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(7) ABSTRACT

A display device includes an electrode layer and a liquid
crystal layer. The electrode layer has a first electrode and a
second electrode. The second electrode is opposed to the
first electrode and having a plurality of openings extending
in a same extending direction. The liquid crystal layer is
disposed on the electrode layer. The liquid crystal molecules
of the liquid crystal layer in a region in proximity to one side
of the opening and liquid crystal molecules of the liquid
crystal layer in a region in proximity to another side of the
opening, the sides of the opening being opposed to each
other in a width direction of the opening, are rotated in
opposite directions from each other and aligned.
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DISPLAY DEVICE, ELECTRONIC
APPARATUS, AND METHOD OF
MANUFACTURING DISPLAY DEVICE

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] This is a Continuation of application Ser. No.
15/843,532, filed on Dec. 15, 2017, which is a Continuation
of application Ser. No. 15/045,810, filed on Feb. 17, 2016,
now U.S. Pat. No. 9,874,792, issued on Jan. 23, 2018, which
is a Continuation of application Ser. No. 13/655,140, filed on
Oct. 18, 2012, now U.S. Pat. No. 9,298,051, issued on Mar.
29, 2016, which claims priority to Japanese Patent Appli-
cation Number 2011-233724, filed on Oct. 25, 2011 and
Japanese Patent Application Number 2012-065248, filed on
Mar. 22, 2012, the entire contents of which are incorporated
herein by reference.

BACKGROUND

[0002] The present technology relates to a display device
controlling liquid crystal molecules by a transverse electric
field, or particularly an FFS (Fringe Field Switching) mode,
an electronic apparatus, and a method of manufacturing the
display device.

[0003] Liquid crystal display devices are roughly classi-
fied into a vertical electric field type and a transverse electric
field type according to the direction of an electric field. The
transverse electric field type is more advantageous than the
vertical electric field type in that the transverse electric field
type provides a wide viewing angle. Such a transverse
electric field type includes an IPS (In-Plane-Switching)
mode and the FFS mode (Japanese Patent [aid-Open No.
2008-52161).

[0004] In the IPS mode, a pixel electrode and a common
electrode are disposed in a same layer, and an electric field
mainly occurs in only a direction parallel to a substrate
surface. Thus, the electric field is not readily formed in a
region directly above the pixel electrode, and liquid crystal
molecules in the region directly above the pixel electrode
cannot be driven. On the other hand, in the FFS mode, a
pixel electrode and a common electrode are superposed on
each other with a dielectric film interposed between the pixel
electrode and the common electrode, and an electric field in
an oblique direction with respect to a substrate surface or an
electric field in a radial form occurs, so that liquid crystal
molecules in a region directly above the pixel electrode can
be driven. That is, the FFS mode provides a higher aperture
ratio than the IPS mode.

SUMMARY

[0005] However, liquid crystal display devices in such an
FFS mode, as with other liquid crystal display devices, have
a problem of a slow response speed.

[0006] The present technology has been made in view of
such a problem. It is desirable to provide a display device
having a faster response speed, an electronic apparatus, and
a method of manufacturing the display device.

[0007] According to an embodiment of the present tech-
nology, there is provided a display device including: an
electrode layer including a first electrode and a second
electrode, the second electrode being opposed to the first
electrode and having a plurality of openings extending in a
same extending direction; and a liquid crystal layer disposed
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on the electrode layer, liquid crystal molecules of the liquid
crystal layer in a region in proximity to one side of the
opening and liquid crystal molecules of the liquid crystal
layer in a region in proximity to another side of the opening,
the sides of the opening being opposed to each other in a
width direction of the opening, being rotated in opposite
directions from each other and aligned. An electronic appa-
ratus according to an embodiment of the present technology
includes the above-described display device.

[0008] According to an embodiment of the present tech-
nology, there is provided a method of manufacturing a
display device. The method includes: forming an electrode
layer including a first electrode and a second electrode, the
second electrode being opposed to the first electrode and
having a plurality of openings extending in a same extending
direction; and forming a liquid crystal layer on the electrode
layer after performing alignment treatment so that liquid
crystal molecules of the liquid crystal layer in a region in
proximity to one side of an opening and liquid crystal
molecules of the liquid crystal layer in a region in proximity
to another side of the opening, the sides of the opening being
opposed to each other in a width direction of the opening, are
rotated in opposite directions from each other and aligned.
[0009] The display device, the electronic apparatus, and
the method of manufacturing the display device shorten a
response time because liquid crystal molecules in a region in
proximity to one side of an opening and liquid crystal
molecules in a region in proximity to another side of the
opening at a time of application of voltage are rotated in
opposite directions from each other and aligned.

[0010] According to the display device, the electronic
apparatus, and the method of manufacturing the display
device, liquid crystal molecules in a region in proximity to
one side of an opening and liquid crystal molecules in a
region in proximity to another side of the opening are rotated
in opposite directions from each other and aligned. There-
fore a response speed characteristic can be improved. It is
thus possible to achieve an increase in response speed in
addition to a wide viewing angle and a high aperture ratio
realized by driving with a transverse electric field.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 11is a sectional view of a structure of a display
device according to a first embodiment;

[0012] FIGS. 2A and 2B are plan views of a configuration
of a common electrode shown in FIG. 1;

[0013] FIG. 3 is a plan view of an example of modification
of corner parts shown in FIGS. 2A and 2B;

[0014] FIG. 4 is a plan view of an example of modification
of the common electrode shown in FIGS. 2A and 2B;
[0015] FIGS. 5A and 5B are plan views of the movement
of liquid erystal molecules of a liquid crystal layer shown in
FIG. 1;

[0016] FIG. 6 is a plan view schematically showing the
directions of rotation of the liquid crystal molecules shown
in FIGS. 5A and 5B above the common electrode;

[0017] FIGS. 7A and 7B are plan views showing a con-
figuration of a common electrode according to a compara-
tive example;

[0018] FIGS. 8A and 8B are plan views showing the
movement of liquid crystal molecules in a case where the
common electrode shown in FIGS. 7A and 7B is used;
[0019] FIG. 9is a diagram showing the response speed of
the display device shown in FIG. 1,
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[0020] FIG. 10 is a diagram showing the voltage-lumi-
nance characteristic of the display device shown in FIG. 1;
[0021] FIGS. 11A and 11B are plan views of a configu-
ration of a common electrode according to a modification
example 1;

[0022] FIG. 12 is a plan view of a configuration of a
common electrode according to a modification example 2-1;
[0023] FIG. 13 is a plan view of a configuration of a
common electrode according to a modification example 2-2;
[0024] FIGS.14Aand 14B are sectional views taken along
a dotted line A-A' of FIG. 2A;

