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LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREFOR AS WELL AS
ELECTRONIC APPARATUS

BACKGROUND

[0001] The present technology relates to a liquid crystal
display device and a driving method therefor as well as an
electronic apparatus. More particularly, the present technol-
ogy relates to a liquid crystal display device and a driving
method therefor as well as an electronic apparatus by which
optimization of display of a stereoscopic image can be
achieved.

[0002] A liquid crystal display device is known which uses
aparallax barrier system or a lenticular lens system to display
a stereoscopic image without the necessity for special eye-
glasses.

[0003] Inoneofsuchdisplay apparatus wherein a binocular
parallax is utilized to display a stereoscopic image without
the necessity for special eyeglasses, the position of the head of
a viewer is detected. Then, the position of a light blocking
region of a light blocking barrier is moved based on the
detected position of the head in order to eliminate an uncom-
fortable feeling when an image for the left eye and an image
for the right eye are switched. A display apparatus of the type
described is disclosed, for example, in Japanese Patent Laid-
Open No. Hei 9-197344.

SUMMARY

[0004] Incidentally, in recent years, some liquid crystal
display device provided in such an electronic apparatus as a
portable telephone set or a tablet PC carries out both of
landscape display wherein the display area is disposed in a
horizontally elongated state and portrait display wherein the
display area is disposed in a vertically elongated state.
[0005] However, such a liquid crystal display device as
described above does not have a feature for optimizing dis-
play of a stereoscopic image in response to the position of a
viewer in both of the landscape display mode and the portrait
display mode.

[0006] Therefore, it is desirable to optimize display of a
stereoscopic image in response to the position of a viewer
irrespective of the display mode.

[0007] According to an embodiment of the present technol-
ogy, there is provided a liquid crystal display device including
a liquid crystal panel which displays a left-eye image and a
right-eye image, a light blocking barrier having a light block-
ing section which creates a binocular parallax, and a sensor
which detects a position of a viewer, including a barrier
driving controlling unit configured to control driving of the
light blocking barrier, a display controlling unit adapted to
control display of the liquid crystal panel, and a display mode
decision unit configured to decide a display mode of an image
to be displayed on the liquid crystal panel. The barrier driving
controlling unit controls, when the display mode decision unit
decides that the display mode of the image is a first mode,
driving of the light blocking barrier so that the position of the
light blocking section of the light blocking barrier is moved in
response to the position of the viewer detected by the sensor.
The display controlling unit controls, when the display mode
decision unit decides that the display mode of the image is a
second mode, the display of the liquid crystal panel so that the
display position of the left-eye image and the right-eye image
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onthe liquid crystal panel is moved in response to the position
of the viewer detected by the sensor.

[0008] The liquid crystal display device may be configured
such that the barrier driving controlling unit controls, when
the display mode decision unit decides that the display mode
of the image is the first mode, the light blocking barrier to
form the light blocking section in a striped pattern, and, when
the display mode decision unit decides that the display mode
of the image is the second mode, the light blocking barrier to
form the light blocking section in a stepped pattern.

[0009] The first mode may be a mode in which a parallax
direction and a line of a color filter in the liquid crystal panel
extend in parallel to each other, and the second mode may be
adifferent mode in which the parallax direction and the line of
the color filter in the liquid crystal panel extend perpendicular
to each other.

[0010] The liquid crystal display device may further
include a backlight configured to introduce light for display
of the image into the liquid crystal panel, and the light block-
ing barrier may be disposed between the liquid crystal panel
and the backlight.

[0011] According to another embodiment of the present
technology, there is provided a driving method for a liquid
crystal display device including a liquid crystal panel which
displays a left-eye image and a right-eye image, a light block-
ing barrier having a light blocking section which creates a
binocular parallax, and a sensor which detects a position of a
viewer. The liquid crystal display device further includes a
barrier driving controlling unit configured to control driving
of'the light blocking barrier, a display controlling unit adapted
to control display of the liquid crystal panel, and a display
mode decision unit configured to decide a display mode of an
image to be displayed on the liquid crystal panel. The driving
method is executed by the liquid crystal display device, and
the method includes deciding the display mode of the image
to be displayed on the liquid crystal panel, and controlling,
when it is decided that the display mode of the image is a first
mode, driving of the light blocking barrier so that the position
of the light blocking section of the light blocking barrier is
moved in response to the position of the viewer detected by
the sensor, and controlling, when it is decided that the display
mode of the image is a second mode, the display of the liquid
crystal panel so that the display position of the left-eye image
and the right-eye image on the liquid crystal panel is moved in
response to the position of the viewer detected by the sensor.
[0012] According to a further embodiment of the present
technology, there is provided an electronic apparatus includ-
ing a liquid crystal display device configured to carry out
display based on an image signal, and a processing section
configured to produce the image signal by a predetermined
process. The liquid crystal display device includes a liquid
crystal panel which displays a left-eye image and a right-eye
image, a light blocking barrier having a light blocking section
which creates a binocular parallax, and a sensor which detects
a position of a viewer. The liquid crystal display device fur-
ther includes a barrier driving controlling unit configured to
control driving of the light blocking barrier, a display con-
trolling unit adapted to control display of the liquid crystal
panel, and a display mode decision unit configured to decide
a display mode of an image to be displayed on the liquid
crystal panel. The barrier driving controlling unit controls,
when the display mode decision unit decides that the display
mode of the image is a first mode, driving of the light blocking
barrier so that the position of the light blocking section of the
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light blocking barrier is moved in response to the position of
the viewer detected by the sensor. The display controlling unit
also controls, when the display mode decision unit decides
that the display mode of the image is a second mode, the
display of the liquid crystal panel so that the display position
of the left-eye image and the right-eye image on the liquid
crystal panel is moved in response to the position of the
viewer detected by the sensor.

