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LIQUID CRYSTAL DISPLAY DEVICE,
ELECTRONIC APPARATUS, AND OPTICAL
DEVICE

BACKGROUND

[0001] The present disclosure relates to a liquid crystal
display device, an electronic apparatus, and an optical device,
and particularly to a liquid crystal display device, an elec-
tronic apparatus, and an optical device which are adapted to
improve productivity and stabilize optical characteristics of a
liquid crystal lens.

[0002] Hitherto, display devices have been known which
display a 3D image through a parallax barrier method, a
lenticular lens method, or the like without necessary for a pair
of special spectacles.

[0003] Among the display devices, there are display
devices which use a liquid crystal lens as a lenticular lens to
display a 3D image (for example, see Japanese Unexamined
Patent Application Publication Nos. 7-72445 and 2010-
170068)

[0004] Inthe liquid crystal lens which is used in the above-
described display devices, the arrangement direction of liquid
crystal molecules is changed in accordance with a voltage
which is applied to the electrode, and thus the liquid crystal
lens has the same optical characteristics as a lenticular lens.
[0005] Generally, in such a liquid crystal lens, the initial
alignment of the liquid crystal molecules, that is, the align-
ment of the liquid crystal molecules in a state in which no
voltage is applied to the electrode is parallel to the display
surface.

SUMMARY

[0006] However, in the liquid crystal lens, it is necessary to
subject the alignment film to a rubbing process in order to
make the initial alignment of the liquid crystal molecules
parallel to the display surface.

[0007] The rubbing process for the alignment film has ele-
ments that prevent an improvement in productivity, such as
dust emission or contamination of the surface of the align-
ment film due to the rubbing process and alignment control-
lability.

[0008] Inaddition, when there is a variation in the direction
of rubbing by the rubbing process, there is also a variation in
the pre-tilt angle of the liquid crystal molecules, and thus a
domain is generated in the liquid crystal lens and there is
concern that optical characteristics of the liquid crystal lens
deteriorate.

[0009] It is desirable to improve productivity and stabilize
optical characteristics of a liquid crystal lens.

[0010] According to an embodiment of the present disclo-
sure, there is provided a liquid crystal display device includ-
ing a liquid crystal panel which displays a left eye image and
a right eye image; and an optical device which generates a
lens effect of a lens group which causes binocular parallax, in
which the optical device includes a first substrate and a sec-
ond substrate which are disposed opposed to each other with
an interval therebetween, a first electrode which is formed on
the first substrate so as to be opposed to the second substrate
and has a plurality of transparent electrodes extending in a
predetermined direction and arranged with intervals therebe-
tween in a width direction, a second electrode which is
formed on the second substrate so as to be opposed to the first
substrate, and a liquid crystal layer which is disposed between
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the first substrate and the second substrate and includes liquid
crystal molecules, the alignment direction of which is
changed in accordance with a voltage which is applied to the
first electrode and the second electrode, and in the liquid
crystal layer, the liquid crystal molecules are aligned verti-
cally in a state in which no voltage is applied to the first
electrode and the second electrode.

[0011] In the plurality of transparent electrodes corre-
sponding to one lens of the lens group, the transparent elec-
trode positioned at the center in the width direction may be
provided with a slit or a protrusion in the predetermined
direction.

[0012] In the plurality of transparent electrodes corre-
sponding to one lens, the highest voltage may be applied to
the transparent electrode positioned at the center in the width
direction, and the applied voltage may be lower the further the
transparent electrode is positioned toward the outer side in the
width direction.

[0013] The second electrode may have a plurality of trans-
parent electrodes extending in a direction perpendicular to the
predetermined direction and arranged with intervals therebe-
tween in a width direction, and the voltage which is applied to
the first electrode and the second electrode may be switched
in accordance with a display state of the image displayed on
the liquid crystal panel.

[0014] The liquid crystal molecules may constitute a nem-
atic liquid crystal having negative dielectric anisotropy.
[0015] According to another embodiment of the present
disclosure, there is provided an electronic apparatus includ-
ing a liquid crystal display device which performs display on
the basis of an image signal; and a processor which generates
the image signal through a predetermined process, in which
the liquid crystal display device includes a liquid crystal panel
which displays a left eye image and a right eye image, and an
optical device which generates a lens effect of a lens group
which causes binocular parallax, the optical device includes a
first substrate and a second substrate which are disposed
opposed to each other with an interval therebetween, a first
electrode which is formed on the first substrate so as to be
opposed to the second substrate and has a plurality of trans-
parent electrodes extending in a predetermined direction and
arranged with intervals therebetween in a width direction, a
second electrode which is formed on the second substrate so
asto be opposed to the first substrate, and a liquid crystal layer
which is disposed between the first substrate and the second
substrate and includes liquid crystal molecules, the alignment
direction of which is changed in accordance with a voltage
which is applied to the first electrode and the second elec-
trode, and in the liquid crystal layer, the liquid crystal mol-
ecules are aligned vertically in a state in which no voltage is
applied to the first electrode and the second electrode.
[0016] According to still another embodiment of the
present disclosure, there is provided an optical device includ-
ing a first substrate and a second substrate which are disposed
opposed to each other with an interval therebetween; a first
electrode which is formed on the first substrate so as to be
opposed to the second substrate and has a plurality of trans-
parent electrodes extending in a predetermined direction and
arranged with intervals therebetween in a width direction; a
second electrode which is formed on the second substrate so
asto be opposed to the first substrate; and a liquid crystal layer
which is disposed between the first substrate and the second
substrate and includes liquid crystal molecules, the alignment
direction of which is changed in accordance with a voltage
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which is applied to the first electrode and the second elec-
trode, in which in the liquid crystal layer, the liquid crystal
molecules are aligned vertically in a state in which no voltage
is applied to the first electrode and the second electrode.
[0017] According to the embodiments of the present dis-
closure, in the liquid crystal layer, the liquid crystal molecules
are aligned vertically in a state in which no voltage is applied
to the first electrode and the second electrode.