[0025] FIG. 15 is a diagram showing an example of a
common electrode according to a second embodiment;
[0026] FIG. 16 is a diagram showing an example of a
common electrode according to a modification example 3;
[0027] FIG. 17 is a diagram showing an example of a
common electrode according to a modification example 4;
[0028] FIG. 18 is a diagram showing an example of a
common electrode according to a modification example 5-1;
[0029] FIG. 19 is a diagram showing an example of a
common electrode according to a modification example 5-2;
[0030] FIG. 20 is a perspective view of an external appear-
ance of a television device to which the display devices
according to the foregoing embodiments and the like are
applied,

[0031] FIGS. 21A and 21B are perspective views of an
external appearance of a digital camera to which the display
devices according to the foregoing embodiments and the like
are applied,

[0032] FIG. 22 is a perspective view of an external appear-
ance of a notebook personal computer to which the display
devices according to the foregoing embodiments and the like
are applied;

[0033] FIG. 23 is a perspective view of an external appear-
ance of a video camera to which the display devices accord-
ing to the foregoing embodiments and the like are applied,
and

[0034] FIGS. 24A, 24B, 24C, 24D, 24E, 24F, and 24G are
diagrams showing an external appearance of a portable
telephone to which the display devices according to the
foregoing embodiments and the like are applied.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0035] Preferred embodiments of the present technology
will hereinafter be described in detail with reference to the
drawings.

First Embodiment

[0036] FIG.11isa sectional view of a structure of a display
device according to a first embodiment. The display device
1 is a liquid crystal display device of a transverse electric
field type. The display device 1 includes a backlight 10, a
liquid crystal panel 20 in the FFS mode, and a driving circuit
(not shown) for driving these parts. Incidentally, FIG. 1
schematically shows the structure of the display device 1,
and does not necessarily show dimensions and shapes iden-
tical to actual dimensions and shapes.

[0037] The backlight 10 irradiates the liquid crystal panel
20 from the rear of the liquid crystal panel 20. The backlight
10 is for example a surface light emitting source of an edge
light system. The backlight 10 includes a diffuser and a
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reflector on the back surface of a light guide plate of an edge
light emitting type. The backlight 10 may be a direct type
surface light emitting source.

[0038] The liquid crystal panel 20 generates image light
L1 by modulating light emitted from the backlight 10
according to a video signal, and outputs the image light [.1
from a video display surface 1A. The liquid crystal panel 20
includes, from the side of the backlight 10, a substrate 21, a
TFT (Thin Film Transistor) layer 22, a planarizing layer 23,
a pixel electrode 24 (first electrode), a dielectric film 25, a
common electrode 26 (second electrode), an alignment film
27a, a liquid crystal layer 28, an alignment film 275, and a
counter substrate 31. That is, the liquid crystal panel 20 of
the transverse electric field type has the liquid crystal layer
28 between the substrate 21 and the counter substrate 31,
and the pixel electrode 24 and the common electrode 26 are
both disposed on the side of the substrate 21. A color filter
32, a light shielding film 33, and an overcoat layer 34 are
disposed on the surface of the counter substrate 31 which
surface is opposed to the substrate 21. A polarizer 29a is
disposed on the surface of the substrate 21 which surface is
on the side of the backlight 10. A polarizer 295 is disposed
on the surface of the counter substrate 31 which surface is
on the side of the video display surface 1A. An electrostatic
shielding layer (not shown) may be disposed over the
counter substrate 31 in order to suppress the effects of static
electricity.

[0039] The polarizers 294 and 295 are a kind of optical
shutter, and pass only light in a certain direction of vibration
(polarized light). These polarizers 29a and 295 are disposed
such that the polarization axes (transmission axes) of the
polarizers 29a and 296 are displaced from each other by 90
degrees. Thereby, the light emitted from the backlight 10
passes through the liquid crystal panel 20, or is blocked.
[0040] The substrate 21 and the counter substrate 31 are
formed by a substrate transparent to visible light, for
example a sheet glass or a light transmitting resin substrate.
The TFT layer 22 has functions of switching elements for
selecting pixels. The TFT layer 22 is formed by TFTs each
including for example a gate electrode, a gate insulating
film, a semiconductor film, and a source and a drain elec-
trode. The TFT layer 22 may be of either of a bottom gate
type and a top gate type. The semiconductor film may be
formed by any of a-Si (amorphous silicon), an oxide semi-
conductor, an organic semiconductor, and the like. The
planarizing layer 23 is provided to planarize the surface of
the TFT layer 22 formed on the substrate 21, and has minute
connecting holes (not shown) disposed therein to connect
the above-described TFTs to the pixel electrode 24. A
material providing good pattern accuracy is therefore desir-
ably used as the planarizing layer 23. Such materials include
for example organic materials such as polyimide and the like
or inorganic materials such as silicon oxide (Si0,) and the
like.

[0041] The pixel electrode 24 is provided for each pixel on
the planarizing layer 23. The pixel electrode 24 has for
example a rectangular shape, and is regularly arranged in a
lattice arrangement, a delta arrangement, or the like. The
common electrode 26 is opposed to the pixel electrode 24
with the dielectric film 25 between the common electrode 26
and the pixel electrode 24. The dielectric film 25 ensures
isolation between the pixel electrode 24 and the common
electrode 26, and protects the TFT layer 22, the pixel
electrode 24, and the like. The dielectric film 25 is disposed
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over the entire surface of the substrate 21. The dielectric film
25 is formed by a material having a light transmitting
property and an insulating property, for example silicon
nitride (SiN) or silicon oxide (SiO,). This dielectric film 25
may also be formed by the planarizing layer 23, a passiva-
tion layer of the TFT layer 22, or the like.

[0042] The common electrode 26 lies astride each pixel,
and is disposed in a planar shape over an entire display
region. FIGS. 2A and 2B are plan views of a configuration
of the common electrode shown in FIG. 1. As shown in FIG.
2A, the common electrode 26 has a plurality of rectangular
openings 26A having a length (long side) D and a width
(short side) W at such positions as to be opposed to the pixel
electrode 24. The plurality of openings 26A are arranged so
as to extend in a same extending direction (long side
direction) (Y-axis direction). In the present embodiment,
liquid crystal molecules of the liquid crystal layer 28 in a
region in proximity to one side of the long sides of an
opening 26A which long sides are opposed to each other in
a direction of width (X-axis direction) and liquid crystal
molecules of the liquid crystal layer 28 in a region in
proximity to the other side of the long sides of the opening
26A at a time of application of voltage are rotated (twisted)
in opposite directions from each other (FIG. 5B to be
described later) and aligned. This improves a response speed
characteristic. The length D is for example 10 to 60 pm, and
1s desirably less than 40 um. This is because the direction of
rotation (alignment) of the liquid crystal molecules tends to
be stabilized when the length D is less than 40 um. The
width W is for example 2 to 5 pm. A pitch P in the X-axis
direction is 4 to 10 um. The width W is desirably smaller for
higher response speed.