[0013] In the liquid crystal display device, driving method
for the liquid crystal display device and electronic apparatus
according to an embodiment of the present technology, when
it is decided that the display mode of an image is the first
mode, driving of the light blocking barrier is controlled so that
the position of the light blocking section of the light blocking
barrier is moved in response to the position of the viewer
detected by the sensor. However, when it is decided that the
display mode of the image is the second mode, the display of
the liquid crystal panel is controlled so that the display posi-
tion of the left-eye image and the right-eye image on the liquid
crystal panel is moved in response to the position of the
viewer detected by the sensor.

[0014] With the liquid crystal display device, driving
method for the liquid crystal display device and electronic
apparatus according to an embodiment of the present tech-
nology, optimization of the display of a stereoscopic image
can be anticipated irrespective of the display mode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a block diagram showing an example of a
configuration of a stereoscopic image display apparatus
according to an embodiment of the present technology;
[0016] FIG. 2 is a schematic sectional view showing an
example of a configuration of a display section of the stereo-
scopic image display apparatus;

[0017] FIG. 3 is a schematic view showing color filters of
the stereoscopic image display apparatus in a state in which
the display mode is the landscape display mode;

[0018] FIG. 4 is a similar view but showing the color filters
in another state in which the display mode is the portrait
display mode;

[0019] FIG.S5isaschematic view showing electrodes of the
stereoscopic image display apparatus by which a parallax
barrier is formed;

[0020] FIG. 6 is a schematic view showing a stepwise par-
allax barrier;
[0021] FIG. 7 is a schematic view showing a visible region

when the stepwise parallax barrier is formed;

[0022] FIG. 8 is a flow chart illustrating a stereoscopic
image displaying process of the stereoscopic image display
apparatus;

[0023] FIGS. 9 and 10 are schematic views illustrating a
shifting movement of the parallax barrier;

[0024] FIGS. 11 and 12 are schematic views illustrating a
shifting movement of a display image; and

[0025] FIGS. 13, 14A and 14B, 15,16 and 17A to 17G are
schematic views illustrating different application examples of
the present technology to an electronic apparatus.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0026] Inthe following, an embodiment of the present tech-
nology is described with reference to the accompanying
drawings. It is to be noted that the description is given in the
following order.
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[0027] 1.Example of the Configuration of the Liquid crys-
tal display device

[0028] 2. Stereoscopic Image Displaying Process of the
Liquid crystal display device

[0029] 3. Application Examples to an Electronic apparatus

<1. Example of the Configuration of the Liquid Crystal
Display Device>

[0030] FIG. 1 shows an example of a configuration of a
liquid crystal display device according to an embodiment of
the present technology.

[0031] Referringto FIG. 1, the liquid crystal display device
11 is incorporated in a portable electronic apparatus such as,
for example, a portable telephone set or a tablet PC. The liquid
crystal display device 11 displays a stereoscopic image or a
planar image while carrying out changeover of the display
image between a three-dimensional or stereoscopic image
according to the parallax barrier system and a two-dimen-
sional planar image as occasion demands. The liquid crystal
display device 11 has a rectangular pixel region in which an
image is to be displayed. Particularly, the liquid crystal dis-
play device 11 is configured to allow a viewer AUD to view an
image displayed in the pixel region in any of the landscape or
horizontally elongated mode in which the pixel region
extends long in an x direction and the portrait or vertically
elongated mode in which the pixel region extends longinay
direction. The liquid crystal display device 11 is further con-
figured such that, when it displays a stereoscopic image, it
displays the stereoscopic image in response to the position of
the head of the viewer AUD.

[0032] The liquid crystal display device 11 includes a dis-
play section 21, a control section 22 and a camera 23.
[0033] The display section 21 includes a backlight, a light
modulating panel, and a parallax barrier. The display section
21 displays a three-dimensional stereoscopic image formed
from aright-eye image viewed or perceived by the right eye of
the viewer AUD and a left-eye image viewed by the left eye of
the viewer AUD or a two-dimensional planar image. In the
display section 21, the parallax barrier is disposed between
the light modulating panel and the backlight. It is to be noted
that details of the display section 21 are hereinafter described
with reference to FIG. 2.

[0034] The control section 22 controls operation of the
components of the display section 21, namely, operation of
the backlight, light modulating panel and parallax barrier.
More particularly, the control section 22 drives a display
driver not shown of the display section 21 to display an image
on the light modulating panel or controls the backlight to emit
light. Further, the control section 22 controls driving of the
parallax barrier of the display section 21 to cause the light
modulating panel to display a stereoscopic image.

[0035] Thecamera?23 picks up animage of the viewer AUD
at a predetermined timing and supplies the resulting image,
namely, a camera image, to the control section 22. The control
section 22 specifies the position of the head of the viewer
AUD based on the camera image from the camera 23. In other
words, the camera 23 functions as a sensor for detecting the
position of the head of the viewer AUD. Accordingly, only it
is necessary for the camera 23 to have a configuration for
detecting the position of the head of the viewer AUD even if
it has a function of picking up an image of the viewer AUD.
[0036] Now, a detailed configuration of the control section
22 is described.
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[0037] Thecontrol section 22 includes a display mode deci-
sionunit31, a barrier driving controlling unit 32 and a display
controlling unit 33.

[0038] The display mode decision unit 31 decides the dis-
play mode of an image in the rectangular pixel region of the
display section 21 in which an image is displayed, or in other
words, the display mode of an image in the display region of
the display section 21. More particularly, the display mode
decision unit 31 decides whether the display mode is the
landscape or horizontally elongated display mode or the por-
trait or vertically elongated display mode. The display mode
decision unit 31 supplies a result of the decision to the barrier
driving controlling unit 32 and the display controlling unit 33.
[0039] When the liquid crystal display device 11 displays a
stereoscopic image, the barrier driving controlling unit 32
controls driving of the parallax barrier of the display section
21 to partly block incoming light to the parallax barrier from
the backlight to create a binocular parallax. In particular, the
barrier driving controlling unit 32 controls the parallax barrier
to form a slit region in which light is transmitted and a light
blocking region in which light is blocked thereby to separate
aright-eye image and a left-eye image from each other. More
particularly, the barrier driving controlling unit 32 controls
the parallax barrier to operate in response to a result of deci-
sion of the display mode from the display mode decision unit
31 so that a slit region and a light blocking region are formed
on the parallax barrier in response to the position of the head
of the viewer AUD detected by the camera 23.

