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1
DISPLAY DEVICE

BACKGROUND

The present disclosure relates to a display device capable
of performing a stereoscopic display using a parallax barrier
system.

In recent years, display devices (stereoscopic display
devices) capable of performing a stereoscopic display are
drawing attention. The stereoscopic display refers to a tech-
nique for displaying an image for a left eye and an image for
a right eye having parallax therebetween (having different
viewpoints from each other), and a viewer, by viewing the
image for the left eye and the image for the right eye with
his/her left and right eye respectively, can recognize the
images as a stereoscopic image having a depth feeling. In
addition, display devices which are capable of providing
viewers with more natural stereoscopic images by displaying
three or more images having parallax thereamong have been
also developed.

The stereoscopic display devices fall in two major catego-
ries: stereoscopic display devices that require dedicated eye-
glasses and stereoscopic display devices that do not require
dedicated eyeglasses. Since the dedicated eyeglasses are
troublesome for the viewer, the stereoscopic display devices
that do not require dedicated eyeglasses are desired. As the
stereoscopic display devices that do not require dedicated
eyeglasses, stereoscopic display devices using lenticular lens
system, parallax barrier system, and the like are available, for
example.

Among them, stereoscopic display devices using parallax
barrier system utilize, for example, a liquid crystal display
(LCD) device to display, in a space-divisional manner, the
above-mentioned image for the left eye and the image for the
right eye, and are provided with a predetermined barrier on
the display surface thereof. In the related art, as disclosed in
Japanese Unexamined Patent Application Publication No.
2008-262165 for example, various types of liquid crystal
display devices are developed, and in recent years, VA (Ver-
tical Alignment) mode, IPS (In Plane Switching) mode, and
the like are often used. As the barrier, a liquid crystal barrier
driven in VA mode, IPS mode, TN mode, or the like is used.

Incidentally, the above-mentioned liquid crystal display
device has typically a display panel including a liquid crystal
layer and a backlight, and the liquid crystal display device
modulates illuminating light from the backlight in the display
panel to thereby perform an image display. A pair of polar-
ization plates are stuck to the light incident side and the light
emitting side of the display panel so as to control the polar-
ization direction of light incident on the display panel and the
polarization direction of light emitted from the display panel.

SUMMARY

As described above, since the liquid crystal display device
performs image display with use of polarization, the display
panel is sandwiched between a pair of polarization plates in
order to control the polarization direction of light incident on
the display panel and the polarization direction of light emit-
ted from the display panel. In the case where the display panel
is driven in, for example, VA mode or IPS mode, one of
absorption axes of the polarization plates is horizontally
directed, and the other is vertically directed. That is, image
light emitted from the liquid crystal display device is polar-
ized light which depends on the absorption axis of the polar-
ization plate disposed on the light emitting side (viewer side)
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2

of the display panel (hereinafter referred to as the polarization
plate on the emitting side of the panel).

In this regard, in order for the viewer wearing polarized
eyeglasses such as polarized sunglasses to visually recognize
a display image, an absorption axis direction of the polariza-
tion plate on the emitting side of the panel of a liquid crystal
display device is configured to be identical to an absorption
axis direction of the polarized eyeglasses, in many cases.
Such a configuration of an absorption axis is, for example,
intended to cut light reflected from water surface or the like,
and in this case, the absorption axis of the polarization plate
on the emitting side of the panel of the liquid crystal display
device is also configured to be horizontally directed.

However, in the case where a liquid crystal barrier is addi-
tionally provided on the light emitting side of such a liquid
crystal display device in order to perform a stereoscopic
display, the following issue arises. In other words, also in a
liquid crystal barriet, similarly to the above-mentioned dis-
play panel, a pair of polarization plates (a polarization plate
on the incident side of the barrier, a polarization plate on the
emitting sideof the barrier) are disposed on the light incident
side and the light emitting side in such a manner that absorp-
tion axis directions thereof are orthogonal to each other.
Accordingly, the polarization plates are disposed such that an
absorption axis of the polarization plate on the incident side of
the barrier is horizontally directed, and that an absorption axis
of the polarization plate on the emitting side of the barrier is
vertically directed. Consequently, the absorption axis direc-
tion of the polarization plate on the emitting side of the barrier
(the vertical direction) disposed on the side closest to the
viewer does not correspond to an absorption axis direction of
the polarized eyeglasses (the horizontal direction), and there-
fore, when viewed through the polarized eyeglasses, the dis-
play image can be visually recognized as a completely dark
image.

It is desirable to provide a display device which is capable
of performing a stereoscopic display of the parallax barrier
system while maintaining good visibility for the viewer wear-
ing polarized eyeglasses.

A first display device according to an embodiment of the
present disclosure includes: a light source section; first to
third polarization plates disposed in this order from the light
source section side; a liquid crystal display section provided
in one of first and second regions, the first region lying
between the first polarization plate and the second polariza-
tion plate, and the second region lying between the second
polarization plate and the third polarization plate; and a liquid
crystal barrier section provided in the other of the first and
second regions, and including a plurality of opening-closing
sections to transmit or block light. An absorption axis of the
third polarization plate is horizontally directed.

In the first display device according to the embodiment of
the present disclosure, in the process where light emitted from
the light source section passes through the first to third polar-
ization plates in this order, the liquid crystal display section
displays a predetermined image, and each of the opening-
closing sections of the liquid crystal barrier section transmits
or blocks the light to separate the image, and thereby a ste-
reoscopic display is accomplished. In this case, the absorp-
tion axis of the polarized eyeglasses such as polarized sun-
glasses is configured along the horizontal direction. The
absorption axis of the third polarization plate is also horizon-
tally directed. Therefore, it is easier for the image light emit-
ted from the third polarization plate to be visually recognized
through the polarized eyeglasses.

A second display device according to the embodiment of
the present disclosure includes: a light source section; first to
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fourth polarization plates disposed in this order from the light
source section side; a liquid crystal display section provided
between the first polarization plate and the second polariza-
tion plate; a liquid crystal barrier section provided between
the third polarization plate and the fourth polarization plate,
and including a plurality of opening-closing sections to trans-
mit or block light; and a half-wavelength plate provided
between the second polarization plate and the third polariza-
tion plate. An absorption axis of the fourth polarization plate
is directed to an orientation of 45 degrees from a horizontal
direction.

In the second display device according to the embodiment
of the present disclosure, in the process where light emitted
from the light source section passes through the first to fourth
polarization plates in this order, the liquid crystal display
section displays a predetermined image, and each of the open-
ing-closing sections of the liquid crystal barrier section trans-
mits or blocks the light to separate the image, and thereby the
stereoscopic display is accomplished. In this case, the absorp-
tion axis of the polarized eyeglasses such as polarized sun-
glasses is configured along the horizontal direction. The
absorption axis of the fourth polarization plate is directed to
an orientation of 45 degrees from the horizontal direction, and
therefore, the image light emitted from the fourth polarization
plate contains polarization component in the vertical direc-
tion. As a result, it is possible for the viewer to visually
recognize through the polarized eyeglasses the display image.

According to the first display device according to the
embodiment of the present disclosure, in the process where
light emitted from the light source section passes through the
first to third polarization plates in this order, the liquid crystal
display section displays a predetermined image, and each of
the opening-closing sections of the liquid crystal barrier sec-
tion transmits or blocks the light, and thereby a stereoscopic
display is accomplished. In this case, since the absorption
axis of the third polarization plate is horizontally directed, it
is easy for the display image to be visually recognized
through the polarized eyeglasses such as polarized sun-
glasses. Consequently, it is possible to implement a stereo-
scopic display of the parallax barrier system while maintain-
ing good visibility for the viewer wearing polarized
eyeglasses.