[0018] According to the embodiments of the present dis-
closure, it is possible to improve productivity and stabilize
optical characteristics of a liquid crystal lens.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a diagram showing an example of the
configuration of an embodiment of a 3D image display device
to which the present disclosure is applied.

[0020] FIG. 2 is a diagram showing an example of the
configuration of a display section.

[0021] FIG. 3 is a cross-sectional view illustrating the
structure of a liquid crystal lens.

[0022] FIG. 4 is a diagram illustrating the structures of
electrodes in the liquid crystal lens.

[0023] FIG. 5 is a cross-sectional view illustrating the
structure of a liquid crystal lens.

[0024] FIG. 6 is a diagram illustrating the structures of
electrodes in the liquid crystal lens.

[0025] FIG. 7 is a cross-sectional view illustrating the
structure of a liquid crystal lens.

[0026] FIG. 8 is a diagram illustrating the structures of
electrodes in the liquid crystal lens.

[0027] FIG. 9 is a diagram illustrating the structures of
electrodes in the liquid crystal lens.

[0028] FIG. 10 is a cross-sectional view illustrating the
structure of a liquid crystal lens.

[0029] FIG. 11 is a cross-sectional view illustrating the
structure of a liquid crystal lens.

[0030] FIG. 12 is a diagram illustrating an example of the
application to an electronic apparatus of the present disclo-
sure.

[0031] FIG. 13A and 13B are diagrams illustrating an
example of the application to an electronic apparatus of the
present disclosure.

[0032] FIG. 14 is a diagram illustrating an example of the
application to an electronic apparatus of the present disclo-
sure.

[0033] FIG. 15 is a diagram illustrating an example of the
application to an electronic apparatus of the present disclo-
sure.

[0034] FIGS. 16A to 16G are diagrams illustrating an
example of the application to an electronic apparatus of the
present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0035] Hereinafter, embodiments of the present disclosure
will be described with reference to the drawings. The descrip-
tion will proceed in the following order.

[0036] 1. First Embodiment

[0037] 2. Second Embodiment

[0038] 3. Third Embodiment

[0039] 4. Fourth Embodiment

[0040] 5. Examples of Application to Electronic Apparatus
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1. First Embodiment

Examples of Configuration of 3D Image Display Device

[0041] FIG. 1 is a diagram showing an example of the
configuration of an embodiment of a 3D image display device
to which the present disclosure is applied.

[0042] A 3D image display device 11 displays a 3D image
and a 2D image while performing switching between the
display of a three-dimensional image through a lenticular lens
method and the display of a two-dimensional image as nec-
essary. The 3D image display device 11 has a display section
21, acontroller 22, and a liquid crystal lens driving section 23.
[0043] The display section 21 is formed of a backlight 31,
an optical modulation panel 32, and a liquid crystal lens 33,
and displays a three-dimensional image formed of a right eye
image which is observed (perceived) by the right eye of an
observer and a left eye image which is observed by the left eye
of'the observer, and a two-dimensional image.

[0044] That is, the backlight 31 is a dedicated lighting
device for image display which is formed of a light guide
plate, a light source such as a Light Emitting Diode (LED), a
reflecting sheet, and the like, and emits light rays for display-
ing an image to make the light rays incident on the optical
modulation panel 32.

[0045] The optical modulation panel 32 is a liquid crystal
display panel formed of color filters for R, G, and B colors, a
liquid crystal layer, a polarizing plate, a thin-film transistor,
and the like, and transmits light rays incident from the back-
light 31 to display a right eye image and a left eye image. At
this time, the optical modulation panel 32 changes the optical
transmittance for each pixel provided in the optical modula-
tion panel 32 to perform gradation display of the pixels of the
image.

[0046] Theliquidcrystallens 33 is formed oftwo substrates
which are disposed opposed to each other with an interval
therebetween and a liquid crystal layer which is disposed
between the two substrates. In the liquid crystal lens 33, by
virtue of the liquid crystal lens driving section 23, the liquid
crystal layer has the same optical characteristics (lens effect)
as a lenticular lens which is formed of a plurality of cylindri-
cal lenses to cause binocular parallax. That is, the liquid
crystal lens 33 functions as an optical device.