[0043] A plurality of openings 26A arranged in a same row
(same position on a Y-axis) have upper ends thereof aligned
with each other and have lower ends thereof aligned with
each other. A plurality of openings 26 A in rows adjacent to
each other are displaced from each other by %2 P in the
X-axis direction, and are arranged in a staggered form. Such
a staggered arrangement brings liquid crystal molecules
rotated in a same direction at the openings 26 A in the rows
adjacent to each other closer to each other, and thus stabi-
lizes the alignment (FIG. 6 to be described later). The
common electrode 26 has a communicating extended-width
part 26B for making openings 26 A arranged in the same row
communicate with each other. This communicating
extended-width part 26B is formed by coupling regions of
the openings 26A adjacent to each other in the X-axis
direction which regions have an extended width in the width
direction around the centers of long sides of the openings
26A. The long sides of the openings 26 A have four corner
parts 26C at points of intersection of the long sides of the
openings 26A and the communicating extended-width part
26B. These corner parts 26C have functions of an electric
field control section. An electric field control section is to
make the directions of rotation of liquid crystal molecules
from one end of an opening 26 A in the direction of the long
sides of the opening 26A to a corner part 26C identical to
each other, and stabilize the directions of rotation of the
liquid crystal molecules. FIG. 3 is a plan view of an example
of modification of the corner parts shown in FIGS. 2A and
2B. FIG. 4 is a plan view of an example of modification of
the common electrode shown in FIGS. 2A and 2B. As shown
in FIG. 3, corner parts 26C may be provided without
extended-width parts in the form of wedges (extended-width
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parts 26D) of respective openings 26A communicating with
each other. However, the communicating extended-width
parts 26B can be manufactured more easily than the
extended-width parts 26D. In addition, as shown in FIG. 4,
the common electrode 26 may be formed without extended-
width parts (the communicating extended-width parts 26B
or the extended-width parts 26D). In this case, the length D
is desirably small, for example 20 um or less, in order to
stabilize the directions of rotation. The pixel electrode 24
and the common electrode 26 are formed of a conductive
material transparent to visible light, for example ITO (In-
dium-Tin-Oxide).

[0044] The alignment films 27a and 275 are to align the
liquid crystal molecules of the liquid crystal layer 28 in a
predetermined direction as described above. The alignment
films 27a and 275 are formed by for example a polymeric
material such as polyimide or the like that has undergone a
rubbing process. In the display device 1, the alignment films
27a and 275 are subjected to a rubbing process for antipar-
allel alignment in directions parallel to the extending direc-
tion of the openings 26A (FIG. 2B). Thereby, liquid crystal
molecules in proximity to one side of an opening 26A and
liquid crystal molecules in proximity to the other side of the
opening 26A, the sides of the opening 26A being opposed to
each other in a direction of width, at a time of application of
voltage are rotated in opposite directions from each other
and aligned.

[0045] Specifically, the alignment film 27a has been sub-
jected to a rubbing process in a rubbing direction D274, and
the alignment film 275 has been subjected to a rubbing
process in a rubbing direction D275, which is an opposite
direction from the rubbing direction D27a. In addition, the
rubbing directions D27a and D275 are parallel to the extend-
ing direction of the openings 26A. A parallel state in this
case includes a state in which the rubbing directions D27a
and D275 intersect the extending direction of the openings
26A at an angle of one degree or less.

[0046] The liquid crystal layer 28 is formed by for
example a nematic liquid crystal having negative dielectric
anisotropy. The liquid crystal layer 28 has a modulating
fanction for transmitting or blocking the incident light from
the backlight 10 in each pixel according to a voltage applied
from the driving circuit. The gradation of each pixel can be
adjusted by changing the level of the light transmission.
FIGS. 5A and 5B are plan views of the movement of liquid
crystal molecules of the liquid crystal layer shown in FIG.
1. FIG. 5A shows a state of liquid crystal molecules of the
liquid crystal layer 28 above an opening 26A before appli-
cation of a voltage. FIG. 5B shows a state of the liquid
crystal molecules of the liquid crystal layer 28 above the
opening 26A after the application of the voltage. The major
axes of the liquid crystal molecules before the application of
the voltage are oriented in substantially a same direction
(Y-axis direction). When the voltage is applied, the liquid
crystal molecules in proximity to one side of the opening
26A and the liquid crystal molecules in proximity to the
other side of the opening 26A, the sides of the opening 26 A
being opposed to each other in the width direction, are
rotated in opposite directions from each other and aligned.
Specifically, in the vicinity of one side of the long sides of
the opening 26A (right side of the page of FIG. 5B), liquid
crystal molecules from an upper end to a corner part 26C are
rotated in an R-direction (clockwise) and aligned, and liquid
crystal molecules from a corner part 26C to a lower end are
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rotated in an L-direction (counterclockwise) and aligned. In
the vicinity of the other side of the long sides of the opening
26A (left side of the page of FIG. 5B), liquid crystal
molecules from an upper end to a corner part 26C are rotated
in the L-direction and aligned, and liquid crystal molecules
from a corner part 26C to a lower end are rotated in the
R-direction and aligned. Molecules rotated in the respective
directions are mixed with each other in an intermediate part
between the one side and the other side. FIG. 6 is a plan view
schematically showing the directions of rotation of the the
liquid crystal molecules shown in FIGS. 5A and 5B above
the common electrode. FIG. 6 schematically shows the
liquid crystal layer 28 with regions rotated in the R-direction
as regions 28R and with regions rotated in the L-direction as
regions 28L. As described above, the openings 26A in rows
adjacent to each other are displaced from each other in the
X-axis direction and thereby arranged in a staggered form.
Thus, the regions 28L above the openings 26A in the rows
adjacent to each other are close to each other, and the regions
28R above the openings 26A in the rows adjacent to each
other are close to each other, so that the alignment is
stabilized. When the liquid crystal layer 28 is a nematic
liquid crystal having positive dielectric anisotropy, the liquid
crystal molecules can be aligned similarly by subjecting the
alignment films 27a and 275 to rubbing processes in direc-
tions (X-axis direction) orthogonal to the extending direc-
tion of the openings 26A.