According to the second display device according to the
embodiment of the present disclosure, in the process where
light emitted from the light source section passes through the
first to fourth polarization plates in this order, the liquid
crystal display section displays a predetermined image, and
each of the opening-closing sections of the liquid crystal
barrier section transmits or blocks the light, and thereby a
stereoscopic display is accomplished. In this case, since the
absorption axis of the fourth polarization plate is directed to
an orientation of 45 degrees from the horizontal direction, it is
possible for the display image to be visually recognized
through the polarized eyeglasses such as polarized sun-
glasses. As a result, it is possible to implement a stereoscopic
display of the parallax barrier system while maintaining good
visibility for the viewer wearing polarized eyeglasses.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary, and are intended to provide further explanation of the
technology as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the disclosure, and are incorporated
in and constitute a part of this specification. The drawings
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4

illustrate an embodiment and, together with the specification,
serve to explain the principles of the technology.

FIG. 1 is a block diagram illustrating an exemplary con-
figuration of a stereoscopic display device according to an
embodiment of the present disclosure.

FIGS. 2A and 2B are explanatory views each illustrating an
exemplary configuration of the stereoscopic display device
shown in FIG. 1.

FIG. 3 is an explanatory view illustrating an exemplary
configuration of the display section shown in FIG. 1.

FIG. 4A is an exemplary view illustrating a pixel circuit
configuration shown in FIG. 3, and FIG. 4B is an exemplary
view illustrating a sectional configuration of the pixel shown
in FIG. 3.

FIG. 5 is an explanatory view illustrating an exemplary
configuration of the backlight shown in FIG. 1.

FIG. 6A is an explanatory view illustrating a plane con-
figuration of the liquid crystal barrier shown in FIG. 1, and
FIG. 6B is an explanatory view illustrating a sectional con-
figuration of the liquid crystal barrier shown in FIG. 1.

FIG. 7 is an explanatory view illustrating a detailed exem-
plary configuration of a sectional configuration of the liquid
crystal barrier shown in FIG. 1.

FIG. 8 is an explanatory view illustrating polarization axis
direction of each of the polarization plates.

FIG. 9 is a schematic view illustrating an exemplary ste-
reoscopic display operation of a liquid crystal barrier accord-
ing to the embodiment.

FIGS. 10A to 10C are schematic views illustrating exem-
plary operations of the display section and the liquid crystal
barrier according to the embodiment.

FIGS. 11A and 11B are other schematic views illustrating
exemplary operations of the display section and the liquid
crystal barrier according to the embodiment.

FIG. 12 is an explanatory view illustrating polarization
axis directions in a liquid crystal display device according to
comparative example 1.

FIG. 13 is an explanatory view illustrating polarization
axis directions in a stereoscopic display device according to
comparative example 2.

FIG. 14 is an explanatory view illustrating polarization
axis directions in a stereoscopic display device according to
modification 1.

FIG. 15 is an explanatory view illustrating polarization
axis directions in a stereoscopic display device according to
modification 2.

FIG. 16 is an explanatory view illustrating polarization
axis directions in a stereoscopic display device according to
modification 3.

FIG. 17 is an explanatory view illustrating polarization
axis directions in a stereoscopic display device according to
modification 4.

DETAILED DESCRIPTION

Now, an embodiment of the present disclosure will be
specifically described with reference to the drawings. The
description will be made in the following order.

1. Embodiment (an example of a stereoscopic display device
in which a liquid crystal barrier (VA, IPS) is disposed on a
light emitting side of a display section)

2. Modification 1 (an exemplary case in which one polariza-
tion plate is disposed between a crystal barrier and a dis-
play section)

3. Modification 2 (an exemplary case in which a liquid crystal
barrier (VA, IPS) is disposed between a backlight and a
display section)
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4. Modification 3 (an exemplary case in which a liquid crystal
barrier (TN) whose orientation is controlled in the horizon-
tal direction and the vertical direction is adopted)

5. Modification 4 (an exemplary case in which a liquid crystal
barrier (TN) whose orientation is controlled in 45-degree
direction and 135-degree direction is adopted)

[General Configuration]

FIG. 1 is a block diagram illustrating a general configura-
tion of a stereoscopic display device (stereoscopic display
device 1) according to an embodiment of the present disclo-
sure. In this case, the stereoscopic display device 11is adisplay
device capable of implementing both stereoscopic display
and normal display (two-dimensional display). The stereo-
scopic display device 1 includes a control section 40, a dis-
play driving section 50, a display section 20 (liquid crystal
display section), a backlight driving section 29, a backlight
30, a barrier driving section 9, and a liquid crystal barrier 10
(liquid crystal barrier section). It is to be noted that, descrip-
tion will be made assuming that X direction is the horizontal
direction (lateral direction) and Y direction is the vertical
direction (perpendicular direction).

The control section 40 is a circuit which supplies a control
signal, based on an externally-supplied image signal Vdisp, to
each of the display driving section 50, the backlight driving
section 29, and the barrier driving section 9, and controls
these sections to operate in synchronism with each other.
Specifically, the control section 40 supplies an image signal S
based on the image signal Vdisp to the display driving section
50, supplies a backlight control order to the backlight driving
section 29, and supplies a barrier control order to the barrier
driving section 9. In this case, as will be described later, the
image signal S is made up of image signals SA and SB each
including a plurality of (six, in this case) viewpoint images in
the case where the stereoscopic display device 1 performs a
stereoscopic display.

The display driving section 50 drives the display section 20
on the basis of the image signal S supplied from the control
section 40. The display section 20 drives a liquid crystal
element to modulate light emitted from the backlight 30,
thereby performing a display.

The backlight driving section 29 drives the backlight 30 on
the basis of the backlight control signal supplied from the
control section 40. The backlight 30 has a function for emit-
ting plane emitting light to the display section 20.

The barrier driving section 9 drives the liquid crystal bar-
rier 10 on the basis of the barrier control order supplied from
the control section 40. The liquid crystal barrier 10 includes a
plurality of opening-closing sections 11 and 12 (described
later) configured of liquid crystal, and has a function for
transmitting or blocking the light emitted from the backlight
30 and transmitted through the display section 20.

FIGS. 2A and 2B illustrate an exemplary configuration of
an essential part of the stereoscopic display device 1; FIG. 2A
illustrates a perspective configuration of the stereoscopic dis-
play device 1, and FIG. 2B illustrates a side configuration of
the stereoscopic display device 1. Referring to FIGS. 2A and
2B, in the stereoscopic display device 1, from the backlight 30
side, the display section 20 and the liquid crystal barrier 10 are
disposed in this order. That is, light emitted from the backlight
30 reaches a viewer through the display section 20 and the
liquid crystal barrier 10. Desirably, for the purpose of reduc-
ing light loss, the display section 20 and the liquid crystal
barrier 10 are disposed in a state of being stuck to each other.
(Display Driving Section 50 and Display Section 20)

FIG. 3 illustrates an example of a block diagram of the
display driving section 50 and the display section 20. Pixels
Pix are disposed in a matrix form in the display section 20.
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The display driving section 50 includes a timing control sec-
tion 51, a gate driver 52, and a data driver 53. The timing
control section 51 controls the drive timing of the gate driver
52 and data driver 53, and supplies the data driver 53 with an
image signal S, which is supplied from the control section 40,
as an image signal S1. According to a timing control by the
timing control section 51, the gate driver 52 sequentially
selects the pixels Pix in the display section 20 (described
later) on a row by row basis, and performs a line sequential
scanning. The data driver 53 supplies to each pixel Pix in the
display section 20 a pixel signal based on the image signal S1.
Specifically , the data driver 53 converts the signal from
digital to analog (D/A) on the basis of the image signal S1 to
generate a pixel signal serving as analog signal, and supplies
the generated pixel signal to each pixel Pix.