[0047] The controller 22 controls the sections in the 3D
image display device 11, that is, the display section 21 and the
liquid crystal lens driving section 23. For example, the con-
troller 22 drives a display driver (not shown) of the display
section 21 to display an image on the optical modulation
panel 32 or to emit light rays from the backlight 31.

[0048] The liquid crystal lens driving section 23 drives the
liquid crystal lens 33 in accordance with the control of the
controller 22 to change the alignment direction of liquid
crystal molecules included in the liquid crystal layer,
whereby the liquid crystal layer has the same lens effect as a
lenticular lens formed of a plurality of cylindrical lenses.

Examples of Configuration of Display Section

[0049] Next, examples of the configuration of the display
section 21 of FIG. 1 will be described in detail with reference
to FIG. 2. In the display section 21 of FIG. 2, parts corre-
sponding to the parts in the display section 21 of FIG. 1 will
be denoted by the same reference symbols, and descriptions
thereof will be appropriately omitted. In addition, in FIG. 2,
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the transverse direction, the depth direction, and the longitu-
dinal direction are set as an x direction, a y direction, and a z
direction, respectively.

[0050] In FIG. 2, the optical modulation panel 32 has a
polarizing plate 61, a polarizing plate 62, an opposing sub-
strate 63, a Thin Film Transistor (TFT) substrate 64, and a
liquid crystal layer 65.

[0051] That is, the planar opposing substrate 63 and the
planar TFT substrate 64 are provided opposed to each other
between the polarizing plate 61 and the polarizing plate 62
which are disposed opposed to each other. In addition, the
liquid crystal layer 65 is formed between the opposing sub-
strate 63 and the TFT substrate 64.

[0052] A color filter and an opposing electrode are pro-
vided for each pixel on the surface of the opposing substrate
63 on the side of the liquid crystal layer 65. Specifically, color
filters for R, G, and B colors are provided in areas of the pixels
of'the opposing substrate 63. In addition, a pixel electrode and
a Thin Film Transistor (TFT) as a driving element are pro-
vided for each pixel on the surface of the TFT substrate 64 on
the side of the liquid crystal layer 65.

[0053] The liquid crystal layer 65 is provided with trans-
mitting sections 711.-1 to 711-3 transmitting light rays for
displaying a left eye image in the display of a 3D image, and
transmitting sections 71R-1 to 71R-3 transmitting light rays
for displaying a right eye image in the display of a 3D image.
Inthe optical modulation panel 32, one transmitting section is
provided for each of the pixels arranged in a matrix.

[0054] Inthe display of a 3D image ora 2D image, when a
voltage is applied to the opposing electrode of the opposing
substrate 63 and the pixel electrode of the TFT substrate 64 by
control of the controller 22, the alignment direction of liquid
crystal molecules enclosed in the transmitting sections 711L.-1
to transmitting sections 71R-3 is changed in accordance with
the magnitude of the voltage. Accordingly, the transmittance
of the light rays incident on the optical modulation panel 32
from the backlight 31 is changed, and the intensities of the
light rays passing through the respective pixels are light inten-
sities corresponding to the pixel values of the pixels of images
which are displayed on the pixels.

[0055] Hereinafter, when it is not necessary to distinguish
the transmitting sections 71L-1 to 71L-3 individually, these
will be simply referred to as the transmitting sections 71L,,
and when it is not necessary to distinguish the transmitting
sections 71R-1 to 71R-3 individually, these will be simply
referred to as the transmitting sections 71R. In addition, when
it is not particularly necessary to distinguish the transmitting
sections 711, and the transmitting sections 71R, these will
also be simply referred to as the transmitting sections 71.
[0056] In the optical modulation panel 32, the transmitting
sections 711 and the transmitting sections 71R are alternately
provided in the x direction on the x-y plane. Fither the trans-
mitting sections 711 or the transmitting sections 71R are
continuously arranged in the y direction.

[0057] Accordingly, in the display of a 3D image, rectan-
gular areas for a left eye image which constitutes the 3D
image and rectangular areas for a right eye image which
constitutes the 3D image are alternately arranged and dis-
played in the x direction on the optical modulation panel 32.
In addition, light rays passing through one pixel, that is, one
transmitting section 71 are light rays displaying one pixel on
the image.

[0058] Here, the left eye image and the right eye image
which constitute the 3D image are images having parallax
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therebetween. The x direction in FIG. 2 is a direction of the
parallax between the left eye image and the right eye image
(parallax direction), that is, a direction in which right and left
eyes ER and EL of an observer are arranged.

[0059] In addition, in the display of a two-dimensional
image, the respective transmitting sections 71 transmit light
rays for displaying a 2D image which are incident from the
backlight 31, and make the light rays incident on the eyes of
the observer.

[0060] The liquid crystal lens 33 has a first substrate 81, a
second substrate 82, and a liquid crystal layer 83.