[0047] The color filter 32 is to effect color separation of
the light transmitted by the liquid crystal layer 28 into for
example the three primary colors of red (R), green (G), and
blue (B), the four colors of red, green, blue, and white (W),
or the like. The color filter 32 is provided so as to correspond
to the arrangement of the pixel electrode 24. This arrange-
ment is for example a stripe arrangement, a diagonal
arrangement, a delta arrangement, a rectangle arrangement,
or the like. The light shielding film 33 is to reduce crosstalk
between the pixels, and has a function of absorbing visible
light. The light shielding film 33 is a film in the form of a
lattice with openings. The openings are arranged in regions
opposed to the pixel electrode 24. The overcoat layer 34 is
a coating agent for improving the flatness of the surface of
the color filter 32, and protecting the surface of the color
filter 32. The overcoat layer 34 is formed of an organic
material such as a resin or the like or an inorganic material
such as Si0,, SiN, ITO, or the like.

[0048] Such a display device 1 can be manufactured as
follows, for example.

[0049] First, the TFT layer 22 and the planarizing layer 23
are formed on the substrate 21 in this order. Connecting
holes for connecting the pixel electrode 24 to TFTs are made
in the planarizing layer 23 by photolithography techniques.
Next, the pixel electrode 24 made of ITO having a thickness
(thickness in a direction of lamination, which direction will
hereinafter be referred to simply as a thickness) of 500 to
1500 A, for example, is formed by performing patterning for
each pixel on the planarizing layer 23. Next, the dielectric
film 25 made of silicon nitride is formed with a thickness of
1000 to 6000 A on the pixel electrode 24 by a plasma CVD
(Chemical Vapor Deposition) method, for example. After the
dielectric film 25 is formed, a film of ITO of 100 to 1000 A,
for example, is formed by a sputtering method, and this film
is etched using a mask. Thereby the common electrode 26
having the openings 26A and the communicating extended-
width parts 26B is formed. The common electrode 26 is
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thinner than the pixel electrode 24. The thickness of the
common electrode 26 is adjusted in consideration of resis-
tance and level difference. The alignment film 27a is formed
on the common electrode 26, and a rubbing process is
applied to the alignment film 27q in a direction parallel to
the extending direction of the openings 26A.

[0050] Meanwhile, the color filter 32, the light shielding
film 33, the overcoat layer 34, and the alignment film 275 are
formed on the side of the counter substrate 31 in this order.
As with the alignment film 27a, the alignment film 275 is
subjected to a rubbing process in a direction parallel to the
extending direction of the openings 26A. After the formation
of up to the alignment film 275 on the counter substrate 31
and the formation of the alignment film 27a above the
substrate 21 as described above, these substrates are
opposed to each other, and a liquid crystal is injected into a
space between the substrate 21 and the counter substrate 31,
whereby the liquid crystal layer 28 is formed. The liquid
crystal panel 20 is housed in a casing (not shown) together
with the backlight 10 to complete the display device 1.
[0051] In the display device 1 according to the present
embodiment, when light in a planar form is emitted from the
upper surface of the backlight 10 and enters the back surface
of the liquid crystal panel 20, pixels are selected, and a
predetermined voltage is applied between the pixel electrode
24 and the common electrode 26. At this time, a transverse
electric field occurs in a region directly above the openings
26A of the common electrode 26, and a transverse oblique
electric field occurs in other regions, so that the alignment of
the liquid crystal molecules of the liquid crystal layer 28 is
controlled. The incident light from the backlight 10 passes
through the liquid crystal layer 28, so that image light L1 is
output from the video display surface 1A.

[0052] In this case, response speed is increased because
liquid crystal molecules in a region in proximity to one side
of the long sides of the opening 26A of the common
electrode 26 and liquid crystal molecules in a region in
proximity to the other side of the long sides of the opening
26A are rotated in opposite directions from each other and
aligned. This will be described in the following using a
comparative example.

[0053] FIGS. 7A and 7B are plan views showing a con-
figuration of a common electrode according to the compara-
tive example. FIGS. 8A and 8B are plan views showing the
movement of liquid crystal molecules in a case where the
common electrode shown in FIGS. 7A and 7B is used. FIG.
7A shows a planar configuration of the common electrode
126 of a display device (display device 100) according to the
comparative example. As with the common electrode 26, the
common electrode 126 has a plurality of rectangular open-
ings 126A having a length D100 and a width W100. How-
ever, the common electrode 126 does not have communi-
cating extended-width parts. In the display device 100, as
shown in FIG. 7B, alignment films have been subjected to
rubbing processes in directions intersecting the extending
direction of the openings 126A at an angle 0, so that all
liquid crystal molecules at a time of application of voltage
are rotated by the angle 6 in a same direction (R-direction)
and aligned in order to increase light transmittance (FIG. 8A
and FIG. 8B). The display device 100 therefore has a slow
response speed. Double-speed/quadruple-speed driving, a
black inserting B/L (backlight), and the like are proposed to
improve response speed. However, these methods impose a
heavy load on a peripheral circuit. Other methods for
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improving response speed by OCB (Optically Compensated
Bend) (n-cells), a ferroelectric liquid crystal, or a liquid
crystal mode such as a blue phase or the like are also
proposed. However, these methods also impose a heavy load
on a driving circuit, or are difficult to put to practical use in
terms of reliability or cost.

[0054] In the display device 1 according to the present
embodiment, on the other hand, liquid crystal molecules in
proximity to one side of the long sides of an opening 26 A
and liquid crystal molecules in proximity to the other side of
the long sides of the opening 26A are rotated in opposite
directions from each other and aligned (F1G. 5B), so that the
response speed is improved. FIG. 9 is a diagram showing the
response speed of the display device shown in FIG. 1. FIG.
9 shows results of measurement of response speeds Ton and
Toff of the display device 1 and the display device 100. Solid
lines represent the response speed of the display device 1.
Broken lines represent the response speed of the display
device 100. At the time of the measurement, the widths W
and W100 of'the openings 26 A and 126 A were 3 um, and the
pitches P and P100 of the openings 26A and 126A were 6
um. Thus, the response speeds were measured under similar
conditions except for the rubbing directions of the alignment
films. As a result, the response speed Ton of the display
device 100 was 27 ms, and the response speed Toff of the
display device 100 was 25 ms, whereas the response speed
Ton of the display device 1 was 10.75 ms, and the response
speed Toff of the display device 1 was 6.5 ms. Thus, it can
be confirmed that the response speed of the display device
1 is improved. In particular, the display device 1 can
improve the response speed Toff, which cannot be supple-
mented by overdriving, and the response speed Toff of the
display device 1 is increased four times or more as compared
with the display device 100. In addition, a liquid crystal
material and a driving method used in a liquid crystal display
device in the past can be used as they are. The display device
1 can therefore be readily put to practical use.