The display section 20 is, for example, a section in which a
liquid crystal material is sealed between two transparent sub-
strates formed of glass or the like. A transparent electrode
formed of ITO (Indium Tin Oxide) or the like is formed on the
transparent substrate on the side facing the liquid crystal
material, and the transparent electrode and the liquid crystal
material configure the pixel Pix. The liquid crystal material
used in the display section 20 is, for example, a nematic liquid
crystal, which is driven in VA mode, IPS mode, or the like.
The configuration of the display section 20 (pixel Pix) is
described in detail below.

FIG. 4A is an exemplary circuit diagram of the pixel Pix.
The pixel Pix includes a TFT (Thin Film Transistor) element
Tr, a liquid crystal element L.C, and a holding capacitance
element C. The TFT element Tr is configured of, for example,
MOS-FET (Metal Oxide Semiconductor-Field Effect Tran-
sistor), and a gate of the TFT element Tr is connected to a gate
line G, a source thereof is connected to a data line D, and a
drain thereof is connected to one end of the liquid crystal
element LC and one end of the holding capacitance element
C. One end of the liquid crystal element LC is connected to a
drain of the TFT element Tr, and the other end is connected to
ground. One end of the holding capacitance element C is
connected to the drain of the TFT element Tr, and the other
end is connected to a holding capacitance line Cs. The gate
line G is connected to the gate driver 52, and the data line D
is connected to the data driver 53.

FIG. 4B illustrates a sectional configuration of the display
section 20 including the pixels Pix. As shown in FIG. 4B,
when viewed in section, the display section 20 is a section in
which a liquid crystal layer 203 is sealed between a driving
substrate 201 and a counter substrate 205. The driving sub-
strate 201 has a pixel drive circuit including the above-men-
tioned TFT element Tr formed therein, and a pixel electrode
202 is disposed on the driving substrate 201 for each pixel
Pix. The counter substrate 205 has a color filter or a black
matrix (not shown in the figure) formed therein. Further, the
counter substrate 205 is provided with, on the liquid crystal
layer 203 side thereof, a counter electrode 204 serving as a
common electrode common to the pixels Pix.

A polarization plate 206a is stuck on the light incident side
(backlight 30 side) of the display section 20, thereby control-
ling a polarization direction of light incident on the liquid
crystal layer 203. On the other hand, a polarization plate 2065
is stuck on the light emitting side of the display section 20.
The polarization plate 2064 and polarization plate 2065 are
stuck together in a crossed Nicol state.

(Backlight 30)

FIG. 5 illustrates an exemplary configuration of the back-
light 30. The backlight 30 includes in order from a light
source section 31 side, a diffusion plate 32, a diffusion sheet
33, and a lens sheet 34, for example. The light source section
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31 is a section in which a plurality of CCFLs (Cold Cathode
Fluorescent Lamp) are disposed on a substrate (or a reflection
plate), for example. Alternatively, the light source section 31
may be a section in which LED (Light Emitting Diode) is
disposed on the side face of a light guide plate, for example.
The diffusion plate 32 and the diffusion sheet 33 are intended
to equalize uneven brightness (for example, luminance
unevenness dueto an arrangement of CCFLs) in a plane of the
light emitted from the light source section 31.

The lens sheet 34 is a luminance enhancement film by
which incident light is collected along a predetermined direc-
tion in order to improve a luminance in a front face direction.
The lens sheet 34 is disposed such that its light collecting
functionis performed more efficiently in the vertical direction
(Y direction) than in the horizontal direction (X direction).
Specifically, the lens sheet 34 has a plurality of triangular
prisms extending along one direction, and the lens sheet 34 is
disposed such that the prisms extends horizontally. Conse-
quently, light incident on the lens sheet 34 is refracted, in the
vertical direction, substantially toward the front face direc-
tion according to the triangular cross-sectional shape. As a
result, it is possible to achieve high front luminance, without
narrowing the viewing angle in the horizontal direction.

Itis to be noted that the cross-sectional shape of each prism
of the lens sheet 34 is not limited to the above-mentioned
triangular shape. Alternatively, the cross-sectional shape of
each prism of the lens sheet 34 may be semicircular shape,
other polygonal shapes, or rounded polygonal shape. As the
lens sheet 34, a BEF made by Sumitomo 3M Limited may be
adopted, for example.

(Liquid Crystal Barrier 10)

FIGS. 6A and 6B illustrate an exemplary configuration of
the liquid crystal barrier 10. FIG. 6A is a plan view of the
liquid crystal barrier 10, and FIG. 6B is a sectional view taken
along I-Iline of FIG. 6 A. In this example, description will be
made assuming that the liquid crystal barrier 10 is driven in
VA mode, IPS mode, or the like, and that the liquid crystal
barrier 10 operates in normally black mode. Specifically, in a
state where a drive voltage is not applied, light is blocked (a
black display is established) whereas in a state where a drive
voltage is applied, light is transmitted (a white display is
established). However, the operation mode is not limited to
the normally black mode. Alternatively, a normally white
mode may be adopted as the operation mode, for example.
The selection between the normally black mode and normally
white mode is made due to the polarization plate and the
liquid crystal orientation, for example.

The liquid crystal barrier 10 has a plurality of opening-
closing sections 11 and 12 for transmitting or blocking light.
The opening-closing sections 11 and 12 change the operation
mode thereof according to whether the stereoscopic display
device 1 performs a normal display (two-dimensional dis-
play) or a stereoscopic display. Specifically, as described
later, the opening-closing section 11 exhibits an open state
(transmit state, or white display) in a normal display mode,
and exhibits a closed state (block state, or black display) ina
stereoscopic display mode. The opening-closing section 12
exhibits an open state (transmit state) in a normal display, and
carries out an opening and closing operation in a time-divi-
sional manner in a stereoscopic display, as described later.
The plurality of opening-closing sections 11 and 12 are alter-
nately laid out, and, for example, it is possible to operate the
opening-closing sections 11 and 12 in groups each composed
of opening-closing sections selected from the plurality of
opening-closing sections 11 and 12, and further, it is possible
to carry out such an operation performed on a group by group
basis in a time-divisional manner.
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As shown in the cross-sectional view, the liquid crystal
barrier 10 has a liquid crystal layer 14 provided between a
transparent substrate 13A and a transparent substrate 13B
formed of glass or the like, for example. Of the transparent
substrates 13A and 13B, the transparent substrate 13A is
disposed on the light incident side, and the transparent sub-
strate 13B is disposed on the light emitting side. Transparent
electrodes 154 and 1556, each composed of ITO or the like, are
formed on the liquid crystal layer 14 side of the transparent
substrate 13A, and on the liquid crystal layer 14 side of the
transparent substrate 13B, respectively. Polarization plates
184 and 185 are stuck to the light incident side of the trans-
parent substrate 13A, and the light emitting side of the trans-
parent substrate 13B, respectively. In the following, each
section will be described in detail.

FIG. 7 illustrates a sectional configuration of the liquid
crystal barrier 10 taken along II-II line of FIG. 6A. At least
one of the transparent electrodes 154 and 155 is divided into
a plurality of sub-electrodes to which voltage can be applied
individually. For example, the transparent electrode 15¢ is
divided into a plurality of sub-electrodes 1541 and 1542, and
the transparent electrode 155 is disposed as a common elec-
trode common to each of the sub-electrodes 1541 and 1542.
The regions corresponding to the sub-electrodes 1541 and
1542 arethe opening-closing sections 11 and 12, respectively.
With this configuration, voltage is applied only to a selective
region of the liquid crystal layer 14, and the opening-closing
sections 11 and 12 are individually switched between a trans-
mit state (white display) and a block state (black display). In
addition, orientation films 16a and 165 by which an orienta-
tion of the liquid crystal layer 14 is controlled are formed on
the transparent electrodes 15a and 155.