[0040] The display controlling unit 33 controls display of
an image on the display section 21. Particularly, the display
controlling unit 33 controls display of an image on the display
section 21 in response to a result of decision of the display
mode from the display mode decision unit 31 and the position
of the head of the viewer AUD detected by the camera 23.

[Example of the Configuration of the Display Section]

[0041] Now, an example of a detailed configuration of the
display section 21 shown in FIG. 1 is described with reference
to FIG. 2. It is to be noted that, in FIG. 2, the horizontal
direction, depthwise direction and vertical direction are
denoted by x direction, y direction and z direction, respec-
tively.

[0042] The display section 21 includes a backlight 41, a
parallax barrier 42 and a light modulating panel 43. As
described hereinabove, in the display section 21, the parallax
barrier 42 is disposed between the backlight 41 and the light
modulating panel 43.

[0043] The backlight 41 is an illumination apparatus for
exclusive use for an image display apparatus configured from
a light guide plate, a light source such as LEDs (Light Emit-
ting Diodes), a reflecting sheet and so forth. The backlight 41
emits light for displaying an image such that the light enters
the light modulating panel 43 through the parallax barrier 42.
[0044] The parallax barrier 42 is configured from a polar-
izing plate, a switching liquid crystal layer, and so forth. Upon
display of a stereoscopic image, the parallax barrier 42 blocks
part of light incoming from the backlight 41 and transmits the
remaining part of the light so as to enter the light modulating
panel 43 thereby to optically separate a right-eye image and a
left-eye image from each other. On the other hand, upon
display of a planar image, the parallax barrier 42 transmits
incoming light from the backlight 41 as it is therethrough so
as to enter the light modulating panel 43.
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[0045] The parallax barrier 42 is configured from a polar-
izing plate 51, another polarizing plate 61, a transparent sub-
strate 62, another transparent substrate 63, a switching liquid
crystal layer 64, and a transparent resin layer 65. In FIG. 2, the
polarizing plate 61 is used both as a member for configuring
the parallax barrier 42 and a member for configuring the light
modulating panel 43. It is to be noted here that, while the
polarizing plate 61 is disposed on the light modulating panel
43 side in the transparent resin layer 65 formed between the
parallax barrier 42 and the light modulating panel 43, it may
otherwise be provided on the parallax barrier 42 side, namely,
on the transparent substrate 62 side.

[0046] In the parallax barrier 42, the transparent substrates
62 and 63 both in the form of a flat plate are provided in a
mutually opposing relationship to each other between the
polarizing plates 51 and 61 which are disposed in an opposing
relationship to each other. The switching liquid crystal layer
64 is formed between the transparent substrates 62 and 63.
[0047] Electrodes are formed on a face of the transparent
substrates 62 and 63 on the switching liquid crystal layer 64
side. If a voltage is applied to some or all of the electrodes
under the control of the barrier driving controlling unit 32,
then the orientation direction of liquid crystal molecules in
the switching liquid crystal layer 64 changes. In particular,
the barrier driving controlling unit 32 controls driving of the
switching liquid crystal layer 64 to create a parallax barrier.
The switching liquid crystal layer 64 is formed, for example,
from twisted nematic liquid crystal and blocks light in a
region thereofto which a voltage is applied but transmits light
therethrough in a region thereof to which the voltage is not
applied. Accordingly, a parallax barrier is formed by applying
a voltage to a light blocking region of the switching liquid
crystal layer 64 in which light is to be blocked.

[0048] In the arrangement of FIG. 2, a parallax barrier is
formed in the switching liquid crystal layer 64. The parallax
barrier includes slit regions 71-1 to 71-6 in which light incom-
ing from the backlight 41 is transmitted and light blocking
regions 72-1 to 72-6 in which the incoming light from the
backlight 41 is blocked.

[0049] It is to be noted that, in the following description,
where there is no necessity to individually distinguish the slit
regions 71-1 to 71-6 from each other, each of them is referred
to simply as slit region 71. Further, where there is no necessity
to individually distinguish the light blocking regions 72-1 to
72-6 from each other, each of them is referred to simply as
light blocking region 72.

[0050] When the display section 21 is to display a stereo-
scopic image, a voltage is applied to the electrodes of the
transparent substrates 62 and 63 to form a parallax barrier in
the switching liquid crystal layer 64. In this instance, when
light enters the slit regions 71 after it is emitted from the
backlight 41 and converted into linearly polarized light by the
polarizing plate 51, the polarization direction thereof is
rotated by 90 degrees by the liquid crystal layer. The light
therefore is transmitted through the polarizing plate 61. On
the other hand, when light enters the light blocking regions 72
after it is emitted from the backlight 41 and converted into
linearly polarized light by the polarizing plate 51, the polar-
ization direction thereof is not rotated. Therefore, the light is
absorbed by the polarizing plate 61 and is not emitted from
the parallax barrier 42.