[0055] 1t is considered that the response speed of such a
display device 1 is increased due to a higher voltage applied
in the display device 1. FIG. 10 is a diagram showing the
voltage-luminance characteristic of the display device
shown in FIG. 1. FIG. 10 shows relation between the applied
voltage and brightness (luminance) of the display device 1
and the display device 100. A solid line represents the
voltage-luminance characteristic of the display device 1. A
broken line represents the voltage-luminance characteristic
of the display device 100. FIG. 10 shows that the applied
voltage of the display device 1 is higher than the applied
voltage of the display device 100 when compared at the
same brightness. This is because liquid crystal molecules
rotated in opposite directions from each other are mixed
with each other in a region around the middle of one side and
the other side of the long sides of an opening 26A. This
improves the response speed of the display device 1.

[0056] As described above, in the present embodiment,
liquid crystal molecules in a region in proximity to one side
of the long sides of an opening 26 A of the common electrode
26 and liquid crystal molecules in a region in proximity to
the other side of the long sides of the opening 26A are
rotated in opposite directions from each other and aligned.
Therefore the response speed can be improved. In addition,
driving in the transverse electric field type can widen a
viewing angle and improve an aperture ratio.

Sep. 26, 2019

[0057] Further, because the common electrode 26 has the
communicating extended-width parts 26B, the corner parts
26C can be provided to the openings 26 A. A corner part 26C
makes the direction of rotation of liquid crystal molecules
from one end (the upper end or the lower end) of the opening
26A to the corner part 26C the same direction, and stabilizes
the direction of alignment of the liquid crystal molecules.
[0058] Examples of modification of the present technol-
ogy will be described in the following. Constituent elements
common to those of the foregoing embodiment are identified
by the same reference numerals, and description thereof will
be omitted. [Modification Example 1]

[0059] FIGS. 11A and 11B are plan views of a configu-
ration of a common electrode according to a modification
example 1. As shown in FIG. 11A, the common electrode 46
is different from the common electrode 26 in the foregoing
embodiment in that the upper sides and lower sides of
openings 46 A are displaced from each other in a direction of
width (X-axis direction) and arranged in a staggered form
with communicating extended-width parts 46B interposed
between the upper sides and the lower sides of the openings
46A. Incidentally, the long sides of the opening 46A have
four corner parts 46C at points of intersection of the long
sides of the opening 46A and the communicating extended-
width parts 46B.

[0060] In the common electrode 46, one opening 46A is
separated into an upper side and a lower side (in the Y-axis
direction) with a communicating extended-width part 46B
interposed between the upper side and the lower side, and
the upper side and the lower side of the opening 46A are
disposed so as to be displaced from each other by %2 P in the
width direction. Openings 46A in a same row are therefore
arranged in a staggered form. When one opening 46A is thus
disposed so as to be displaced in the width direction, regions
481, in which liquid crystal molecules are rotated in the
L-direction are aligned with each other and regions 48R in
which liquid crystal molecules are rotated in the R-direction
are aligned with each other in the extending direction of the
openings 46A (Y-axis direction), as shown in FIG. 11B.
Therefore the alignment of the liquid crystal molecules is
more stabilized than in the foregoing embodiment.

Modification Example 2-1

[0061] FIG. 12 is a plan view of a configuration of a
common electrode according to a modification example 2-1.
The common electrode 56 is different from the common
electrode 26 in the foregoing embodiment in that the com-
mon electrode 56 has openings 56A in substantially a
rhombic shape. Incidentally, the long sides of an opening
56A have four corner parts 56C at points of intersection of
the long sides of the opening 56A and a communicating
extended-width part 56B.

[0062] The openings 56A are in substantially a rhombic
shape formed by cutting off two corners on an upper side and
a lower side. The sides in the extending direction (Y-axis
direction) of the openings 56A are inclined at a predeter-
mined angle to the Y-axis. Thereby, even when the directions
of rubbing of alignment films somewhat deviate from the
Y-axis direction due to a manufacturing error, the deviation
is tolerated by the inclination, so that liquid crystal mol-
ecules can be aligned stably.

Modification Example 2-2

[0063] FIG. 13 is a plan view of a configuration of a
common electrode according to a modification example 2-2.
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As shown in FIG. 13, the common electrode 56' is different
from the common electrode 26 in the foregoing embodiment
in that the common electrode 56' has openings 56'A in
substantially a thombic shape and in that the upper sides and
lower sides of the openings 56'A are displaced from each
other in a direction of width (X-axis direction) and arranged
in a staggered form with communicating extended-width
parts 56'B interposed between the upper sides and lower
sides of the openings 56'A. Incidentally, the long sides of an
opening 56'A have four corner parts 56'C at points of
intersection of the long sides of the opening 56'A and the
communicating extended-width parts 56'B.

[0064] The openings 56'A are in substantially a rhombic
shape formed by cutting off two corners on an upper side and
a lower side. The sides in the extending direction (Y-axis
direction) of the openings 56'A are inclined at a predeter-
mined angle to the Y-axis. Thereby, even when the directions
of rubbing of alignment films somewhat deviate from the
Y-axis direction due to a manufacturing error, the deviation
is tolerated by the inclination, so that liquid crystal mol-
ecules can be aligned stably.

[0065] In the common electrode 56', one opening 56'A is
separated into an upper side and a lower side (in the Y-axis
direction) with a communicating extended-width part 56'B
interposed between the upper side and the lower side, and
the upper side and the lower side of the opening 56'A are
disposed so as to be displaced from each other by 12 P in the
width direction. Openings 56'A in a same row are therefore
arranged in a staggered form. When one opening 56'A is thus
disposed so as to be displaced in the width direction, regions
in which liquid crystal molecules are rotated in the L-direc-
tion are aligned with each other and regions in which liquid
crystal molecules are rotated in the R-direction are aligned
with each other in the extending direction of the openings
56'A (Y-axis direction). Therefore the alignment of the liquid
crystal molecules is more stabilized than in the foregoing
embodiment.

Second Embodiment

[0066] Description will next be made of a second embodi-
ment.
[0067] In the display device 1 according to the first

embodiment, the rubbing direction D27a of the alignment
film 27a on the side of the substrate 21 is parallel to the
extending direction of the openings 26A provided in the
common electrode 26. Thus, a rising direction of the liquid
crystal molecules of the liquid crystal layer 28 in the vicinity
of the openings 26 A may be unstable.

[0068] FIGS.14Aand 14B are sectional views taken along
a dotted line A-A' of FIG. 2A. FIG. 14A shows a state in
which no electric field is supplied to the liquid crystal layer
28. FIG. 14B shows a state in which an electric field is
supplied to the liquid crystal layer 28.