The orientation control at the orientation films 16a and 165
is established by a rubbing treatment, for example, and con-
figured according to a mode of a liquid crystal used for the
liquid crystal layer 14, and a polarization axis of a polariza-
tion plate described later, for example. Specifically, a rubbing
treatment is applied such that, orientation control directions
of the orientation films 16a and 165 are at right angles to each
other, and that liquid crystal molecules in the vicinity of the
surfaces of the orientation films 164 and 164 are oriented
along directions corresponding to absorption axis directions
of the polarization plate 18¢ and polarization plate 185,
respectively.

The polarization plate 18a and polarization plate 185 con-
trol the polarization direction of light incident on the liquid
crystal layer 14 and the polarization direction of light emitted
from the liquid crystal layer 14. The polarization plate 18a
and the polarization plate 185 are laid out in such a manner
that the absorption axes thereof are at right angles to each
other (in a crossed Nicol state). It is to be noted that, as a film
for widening viewing angle, a WV (wide view) film or the like
may be inserted between the polarization plates 18a and the
transparent substrate 13A, and between the polarization
plates 184 and the transparent substrate 13B.

(Absorption Axis Direction of Each Polarization Plate)

FIG. 8 is a schematic view for describing polarization axis
direction of each of the polarization plates. As described
above, in the present embodiment, in order from the backlight
30 side, the display section 20 and the liquid crystal barrier 10
are disposed. The polarization plates 2064 and 2065 are stuck
on the light incident side and the light emitting side of the
display section 20, respectively, while the polarization plates
18a and 185 are stuck on the light incident side and the light
emitting side of the liquid crystal barrier 10, respectively. In
other words, in order from the backlight 30 side, the polar-
ization plates 206a, 2065, 18a, and 185 are provided, and the
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display section 20 is disposed at a region between the polar-
ization plates 2064 and 2065, whereas the liquid crystal bat-
rier 10 is disposed at a region between the polarization plates
18a and 18b. In the embodiment, of these polarization plates,
the polarization plate 206a is a specific example of the first
polarization plate of the first display device of the present
disclosure, and the polarization plate 185 is a specific
example of the third polarization plate of the first display
device of the present disclosure. In addition, the polarization
plates 2065 and 184, which are disposed between the display
section 20 and the liquid crystal barrier 10, are specific
examples of the second and fourth polarization plates of the
first display device of the present disclosure, respectively.

Insuch astructure, in the present embodiment, polarization
axis direction (in this case, an exemplary absorption axis is
illustrated) of each of the polarization plates is configured as
follows. That is, as shown in FIG. 8, an absorption axis al of
the polarization plate 2064 disposed on the backlight 30 side
is configured to correspond to the horizontal direction, and an
absorption axis a2 of the polarization plate 2065 is configured
to correspond to a direction perpendicular to the absorption
axis al (vertical direction). An absorption axis a3 of the
polarization plate 18a is configured to be in the same direction
as the absorption axis a2 of the polarization plate 2065 (ver-
tical direction), and an absorption axis a4 of the polarization
plate 185, which is disposed on the side closest to the viewer,
is configured to correspond to the horizontal direction. It is to
be noted that, in the present specification, “correspond” refers
not only to a state in which axis directions are stricktly iden-
tical to each other, but also to a state in which axis directions
are nearly identical to each other. In addition, although only
exemplary absorption axis of each of the polarization plates is
described in this specification, a transmit axis is perpendicu-
lar to the absorption axis.

When performing a stereoscopic display, the barrier driv-
ing section 9 drives the plurality of opening-closing sections
11 and 12 such that the plurality of opening-closing sections
11 and 12 belonging to the same group perform an opening
and closing operation at the same timing. Specifically, while
details are described later, a plurality of opening-closing sec-
tions 12 belonging to the group A (opening-closing sections
12A) and a plurality of opening-closing sections 12 belong-
ing to the group B (opening-closing sections 12B) are driven
by the barrier driving section 9 so as to alternately perform an
opening and closing operation in a time-divisional manner.

FIG. 9 illustrates an exemplary group composition of the
opening-closing sections 12. The opening-closing sections
12 aredivided into a plurality of groups and driven on a group
basis in a time-divisional manner. In this case, a plurality of
opening-closing sections 12A and 12B are alternately laid
out, and the plurality of opening- closing sections 12A form
the group A, and the plurality of opening-closing sections
12B form the group B.

FIGS.10A to 10C are schematic views illustrating states of
the liquid crystal barrier 10 in a case the stereoscopic display
is performed and in a case the normal display (two-dimen-
sional display) is performed. FIG. 10A illustrates a state in
which the stereoscopic display is performed, F1G. 10B illus-
trates another state in which the stereoscopic display is per-
formed, and FIG. 10C illustrates a state in which the normal
display is performed. The liquid crystal barrier 10 has the
opening-closing sections 11 and the opening-closing sections
12 (opening-closing sections 12A and 12B) alternately laid
out therein. In this example, each of the opening-closing
sections 12A and 12B is provided for each six pixels Pix of the
display section 20. While the following description will be
given assuming that the pixel Pix is made up of three sub
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pixels RGB, this is not restrictive, and, for example, the pixel
Pix may be a sub pixel. It is to be noted that in FIGS. 10A to
10C, the diagonal lines represent portions where light is
blocked in the liquid crystal barrier 10.

In the case of performing the stereoscopic display, an
image display based on image signals SA and SB is pet-
formed in the display section 20 in a time-divisional manner,
and, in the liquid crystal barrier 10, the opening-closing sec-
tions 12 (opening-closing sections 12A and 12B) are opened
or closed in synchronization with the above-mentioned dis-
play time-divisionally performed by the display section 20.
At this time, the opening-closing sections 11 are maintained
in aclosed state (blocked state). Specifically, while details are
described later, when an image signal SA is supplied to the
liquid crystal barrier 10, the opening-closing sections 12A are
brought into an open state, and the opening-closing sections
12B are brought into a closed state, as shown in FIG. 10A. The
display section 20 causes the six pixels Pix adjacent to one
another disposed at the positions corresponding to the open-
ing-closing sections 12A to display six viewpoint images
included in the image signal SA. In like manner, as illustrated
in FIG. 10B, when an image signal SBis supplied to the liquid
crystal barrier 10, the opening-closing sections 12B are
brought into the open state, and the opening-closing sections
12A are brought into the closed state. The display section 20
causes the six pixels Pix adjacent to one another disposed at
the positions corresponding to the opening-closing sections
12B to display six viewpoint images included in the image
signal SB.

On the other hand, in the case of performing the normal
display (two-dimensional display), as illustrated in FIG. 10C,
adisplay on the basis of the image signal S is performed in the
display section 20, while the opening-closing sections 11 and
the opening-closing sections 12 (opening-closing sections
12A and 12B) are maintained in the open state (transmit state)
in the liquid crystal barrier 10.

It 1s to be noted that a boundary portion of the opening-
closing sections 23 is provided between the opening-closing
sections 11 and the opening-closing sections 12. The bound-
ary portion of the opening-closing sections 23 corresponds to
aportion where either of the transparent electrodes 15a or 156
is not formed on the transparent substrates 13A and 13B. In
other words, as described, at least one of the transparent
electrodes 15a and 156 is divided into a plurality of sub-
electrodes, and the boundary portion of the opening-closing
sections 23 corresponds to the region between the sub-elec-
trodes. Since it is difficult to apply desired voltage to the
boundary portion of the opening-closing sections 23, the
boundary portion of the opening-closing sections 23 typically
exhibits a closed state (blocked state) in the liquid crystal
barrier 10 in a normally black mode. However, since the
boundary portion of the opening-closing sections 23 is suffi-
ciently small in size relative to the opening-closing sections
11 and 12, it poses little problem for the viewer. In the fol-
lowing figures and descriptions, the boundary portion of the
opening-closing sections 23 will be omitted.