[0051] On the other hand, when a planar image is to be
displayed on the display section 21, no voltage is applied to
the electrodes of the transparent substrates 62 and 63, and no



US 2013/0148045 Al

Jun. 13,2013 Sheet 2 of 16

Patent Application Publication

£ (1]
=L T

Pl B

IR
\ \ \ \
9-116 \S-116 \y-16 \e-T16 | 2-1U6 |\ 1-T16 V8
9-4l6 S-¥l6 V-¥l6 c€-¥l6 C-YI6 L-Yl6

]
Pl

¢ 9I4



US 2013/0148045 Al

parallax barrier is formed in the switching liquid crystal layer
64. In other words, the overall area of the switching liquid
crystal layer 64 exhibits a state same as that in the slit regions
71. In this instance, all of light incoming from the backlight
41 is transmitted through the parallax barrier 42 and enters the
light modulating panel 43.

[0052] The light modulating panel 43 is a liquid crystal
display panel configured from color filters for the colors of R,
G and B, a liquid crystal layer, a polarizing plate, thin film
transistors and so forth. The light modulating panel 43 trans-
mits light incoming thereto from the backlight 41 through the
parallax barrier 42 to display an image. At this time, the light
modulating panel 43 carries out gradation display of each
pixel of an image by changing the light transmittance for each
of the pixels provided on the light modulating panel 43.

[0053] The light modulating panel 43 is configured from a
polarizing plate 61, another polarizing plate 81, an opposing
substrate 82, a TFT (Thin Film Transistor) substrate 83 and a
liquid crystal layer 84.

[0054] Inparticular, the opposing substrate 82 and the TFT
substrate 83 each in the form of a flat plate are disposed in an
opposing relationship to each other between the polarizing
plate 61 and the polarizing plate 81 which are disposed in an
opposing relationship to each other. The liquid crystal layer
84 is formed between the opposing substrate 82 and the TFT
substrate 83.

[0055] A color filter and an opposing electrode are pro-
vided for each pixel on a face of the opposing substrate 82 on
the liquid crystal layer 84 side. More particularly, color filters
for the colors of R, G and B are provided in a region of each
pixel of the opposing substrate 82. Meanwhile, on a face of
the TFT substrate 83 on the liquid crystal layer 84 side, TFTs
(thin film transistors) which are a pixel electrode and a driving
element are provided for each pixel.

[0056] In the liquid crystal layer 84, transmission regions
91L-1 to 911-6 which transmit light for displaying a left-eye
image therethrough upon display of a stereoscopic image and
transmission regions 91R-1 to 91R-6 which transmit light for
displaying a right-eye image therethrough upon display of a
stereoscopic image are provided. In the light modulating
panel 43, one transmitting portion is provided in each of the
pixels disposed in rows and columns.

[0057] Upon display of a stereoscopic image or a planar
image, if a voltage is applied to the opposing electrodes of the
opposing substrate 82 and the pixel electrodes of the TFT
substrate 83 under the control of the display controlling unit
33, then the orientation direction of liquid crystal molecules
enclosed in the transmission regions 91L-1 to 911-6 and
91R-1 to 91R-6 changes in responses to the magnitude of the
voltage. Consequently, the transmittance of light incoming to
the light modulating panel 43 from the backlight 41 through
the parallax barrier element 42 changes, and the amount of
light transmitted through each pixel becomes a light amount
corresponding to the pixel value ofthe pixel ofthe image to be
displayed by the pixel.

[0058] It is to be noted that, in the following description,
where there is no necessity to individually distinguish the
transmission regions 91L.-1 to 91L-6 from each other, each of
them is referred to simply as transmission region 91L. Fur-
ther, where there is no necessity to individually distinguish
the transmission regions 91R-1 to 91R-6 from each other,
each of them is referred to simply as transmission region 91R.
Further, where there is no necessity to particularly distinguish
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the transmission region 91L and the transmission region 91R
from each other, each of them is referred to simply as trans-
mission region 91.

[0059] In the light modulating panel 43, the transmission
regions 911 and the transmission regions 91R are provided
alternately in the x direction on the xy plane while, in the y
direction, the transmission regions 911 or the transmission
regions 91R are juxtaposed successively.

[0060] Accordingly, upon display of a stereoscopic image,
when the display mode is the landscape mode, a rectangular
region for a left-eye image, namely, an L. image, which con-
figures a stereoscopic image and a rectangular region for a
right-eye image, namely, an R image, which configures the
stereoscopic image are displayed alternately and successively
in a juxtaposed relationship with each other in the x direction
as seen in FIG. 3.

[0061] In FIG. 3, color filters corresponding to the pixels
are shown. The color filters of FIG. 3 include color filters
101R which transmit only light of a red color (R) there-
through, color filters 101G which transmit only light of a
green color (G) therethrough and color filters 101B which
transmit only light of a blue color (B) therethrough.

[0062] Inparticular, inthe present embodiment, one pixel is
configured from three sub pixels corresponding to the color
filters 101R, 101G and 101B of the three colors. The sub
pixels are arrayed in a striped array, and when the display
mode is the landscape mode, the rectangular pixel region
upon image display extends in a state elongated horizontally
in the x direction.

[0063] On the other hand, when the display mode is the
portrait mode, a rectangular region for a left-eye image,
namely, an [ image, which configures a stereoscopic image
and a rectangular region for a right-eye image, namely, an R
image, which configure the stereoscopic image, are alter-
nately displayed in a juxtaposed relationship with each other
in the y direction as seen in FIG. 4. In the present embodi-
ment, when the display mode is the portrait mode, the rect-
angular pixel region upon image display extends in a state
elongated vertically in the y direction. Further, one pixel in
each of the [ image and the R image is disposed such that it
is displaced or shifted rightwardly by one sub pixel distance
in the downward direction in FIG. 4.

[0064] It is to be noted that, in the light modulating panel
43, light transmitted through one pixel, namely, through one
transmission region 91, serves as light for displaying one
pixel on the image.