[0069] As shown in FIG. 14A, when no electric field is
supplied to the liquid crystal layer 28, all the liquid crystal
molecules 28a are present in a state of being rotated in a
rotation direction R1 by a predetermined angle to a hori-
zontal direction such that ends of the liquid crystal mol-
ecules 28a in the rubbing direction D27q are situated above
ends of the liquid crystal molecules 28a in the opposite
direction. The rotation direction R1 of the liquid crystal
molecules 28a at this time is referred to also as a pretilt
direction.
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[0070] When an electric field is supplied to the liquid
crystal layer 28 in this state, as shown in FIG. 14B, the liquid
crystal molecules 284 rise. In this case, the liquid crystal
molecules 28a situated in a region extending in the rubbing
direction D27a from a position where the opening 26A
intersects the communicating extended-width part 26B rise
so as to be rotated in the same direction as the pretilt
direction (rotation direction R1). On the other hand, the
liquid crystal molecules 28a situated in a region extending
in an opposite direction from the rubbing direction D274
from the position where the opening 26A intersects the
communicating extended-width part 26B rise so as to be
rotated in an opposite direction (rotation direction R2) from
the pretilt direction.

[0071] Incidentally, this phenomenon can occur also in the
cases of the common electrode 26 shown in FIG. 3, the
common electrode 46 shown in FIG. 11A, the common
electrode 56 shown in FIG. 12, and the common electrode
56' shown in FIG. 13.

[0072] Thus, in the display device 1, the direction of
alignment of the liquid crystal layer 28 in the vicinity of the
openings 26 A may not be stable.

[0073] On the other hand, a display device according to
the second embodiment can stabilize the direction of align-
ment of the liquid crystal layer 28.

[0074] FIG. 15 is a diagram showing an example of a
common electrode according to the second embodiment.
[0075] The display device according to the second
embodiment has a common electrode 66 with openings in a
different shape from those of the common electrode 26 in the
display device 1 according to the first embodiment. Inci-
dentally, the other configuration of the display device
according to the second embodiment is similar to that of the
display device 1.

[0076] As with the common electrode 26 shown in FIG.
2A, the common electrode 66 has a plurality of openings
66A extending in a Y-axis direction and communicating
extended-width parts 66B extending in an X-axis direction
and intersecting the openings 66A.

[0077] In this case, the openings 66A intersect the com-
municating extended-width parts 66B at a position closer to
end parts 66 in an opposite direction from the rubbing
direction D27a than end parts 66a in the rubbing direction
D27a. That is, when the openings 66A are divided into
openings 66AA including the end parts 66a and openings
66AB including the end parts 665 with the position of
intersection with the communicating extended-width parts
66B as a boundary in the extending direction (Y-axis direc-
tion), the length D2 of the openings 66AB is shorter than the
length D1 of the openings 66 AA. Incidentally, the length D2
can be set to “0.”

[0078] According to this configuration, the ratio of the
liquid crystal molecules 28a rising so as to be rotated in the
opposite direction from the pretilt direction when an electric
field is supplied can be reduced in the liquid crystal layer 28,
and thus the direction of alignment of the liquid crystal layer
28 can be stabilized.

Modification Example 3

[0079] An example of modification of the common elec-
trode of the display device according to the second embodi-
ment will next be described as a modification example 3.

[0080] FIG. 16 is a diagram showing an example of a
common electrode according to the modification example 3.
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[0081] As with the common electrode 26 shown in FIG. 3,
the common electrode 76 has a plurality of openings 76A
extending in a Y-axis direction and provided with extended-
width parts 76D.

[0082] In this case, the extended-width parts 76D are
disposed at a position closer to end parts 765 in an opposite
direction from a rubbing direction D27a than end parts 76a
in the rubbing direction D274 in the openings 76A. That is,
when the openings 76A are divided into openings 76 AA
including the end parts 764 and openings 76AB including
the end parts 765 with the position of intersection with the
extended-width parts 76D as a boundary in the extending
direction (Y-axis direction), the length D4 of the openings
76AB is shorter than the length D3 of the openings 76 AA.
Incidentally, the length D4 can be set to “0.”

[0083] According to this configuration, the ratio of the
liquid crystal molecules 28a rising so as to be rotated in the
opposite direction from the pretilt direction when an electric
field is supplied can be reduced in the liquid crystal layer 28,
and thus the direction of alignment of the liquid crystal layer
28 can be stabilized.

Modification Example 4

[0084] Another example of modification of the common
electrode of the display device according to the second
embodiment will next be described as a modification
example 4.

[0085] FIG. 17 is a diagram showing an example of a
common electrode according to the modification example 4.
[0086] As with the common electrode 46 shown in FIG.
11A, the common electrode 86 has a plurality of openings
86A extending in a Y-axis direction and communicating
extended-width parts 86B extending in an X-axis direction
and intersecting the openings 86A. Further, one side and
another side of the openings 86A, which sides are divided
from each other in the extending direction (Y-axis direction)
with the communicating extended-width parts 86B as a
boundary between the sides, are disposed so as to be
displaced from each other in the width direction (X-axis
direction).

[0087] In this case, the openings 86A intersect the com-
municating extended-width parts 86B at a position closer to
end parts 865 in an opposite direction from a rubbing
direction D27a than end parts 864 in the rubbing direction
D27a. That is, when the openings 86A are divided into
openings 86AA including the end parts 86a and openings
86AB including the end parts 865 with the position of
intersection with the communicating extended-width parts
86B as a boundary in the extending direction (Y-axis direc-
tion), the length D6 of the openings 86 AB is shorter than the
length D5 of the openings 86 AA. Incidentally, the length D6
can be set to <0.”

[0088] According to this configuration, the ratio of the
liquid crystal molecules 28¢ rising so as to be rotated in the
opposite direction from the pretilt direction when an electric
field is supplied can be reduced in the liquid crystal layer 28,
and thus the direction of alignment of the liquid crystal layer
28 can be stabilized.

Modification Example 5-1

[0089] Yet another example of modification of the com-
mon electrode of the display device according to the second
embodiment will next be described as a modification
example 5-1.
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[0090] FIG. 18 is a diagram showing an example of a
common electrode according to the modification example
5-1.

[0091] As with the common electrode 56 shown in FIG.
12, the common electrode 96 has a plurality of openings 96 A
in substantially a rhombic shape which openings 96A extend
in a Y-axis direction and communicating extended-width
parts 96B extending in an X-axis direction and intersecting
the openings 96A.