[Operations and Functions]

Hereinafter, operations and functions of the stereoscopic
display device 1 of the present embodiment will be described.
(Overview of General Operation)

On the basis of an externally supplied image signal Vdisp,
the control section 40 supplies a control signal to each of the
display driving section 50, backlight driving section 29, and
barrier driving section 9, so as to control the display driving
section 50, backlight driving section 29, and barrier driving
section 9 to operate in synchronization with each other. The
backlight driving section 29 drives the backlight 30 on the
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basis of the backlight control signal supplied from the control
section 40. The backlight 30 emits plane emitting light to the
display section 20. The display driving section 50 drives the
display section 20 on the basis of an image signal S supplied
from the control section 40. The display section 20 modulates
light emitted from the backlight 30 to thereby perform a
display. The barrier driving section 9 drives the liquid crystal
barrier 10 on the basis of the barrier control order supplied
from the control section 40. The liquid crystal barrier 10
transmits or blocks the light emitted from the backlight 30 and
transmitted through the display section 20.

(Specific Operation of Stereoscopic Display)

Next, referring to some figures, specific operation for per-
forming the stereoscopic display is described.

FIGS. 11A and 11B are schematic views illustrating exem-
plary operations of the display section 20 and the liquid
crystal barrier 10. FIG. 11A illustrates a case where an image
signal SA is supplied, and FIG. 11B illustrates a case where
an image signal SB is supplied.

As illustrated in FIG. 11A, the display driving section 50,
when an image signal SA is supplied, in the display section
20, causes the six pixels Pix adjacent to one another to display
pixel information P1 to P6 for six pixels each corresponding
to six viewpoint images included in the image signal SA. The
six pixels for displaying pixel information P1 to P6 are pixels
disposed adjacent to one another in the proximity of the
opening and closing section 12A. On the other hand, as
described above, in the liquid crystal barrier 10, the opening-
closing sections 12A are brought into the open state (transmit
state), and the opening-closing sections 12B are brought into
the closed state (the opening-closing sections 11 are in the
closed state). Consequently, the emission angle of light emit-
ted from each pixel Pix of the display section 20 is restricted
by the opening-closing section 12A. That is, six viewpoint
images displayed in a space-divisional manner at the display
section 20 is separated by the opening-closing section 12A.
When the separated viewpoint images are viewed such that,
for exanmple, image light based on the pixel information P3 is
viewed by the left eye of the viewer and image light based on
the pixel information P4 is viewed by the right eye of the
viewer, the image is recognized as a stereoscopic image by
the viewer.

Likewise, in the case where an image signal SB is supplied,
as illustrated in FIG. 11B, in the display section 20, display
pixel information P1 to P6 for six pixels each corresponding
to six viewpoint images included in the image signal SB are
displayed in the six pixels Pix adjacent to one another. The six
pixels for displaying pixel information P1 to P6 are pixels
disposed adjacent to one another in the proximity of the
opening-closing section 12B. On the other hand, as described
above, in the liquid crystal barrier 10, the opening-closing
sections 12B are controlled to be brought into the open state
(transmit state), and the opening-closing sections 12A are
controlled to be brought into the closed state (the opening-
closing sections 11 are in the closed state). Consequently,
emission angle of light emitted from each pixel Pix of the
display section 20 is restricted by the opening-closing section
12B. That is, six viewpoint images displayed in a space-
divisional manner at the display section 20 is separated by the
opening-closing section 12B. When the separated viewpoint
images are viewed such that, for example, image light based
on the pixel information P3 is viewed by the left eye of the
viewer and image light based on the pixel information P4 is
viewed by the right eye of the viewer, the image is recognized
as a stereoscopic image by the viewer.

In this way, different pixel information out of the pixel
information P1 to P6 are viewed by the left and right eyes of
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the viewer, so that it is possible for the viewer to recognize the
image as a stereoscopic image. In addition the image is dis-
played such that the opening-closing sections 12A and the
opening-closing sections 12B are alternately opened in a
time-divisional manner, so that the viewer averages and views
the image displayed at the positions shifted from each other.
Therefore, in comparison with a case where a plurality of
opening-closing sections 12 are collectively driven without
being divided in groups, it is possible to implement the ste-
reoscopic display device 1 with atwofold resolution. In other
words, the resolution of the stereoscopic display device 1 may
be Y5(=Y%x2) relative to the case of the two-dimensional dis-
play.

Meanwhile, the above-mentioned display section 20 and
liquid crystal barrier 10 each use the liquid crystal, and there-
fore a polarization plate is provided on the light incident side
and on the light emitting side of each of the display section 20
and liquid crystal barrier 10 in order to control the polariza-
tion direction of incident light and emitted light. In the fol-
lowing, functions and effects of the polarization axes of these
polarization plates will be described with comparative
examples (comparative examples 1 and 2).

COMPARATIVE EXAMPLE

FIG. 12 1s a schematic view for describing polarization axis
direction of each polarization plate of a liquid crystal display
device (liquid crystal display device 100) according to com-
parative example 1 of the present embodiment. The liquid
crystal display device 100 is a display device for performing
a normal two-dimensional image display. That is, the liquid
crystal display device 100 does not include the above-men-
tioned liquid crystal barrier, and the liquid crystal display
device 100 includes a display section 104 disposed on the
light emitting side of a backlight 101. The backlight 101 has
a light source section 102 including CCFL or the like, and a
lens sheet 103. Similarly to the lens sheet 34 of the present
embodiment, the lens sheet 103 has a plurality of prisms
extending along the horizontal direction, and incident light is
more efficiently collected in the vertical direction than in the
horizontal direction, thereby realizing high front luminance.
The display section 104 includes a liquid crystal layer of VA
mode, and a polarization plate 105a is stuck to the light
incident side thereof whereas a polarization plate 1055 is
stuck to the light emitting side thereof. The polarization plates
1054 and 1056 aredisposed such that the absorption axis al 00
of the polarization plate 1054 and the absorption axis al01 of
the polarization plate 1055 are at right angles to each other.

Thus, image light emitted from the liquid crystal display
device 100 having no liquid crystal barrier becomes polarized
light dependent on the absorption axis al01 of the polariza-
tion plate (polarization plate 105b) disposed on the side clos-
est to the viewer.

In many cases, in the liquid crystal display device 100, the
absorption axis al01 of the polarization plate 1054 disposed
on the viewer side is configured to coincide in direction with
the absorption axis a5 of a polarized eyeglasses 150 so that a
displayed image is visually recognized through the polarized
eyeglasses 150 such as polarized sunglasses. That is, in the
polarized eyeglasses 150, in order to cut the reflected light
component from water surface and the like, the absorption
axis a5 is configured to correspond to the horizontal direction
in many cases. In such cases, the absorption axis al01 of the
polarization plate 1055 is also configured to correspond to the
horizontal direction.

However, in the case where a liquid crystal barrier is addi-
tionally provided on the light emitting side of the above-
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mentioned liquid crystal display device 100, polarization
plates are disposed as follows. Polarization axis directions in
a stereoscopic display device (stereoscopic display device
100qg) according to comparative example 2 are schematically
illustrated in FIG. 13. The stereoscopic display device 100a
has a liquid crystal barrier 107 disposed on the light emitting
side of the polarization plate 1054, a polarization plate 106a
stuck on the light incident side of the liquid crystal barrier
107, and a polarization plate 1065 stuck on the light emitting
side of the liquid crystal barrier 107. In this case, an absorp-
tion axis al02 of the polarization plate 106a corresponds to
the horizontal direction, which is the same direction as an
absorption axis al01, and an absorption axis al03 of the
polarization plate 1065 corresponds to the vertical direction.
Accordingly, the absorption axis a103 (vertical direction) of
the polarization plate 1065 disposed on the side closest to the
viewer does not correspond to an absorption axis a5 (horizon-
tal direction) of a polarized eyeglasses 150, and therefore,
when viewed through the polarized eyeglasses 150, the dis-
play image can be visually recognized as a completely dark
image.