[0065] While a left-eye image and a right-eye image which
configure a stereoscopic image have a parallax therebetween,
in the landscape display mode, the x direction in FIG. 2 is a
direction of the parallax between a left-eye image and a
right-eye image, namely, the parallax direction, in other
words, a direction in which the left and right eyes of the
viewer are juxtaposed. Thus, the parallax direction and the
direction of a line of the color filters, namely, the longitudinal
direction of the rectangular pixel regions, are parallel to each
other. Meanwhile, in the portrait display mode, the y direction
in FIG. 2 is a parallax direction between a left-eye image and
aright-eye image, and the parallax direction and the direction
of a line of the color filters are perpendicular to each other.

[0066] On the other hand, upon display of a two-dimen-
sional planar image, each of the transmission regions 91
transmits light for displaying a planar image, which has
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entered through the parallax barrier 42 in a white state over an
overall area thereof from the backlight 41, so as to enter the
eyes of the viewer.

[Electrodes for the Formation of a Parallax Barrier]

[0067] Here, the electrodes formed on a face of the trans-
parent substrates 62 and 63 on the switching liquid crystal
layer 64 side in the parallax barrier 42 are described with
reference to FIG. 5.

[0068] As seen in FIG. 5, two electrodes 111 and 112 are
formed on the face of the transparent substrates 62 and 63 on
the switching liquid crystal layer 64 side. It is to be noted that
a region AA corresponds to an active area of the display
region of the display section 21.

[0069] To the electrode 111, a voltage is applied when the
display mode of the display section 21 is the landscape mode.
Consequently, a striped parallax barrier including light block-
ing regions and slit regions is formed in the switching liquid
crystal layer 64.

[0070] The electrode 112 includes an electrode 112A and
another electrode 112B. When the display mode of the dis-
play section 21 is the portrait mode, a voltage is applied to the
electrodes 112A and 112B. Consequently, such a stepwise
parallax barrier including light blocking regions and slip
regions as seen in FIG. 6 is formed in the switching liquid
crystal layer 64.

[0071] Inparticular, ifa voltage of 5V or -5V is applied to
the electrode 112A and another voltage of OV is applied to the
electrode 112B and the electrode 111, then such a parallax
barrier as seen in FIG. 6 is formed on the switching liquid
crystal layer 64. The parallax barrier includes light blocking
regions 151-1 to 151-8 which block light incoming from the
backlight 41 and slit regions 152-1 to 152-8 which transmit
light incoming from the backlight 41 therethrough.

[0072] It is to be noted that, where there is no necessity to
individually distinguish the light blocking regions 151-1 to
151-8 from each other, each of them is hereinafter referred to
merely as light blocking region 151. Further, where there is no
necessity to individually distinguish the slit regions 152-1 to
152-8 from each other, each of them is hereinafter referred to
merely as slit region 152.

[0073] Each slit region 152 shown in FIG. 6 is formed from
rectangular regions elongated in the x direction and juxta-
posed in a rightwardly downward direction in FIG. 6. The
parallax barrier is a stepwise barrier in which the light block-
ing regions 151 and the slit regions 152 are juxtaposed alter-
nately in the y direction.

[0074] In the case where such a parallax barrier as just
described is formed, if a viewer watches the liquid crystal
display device 11 from a predetermined viewpoint position,
then regions Q21 to Q24 on the light modulating panel 43 are
viewing regions of the right eye of the viewer while regions
P21 to P24 are viewing regions of the left eye of the viewer as
seen in FIG. 7. Consequently, a stereoscopic image formed
from images of different viewpoints is perceived by the
viewer.

<2. Stereoscopic Image Displaying Process of the Liquid
Crystal Display Device>

[0075] Now, a stereoscopic image displaying process of the
liquid crystal display device 11 is described with reference to
FIG. 8.
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[0076] Atstep S11, the display mode decision unit 31 ofthe
control section 22 decides whether or not the display mode of
the light modulating panel 43 is the landscape mode.

[0077] Ifitis decided at step S11 that the display mode is
the landscape mode, then the processing advances to step
S12.

[0078] At step S12, the barrier driving controlling unit 32
controls driving of the parallax barrier 42 in response to the
position of the viewer AUD detected by the camera 23 to
move the position of the light blocking region 72 of the
switching liquid crystal layer 64. It is to be noted that, at this
time, the barrier driving controlling unit 32 forms a striped
parallax barrier in the parallax barrier 42.

[0079] FIG.9illustrates a position of the head of the viewer
AUD and a state of the switching liquid crystal layer 64 and
the liquid crystal layer 84 at a predetermined point of time.
[0080] Referring to FIG. 9, each of rectangular spaces
shown in the switching liquid crystal layer 64 represents a
region formed from an electrode 111, and particularly, a blank
rectangular space represents a slit region while a solid region
represents a light blocking region. In FIG. 9, regions 211-1 to
211-3 are slit regions while regions 211-4 to 211-7 are light
blocking regions.

[0081] Meanwhile, each of rectangular spaces shown in the
liquid crystal layer 84 represents a region corresponding to a
pixel. In particular, a rectangular space in which the character
“R” is placed is a transmission region in which light for
displaying a right-eye image is transmitted while a rectangu-
lar space in which the character “L” is placed is a transmission
region in which light for displaying a left-eye image is trans-
mitted. In FIG. 9, a light flux BLR1 from the backlight 41 not
shown in FIG. 9 is transmitted through the region 211-2 and
the transmission region 221R and enters the right eye of the
viewer AUD. Meanwhile, another light flux BLL1 from the
backlight 41 not shown in FIG. 9 is transmitted through the
region 211-2 and the transmission region 221L and enters the
left eye of the viewer AUD.

