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(57) ABSTRACT

A display device includes: a first liquid crystal display panel
which performs an image display; a second liquid crystal
display panel which is arranged on a back surface side of the
first liquid crystal display panel and performs a display of a
parallax barrier pattern; a backlight unit which is arranged on
aback surface side of the second liquid crystal display panel;
and a first SP wave reflector which is arranged between the
first liquid crystal display panel and the second liquid crystal
display panel, and allows the transmission of light having a
polarization component, which has one polarization direc-
tion, of lights having two polarization components orthogo-
nal to each other and reflects the light having a polarization
component orthogonal to the polarization direction, wherein
the first SP wave reflector reflects the backlight light corre-
sponding to the light blocking regions to the second liquid
crystal display panel.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP2010-243581 filed on Oct. 29, 2010, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device, and more particularly to a liquid crystal display
device which includes a parallax barrier which enables a
viewer to observe different images at plural viewpoints.
[0004] 2. Description of the Related Art

[0005] A conventional liquid crystal display device which
has a parallax barrier and can switch a display mode between
a two-dimensional display (2D display) and a three-dimen-
sional display (3D display) is constituted of: as shown in FIG.
11 and FIG. 12, a first liquid crystal display panel LCD1
which is a liquid crystal display panel for image display; a
second liquid crystal display panel LCD2 which is a liquid
crystal display panel for a parallax barrier for displaying a
stripe pattern which functions as the parallax barrier; and a
backlight unit BLU which irradiates a backlight light. The
conventional liquid crystal display device having such a con-
stitution is classified into a type (see FIG. 11) where the first
liquid crystal display panel LCD1 is arranged between the
second liquid crystal display panel LCD2 and the backlight
unit BLU and a type (see FIG. 12) where the second liquid
crystal display panel LCD2 is arranged between the first
liquid crystal display panel LCD1 and the backlight unit
BLU. The liquid crystal display device having such a consti-
tution is disclosed in JP 10-123461 A, for example.

SUMMARY OF THE INVENTION

[0006] The detailed constitution of the liquid crystal dis-
play device of the type, which is one of the liquid crystal
display devices having such constitutions, where the second
liquid crystal display panel LCD2 is arranged between the
first liquid crystal display panel LCD1 and the backlight unit
BLU is shown in FIG. 13. In the liquid crystal display device
shown in FIG. 13, in the order starting from a backlight unit
BLU side, an SP wave reflector BEM, a polarizer POL2, the
second liquid crystal display panel LCD2, a polarizer POL1,
the first liquid crystal display panel LCD1 and a polarizer
POLS3 are arranged in an overlapping manner. In performing
a 3D display with such a liquid crystal display device, a black
stripe is displayed on the second liquid crystal display panel
LCD2, wherein the stripe functions as a parallax barrier, and
an image corresponding to the 3D display is displayed on the
first liquid crystal display panel LCD1. Here, in the conven-
tional liquid crystal display device, the backlight light which
is irradiated from the backlight unit BLU, passes through the
SP wave reflector BEM and the polarizer POL2 and is inci-
dent on the second liquid crystal display panel LCD2. And
then, the backlight light corresponding to the black stripe
portions forming the parallax barrier is absorbed by the polar-
izer POL1. For example, when light blocking regions (black
stripe portions) and light transmission regions (portions
which allow the transmission of the backlight light) in the
parallax barrier are designed on a 1 to 1 basis, of the backlight
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light of the backlight light incident on the second liquid
crystal display panel LCD2 is absorbed by the polarizer
POL1. As aresult, there arises a drawback that display bright-
ness when performing the 3D display is largely lowered, and
there has been a strong demand for a method of overcoming
such a drawback.

[0007] The present invention has been made in view of
these drawbacks, and it is an object of the present invention to
provide a technique which can enhance brightness when per-
forming 3-dimensional display in a liquid crystal display
device of a type where a two-dimensional display and a
three-dimensional display are switched by forming a parallax
barrier in one liquid crystal display panel of two liquid crystal
display panels.