In contrast, in the present embodiment, as shown in FIG. 8,
the polarization axes of the polarization plates are configured
such that the absorption axis al of the polarization plate 2064
corresponds to the horizontal direction, that the absorption
axis a2 of the polarization plate 2065 corresponds to the
vertical direction, that the absorption axis a3 of the polariza-
tion plate 18a corresponds to the vertical direction, and that
the absorption axis ad of the polarization plate 186 corre-
sponds to the horizontal direction. That is, the absorption axis
ad of the polarization plate 185 disposed on the side closest to
the viewer is configured to correspond to the horizontal direc-
tion which is the same direction as the absorption axis a5 of
the polarized eyeglasses 150. This makes it easy for the image
light emitted from the polarization plate 185 to be visually
recognized through the polarized eyeglasses 150.

In addition, with the polarization axes configured as above,
the absorption axis al of the polarization plate 206a disposed
on the side closest to the backlight 30 corresponds to the
horizontal direction. As described above, the backlight 30 is
provided with the lens sheet 34 to enhance luminance, and the
lens sheet 34 is provided with a predetermined prism which is
configured such that its light collecting function is more effi-
ciently performed in the vertical direction than in the hori-
zontal direction. When the lens sheet 34 configured as above
is provided, light emitted from the backlight 30 contains more
polarization component in the vertical direction than that in
the horizontal direction. Under such circumstances, in the
above-mentioned comparative examples 1 and 2, since the
absorption axis al00 of the polarization plate 105a disposed
on the side closest to the backlight 101 corresponds to the
vertical direction, great light loss can be caused when the light
passes through the polarization plate 105a. On the contrary, in
the present embodiment, as described above, since the
absorption axis al of the polarization plate 206a disposed on
the backlight 30 side corresponds to the horizontal direction,
it is possible for the display section 20 to receive effectively
the light emitted from the backlight 30 having the lens sheet
34.

As an example, light transmission rate of the backlight
configured as illustrated in FI1G. 5 was measured in such a
manner that a BEF3 was used as the lens sheet 34, and that a
polarization plate was disposed on the light emitting side of
the BEF3. At this time, light transmission rate was measured
in two cases: a case where an absorption axis of the polariza-
tion plate is configured to correspond to the vertical direction
(corresponding to the comparative examples 1 and 2), and a
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case where an absorption axis of the polarization plate is
configured to correspond to the horizontal direction (corre-
sponding to the present embodiment). As a result, it was
found that the light transmission rate achieved in the present
embodiment was improved by as much as 10% compared to
the light transmission rate achieved in the comparative
examples 1 and 2.

As described above, according to the present embodiment,
in the process where light emitted from the backlight 30
passes through the polarization plates 2064, 2065, 184, and
185 in this order, the display section 20 performs an image
display in a space-divisional manner, and each of the open-
ing-closing sections 11 and 12 of the liquid crystal barrier 10
transmits or blocks the light to separate the image, and
thereby a stereoscopic display is accomplished. In this case,
although the absorption axis a5 of the polarized eyeglasses
150 such as polarized sunglasses is configured to correspond
to the horizontal direction, the absorption axis a4 of the polar-
ization plate 185 is also configured to correspond to the hori-
zontal direction. Therefore, it is easy for the image light
emitted from the polarization plate 184 to be visually recog-
nized through the polarized eyeglasses 150 the image light
emitted from the polarization plate 185. Consequently, it is
possible to implement a stereoscopic display of the parallax
barrier system while maintaining good visibility for the
viewer wearing polarized eyeglasses.

Next, stereoscopic display devices according to modifica-
tions (modifications 1 to 4) of the above described embodi-
ment will be described. It is to be noted that, the same refer-
ence numerals are attached to the components similar to those
of the above-mentioned embodiment, and description thereof
is appropriately omitted.

(Modification 1)

FIG. 14 s a schematic view for describing polarization axis
direction of each of the polarization plate in modification 1.
Similarly to the above-mentioned embodiment, a stereo-
scopic display device according to the modification 1
includes, in order from a backlight 30 side, a display section
20, and a liquid crystal barrier 10 driven in VA mode. In
addition, a polarization plate 2064 serving as the first polar-
ization plate of the present disclosure is disposed on the side
closest to the backlight 30, and a polarization plate 185 serv-
ing as the third polarization plate of the present disclosure is
disposed on the side closest to the viewer. Itis to be noted that,
in the modification 1, the polarization plate 2065 disposed on
the light emitting side of the display section 20 also serves as
the polarization plate 18a disposed on the light incident side
of the liquid crystal barrier 10. That is, only one polarization
plate is disposed between the display section 20 and the liquid
crystal barrier 10.

Insuch a structure, also inthe modification 1, anabsorption
axis a4 of the polarization plate 185 disposed on the viewer
side corresponds to the horizontal direction. In addition, an
absorption axis al of the polarization plate 2064 disposed on
the backlight 30 side corresponds to the horizontal direction,
and an absorption axis a2 (a3) of the polarization plate 2065
serving also as the polarization plate 18a corresponds to the
vertical direction.

In the modification 1, similarly to the above-mentioned
embodiment, in the process where light emitted from the
backlight 30 passes through the polarization plates 206a,
2066 (18a), and 185 in this order, the display section 20
performs an image display in a space-divisional manner, and
each of the opening-closing sections 11 and 12 of the liquid
crystal barrier 10 transmits or blocks the light to separate the
image, thereby a stereoscopic display is accomplished. In this
case, the absorption axis a4 of the polarization plate 185 is
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configured to correspond to the horizontal direction, which is
the same direction as an absorption axis a5 of polarized eye-
glasses 150. Therefore, it is easy for the image light emitted
from the polarization plate 185 to be visuvally recognized
through the polarized eyeglasses 150. Therefore, itis possible
to achieve an effect equivalent to that of the above-mentioned
embodiment.

(Modification 2)

FIG. 15is a schematic view for describing polarization axis
direction of each of the polarization plates in modification 2.
Similarly to the above-mentioned embodiment, a stereo-
scopic display device of the modification 2 includes a back-
light 30, a liquid crystal barrier 10 driven in VA mode, and a
display section 20. In addition, polarization plates 184 and
1854 are stuck to the light incident side and the light emitting
side of the liquid crystal barrier 10, respectively, and polar-
ization plates 206a and 2065 are stuck to the light incident
side and the light emitting side of the display section 20,
respectively.

In the modification 2, however, the liquid crystal barrier 10
is disposed between the backlight 30 and the display section
20. That s, a polarization plate 18a serving as the first polar-
ization plate of the present disclosure is disposed on the side
closest to the backlight 30, and a polarization plate 2065
serving as the third polarization plate of the present disclosure
is disposed on the side closest to the viewer. In addition, the
polarization plates 185 and 206a serving as the second and
fourth polarization plates of the present disclosure are dis-
posed between the liquid crystal barrier 10 and the display
section 20. In such a structure, also in the modification 2, an
absorption axis a9 of the polarization plate 2065 disposed on
the viewer side corresponds to the horizontal direction. In
addition, an absorption axis a6 of the polarization plate 18a
disposed on the backlight 30 side corresponds to the horizon-
tal direction, and absorption axes a7 and a8 of the polarization
plates 185 and 2064 correspond to the vertical direction.