[0061] The planar first substrate 81 and the planar second
substrate 82 are transparent substrates made of, for example,
a glass material or a resin material. The first substrate 81 and
the second substrate 82 are provided opposed to each other,
and the liquid crystal layer 83 is formed between the first
substrate 81 and the second substrate 82.

[0062] An electrode and an alignment film are provided for
each area corresponding to one pixel of the left eye image and
one pixel of the right eye image of the optical modulation
panel 32 on the surface of the first substrate 81 on the side of
the liquid crystal layer 83. In addition, an electrode and an
alignment film are also provided for each area as described
above on the surface of the second substrate 82 on the side of
the liquid crystal layer 83.

Structure of Liquid Crystal Lens

[0063] Here, the structure of the liquid crystal lens 33 of
FIG. 2 will be described in detail with reference to FIG. 3.
FIG. 3 shows a cross-sectional view of an area corresponding
to each pixel of the optical modulation panel 32 in the liquid
crystal lens 33. In the liquid crystal lens 33 of FIG. 3, parts
corresponding to the parts in the liquid crystal lens 33 of FIG.
2 will be denoted by the same reference symbols, and descrip-
tions thereof will be appropriately omitted.

[0064] A first electrode 111 in which a plurality of trans-
parent electrodes 111a to 111g extending in the y direction
and made of atransparent conductive material suchas I[TO are
arranged in the width direction (x direction) with intervals
therebetween as shown in the left part of FIG. 4 is formed on
the first substrate 81 so as to be opposed to the second sub-
strate 82. In addition, an alignment film 112 is formed on the
first substrate 81 with the first electrode 111 interposed ther-
ebetween.

[0065] A flat plate-shaped second electrode 121 made of a
transparent conductive material such as ITO is formed as
shown in the right part of FIG. 4 on the second substrate 82 so
as to be opposed to the first substrate 81. In addition, an
alignment film 122 is formed on the second substrate 82 with
the second electrode 121 interposed therebetween.

[0066] The liquid crystal layer 83 includes liquid crystal
molecules 131, and the lens effect is controlled by changing
the arrangement direction of the liquid crystal molecules 131
in accordance with a voltage which is applied to the first
electrode 111 and the second electrode 121. The liquid crystal
molecules 131 have refractive-index anisotropy, and have, for
example, a refractive index ellipsoid structure in which the
refractive index of a transmitted light ray varies in the longi-
tudinal direction and in the transverse direction.

[0067] In this embodiment, the alignment film 112 and the
alignment film 122 are vertical alignment films, and the liquid
crystal molecules 131 constitute a nematic liquid crystal
(hereinafter, referred to as the n-type nematic liquid crystal)
having negative dielectric anisotropy.
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[0068] Although organic materials are generally used as the
material for the vertical alignment film, inorganic materials
may be used. In addition, the n-type nematic liquid crystal has
characteristics in that the dielectric constant is higher in the
short axis of the liquid crystal molecules than in the long axis,
the long axis lies horizontally with increasing applied volt-
age, and thus the liquid crystal molecules are aligned hori-
zontally to the substrate.

[0069] That is, in the liquid crystal layer 83, in a state in
which no voltage is applied to the first electrode 111 and the
second electrode 121, the liquid crystal molecules 131 are
aligned perpendicular to the first substrate 81 and the second
substrate 82.

[0070] In addition, in the liquid crystal layer 83, when a
voltage is applied to the first electrode 111 and the second
electrode 121, a lens effect occurs which has a cylindrical lens
shape extending in the y direction. At this time, in the plurality
of transparent electrodes 111a to 111g of the first electrode
111, the highest voltage is applied to a transparent electrode
positioned at the center in the width direction, and the applied
voltage is lower the further a transparent electrode is posi-
tioned toward the outer side in the width direction.

[0071] Specifically, as shown in FIG. 4, a voltage of 5V is
applied to the transparent electrode 1114 positioned at the
center, a voltage of 4V is applied to the transparent electrodes
111c and 111e, a voltage of 3 V is applied to the transparent
electrodes 1115 and 111/, and a voltage of 0V is applied to the
transparent electrodes 111a and 111g in the transparent elec-
trodes 111ato 111g. In addition, a voltage of OV is applied to
the second electrode 121 opposed to the first electrode 111.
[0072] In the liquid crystal lens 33, the first electrode 111
and the second electrode 121 shown in FIG. 4 are disposed in
a matrix manner to correspond to each of the pixels of the
optical modulation panel 32. Accordingly, the liquid crystal
layer 83 has the same lens effect as a lenticular lens formed of
a plurality of cylindrical lenses.

[0073] According to the above configuration, a 3D image
can be displayed by using the liquid crystal lens as a lenticular
lens. In addition, in the liquid crystal layer, liquid crystal
molecules are aligned perpendicular to the substrate in a state
in which no voltage is applied to the first electrode and the
second electrode, and thus in the manufacturing process, the
rubbing process for the alignment film can be eliminated, and
productivity can be improved. In addition, since it is not to
perform the rubbing process, there is no variation in the
pre-tilt angle of the liquid crystal molecules, and the optical
characteristics of the liquid crystal lens can be stabilized.