[0008] To overcome the above-mentioned drawbacks,
according to one aspect of the present invention, there is
provided a liquid crystal display device which includes: a first
liquid crystal display panel which performs an image display;
a second liquid crystal display panel which is arranged on a
back surface side of the first liquid crystal display panel and
performs a display of a parallax barrier pattern constituted of
light transmission regions and light blocking regions; and a
backlight unit which is arranged on a back surface side of the
second liquid crystal display panel and irradiates a backlight
light, the backlight light being irradiated to the first liquid
crystal display panel via the second liquid crystal display
panel, wherein the liquid crystal display device further
includes a first SP wave reflector which allows the transmis-
sion of light, which has a polarization component having the
same polarization direction of the first SP wave reflector, of
lights having two polarization components orthogonal to
each other and reflects the light having polarization compo-
nent which does not have the same polarization direction, the
first SP wave reflector is arranged between the first liquid
crystal display panel and the second liquid crystal display
panel, and the backlight light, which passes through the sec-
ond liquid crystal display panel, corresponding to the light
blocking regions is reflected to the second liquid crystal dis-
play panel.

[0009] According to the present invention, in the liquid
crystal display device of a type where the parallax barrier is
formed on one liquid crystal display panel of two liquid
crystal display panels thus switching a display between the
two-dimensional display and a three-dimensional display,
brightness of an image when performing three-dimensional
display can be enhanced.

[0010] Other advantageous effects of the present invention

will become apparent from the description of the whole speci-
fication.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a cross-sectional view for explaining the
schematic constitution of a liquid crystal display device
according to an embodiment 1 of the present invention;
[0012] FIG. 2is a view for explaining a parallax barrier on
a second liquid crystal display panel of the liquid crystal
display device according to the embodiment 1 when perform-
ing a 3D display;

[0013] FIG. 3 isaview for explaining an alignment state of
liquid crystal molecules in the liquid crystal display device
according to the embodiment 1 when performing the 2D
display;



US 2012/0105771 Al

[0014] FIG. 4is a view for explaining an alignment state of
liquid crystal molecules in the liquid crystal display device
according to the embodiment 1 when performing the 3D
display;

[0015] FIG.5isaview forexplaining effects acquired by an
SP wave reflector of the liquid crystal display device accord-
ing to the embodiment 1 of the present invention;

[0016] FIG. 6isaview forexplaining effects acquired by an
SP wave reflector of the liquid crystal display device accord-
ing to the embodiment 1 of the present invention;

[0017] FIG. 7 is a view for explaining the schematic con-
stitution of a liquid crystal display device according to an
embodiment 2 of the present invention;

[0018] FIG. 81is a view showing the relationship between a
crosstalk and a barrier shielding ratio in the liquid crystal
display device according to the embodiment 2 of the present
invention;

[0019] FIG. 9 is a view showing the relationship between
brightness and the barrier shielding ratio in the liquid crystal
display device according to the embodiment 2 of the present
invention;

[0020] FIG. 10 is a view showing the relationship between
abrightness increase ratio and the barrier shielding ratio in the
liquid crystal display device according to the embodiment 2
of the present invention;

[0021] FIG. 11 is view for explaining the schematic consti-
tution of a conventional liquid crystal display device;

[0022] FIG. 12 is a view for explaining the schematic con-
stitution of the conventional liquid crystal display device; and
[0023] FIG. 13 is a view for explaining the schematic con-
stitution of the conventional liquid crystal display device.

DETAILED DESCRIPTION OF THE INVENTION

[0024] Hereinafter, an embodiment to which the present
invention is applied is explained in conjunction with draw-
ings. In the explanation made hereinafter, however, identical
constitutional elements are given the same symbols and the
repeated explanation of these parts is omitted.

Embodiment 1

[0025] FIG. 1 is a cross-sectional view for explaining the
schematic constitution of a liquid crystal display device
according to the embodiment 1 of the present invention. Here-
inafter, the overall constitution of the liquid crystal display
device of the embodiment 1 is explained in conjunction with
FIG. 1. In the explanation made hereinafter, however, except
for a polarizer POL and an SP wave reflector BEM, the
explanation of well-known optical sheets such as a prism
sheet and a diffusion plate is omitted.