[0092] In this case, the openings 96A intersect the com-
municating extended-width parts 96B at a position closer to
end parts 965 in an opposite direction from a rubbing
direction D274 than end parts 96a in the rubbing direction
D27a. That is, when the openings 96A are divided into
openings 96AA including the end parts 96a and openings
96AB including the end parts 965 with the position of
intersection with the communicating extended-width parts
96B as a boundary in the extending direction (Y-axis direc-
tion), the length D8 of the openings 96AB is shorter than the
length D7 of the openings 96 AA. Incidentally, the length D8
can be set to <0.”

[0093] According to this configuration, the ratio of the
liquid crystal molecules 284 rising so as to be rotated in the
opposite direction from the pretilt direction when an electric
field s supplied can be reduced in the liquid crystal layer 28,
and thus the direction of alignment of the liquid crystal layer
28 can be stabilized.

Modification Example 5-2

[0094] Yet another example of modification of the com-
mon electrode of the display device according to the second
embodiment will next be described as a modification
example 5-2.

[0095] FIG. 19 is a diagram showing an example of a
common electrode according to the modification example
5-2.

[0096] As with the common electrode 56' shown in FIG.
13, the common electrode 96' has a plurality of openings
96'A in substantially a rhombic shape which openings 96'A
extend in a Y-axis direction and communicating extended-
width parts 96'B extending in an X-axis direction and
intersecting the openings 96'A. Further, one side and another
side of the openings 96'A, which sides are divided from each
other in the extending direction (Y-axis direction) with the
communicating extended-width parts 96'B as a boundary
between the sides, are disposed so as to be displaced from
each other in the width direction (X-axis direction).

[0097] In this case, the openings 96'A intersect the com-
municating extended-width parts 96'B at a position closer to
end parts 96'b in an opposite direction from a rubbing
direction D274 than end parts 96'a in the rubbing direction
D27a. That is, when the openings 96'A are divided into
openings 96'AA including the end parts 96'a and openings
96'AB including the end parts 96's> with the position of
intersection with the communicating extended-width parts
96'B as a boundary in the extending direction (Y-axis
direction), the length D10 of the openings 96'AB is shorter
than the length D9 of the openings 96'AA. Incidentally, the
length D10 can be set to “0.”

[0098] According to this configuration, the ratio of the
liquid crystal molecules 28¢ rising so as to be rotated in the
opposite direction from the pretilt direction when an electric
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field is supplied can be reduced in the liquid crystal layer 28,
and thus the direction of alignment of the liquid crystal layer
28 can be stabilized.

Examples of Application

[0099] Description will next be made of examples of
application of the display devices described in the foregoing
embodiments and the foregoing modification examples. The
display devices according to the foregoing embodiments and
the like are applicable as display devices of electronic
apparatuses in all fields which electronic apparatuses display
an externally input video signal or a video signal generated
within the electronic apparatuses as an image or video, such
as television devices, digital cameras, notebook personal
computers, portable terminal devices such as portable tele-
phones and the like, video cameras, or the like.

First Example of Application

[0100] FIG. 20 is a perspective view of an external appear-
ance of a television device to which the display devices
according to the foregoing embodiments and the like are
applied. This television device has for example a video
display screen section 300 including a front panel 310 and
a filter glass 320. The video display screen section 300 is
formed by one of the display devices according to the
foregoing embodiments and the like.

Second Example of Application

[0101] FIGS. 21A and 21B are perspective views of an
external appearance of a digital camera to which the display
devices according to the foregoing embodiments and the like
are applied. FIG. 21A is a perspective view of the external
appearance as viewed from a front side. FIG. 21B is a
perspective view of the external appearance as viewed from
a back side. This digital camera has for example a light
emitting section 410 for flashlight, a display section 420, a
menu switch 430, and a shutter button 440. The display
section 420 is formed by one of the display devices accord-
ing to the foregoing embodiments and the like.

Third Example of Application

[0102] FIG. 22 is a perspective view of an external appear-
ance of a notebook personal computer to which the display
devices according to the foregoing embodiments and the like
are applied. This notebook personal computer has for
example a main unit 510, a keyboard 520 for operations of
inputting characters and the like, and a display section 530
for displaying an image. The display section 530 is formed
by one of the display devices according to the foregoing
embodiments and the like.

Fourth Example of Application

[0103] FIG. 23 is a perspective view of an external appear-
ance of a video camera to which the display devices accord-
ing to the foregoing embodiments and the like are applied.
This video camera has for example a main body section 610,
a lens 620 for taking a subject, which lens is disposed in a
front side surface of the main body section 610, a start/stop
switch 630 at a time of picture taking, and a display section
640. The display section 640 is formed by one of the display
devices according to the foregoing embodiments and the
like.
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Fifth Example of Application

[0104] FIGS. 24A to 24G are diagrams showing an exter-
nal appearance of a portable telephone to which the display
devices according to the foregoing embodiments and the like
are applied. FIG. 24A is a front view of the portable
telephone in an opened state. FIG. 24B is a side view of the
portable telephone in the opened state. FIG. 24C is a front
view of the portable telephone in a closed state. FIG. 24D is
a left side view of the portable telephone in the closed state.
FIG. 24E is a right side view of the portable telephone in the
closed state. FIG. 24F is a top view of the portable telephone
in the closed state. FIG. 24G is a bottom view of the portable
telephone in the closed state. This portable telephone is for
example formed by coupling an upper side casing 710 and
a lower side casing 720 to each other by a coupling part
(hinge part) 730. The portable telephone has a display 740,
a sub-display 750, a picture light 760, and a camera 770. The
display 740 or the sub-display 750 is formed by one of the
display devices according to the foregoing embodiments and
the like.
[0105] The present technology has been described above
by citing embodiments and examples of modification. How-
ever, the present technology is not limited to the foregoing
embodiments and the like, but is susceptible of various
modifications. For example, in the foregoing embodiments
and the like, description has been made of a case where an
electric field control section is provided by the extended-
width parts (communicating extended-width parts). How-
ever, the electric field control section may be formed by
distributing films of different dielectric constants on the
common electrode.
[0106] In addition, a case where openings are provided on
the side of the common electrode has been illustrated in the
foregoing embodiments and the like. However, openings
may be provided on the side of the pixel electrode in place
of the openings on the side of the common electrode.
[0107] Further, for example, the materials and thicknesses
or the forming methods and forming conditions or the like
of the respective parts described in the foregoing embodi-
ments and the like are not limited, but may be other materials
and thicknesses or other forming methods and forming
conditions.
[0108] Itistobe noted that the present technology can also
adopt the following constitutions.
[0109] (1) A display device including:
[0110] an electrode layer including a first electrode and
a second electrode, the second electrode being opposed
to the first electrode and having a plurality of openings
extending in a same extending direction; and
[0111] a liquid crystal layer disposed on the electrode
layer, liquid crystal molecules of the liquid crystal layer
in a region in proximity to one side of the opening and
liquid crystal molecules of the liquid crystal layer in a
region in proximity to another side of the opening, the
sides of the opening being opposed to each other in a
width direction of the opening, being rotated in oppo-
site directions from each other and aligned.
[0112] (2) The display device according to the above (1),
[0113] wherein the openings have an electric field con-
trol section, and liquid crystal molecules from an end of
the opening to the electric field control section in the
extending direction are rotated in a same rotation
direction.
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[0114] (3) The display device according to the above (2),

[0115] wherein the openings have an extended-width

part in the width direction of the openings, and the

electric field control section is a corner part disposed at

a point of intersection of the opening and the extended-
width part.