[0082] Iftheviewer AUD moves rightwardly in FIG. 9 from
the position shown in FIG. 9, then the regions 211-2 to 211-4
become slit regions and the regions 211-1 and 211-5 to 211-7
become light blocking regions as shown in FIG. 10. In other
words, the position of the light blocking regions and the slit
regions moves or shifts in response to the position of the head
of'the viewer AUD. Consequently, a light flux BLR2 from the
backlight 41 not shown in FIG. 10 is transmitted through the
region 211-3 and the transmission region 221R and enters the
right eye of the viewer AUD while another light flux BLL2
from the backlight 41 not shown in FIG. 10 is transmitted
through the region 211-3 and the transmission region 2211
and enters the left eye of the viewer AUD.

[0083] In this manner, even if the viewer AUD moves, the
viewer AUD can continue to observe or view an image cor-
responding to the transmission regions 221R and 221L. Con-
sequently, an uncomfortable feeling when a left-eye image
and a right-eye image are switched can be eliminated.
[0084] Referring back to FIG. 8, if it is decided at step S11
that the display mode is not the landscape mode, or in other
words, if the display mode is the portrait mode, then the
processing advances to step S13.

[0085] At step S13, the barrier driving controlling unit 32
controls driving of the switching liquid crystal layer 64 to
apply a voltage of 5V or -5V to the electrode 112 A and apply
another voltage of 0V to the electrode 112B and the electrode
111 to turn on a barrier for the portrait mode. In other words,
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the barrier driving controlling unit 32 controls the parallax
barrier 42 to form a stepped parallax barrier.

[0086] Then at step S14, the display controlling unit 33
controls the display of the light modulating panel 43 so that
the position of the left-eye image and the right-eye image to
be displayed on the light modulating panel 43 is moved in
response to the position of the head of the viewer AUD
detected by the camera 23.

[0087] FIG. 11 illustrates the position of the head of the
viewer AUD and a state of the switching liquid crystal layer
64 and the liquid crystal layer 84 at a predetermined point of
time.

[0088] Referring to FIG. 11, each of rectangular spaces
shown in the switching liquid crystal layer 64 represents a
region formed from an electrode 112, and particularly, a blank
rectangular space represents a slit region while a solid region
represents a light blocking region. In FIG. 11, a region 241 is
a slit region.

[0089] Meanwhile, each of rectangular spaces shown in the
liquid crystal layer 84 represents a region corresponding to a
pixel. In particular, a solid region represents a transmission
region which transmits therethrough light for displaying a
predetermined right-eye image or left-eye image while a
blank region represents a region which transmits there-
through light for displaying a different image. In particular,
from among transmission regions 251-1 to 251-6, the trans-
mission regions 251-1 to 251-3 correspond to pixels of a
right-eye image while the transmission regions 251-4 to
251-6 correspond to pixels of a left-eye image. In FIG. 11, a
light flux BLR2 from the backlight 41 not shown in FIG. 11 is
transmitted through the region 241 and the transmission
region 251-2 and enters the right eye of the viewer AUD so
that a right-eye image centered at the region 251-2 is viewed
by the viewer. Meanwhile, another light flux BLL1 from the
backlight 41 not shown in FIG. 11 is transmitted through the
region 241 and the transmission region 251-5 and enters the
left eye of the viewer AUD so that a left-eye image centered at
the transmission region 251-6 is viewed by the viewer.

[0090] If the viewer AUD moves rightwardly in FIG. 11
from the position shown in FIG. 11, then the transmission
regions 251-2 to 251-4 come to correspond to pixels of a
right-eye image and the transmission regions 251-5 to 251-7
come to correspond to pixels of a left-eye image. In other
words, the position of the left-eye image and the right-eye
image moves or shifts in response to the position of the head
ofthe viewer AUD. Consequently, a light flux BLR2 from the
backlight 41 not shown in FIG. ?12 is transmitted through the
region 241 and the transmission region 251-3 and enters the
right eye of the viewer AUD so that a right-eye image centered
at the transmission region 251-3 comes to be viewed by the
viewer. Meanwhile, another light flux BLL2 from the back-
light 41 not shown in FIG. 12 is transmitted through the
region 241 and the transmission region 251-6 and enters the
left eye of the viewer AUD so that a left-eye image centered at
the transmission region 251-6 comes to be viewed by the
viewer.

[0091] In this manner, even if the viewer AUD moves, the
viewer AUD can continue to observe or view a left-eye image
and a right-eye image. Consequently, an uncomfortable feel-
ing when a left-eye image and a right-eye image are switched
can be eliminated. Further, with the stepwise parallax barrier,
the degree of freedom of the opening width of the slit regions
can be raised.
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[0092] It is to be noted that the processes described above
are repeated at each predetermined timing.

[0093] According to the processes described above, when
the display mode is the landscape mode, driving of the par-
allax barrier is controlled so that the position of the light
blocking regions is moved in response to the position of the
viewer. However, when the display mode is the portrait mode,
display of the optical modulation panel is controlled so that
the display position of the left-eye image and the right-eye
image is moved in response to the position of the viewer.
Consequently, whichever one of the landscape mode and the
portrait mode the display mode at present is, a stereoscopic
image suitable for the display state can be presented to the
viewer. In other words, optimization of the display of a ste-
reoscopic image can be achieved in response to the position of
the viewer irrespective of the display mode.

<3. Application Examples to an Electronic Apparatus>

[0094] Now, referring to FIGS. 13 to 17, application
examples of the liquid crystal display device described here-
inabove in connection with the embodiment of the present
technology are described. The liquid crystal display device of
the embodiment described above can be applied to electronic
apparatus in all fields such as a television apparatus, a digital
camera, a notebook type personal computer, a portable ter-
minal apparatus such as a portable telephone set or a video
camera. In other words, the liquid crystal display device of the
embodiment can be applied to electronic apparatus in all
fields wherein a video signal inputted from the outside or a
video signal generated internally is displayed as an image.

Application Example 1

[0095] FIG. 13 shows an appearance of a television appa-
ratus to which the liquid crystal display device of the embodi-
ment described hereinabove is applied. Referring to FIG. 13,
the television apparatus shown includes, for example, a video
displaying screen section 510 which in turn includes a front
panel 511 and a filter glass plate 512. The video displaying
screen section 510 is configured from the liquid crystal dis-
play device according to the embodiment described herein-
above.