[0026] Theliquid crystal display device of the embodiment
1 includes: a first liquid crystal display panel LCD1 which is
a liquid crystal display panel for image display: and a second
liquid crystal display panel LCD2 which is a liquid crystal
display panel for a parallax barrier which displays a stripe
pattern functioning as the parallax barrier. Particularly, the
second liquid crystal display panel LCD2 is arranged
between a backlight unit BLU and the first liquid crystal
display panel LCD1. Inthe liquid crystal display device of the
embodiment 1 having such a constitution, as shown in FIG. 1,
a second SP wave reflector BEM2, a second polarizer POL2,
the second liquid crystal display panel LCD2, a first SP wave
reflector BEM1, a first polarizer POL1, the first liquid crystal
display panel LCD1, and a third polarizer POL3 are arranged
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in an overlapping manner in this order respectively starting
from the backlight unit BLU side.

[0027] The second liquid crystal display panel LCD2
according to the embodiment 1 is formed of a twisted-nem-
atic-type (hereinafter, referred to as TN-type) liquid crystal
display panel. The first polarizer POL1 and the second polar-
izer POL2 are arranged so as to sandwich the second liquid
crystal display panel LCD2 therebetween, wherein a polar-
ization axis of the first polarizer POL1 and a polarization axis
of the second polarizer POL2 are tilted from each other by
90°. Due to such an arrangement, the second liquid crystal
display panel LCD2 constitutes a so-called normally white
(normally open) type display panel which performs a white
display where an electric field is not applied to respective
pixels so that backlight light transmits (passes through) the
second liquid crystal display panel LCD2 and performs a
black display where an electric field is applied to the respec-
tive pixels so that backlight light is blocked. In the same
manner, a polarization axis of the first SP wave reflector
BEM1 and a polarization axis of the second SP wave reflector
BEM2 are also tilted from each other by 90°. Here, the first SP
wave reflector BEM1 and the second SP wave reflector
BEM2 are explained in detail later.

[0028] In the liquid crystal display device of the embodi-
ment 1, the first liquid crystal display panel LCD1 is arranged
closer to an image display side which is a side of a viewer not
shown in the drawing than the first polarizer POL1 is. The
liquid crystal display device of the embodiment 1 may adopt
any type of liquid crystal display panel such as a TN-type
liquid crystal display panel, a VA(Vertical Alignment)-type
liquid crystal display panel or an IPS(In-Plane Switching)-
type liquid crystal display panel. The third polarizer POL3 is
arranged on a display screen side of the first liquid crystal
display panel LCD1, that is, on a side of the viewer not shown
in the drawing. Here, the direction of a polarization axis of the
third polarizer POL3 with respect to the direction of a polar-
ization axis of the first polarizer POL1 is suitably set corre-
sponding to a type of the first liquid crystal display panel
LCD1.

[0029] FIG.2isaview forexplaining the parallax barrier of
the second liquid crystal display panel of the liquid crystal
display device of the embodiment 1 when performing a 3D
display, and FIG. 3 and FIG. 4 are views for explaining an
alignment state of liquid crystal molecules of the liquid crys-
tal display device of the embodiment 1 when performing a 2D
display and the 3D display. Particularly, FIG. 3 is the view
showing an alignment state of liquid crystal molecules when
performing the 2D display, that is, an alignment state of the
liquid crystal molecules when an electric field is not applied
to respective pixels of the second liquid crystal display panel
(when the 3D display is in an OFF state). On the other hand,
FIG. 4 is a view showing an alignment state of liquid crystal
molecules when performing the 3D display, that is, an align-
ment state of liquid crystal molecules when an electric field is
applied to pixels which constitute a parallax barrier of the
second liquid crystal display panel (when the 3D display is in
an ON state). Further, symbols X, Y respectively indicate an
X axis and a Y axis.

[0030] Hereinafter, the formation of the parallax barrier in
the second liquid crystal display panel according to the
embodiment 1 is explained in conjunction with FIG. 2 to FIG.
4.