[0116] (4) The display device according to the above (3),

[0117] wherein the extended-width part is a communi-
cating extended-width part for making the openings
adjacent to each other in the width direction commu-
nicate with each other.

[0118] (5) The display device according to the above (4),

[0119] wherein an upper side part and a lower side part
of the opening are displaced from each other in the
width direction and arranged in a staggered form with
the communicating extended-width part interposed
between the upper side part and the lower side part of
the opening.

[0120] (6) The display device according to one of the
above (1) to (5),

[0121] wherein an alignment film is disposed between
the electrode layer and the liquid crystal layer, and

[0122] the alignment film has been subjected to a rub-
bing process in a direction parallel to the extending
direction.

[0123] (7) The display device according to the above (1),

[0124] wherein an alignment film is disposed between
the electrode layer and the liquid crystal layer, the
alignment film having been subjected to a rubbing
process in a predetermined direction parallel to the
extending direction, and

[0125] the openings have an extended-width part at a
position closer to an end part in a direction opposite
from the predetermined direction than an end part in the
predetermined direction.

[0126] (8) The display device according to the above (7),

[0127] wherein the extended-width part is a communi-
cating extended-width part for making the openings
adjacent to each other in the width direction commu-
nicate with each other.

[0128] (9) The display device according to the above (8),

[0129] wherein the openings are divided into a first
opening and a second opening in the extending direc-
tion with the communicating extended-width part as a
boundary, and the first opening and the second opening
are disposed so as to be displaced from each other in the
width direction.

[0130] (10) The display device according to one of the
above (1) to (9),

[0131] wherein the openings adjacent to each other in
the extending direction are displaced from each other in
the width direction and arranged in a staggered form.

[0132] (11) The display device according to one of the
above (1) to (10),

[0133] wherein the openings have a rectangular shape.
[0134] (12) The display device according to one of the
above (1) to (10),

[0135] wherein the openings have a substantially rhom-

bic shape.
[0136] (13) The display device according to one of the
above (1) to (12),

[0137] wherein a dielectric film is disposed between the

first electrode and the second electrode.
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[0138] (14) An electronic apparatus including:
[0139] a display device;
[0140] wherein the display device includes

[0141] an electrode layer including a first electrode
and a second electrode, the second electrode being
opposed to the first electrode and having a plurality
of openings extending in a same extending direction,
and

[0142] aliquid crystal layer disposed on the electrode
layer, liquid crystal molecules of the liquid crystal
layer in a region in proximity to one side of the
opening and liquid crystal molecules of the liquid
crystal layer in a region in proximity to another side
of the opening, the sides of the opening being
opposed to each other in a width direction of the
opening, being rotated in opposite directions from
each other and aligned.

[0143] (15) A method of manufacturing a display device,
the method including:

[0144] forming an electrode layer including a first elec-
trode and a second electrode, the second electrode
being opposed to the first electrode and having a
plurality of openings extending in a same extending
direction; and

[0145] forming a liquid crystal layer on the electrode
layer after performing alignment treatment so that
liquid crystal molecules of the liquid crystal layer in a
region in proximity to one side of an opening and liquid
crystal molecules of the liquid crystal layer in a region
in proximity to another side of the opening, the sides of
the opening being opposed to each other in a width
direction of the opening, are rotated in opposite direc-
tions from each other and aligned.

What is claimed is:

1. A liquid crystal display device comprising:

a first substrate;

a second substrate; and

a liquid crystal layer including liquid crystal molecules
and arranged between the first substrate and the second
substrate;

wherein

the first substrate includes:

a first electrode;

a second electrode; and

an insulating film between the first electrode and the
second electrode,

the second electrode is arranged closer to the liquid
crystal layer than the first electrode is to the liquid
crystal layer,

the second electrode includes a closed opening that has
a longitudinal-shaped portion extending in a longitu-

dinal direction of the closed opening and

a pair of protrusions respectively protruding to opposite
sides from the longitudinal-shaped portion, and

in a no-voltage-applied state where no voltage is applied
between the first electrode and the second electrode, the
longitudinal direction of the longitudinal-shaped por-
tion and an alignment direction of the liquid crystal
molecules are parallel or orthogonal to each other in a
plan view.

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

wherein the pair of protrusions is positioned at a center m
of the longitudinal-shaped portion in the longitudinal
direction.
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3. The liquid crystal display device according to claim 1,

wherein the liquid crystal molecules have positive dielec-
tric anisotropy.

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

wherein the liquid crystal molecules have negative dielec-
tric anisotropy.

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

wherein

the closed opening has a first side and a second side that
are sides of the closed opening along the longitudinal
direction, and

those of the liquid crystal molecules that are in proximity
to the first side of the closed opening and those of the
liquid crystal molecules that are in proximity to the
second side of the closed opening are respectively
rotated in opposite directions from each other.

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

wherein the first electrode is a pixel electrode and the
second electrode is a common electrode.

7. A liquid crystal display device comprising:

a first substrate;

a second substrate; and

a liquid crystal layer including liquid crystal molecules
and arranged between the first substrate and the second
substrate;

wherein

the first substrate includes:
a first electrode;
a second electrode; and
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an insulating film between the first electrode and the
second electrode,

the second electrode is arranged closer to the liquid
crystal layer than the first electrode is to the liquid
crystal layer,

the second electrode includes a closed opening that has a
central portion and an end portion in a longitudinal
direction of the closed opening, and

a first width of the central portion is longer than a second
width of the end portion.

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

wherein the liquid crystal molecules have positive dielec-
tric anisotropy.

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

wherein the liquid crystal molecules have negative dielec-
tric anisotropy.

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

wherein

the closed opening has a first side and a second side that
are sides of the closed opening along the longitudinal
direction,

those of the liquid crystal molecules that are in proximity
to the first side of the closed opening and those of the
liquid crystal molecules that are in proximity to the
second side of the closed opening are respectively
rotated in opposite directions from each other.

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

wherein the first electrode is a pixel electrode and the
second electrode is a common electrode.
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