Application Example 2

[0096] FIGS. 14A and 14B show an appearance of a digital
camera to which the liquid crystal display device of the
embodiment described hereinabove is applied. Referring to
FIGS. 14A and 14B, the digital camera shown includes, for
example, a light emitting section 521 for flashlight, a display
section 522, a menu switch 523 and a shutter button 524. The
display section 522 is configured from the liquid crystal dis-
play device according to the embodiment described herein-
above.

Application Example 3

[0097] FIG. 15 shows an appearance of a notebook type
personal computer to which the liquid crystal display device
of the embodiment described hereinabove is applied. Refer-
ring to FIG. 15, the notebook type personal computer shown
includes, for example, a main body 531, a keyboard 532 for
being operated to input characters and so forth, and a display
section 533 for displaying an image. The display section 533
is configured from the liquid crystal display device according
to the embodiment described hereinabove.
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Application Example 4

[0098] FIG. 16 shows an appearance of a video camera to
which the liquid crystal display device of the embodiment
described hereinabove is applied. Referring to FIG. 16, the
video camera shown includes, for example, a main body
section 541, a lens 542 provided on a front face of the main
body section 541 for picking up an image of an image pickup
object, a start/stop switch 543 for image pickup, and a display
section 544. The display section 544 is configured from the
liquid crystal display device according to the embodiment
described hereinabove.

Application Example 5

[0099] FIGS.17A to 17G show an appearance of a portable
telephone set to which the liquid crystal display device of the
embodiment described hereinabove is applied. Referring to
FIGS. 17A to 17G, the portable telephone set shown includes,
for example, an upper side housing 710 and a lower side
housing 720 connected to each other by a connection section
730 in the form of a hinge. The portable telephone set further
includes a display section 740, a sub display section 750, a
picture light 760, and a camera 770. The display section 740
or the sub display section 750 is configured from the liquid
crystal display device according to the embodiment described
hereinabove.

[0100] It is to be noted that, while the stereoscopic image
display apparatus of the embodiment described hereinabove
displays images of two viewpoints to provide a stereoscopic
image to the viewer, it may be configured otherwise such that
it provides not only a stereoscopic image but also a plurality
of images which depend upon viewpoints, in other words,
multi-viewpoint images. More particularly, the present tech-
nology may be applied, for example, to a car navigation
system by which different images are viewed from a driver’s
seat and a passenger’s seat of a vehicle.

[0101] Further, the embodiment of the present technology
is not limited to the specific embodiment described herein-
above but can be modified or altered in various manners
without departing from the subject matter of the present tech-
nology.

[0102] The present technology can take the following con-
figurations.

[0103] (1) Aliquid crystal display device including a liquid
crystal panel which displays a left-eye image and a right-eye
image, a light blocking barrier having a light blocking section
which creates a binocular parallax, and a sensor which detects
a position of a viewer, having:

[0104] abarrier driving controlling unit configured to con-
trol driving of the light blocking barrier;

[0105] a display controlling unit adapted to control display
of the liquid crystal panel; and

[0106] a display mode decision unit configured to decide a
display mode of an image to be displayed on the liquid crystal
panel; wherein

[0107] the barrier driving controlling unit controls, when
the display mode decision unit decides that the display mode
of the image is a first mode, driving of the light blocking
barrier so that the position of the light blocking section of the
light blocking barrier is moved in response to the position of
the viewer detected by the sensor; and

[0108] the display controlling unit controls, when the dis-
play mode decision unit decides that the display mode of the
image is a second mode, the display of the liquid crystal panel
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so that the display position of the left-eye image and the
right-eye image on the liquid crystal panel is moved in
response to the position of the viewer detected by the sensor.
[0109] (2) Theliquid crystal display device accordingto (1)
above, wherein the barrier driving controlling unit controls,
[0110] when thedisplay mode decision unit decides that the
display mode of the image is the first mode, the light blocking
barrier to form the light blocking section in a striped pattern,
and
[0111] when thedisplay mode decision unit decides that the
display mode of the image is the second mode, the light
blocking barrier to form the light blocking section in a
stepped pattern.
[0112] (3) Theliquid crystal display device accordingto (1)
or (2) above, wherein the first mode is a mode in which a
parallax direction and a line of a color filter in the liquid
crystal panel extend in parallel to each other, and
[0113] the second mode is a different mode in which the
parallax direction and the line of the color filter in the liquid
crystal panel extend perpendicular to each other.
[0114] (4) The liquid crystal display device according to
any one of (1) to (3) above, further including a backlight
configured to introduce light for display of the image into the
liquid crystal panel, wherein
[0115] the light blocking barrier is disposed between the
liquid crystal panel and the backlight.
[0116] (5) A driving method for a liquid crystal display
device including a liquid crystal panel which displays a left-
eye image and a right-eye image, a light blocking barrier
having a light blocking section which creates a binocular
parallax, and a sensor which detects a position of a viewer, the
liquid crystal display device further including a barrier driv-
ing controlling unit configured to control driving of the light
blocking barrier, a display controlling unit adapted to control
display of the liquid crystal panel, and a display mode deci-
sion unit configured to decide a display mode of an image to
be displayed on the liquid crystal panel, the driving method
being executed by the liquid crystal display device including:
[0117] deciding the display mode of the image to be dis-
played on the liquid crystal panel; and
[0118] controlling, when it is decided that the display mode
of the image is a first mode, driving of the light blocking
barrier so that the position of the light blocking section of the
light blocking barrier is moved in response to the position of
the viewer detected by the sensor; and
[0119] controlling, when it is decided that the display mode
of'the image is a second mode, the display of the liquid crystal
panel so that the display position of the left-eye image and the
right-eye image on the liquid crystal panel is moved in
response to the position of the viewer detected by the sensor.
[0120] (6) An electronic apparatus, including:
[0121] a liquid crystal display device configured to carry
out display based on an image signal; and
[0122] a processing section configured to produce the
image signal by a predetermined process;
[0123] the liquid crystal display device including a liquid
crystal panel which displays a left-eye image and a right-eye
image, a light blocking barrier having a light blocking section
which creates a binocular parallax, and a sensor which detects
a position of a viewer;
[0124] the liquid crystal display device further having
[0125] a barrier driving controlling unit configured to
control driving of the light blocking barrier,
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[0126] a display controlling unit adapted to control dis-