[0031] As shown in FIG. 2, in the liquid crystal display
device of the embodiment 1, when the 3D display is in an ON
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state, by displaying plural black stripes (indicated by hatching
in the drawing) which extend in the Y direction and are
arranged parallel to each other in the X direction on the
second liquid crystal display panel LCD2 which performs a
monochromic (black-and-white) display, a backlight light
transmission region (an opening region of the barrier) TRA
and a backlight light blocking region (a shielding region, a
barrier forming region) OPA are alternately arranged parallel
to each other in the X direction thus forming the parallax
barrier. In the embodiment 1, the second liquid crystal display
panel LCD2 is arranged closer to the backlight unit BLU than
the first liquid crystal display panel LCD1 is and hence,
backlight light corresponding to the light transmission
regions TRA is irradiated to the first liquid crystal display
panel LCD1 whereby it is possible to allow a viewer to
observe different images with respect to his left and right
viewpoints arranged in the X direction which is the parallel
arrangement direction of the light blocking regions OPA.

[0032] In the second liquid crystal display panel LCD2 of
the embodiment 1, a polarization direction of the polarizer
POL1 arranged on a backlight unit BLU side and a polariza-
tion direction of the polarizer POL3 arranged on a first liquid
crystal display panel LCD1 side are arranged orthogonal to
each other. The second liquid crystal display panel LCD2
constitutes a normally white (normally open) type display
panel where each pixel assumes alight transmission state
(white display state) in a state where an electric field is not
applied to the liquid crystal layer. As shown in FIG. 2, a sum
of'awidth L1 of the light blocking region OPA and a width .2
of'the light transmission region TRA arranged adjacent to the
light blocking region OPA becomes a barrier pitch L.3. Fur-
ther, a light shielding ratio (%) of the barrier in the second
liquid crystal display panel LCD2 is indicated by (100xL1)/
L3, and a aperture ratio of the barrier is indicated by (100x
L2)/L3. In the liquid crystal display device of the embodi-
ment 1, a ratio between the width L1 of the light blocking
region OPA and the width L2 of the light transmission region
TRA is set to 1:1, that is, L1=12 so that the aperture ratio of
the barrier=the barrier shielding ratio=50%.

[0033] As described above, the second liquid crystal dis-
play panel LCD2 is formed of a TN-type liquid crystal display
panel and hence, as shown in FIG. 3 and FIG. 4, a first
substrate SUB1 on which pixel electrodes PX1, PX2 and the
like are formed and a second substrate SUB2 on which a
common electrode CT and the like are formed are arranged to
face each other in an opposed manner with liquid crystal LC
sandwiched therebetween. In the second liquid crystal dis-
play panel LCD2 having such a constitution, when the 3D
display is in an OFF state, that is, when the 2D display is inan
ON state, as shown in FIG. 3, a voltage which does not
generate an electric field between all pixel electrodes PX1,
PX2 and the common electrode CT is applied so that mol-
ecules of liquid crystal LC are continuously twisted by 90°
from the first substrate SUB1 toward the second substrate
SUB2. As a result, for example, backlight light which is
incident on the second liquid crystal display panel LCD2
from the first substrate SUB1 side is irradiated from the
second substrate SUB2 side after the polarization direction of
the backlight light is rotated by 90° along the twist of liquid
crystal LC, passes through the SP wave reflector BEM1 and
the first polarizer POL1 not shown in the drawing, and is
irradiated to the first liquid crystal display panel LCD1.