2. Second Embodiment

[0074] Next, another structure of the liquid crystal lens 33
will be described with reference to FIG. 5. In the liquid crystal
lens 33 of FIG. 5, parts corresponding to the parts in the liquid
crystal lens 33 of FIG. 3 will be denoted by the same reference
symbols, and descriptions thereof will be appropriately omit-
ted.

[0075] That is, the liquid crystal lens 33 of FIG. 5 is differ-
ent from the liquid crystal lens 33 of FIG. 3 in that a first
electrode 211 is provided in place of the first electrode 111
and a second electrode 221 is provided in place of the second
electrode 121.

[0076] Asintheliquid crystallens 33 of FIG. 3, inthe liquid
crystal lens 33 of FIG. 5, the first electrode 211 in which a
plurality of transparent electrodes 211a to 211g extending in
the y direction are arranged in the width direction (x direc-
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tion) with intervals therebetween as shown in the left part of
FIG. 6 is formed on the first substrate 81 so as to be opposed
to the second substrate 82. Among the transparent electrodes
211ato 211g, the transparent electrode 211d positioned at the
center is provided with a slit extending in the y direction.
[0077] In addition, the flat plate-shaped second electrode
221 is formed as shown in the right part of FIG. 6 on the
second substrate 82 so as to be opposed to the first substrate
81.

[0078] Also in the liquid crystal lens 33 of this embodi-
ment, as shown in FIG. 6, a voltage of 5 V is applied to the
transparent electrode 211d positioned at the center, a voltage
of'4V is applied to the transparent electrodes 211¢ and 211e,
avoltage of 3V is applied to the transparent electrodes 2115
and 211/ and a voltage of 0 V is applied to the transparent
electrodes 211a and 211g in the transparent electrodes 211a
to 211g. In addition, a voltage of 0V is applied to the second
electrode 221 opposed to the first electrode 211.

[0079] According to the above configuration, the same
action and effect can be achieved as the liquid crystal lens
described with reference to FIG. 3. In addition, among the
plurality of transparent electrodes of the first electrode, a
transparent electrode positioned at the center is provided with
a slit extending in the y direction, and thus the alignment of
the liquid crystal molecules in the vicinity of the transparent
electrode positioned at the center is uniformized and the
image quality of a 3D image can be improved.

3. Third Embodiment

[0080] Next, yet another structure of the liquid crystal lens
33 will be described with reference to FIG. 7. In the liquid
crystal lens 33 of FIG. 7, parts corresponding to the parts in
the liquid crystal lens 33 of FIG. 3 will be denoted by the same
reference symbols, and descriptions thereof will be appropri-
ately omitted.

[0081] That is, the liquid crystal lens 33 of FIG. 7 is differ-
ent from the liquid crystal lens 33 of FIG. 3 inthat a protrusion
311 made of a transparent conductive material such as ITO is
provided on the first electrode 111 and under the alignment
film 112.

[0082] As shown in the left part of FIG. 8, the protrusion
311 is provided to extend in the y direction on the transparent
electrode 111d positioned at the center, among the transpar-
ent electrodes 111a to 111g of the first electrode 111.
Although the protrusion 311 is made of a transparent conduc-
tive material such as ITO as in the case of the transparent
electrode 1114, it may also be made of an organic material
(resin) as in the case of the alignment film 112.

[0083] According to the above configuration, the same
action and effect can be achieved as the liquid crystal lens
described with reference to FIG. 3. In addition, among the
plurality of transparent electrodes of the first electrode, a
transparent electrode positioned at the center is provided with
a protrusion extending in the y direction, and thus the align-
ment of the liquid crystal molecules in the vicinity of the
transparent electrode positioned at the center is uniformized
and the image quality of a 3D image can be improved.
[0084] In the above description, the liquid crystal lens
which generates the same lens effect as a lenticular lens
formed of a plurality of cylindrical lenses extending in one
direction has been described. However, in the above-de-
scribed liquid crystal lens configuration, for example, a 3D
image can be displayed at all times when the display is per-
formed in a horizontally longer state in a display device
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having a horizontally longer screen, but in a display device in
which the display state can be switched between the horizon-
tally longer state and the vertically longer state, for example,
a3D image is not displayed when the display is performed in
a vertically longer state.

[0085] Hereinafter, a configuration for the case in which the
present disclosure is applied to a display device in which the
display state can be switched between a horizontally longer
state and a vertically longer state will be described.

4. Fourth Embodiment

[0086] FIG.9 shows structures of a first electrode 411 and
a second electrode 421 as replacements for the first electrode
111 and the second electrode 121 in the liquid crystal lens 33
of FIG. 3.

[0087] The first electrode 411 has a configuration in which
aplurality of transparent electrodes 411a to 411g extending in
the y direction and made of a transparent conductive material
such as ITO are arranged with intervals therebetween in the
width direction (x direction). In addition, a protrusion 421 is
provided to extend in the y direction on the transparent elec-
trode 4114 positioned at the center among the transparent
electrodes 411a to 411g of the first electrode 411. The pro-
trusion 421 may be made of a transparent conductive material
such as ITO as in the case of the transparent electrode 4114,
and may also be made of an organic material as in the case of
the alignment film 112.