In the modification 2, similarly to the above-mentioned
embodiment, in the process where light emitted from the
backlight 30 passes through the polarization plates 18a, 18,
206a, and 2065 in this order, each of the opening-closing
sections 11 and 12 of the liquid crystal barrier 10 transmits or
blocks the light, and the display section 20 performs an image
display in a space-divisional manner to separate the image,
and thereby a stereoscopic display is accomplished. In this
case, the absorption axis a9 of the polarization plate 2065 is
configured to correspond to the horizontal direction, which is
the same direction as an absorption axis a5 of polarized eye-
glasses 150. Therefore, it is easy for the image light emitted
from the polarization plate 185 to be visually recognized
through the polarized eyeglasses 150. Therefore, itis possible
to achieve an effect equivalent to that of the above-mentioned
embodiment.

Itis to be noted that, also in the modification 2, similarly to
the above-mentioned modification 1, aconfiguration in which
the polarization plate 206a disposed on the light incident side
of the display section 20 also serves as the polarization plate
184 disposed on the light emitting side of the liquid crystal
barrier 10 may be adopted. That is, a configuration in which
only one polarization plate is disposed between the display
section 20 and the liquid crystal barrier 10 may be adopted.
(Modification 3)

FIG. 16 is a schematic view for describing polarization axis
direction of each of the polarization plates in modification 3.
Similarly to the above-mentioned embodiment, a stereo-
scopic display device of the modification 3 includes, in order
from a backlight 30 side, a display section 20, and a liquid
crystal barrier 10q. In addition, a polarization plate 206a
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serving as the first polarization plate of the present disclosure
is disposed on the side closest to the backlight 30, and a
polarization plate 185 serving as the third polarization plate
of the present disclosure is disposed on the side closest to the
viewer.

In the modification 3, however, the liquid crystal barrier
10qa is driven in TN mode. In this case, the liquid crystal
barrier 10a includes aliquid crystallayer formed of TN liquid
crystal (not shown), and orientation of the liquid crystal layer
is controlled such that orientation of the light incident side
(light incident region) of the liquid crystal layer and orienta-
tion of the light emitting side (light emitting region) of the
liquid crystal layer are at right angles to each other. In the case
of atypical TN liquid crystal, orientation control (e.g., orien-
tation control by rubbing treatment) is performed such that,
one of the light incident side (light incident region) and the
light emitting side (light emitting region) thereofis oriented at
anangleof45 degrees with respect to the horizontal direction,
and that the other of the light incident side (light incident
region) and the light emitting side (light emitting region)
thereof is oriented at an angle of 135 degrees with respect to
the horizontal direction (hereinafter referred to as oblique
direction). In the modification 3, the liquid crystal layer is not
oriented in the oblique direction, but orientation control is
performed such that one of the light incident side (light inci-
dent region) and the light emitting side (light emitting region)
thereof is configured to correspond to the horizontal direc-
tion, and the other of the light incident side (light incident
region) and the light emitting side (light emitting region)
thereof is configured to correspond to the vertical direction. It
is to be noted that, in this case, whether each of the rubbing
directions of the liquid crystal barrier 104 and absorption axes
a3 and ad of polarization plates 18a and 185 are parallel or
orthogonal to each other depends on the mode of the liquid
crystal molecules (O mode or E mode). In addition, the liquid
crystal barrier 10a has substantially the same configuration as
the liquid crystal barrier 10 of the above-mentioned embodi-
ment, except that TN liquid crystal is used as the liquid crystal
layer. The liquid crystal barrier 10a includes a plurality of
opening-closing sections 11 and 12 (not shown) and the open-
ing-closing sections 11 and 12 are driven to be opened or
closed in a time-divisional manner.

Through the orientation control along the horizontal direc-
tion and vertical direction, it is possible to use a liquid crystal
barrier 10¢ in TN mode in a manner similar to that in the
liquid crystal barrier 10 in VA and IPS modes of the above-
mentioned embodiment. That is, also in the modification 3, it
is possible to dispose each of the polarization plates such that
the absorption axis a4 of the polarization plate 185 disposed
on the viewer side corresponds to the horizontal direction,
that the absorption axis al of the polarization plate 206a
disposed on the backlight 30 side corresponds to the horizon-
tal direction, and that an absorption axis a2 of a polarization
plate 2065 and the absorption axis a3 of the polarization plate
18a respectively correspond to the vertical direction.

Consequently, also in the modification 3, similarly to the
above-mentioned embodiment, in the process where light
emitted from the backlight 30 passes through the polarization
plates 206a, 2065, 18a, and 185 in this order, the display
section 20 performs an image display in a space-divisional
manner, and each of the opening-closing sections 11 and 12 of
the liquid crystal barrier 10a transmits or blocks the light to
separate the image, and thereby a stereoscopic display is
accomplished. In this case, the absorption axis a4 of the
polarization plate 185 is configured to correspond to the hori-
zontal direction, which is the same direction as an absorption
axis a5 of polarized eyeglasses 150. Therefore, it is easy for
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the image light emitted from the polarization plate 185 to be
visually recognized through the polarized eyeglasses 150 the
image light emitted from the polarization plate 182. There-
fore, it is possible to achieve an effect equivalent to that of the
above-mentioned embodiment.

It is to be noted that also in the modification 3, similarly to
the above-mentioned modification 1, aconfiguration in which
the polarization plate 2065 disposed on the light emitting side
of the display section 20 also serves as the polarization plate
18a disposed on the light incident side of the liquid crystal
barrier 10a may be adopted. That is, a configuration in which
only one polarization plate is disposed between the display
section 20 and the liquid crystal barrier 10a may be adopted.
In addition, similarly to the above-mentioned modification 2,
the liquid crystal barrier 10a may be disposed between the
display section 20 and the backlight 30.

(Modification 4)

FIG. 17 is a schematic view for describing polarization axis
direction of each of the polarization plates in modification 4.
Similarly to the above-mentioned embodiment, a stereo-
scopic display device of the modification 4 includes, in order
from a backlight 30 side, a display section 20, and a liquid
crystal barrier 106. In addition, polarization plates 28a and
285 are stuck to the light incident side and the light emitting
side of the liquid crystal barrier 105, respectively, and polar-
ization plates 2064 and 2065 are stuck to the light incident
side and the light emitting side of the display section 20,
respectively. In other words, the display section 20 is dis-
posed between the polarization plates 206a and 2065, and the
liquid crystal barrier 105 is disposed between the polarization
plates 28a and 28b.

However, in the modification 4, the liquid crystal barrier
104 is driven in TN mode. In this case, the liquid crystal
barrier 105 includes a liquid crystal layer formed of TN liquid
crystal (not shown), and orientation of the liquid crystal layer
is controlled (orientation is controlled by rubbing treatment,
for example) such that orientation of the light incident side
(light incident region) of the liquid crystal layer and orienta-
tion of the light emitting side (light emitting region) of the
liquid crystal layer are at right angles to each other in the
oblique direction (one of them is oriented at 45 degrees with
respect to the horizontal direction, and the other is oriented at
135 degrees with respect to the horizontal direction). There-
fore, in the modification 4, absorption axes al0 and al1 of the
polarization plates 28a and 285 are also configured along the
oblique direction according to the rubbing direction. Itis to be
noted that, whether each of the rubbing directions of the
liquid crystal barrier 105 and absorption axes al0 and a1l of
polarization plates 28a and 285 are parallel or orthogonal to
each other depends on the mode of the liquid crystal mol-
ecules (O mode or E mode). In addition, the liquid crystal
barrier 105 has substantially the same configuration as that of
the liquid crystal barrier 10 of the above-mentioned embodi-
ment, except that TN liquid crystal is used as the liquid crystal
layer. The liquid crystal barrier 105 includes a plurality of
opening-closing sections 11 and 12 (not shown) and the open-
ing-closing sections 11 and 12 are driven to be opened or
closed in a time-divisional manner.