[0034] Further, when the 3D display is in an ON state, that
is, when performing the 3D display, as shown in FIG. 4, a
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voltage corresponding to the black display is applied to the
pixel electrodes PX1 of pixels which correspond to the light
blocking region OPA, and an electric field EF is generated
between the common electrode CT and the pixel electrodes
PX1. Due to such an electric field EF, the alignment direction
(long axis direction) of molecules of liquid crystal LC is
arranged along the direction of an electric field generated
between the first substrate SUB1 and the second substrate
SUB2. As a result, backlight light which is incident on the
second liquid crystal display panel LCD2 from the first sub-
strate SUB1 side is irradiated from the second substrate
SUB?2 side in a state where the rotation of the polarization
direction by liquid crystal LC is not made. As a result, as
described in detail later, the backlight light irradiated from the
second substrate SUB2 is reflected on the SP wave reflector
BEM1 and, at the same time, remaining light which is not
reflected on the SP wave reflector BEM1 is absorbed by the
polarizer POL1. The backlight light which is reflected on the
SP wave reflector BEM1 is returned to the second liquid
crystal display panel LCD2. Here, to the pixel electrode PX2
in the light transmission region TRA which is a region shown
onarightsideinFIG. 4, in the same manner as a period during
which the above-mentioned 2D display is performed, a volt-
age which is equal to a voltage applied to the common elec-
trode CT is applied so that an electric field is not generated
between the pixel electrode PX2 and the common electrode
CT. Accordingly, the backlight light which is incident on the
second liquid crystal display panel LCD2 from the first sub-
strate SUB1 side is, after the polarization direction of the
backlight light is rotated by 90° along the twist of liquid
crystal LC, irradiated from the second substrate SUB2 side,
passes through the SP wave reflector BEM1 and the polarizer
POL1, and is irradiated to the first liquid crystal display panel
LCD1.

[0035] Next, FIG. 5 and FIG. 6 are views for explaining
effects acquired by the SP wave reflector of the liquid crystal
display device according to the embodiment 1 of the present
invention. Hereinafter, in conjunction with FIG. 1 to FIG. 6,
the manner of operation for enhancing brightness by the SP
wave reflector BEM1 of the liquid crystal display device
according to the embodiment 1 is explained. In these draw-
ings, particularly, FIG. 5 is the view showing a backlight light
incident on the light transmission region TRA of the second
liquid crystal display panel LCD2, and FIG. 6 is the view
showing a backlight light incident on the light blocking
region OPA of the second liquid crystal display panel LCD2.

[0036] (When Performing 3D Display)

[0037] Inthe liquid crystal display device according to the
embodiment 1, with respect to a backlight light irradiated
from the backlight unit BLU shown in FIG. 1, firstly, with the
use of the second SP wave reflector BEM2, in the lights
(backlight light) having two polarization components
orthogonal to each other, the light, which has the polarization
component having the same polarization direction, passes
through the second SP wave reflector BEM2, and the light
having the polarization component which does not have the
same polarization direction is reflected on the second SP
wave reflector BEM2 and is returned to the backlight unit
BLU. With respect to the backlight light which passes
through the second SP wave reflector BEM2, only the light
having the preset polarization direction passes the second
polarizer POL2 and the light having other polarization direc-
tions is absorbed by the second polarizer POL2. Although the
SPwave reflectors BEM1, 2 have polarization characteristics,
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the polarization performances of the SP wave reflectors
BEM1, 2 are low compared to the polarization performances
of'the polarizers POL 1 to 3 and hence, in the embodiment 1,
the polarizers POL 1, 2 are arranged together with the SP
wave reflectors BEM1, 2.

[0038] Here, the liquid crystal display device is in a 3D
display state and hence, as shown in FIG. 5, a backlight light
T1 which passes through the polarizer POL2 and is indicated
by an arrow which is incident on the light transmission region
TRA has the polarization direction thereof rotated by 90° by
being modulated by the second liquid crystal display panel
LCD2 as described previously. Here, polarization directions
of the first SP wave reflector BEM1 and the first polarizer
POL1 are arranged orthogonal to, that is, are rotated by 90°
with respect to the polarization directions of the second SP
wave reflector BEM2 and the second polarizer POL2.
Accordingly, the backlight light T1 which is irradiated after
the polarization direction is rotated by 90° by the second
liquid crystal display panel LCD2 passes through the first SP
wave reflector BEM1 and the first polarizer POL1. The back-
light light T1 which has passed the first SP wave reflector
BEM1 and the first polarizer POL1 is irradiated to the first
liquid crystal display panel LCD1, is subjected to gradation
modulation corresponding to the 3D display by the first liquid
crystal display panel LCD1 and, thereafter, the backlight light
T1is outputted to left and right eyes of a viewer from the third
polarizer POL3 as display images at viewpoint positions dif-
ferent from each other thus providing a 3D display.