[0088] The second electrode 421 has a configuration in
which a plurality of transparent electrodes 421a to 421c
extending in the x direction and made of a transparent con-
ductive material such as ITO are arranged with intervals
therebetween in the width direction (y direction). The trans-
parent electrode 4215 is formed to be wider in the width
direction than the transparent electrodes 421a and 421c¢. In
addition, protrusions 422a and 4225 are provided to extend in
the y direction at both ends of the transparent electrodes 421a
to 421 ¢ of the second electrode 421 in the extending direction.
The protrusions 422a and 4225 may be made of a transparent
conductive material such as ITO as in the case of the trans-
parent electrodes 421a to 421¢, and may also be made of an
organic material as in the case of the alignment film 122.
[0089] Here, when the display section 21 has a display
surface which is horizontally longer in the x direction, it is
necessary for the liquid crystal lens 33 to generate the same
lens effect as a lenticular lens formed of a plurality of cylin-
drical lenses extending in the y direction when the display
state is a horizontally longer state. In addition, when the
display state is a vertically longer state, it is necessary for the
liquid crystal lens 33 to generate the same lens effect as a
lenticular lens formed of a plurality of cylindrical lenses
extending in the x direction.

[0090] FIG. 10 shows a cross-sectional view of the liquid
crystal lens 33 for the case in which the display state of the
display section 21 is a horizontally longer state. In the liquid
crystal lens 33 of FIG. 10, parts corresponding to the parts in
the liquid crystal lens 33 of FIG. 3 will be denoted by the same
reference symbols, and descriptions thereof will be appropri-
ately omitted. In addition, in FIG. 10, the transverse direction,
the depth direction, and the longitudinal direction are set as an
x direction, a y direction, and a z direction, respectively.
[0091] In this case, by virtue of the liquid crystal lens driv-
ing section 23, a voltage of 5V is applied to the transparent
electrode 4114 positioned at the center among the transparent
electrodes 411a to 411g, a voltage of 4 V is applied to the
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transparent electrodes 411¢ and 411e, a voltage of 3 V is
applied to the transparent electrodes 4115 and 411f, and a
voltage of 0 V is applied to the transparent electrodes 411a
and 411g. In addition, a voltage of O V is applied to the second
electrode 421 opposed to the first electrode 411.

[0092] Accordingly, in the liquid crystal layer 83, the same
lens effect as a lenticular lens formed of a plurality of cylin-
drical lenses extending in the y direction can be generated. In
FIG. 10, the transmission axis of the liquid crystal layer 83 is
in the transverse direction (x direction).

[0093] FIG. 11 shows a cross-sectional view of the liquid
crystal lens 33 for the case in which the display state of the
display section 21 is a vertically longer state. In the liquid
crystal lens 33 of FIG. 11, parts corresponding to the parts in
the liquid crystal lens 33 of FIG. 3 will be denoted by the same
reference symbols, and descriptions thereof will be appropri-
ately omitted. In addition, in FIG. 11, the transverse direction,
the depth direction, and the longitudinal direction are set as a
y direction, an x direction, and a z direction, respectively.

[0094] Inthis case, by virtue of the liquid crystal lens driv-
ing section 23, a voltage of 0 V is applied to the transparent
electrodes 411a to 411g of the first electrode 411. In addition,
a voltage of 5V is applied to the transparent electrode 4215
positioned at the center among the transparent electrodes
421a to 421c¢ of the second electrode 421, and a voltage of 0
V is applied to the transparent electrodes 421a and 421c.

[0095] Accordingly, the liquid crystal layer 83 has the same
lens effect as a lenticular lens formed of a plurality of cylin-
drical lenses extending in the x direction. In FIG. 11, the
transmission axis of the liquid crystal layer 83 is in the depth
direction (x direction).

[0096] According to the above configuration, the same
action and effect can be achieved as the liquid crystal lens
described with reference to FIGS. 3 to 9. In addition, it is
possible to generate the same lens effect as a lenticular lens
according to the display state while maintaining the polariza-
tion direction of the liquid crystal layer 83.

5. Examples of Application to Electronic Apparatus

[0097] Next, examples of the application of the 3D image
display device described in the above-described embodi-
ments will be described with reference to FIGS. 12 to 15 and
16A to 16G. The 3D image display device according to the
above-described embodiments can be applied to electronic
apparatuses of any field such as TV devices, digital cameras,
note-type personal computers, portable terminal devices such
as cell phones, and video cameras. In other words, the 3D
image display device according to the above-described
embodiments can be applied to all fields of electronic appa-
ratuses which display an image signal input from the outside
or an image signal generated internally as an image.