In addition, an optical element such as a half-wave plate
120 for turning the polarization direction is disposed between
the polarization plate 2065 and the polarization plate 28a.
With that, it is possible to efficiently present light emitted
from the polarization plate 2065 to the polarization plate 28a.
Therefore, it is possible to use the liquid crystal barrier 105 in
TN mode whose orientation is controlled in the oblique direc-
tion and whose absorption axis is configured to correspond to
the oblique direction in combination with a display section 20
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similar to that of the above-mentioned embodiment. Accord-
ingly, an absorption axis all of the polarization plate 285
disposed on the viewer side corresponds to the direction
oriented at, for example, an angle of 45 degrees with respect
to the horizontal direction. Tt is to be noted that the absorption
axis al of the polarization plate 206a disposed on the back-
light 30 side corresponds to the horizontal direction, in a way
similar to that in the above-mentioned embodiment. It is to be
noted that, in the modification 4, the polarization plate 206a
corresponds to “the first polarization plate”, the polarization
plate 2065 corresponds to “the second polarization plate”, the
polarization plate 28a corresponds to “the third polarization
plate”, and the polarization plate 285 corresponds to “the
forth polarization plate” of the second display device of the
present disclosure.

In the modification 4, similarly to the above-mentioned
embodiment, in the process where light emitted from the
backlight 30 passes through the polarization plates 206q,
206b, 28a, and 284 in this order, the display section 20 pet-
forms an image display in a space-divisional manner, and
each of the opening-closing sections 11 and 12 of the liquid
crystal barrier 105 transmits or blocks the light to separate the
image, and thereby a stereoscopic display is accomplished. In
this case, the absorption axis all of the polarization plate 285
is configured to correspond to the diagonal direction (the
direction oriented at an angle of 45 degrees with respect to the
horizontal direction), so that the image light emitted from the
polarization plate 285 contains polarization component of the
vertical direction. Therefore, it is possible for the image light
emitted from the polarization plate 285 to be visually recog-
nized also through the polarized eyeglasses 150. Therefore, it
is possible to achieve an effect substantially equivalent to that
in the above-mentioned embodiment.

While the present disclosure has been described with ref-
erence to a preferred embodiment and modifications, the
present disclosure is not limited to the embodiment and the
modifications, and various modifications may be made. For
example, in the above-mentioned embodiment and the modi-
fications, a stereoscopic display is performed in such a man-
ner that, in a plurality of opening-closing sections 11 and 12
of the liquid crystal barrier 10, the opening-closing section 11
is maintained in the closed state, and the opening-closing
section 12 is driven to be in the open state based on an image
signal. Alternatively, the stereoscopic display may be per-
formed in an opposite manner. That is, the stereoscopic dis-
play may be performed such that the opening-closing section
12 is maintained in the closed state, and the opening-closing
section 11 is brought into the open state based on the image
signal.

In addition, in the above-mentioned embodiment and the
modifications, for the purpose of realizing high resolution,
out of the opening-closing sections 11 and 12, the opening-
closing sections 12 are further divided into groups A and B,
and the groups A and B are driven in a time-divisional manner.
In the present disclosure, however, such an image display
driven in a time-divisional manner is not necessarily needed.
That s, the viewpoint image may be separated by carrying out
an operation in which a11 of the opening-closing sections 11
of the liquid crystal barrier 10 are driven to be in the closed
state and al1 of the opening-closing sections 12 of the liquid
crystal barrier 10 is driven to be in the open state. Alterna-
tively, it is also possible to divide the opening-closing sec-
tions 12 into three or more groups to sequentially drive the
groups.

Further, while in the above-mentioned embodiment and the
modifications the image signals SA and SB each include six
viewpoint images, the present disclosure is not limited to this,
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and the number of viewpoint image included in each of the
image signals SA and SB may be five or less or seven or more.
For example, if the image signal includes five viewpoint
images, one opening-closing section 12 may be provided for
each five pixels Pix in the display section 20. However, the
number of the viewpoint image may not necessarily corre-
spond to the number of the pixel for displaying the viewpoint
image. That is, for example, respective pixel information to
be displayed on a plurality of pixels Pix adjacent to one
another may not necessarily be different from one another,
and pixel information on the same viewpoint image may be
included therein. Further, the viewpoint images may include
a blank (black or gray) image.

The present disclosure contains subject matter related to
that disclosed in Japanese Priority Patent Application JP
2010-209717 filed in the Japan Patent Office on Sep. 17,
2010, the entire content of which is hereby incorporated by
reference.

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 display device comprising:

a light source section;

first to third polarization plates disposed in this order from
a side of the light source section;

a liquid crystal display section provided in one of first and
second regions, the first region lying between the first
polarization plate and the second polarization plate and
the second region lying between the second polarization
plate and the third polarization plate;

a liquid crystal barrier section provided in the other of the
first and second regions and including a plurality of
opening-closing sections to transmit or block light,
wherein

an absorption axis of the third polarization plate is hori-
zontally directed,

further comprising a fourth polarization plate provided
between the liquid crystal display section and the liquid
crystal barrier section, and having an absorption axis
directed to an orientation same as that of an absorption
axis of the second polarization plate,

wherein the absorption axis of the second polarization
plate and the absorption axis of the fourth polarization
plate are vertically directed.

2. The display device according to claim 1, wherein

the liquid crystal display section is driven in VA (Vertical
Alignment) mode or IPS (In Plane Switching) mode.

3. The display device according to claim 2, wherein

the liquid crystal barrier section is driven in VA mode or
IPS mode.

4. The display device according to claim 2, wherein

the liquid crystal barrier section is driven in TN (Twisted
Nematic) mode.
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5. The display device according to claim 4, wherein

the liquid crystal barrier section includes a liquid crystal
layer, one of a light incident region and a light emitting
region of the liquid crystal layer being horizontally ori-
ented, whereas another of the two regions being verti-
cally oriented.

6. The display device according to claim 1, wherein

an absorption axis of the first polarization plate is horizon-
tally directed.

7. A display device comprising:

a light source section;

first to third polarization plates disposed in this order from
a side of the light source section;

a liquid crystal display section provided in one of first and
second regions, the first region lying between the first
polarization plate and the second polarization plate and
the second region lying between the second polarization
plate and the third polarization plate;

a liquid crystal barrier section provided in the other of the
first and second regions and including a plurality of
opening-closing sections to transmit or block light,
wherein

an absorption axis of the third polarization plate is hori-
zontally directed,

further comprising a luminance enhancement film pro-
vided between the first polarization plate and the light
source section and performing a light collecting function
more efficiently in a vertical direction than in a horizon-
tal direction.

8. A display device comprising:

a light source section;

first to fourth polarization plates disposed in this order
from a side of the light source section;

a liquid crystal display section provided between the first
polarization plate and the second polarization plate;

a liquid crystal barrier section provided between the third
polarization plate and the fourth polarization plate and
including a plurality of opening-closing sections to
transmit or block light;

a half-wavelength plate provided between the second
polarization plate and the third polarization plate,
wherein

an absorption axis of the fourth polarization plate is
directed to an orientation 0f45 degrees from ahorizontal
direction.

9. The display device according to claim 8, wherein

the liquid crystal display section is driven in VA mode or
TS mode, and

the liquid crystal barrier section is driven in TN mode.

10. The display device according to claim 8, wherein

an absorption axis of the first polarization plate is horizon-
tally directed.

11. The display device according to claim 10, further com-
prising a luminance enhancement film provided between the
first polarization plate and the light source section and pet-
forming a light collecting function more efficiently in a ver-
tical direction than in the horizontal direction.
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