[0039] On the other hand, as shown in FIG. 6, a backlight
light T2 which passes through the polarizer POL2 and is
indicated by an arrow which is incident on the light blocking
region OPA has the polarization direction thereof not changed
by the second liquid crystal display panel LCD2 as described
previously. Accordingly, the backlight light T2 which is irra-
diated from the second liquid crystal display panel LCD2
becomes the light having polarization direction orthogonal to
the polarization axis direction of the first SP wave reflector
BEM1 and hence, the light is reflected on the first SP wave
reflector BEM1. The backlight light T2 which is reflected by
the first SP wave reflector BEM1 passes through the second
liquid crystal display panel LCD2 with the polarization direc-
tion thereof not changed by the second liquid crystal display
panel LCD2 and, thereafter, the backlight light T2 passes
through the second polarizer POL2 and the second SP wave
reflector BEM2 and is incident on the backlight unit BLU.
The light incident on the backlight unit BLU is subjected to
the reflection and a change in the polarization direction by the
reflector and the like in the backlight unit BLU again, and the
light is irradiated from the backlight unit BLU as the back-
light light together with an irradiated light from a light source
not shown in the drawing.

[0040] In this manner, according to the liquid crystal dis-
play device of this embodiment 1, by arranging the second
liquid crystal display panel LCD2 closer to a backlight unit
BLU side than the first liquid crystal display panel LCD1 is
and by arranging the first SP wave reflector BEM1 and the
first polarizer POL1 between the first liquid crystal display
panel LCD1 and the second liquid crystal display panel
LCD2, only the backlight light irradiated to the light blocking
region OPA for forming the barrier region is efficiently
returned to the backlight unit BLU side, and the returned light
can be reused as the backlight light again. Accordingly, dis-
play brightness when performing the 3D display is efficiently
enhanced without lowering brightness when performing the
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2D display. According to the measurement carried out by
inventors of the present invention, the result obtained is that
the liquid crystal display device of the embodiment 1 can
enhance brightness when performing the 3D display by 5%
compared to the conventional liquid crystal display device
shown in FIG. 13, for example. That is, due to such enhance-
ment of brightness, the power consumption of the backlight
unit BLU can be reduced by 5% to acquire the same bright-
ness, for example.

[0041] (When Performing 2D Display)

[0042] Also when performing the 2D display, with respect
to a backlight light irradiated from the backlight unit BL.U,
with the use of the second SP wave reflector BEM2, the light
having the polarization component which has the same polar-
ization direction passes through the second SP wave reflector
BEM2, while the light having the polarization component
which does not have the same polarization direction is
reflected on the second SP wave reflector BEM2 and is
reflected on the backlight unit BLU. Only the light having
polarization direction of the backlight light which passes
through the second SP wave reflector BEM2 passes through
the second polarizer POL2.

[0043] When performing the 2D display, the backlight light
is irradiated from the second liquid crystal display panel
LCD2 after all pixels assume a backlight light transmission
state (white state), that is, after the polarization direction of
the backlight light incident on the second liquid crystal dis-
play panel LCD2 is rotated by 90° in all pixels. As a result, the
backlight light from all pixels passes through the first SP wave
reflector BEM1 and the first polarizer POL1, and is irradiated
to the first liquid crystal display panel LCD1. The backlight
light is, after being subject to gradation modulation corre-
sponding to the 2D display by the first liquid crystal display
panel LCD1, outputted to left and right eyes of a viewer as a
display image at the same viewpoint position thus providing
a 2D display. When performing the 2D display, all pixels in
the second liquid crystal display panel LCD2 assume a state
shown in FIG. 5 and hence, the backlight light is not reflected
on the