Application Example 1

[0098] FIG. 12 shows the appearance of a TV device to
which the 3D image display device according to the above-
described embodiments is applied. The TV device has, for
example, a video display screen section 510 including a front
panel 511 and a filter glass 512, and the video display screen
section 510 is constituted of the display section of the 3D
image display device according to the above-described
embodiments.
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Application Example 2

[0099] FIG. 13A and 13B show the appearance of a digital
camera to which the 3D image display device according to the
above-described embodiments is applied. The digital camera
has, for example, a light-emitting section 521 for a flash, a
display section 522, a menu switch 523, and a shutter button
524, and the display section 522 is constituted of the display
section of the 3D image display device according to the
above-described embodiments.

Application Example 3

[0100] FIG. 14 shows the appearance of a note-type per-
sonal computer to which the 3D image display device accord-
ing to the above-described embodiments is applied. The note-
type personal computer has, for example, a main body 531, a
keyboard 532 for inputting letters and the like, and a display
section 533 which displays an image, and the display section
533 is constituted of the display section of the 3D image
display device according to the above-described embodi-
ments.

Application Example 4

[0101] FIG. 15 shows the appearance of a video camera to
which the 3D image display device according to the above-
described embodiments is applied. The video camera has, for
example, a main body section 541, a lens 542 for photograph-
ing an object which is provided on the front side surface of the
main body section 541, a start/stop switch 543 used when
filming, and a display section 544, and the display section 544
is constituted of the display section of the 3D image display
device according to the above-described embodiments.

Application Example 5

[0102] FIGS. 16A to 16G show the appearance of a cell
phone to which the 3D image display device according to the
above-described embodiments is applied. The cell phone has,
for example, a configuration in which a connecting section
(hinge section) 730 connects an upper housing 710 to a lower
housing 720, and 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 constituted of the display section of the 3D
image display device according to the above-described
embodiments.

[0103] In the above description, the 3D image display
device according to the above-described embodiments pro-
vides a 3D image to an observer by displaying images for two
points of view. However, the present disclosure is not limited
to the 3D image, and a plurality of images differing according
to the point of view, that is, images for multiple points of view
may be provided. Specifically, for example, the present dis-
closure may be applied to a car navigation system in which
differing images are viewed from the driver’s seat and from
the passenger’s seat of a car.

[0104] In addition, the embodiments of the present disclo-
sure are not limited to the above-described embodiments, and
various modifications can be made without departing from
the gist of the present disclosure.

[0105] Furthermore, the present disclosure can employ the
following configuration.

[0106] (1) A liquid crystal display device including a liquid
crystal panel which displays a left eye image and a right eye
image; and an optical device which generates a lens effect of
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a lens group which causes binocular parallax, in which the
optical device includes a first substrate and a second substrate
which are disposed opposed to each other with an interval
therebetween, a first electrode which is formed on the first
substrate so as to be opposed to the second substrate and has
a plurality of transparent electrodes extending in a predeter-
mined direction and arranged with intervals therebetween in
a width direction, a second electrode which is formed on the
second substrate so as to be opposed to the first substrate, and
a liquid crystal layer which is disposed between the first
substrate and the second substrate and includes liquid crystal
molecules, the alignment direction of which is changed in
accordance with a voltage which is applied to the first elec-
trode and the second electrode, and in the liquid crystal layer,
the liquid crystal molecules are aligned vertically in a state in
which no voltage is applied to the first electrode and the
second electrode.

[0107] (2) The liquid crystal display device according to
(1), in which in the plurality of transparent electrodes corre-
sponding to one lens of the lens group, the transparent elec-
trode positioned at the center in the width direction is pro-
vided with a slit or a protrusion in the predetermined
direction.

[0108] (3) The liquid crystal display device according to
(2), in which in the plurality of transparent electrodes corre-
sponding to one lens, the highest voltage is applied to the
transparent electrode positioned at the center in the width
direction, and the applied voltage is lower the further the
transparent electrode is positioned toward the outer side in the
width direction.

[0109] (4) The liquid crystal display device according to
any one of (1) to (3), in which the second electrode has a
plurality of transparent electrodes extending in a direction
perpendicular to the predetermined direction and arranged
with intervals therebetween in a width direction, and the
voltage which is applied to the first electrode and the second
electrode is switched in accordance with a display state of the
image displayed on the liquid crystal panel.

