longitudinal-
shaped portion and a pair of protrusions protruding to
opposite sides from the longitudinal-shaped portion,

the pair of protrusions are provided on portions excluding
both end portions of the longitudinal-shaped portion in
a longitudinal direction and located in places corre-
sponding to each other,

each of the display units includes a light-transmitting
region which is configured to transmit light and a
light-blocking region which blocks light in a plan view,

the light-transmitting region is formed so as to overlap the
longitudinal-shaped portion in each of the display units,

the display units include at least one high-speed display
unit in which four liquid crystal domains are generated
in the light-transmitting region in a voltage-applied
state in which a voltage is applied between the first
electrode and the second electrode and at least one
high-luminance display unit in which two liquid crystal
domains are generated in the light-transmitting region
in the voltage-applied state, and

a data signal is written in the at least one high-speed
display unit later than in the at least one high-lumi-
nance display unit within one frame period.

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

wherein the pair of protrusions of the at least one high-
speed display unit are located in a region combining the
light-transmitting region and a region obtained by
virtually expanding the light-transmitting region in a
transverse direction of the longitudinal-shaped portion
in a plan view.

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

wherein the pair of protrusions of the at least one high-
speed display unit protrude from an intermediate por-
tion of the longitudinal-shaped portion.

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

wherein the pair of protrusions of the at least one high-
luminance display unit are located outside a region
combining the light-transmitting region and a region
obtained by virtually expanding the light-transmitting
region in a transverse direction of the longitudinal-
shaped portion in a plan view.

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

wherein the pair of protrusions of the at least one high-
luminance display unit are adjacent to one of the end
portions of the longitudinal-shaped portion.

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

wherein the at least one high-speed display unit is located
at an end of the display region.

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

wherein the liquid crystal molecules have positive anisot-
ropy of dielectric constant.

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

wherein the longitudinal direction of the longitudinal-
shaped portion is parallel to the alignment azimuth of
the liquid crystal molecules in a plan view in the
no-voltage-applied state.
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9. The liquid crystal display device according to claim 1,
further comprising a backlight provided on an opposite side
of the first substrate or the second substrate to the liquid
crystal layer,

wherein a luminance of the backlight in a region corre-

sponding to the at least one high-speed display unit is
higher than a luminance of the backlight in a region
corresponding to the at least one high-luminance dis-
play unit.

10. The liquid crystal display device according to claim 9,

wherein the backlight includes a light source that lights up

for a predetermined time in one frame period, and
the light source starts lighting at a later time than when the
at least one high-speed display unit is driven.

11. The liquid crystal display device according to claim 9,

wherein the backlight includes a light guide plate facing

the first substrate or the second substrate and a light
source configured to irradiate a light incident surface of
the light guide plate with light, and

the at least one high-speed display unit is located closer to

the light incident surface of the light guide plate than
the at least one high-luminance display unit.
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12. The liquid crystal display device according to claim 1,

wherein the first substrate further includes multiple gate
signal lines which are provided for each row or column
of the display units and which are scanned line-sequen-
tially in a predetermined direction, and

the at least one high-speed display unit is connected to a
gate signal line of a final stage of the gate signal lines.

13. The liquid crystal display device according to claim

12,

wherein the display units include a plurality of the high-
speed display units, and

each of the high-speed display units is connected to any
of the gate signal lines of consecutive stages including
the gate signal line of the final stage.

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

wherein at least one of the end portions of the longitudi-
nal-shaped portion is rounded.

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

wherein the at least one high-speed display unit includes
cross-shaped dark lines at a center of the four liquid
crystal domains.
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