play of the liquid crystal panel, and

[0127] adisplay mode decision unit configured to decide

a display mode of an image to be displayed on the liquid
crystal panel, wherein

[0128] thebarrier driving controlling unit controls, when

the display mode decision unit decides that the display
mode of the image is a first mode, driving of the light
blocking barrier so that the position of the light blocking
section of the light blocking barrier is moved in response
to the position of the viewer detected by the sensor, and
[0129] the display controlling unit controls, when the
display mode decision unit decides that the display
mode of the image is a second mode, the display of the
liquid crystal panel so that the display position of the
left-eye image and the right-eye image on the liquid
crystal panel is moved in response to the position of the
viewer detected by the sensor.
[0130] The present disclosure contains subject matter
related to that disclosed in Japanese Priority Patent Applica-
tion JP 2011-271942 filed in the Japan Patent Office on Dec.
13, 2011, the entire content of which is hereby incorporated
by reference.

What is claimed is:

1. A liquid crystal display device including a liquid crystal
panel which displays a left-eye image and a right-eye image,
a light blocking barrier having a light blocking section which
creates a binocular parallax, and a sensor which detects a
position of a viewer, comprising:

abarrier driving controlling unit configured to control driv-

ing of the light blocking barrier;

a display controlling unit adapted to control display of the

liquid crystal panel; and

adisplay mode decision unit configured to decide a display

mode of an image to be displayed on the liquid crystal
panel; wherein

the barrier driving controlling unit controls, when the dis-

play mode decision unit decides that the display mode of
the image is a first mode, driving of the light blocking
barrier so that the position of the light blocking section
of the light blocking barrier is moved in response to the
position of the viewer detected by the sensor, and

the display controlling unit controls, when the display

mode decision unit decides that the display mode of the
image is a second mode, the display of the liquid crystal
panel so that the display position of the left-eye image
and the right-eye image on the liquid crystal panel is
moved in response to the position of the viewer detected
by the sensor.

2. The liquid crystal display device according to claim 1,
wherein the barrier driving controlling unit controls,

when the display mode decision unit decides that the dis-

play mode of the image is the first mode, the light block-
ing barrier to form the light blocking section in a striped
pattern, and

when the display mode decision unit decides that the dis-

play mode of the image is the second mode, the light
blocking barrier to form the light blocking section in a
stepped pattern.

3. The liquid crystal display device according to claim 1,
wherein the first mode is a mode in which a parallax direction
and a line of a color filter in the liquid crystal panel extend in
parallel to each other, and

the second mode is a different mode in which the parallax

direction and the line of the color filter in the liquid
crystal panel extend perpendicular to each other.
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4. The liquid crystal display device according to claim 1,
further comprising:

a backlight configured to introduce light for display of the

image into the liquid crystal panel, wherein

the light blocking barrier is disposed between the liquid

crystal panel and the backlight.

5. A driving method for a liquid crystal display device
including a liquid crystal panel which displays a left-eye
image and a right-eye image, a light blocking barrier having
a light blocking section which creates a binocular parallax,
and a sensor which detects a position of a viewer, the liquid
crystal display device further including a barrier driving con-
trolling unit configured to control driving of the light blocking
barrier, a display controlling unit adapted to control display of
the liquid crystal panel, and a display mode decision unit
configured to decide a display mode of an image to be dis-
played on the liquid crystal panel, the driving method being
executed by the liquid crystal display device comprising:

deciding the display mode of the image to be displayed on

the liquid crystal panel; and
controlling, when it is decided that the display mode of the
imageis a first mode, driving of the light blocking barrier
so that the position of the light blocking section of the
light blocking barrier is moved in response to the posi-
tion of the viewer detected by the sensor; and

controlling, when it is decided that the display mode of the
image is a second mode, the display of the liquid crystal
panel so that the display position of the left-eye image
and the right-eye image on the liquid crystal panel is
moved in response to the position of the viewer detected
by the sensor.

6. An electronic apparatus, comprising:

a liquid crystal display device configured to carry out dis-

play based on an image signal; and

a processing section configured to produce the image sig-

nal by a predetermined process;

the liquid crystal display device including a liquid crystal

panel which displays a left-eye image and a right-eye
image, a light blocking barrier having a light blocking
section which creates a binocular parallax, and a sensor
which detects a position of a viewer;

the liquid crystal display device further having

a barrier driving controlling unit configured to control
driving of the light blocking barrier,

a display controlling unit adapted to control display of
the liquid crystal panel, and

a display mode decision unit configured to decide a
display mode of an image to be displayed on the liquid
crystal panel, wherein

the barrier driving controlling unit controls, when the
display mode decision unit decides that the display
mode of the image is a first mode, driving of the light
blocking barrier so that the position of the light block-
ing section of the light blocking barrier is moved in
response to the position of the viewer detected by the
sensor, and

the display controlling unit controls, when the display
mode decision unit decides that the display mode of
the image is a second mode, the display of the liquid
crystal panel so that the display position of the left-eye
image and the right-eye image on the liquid crystal
panel is moved in response to the position of the
viewer detected by the sensor.

#* #* #* #* #*
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FIG.8
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