[0110] (5) Theliquid crystal display device accordingto (1)
to (4), in which the liquid crystal molecules constitute a
nematic liquid crystal having negative dielectric anisotropy.
[0111] (6) An electronic apparatus including a liquid crys-
tal display device which performs display on the basis of an
image signal; and a processor which generates the image
signal through a predetermined process, in which the liquid
crystal display device includes a liquid crystal panel which
displays a left eye image and a right eye image, and an optical
device which generates a lens effect of a lens group which
causes binocular parallax, the optical device includes a first
substrate and a second substrate which are disposed opposed
to each other with an interval therebetween, a first electrode
which is formed on the first substrate so as to be opposed to
the second substrate and has a plurality of transparent elec-
trodes extending in a predetermined direction and arranged
with intervals therebetween in a width direction, a second
electrode which is formed on the second substrate so as to be
opposed to the first substrate, and a liquid crystal layer which
is disposed between the first substrate and the second sub-
strate and includes liquid crystal molecules, the alignment
direction of which is changed in accordance with a voltage
which is applied to the first electrode and the second elec-
trode, and in the liquid crystal layer, the liquid crystal mol-
ecules are aligned vertically in a state in which no voltage is
applied to the first electrode and the second electrode.
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[0112] (7) An optical device including a first substrate and
a second substrate which are disposed opposed to each other
with an interval therebetween; a first electrode which is
formed on the first substrate so as to be opposed to the second
substrate and has a plurality of transparent electrodes extend-
ing in a predetermined direction and arranged with intervals
therebetween in a width direction; a second electrode which
is formed on the second substrate so as to be opposed to the
first substrate; and a liquid crystal layer which is disposed
between the first substrate and the second substrate and
includes liquid crystal molecules, the alignment direction of
which is changed in accordance with a voltage which is
applied to the first electrode and the second electrode, in
which in the liquid crystal layer, the liquid crystal molecules
are aligned vertically in a state in which no voltage is applied
to the first electrode and the second electrode.
[0113] The present disclosure contains subject matter
related to that disclosed in Japanese Priority Patent Applica-
tion JP 2011-271943 filed in the Japan Patent Office on Dec.
13,2011, the entire contents of which are hereby incorporated
by reference.
[0114] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.
What is claimed is:
1. A liquid crystal display device comprising:
a liquid crystal panel which displays a left eye image and a
right eye image; and
an optical device which generates a lens effect of a lens
group which causes binocular parallax,
wherein the optical device includes
a first substrate and a second substrate which are dis-
posed opposed to each other with an interval therebe-
tween,
a first electrode which is formed on the first substrate so
as to be opposed to the second substrate and has a
plurality of transparent electrodes extending in a pre-
determined direction and arranged with intervals ther-
ebetween in a width direction,
a second electrode which is formed on the second sub-
strate so as to be opposed to the first substrate, and
a liquid crystal layer which is disposed between the first
substrate and the second substrate and includes liquid
crystal molecules, the alignment direction of which is
changed in accordance with a voltage which is
applied to the first electrode and the second electrode,
and
in the liquid crystal layer, the liquid crystal molecules are
aligned vertically in a state in which no voltage is
applied to the first electrode and the second electrode.
2. The liquid crystal display device according to claim 1,
wherein in the plurality of transparent electrodes corre-
sponding to one lens of the lens group, the transparent
electrode positioned at the center in the width direction
is provided with a slit or a protrusion in the predeter-
mined direction.
3. The liquid crystal display device according to claim 2,
wherein in the plurality of transparent electrodes corre-
sponding to one lens, the highest voltage is applied to the
transparent electrode positioned at the center in the
width direction, and the applied voltage is lower the
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further the transparent electrode is positioned toward the
outer side in the width direction.
4. The liquid crystal display device according to claim 1,
wherein the second electrode has a plurality of transparent
electrodes extending in a direction perpendicular to the
predetermined direction and arranged with intervals
therebetween in a width direction, and
the voltage which is applied to the first electrode and the
second electrode is switched in accordance with a dis-
play state of the image displayed on the liquid crystal
panel.
5. The liquid crystal display device according to claim 1,
wherein the liquid crystal molecules constitute a nematic
liquid crystal having negative dielectric anisotropy.
6. An electronic apparatus comprising:
a liquid crystal display device which performs display on
the basis of an image signal; and
a processor which generates the image signal through a
predetermined process,
wherein the liquid crystal display device includes
aliquid crystal panel which displays a left eye image and
a right eye image, and

an optical device which generates a lens effect of a lens
group which causes binocular parallax,
the optical device includes

a first substrate and a second substrate which are
disposed opposed to each other with an interval
therebetween,

a first electrode which is formed on the first sub-
strate so as to be opposed to the second substrate
and has a plurality of transparent electrodes
extending in a predetermined direction and
arranged with intervals therebetween in a width
direction,

a second electrode which is formed on the second
substrate so as to be opposed to the first sub-
strate, and

aliquid crystal layer which is disposed between the
first substrate and the second substrate and
includes liquid crystal molecules, the alignment
direction of which is changed in accordance with
a voltage which is applied to the first electrode
and the second electrode, and

in the liquid crystal layer, the liquid crystal molecules
are aligned vertically in a state in which no voltage
is applied to the first electrode and the second elec-
trode.

7. An optical device comprising:

a first substrate and a second substrate which are disposed
opposed to each other with an interval therebetween;

a first electrode which is formed on the first substrate so as
to be opposed to the second substrate and has a plurality
of transparent electrodes extending in a predetermined
direction and arranged with intervals therebetween in a
width direction;

a second electrode which is formed on the second substrate
so as to be opposed to the first substrate; and

a liquid crystal layer which is disposed between the first
substrate and the second substrate and includes liquid
crystal molecules, the alignment direction of which is
changed in accordance with a voltage which is applied to
the first electrode and the second electrode,
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wherein in the liquid crystal layer, the liquid crystal mol-
ecules are aligned vertically in a state in which no volt-
age is applied to the first electrode and the second elec-
trode.