[0044] first SP wave reflector BEM1. As the SP wave
reflectors BEM1, BEM2 which allow the transmission of the
light having the polarization component which has the same
polarization direction and reflects the light having polariza-
tion component which does not have the same polarization
direction, for example, NIPOCS PCF series made by NITTO
DENKO CORPORATION, a brightness enhancing film
made by Sumitomo 3M Limited or the like can be used.
However, the SP wave reflectors BEM1, BEM2 according to
the present invention are not limited to these products.
[0045] In this manner, the liquid crystal display device
according to the embodiment 1 includes the first liquid crystal
display panel LCD1 which performs an image display, the
second liquid crystal display panel LCD2 which is arranged
on the back surface side of the first liquid crystal display panel
LCD1 and performs a display of a parallax barrier pattern
constituted of the light transmission regions TRA and the
light blocking regions OPA, and the backlight unit BLU
which is arranged on the back surface side of the second
liquid crystal display panel LCD2 and irradiates a backlight
light, and the backlight light is irradiated to the first liquid
crystal display panel LCD1 via the second liquid crystal
display panel LCD2. Here, the second liquid crystal display
panel LCD2 which forms the parallax barrier and performs a
monochromic display is arranged closer to the backlight unit
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BLU side than the first liquid crystal display panel LCD1 is,
and the SP wave reflector BEM1 is arranged between the first
liquid crystal display panel LCD1 and the second liquid crys-
tal display panel LCD2 on a side closer to the second liquid
crystal display panel LCD2 than the polarizer POL1 is.
Accordingly, when performing the 3D display, the backlight
light irradiated from the second liquid crystal display panel
LCD2 and in the light blocking region OPA which constitutes
the parallax barrier is reflected on the SP wave reflector
BEM1 so that the backlight light can be irradiated to the
second liquid crystal display panel LCD2 from the backlight
unit BLU again whereby display brightness when performing
the 3D display can be enhanced without lowering display
brightness when performing the 2D display.

[0046] As a result, the liquid crystal display device accord-
ing to the embodiment 1 can also particularly enhance the
power efficiency of the backlight unit BLU.

[0047] In the liquid crystal display device according to the
embodiment 1, by setting the extension direction and the
parallel arrangement direction of the black stripes of the
parallax barrier displayed on the second liquid crystal display
panel LCD2 such that the black stripes of the parallax barrier
extend in the X direction and are arranged parallel to each
otherin theY direction, and by rotating an image displayed by
the first liquid crystal display panel LCD1 by 90°, in the same
liquid crystal display device, it is possible to perform the 2D
display and the 3D display both in the longitudinal direction
and in the lateral direction.

[0048] Further, the liquid crystal display device according
to the embodiment 1 has been explained with respect to a case
where a TN type liquid crystal display panel is used as the
second liquid crystal display panel LCD2. However, the sec-
ond liquid crystal display panel LCD2 is not limited to the TN
type liquid crystal display panel, and may be formed of a
liquid crystal display panel of another type in the same man-
ner as the first liquid crystal display panel LCD1. Also in this
case, the polarization direction of the SP wave reflector
BEM1 and the polarization direction of the polarizer POL1
are equal, while the polarization direction of the SP wave
reflector BEM2 and the polarization direction of the polarizer
POL2 are also equal. However, the polarization direction of
the pair of the SP wave reflector BEM1 and the polarizer
POL1 and the polarization direction of the pair of the SP wave
reflector BEM2 and the polarizer POL2 are displaced from
each other by 90°.

Embodiment 2

[0049] FIG. 7 is a view for explaining the schematic con-
stitution of a liquid crystal display device according to the
embodiment 2 of the present invention, wherein except for the
constitution where only a first SP wave reflector BEM1 is
arranged between a first liquid crystal display panel LCD1
and a second liquid crystal display panel LCD2, the liquid
crystal display device according to the embodiment 2 has the
substantially same constitution as the liquid crystal display
device according to the embodiment 1. Accordingly, in the
explanation made hereinafter, the constitution where the first
SP wave reflector BEM1 is arranged between the first liquid
crystal display panel LCD1 and the second liquid crystal
display panel LCD2 is explained in detail.

[0050] As shown in FIG. 7, in the liquid crystal display
device of the embodiment 2, in the order starting from a
backlight unit BLU, a second SP wave reflector BEM2, a
second polarizer POL2, the second liquid crystal display
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panel LCD2, the first SP wave reflector BEM1, the first liquid
crystal display panel LCD1, and a third polarizer POL3 are
arranged in an overlapping manner. Also in this case, the
polarization axis direction of the second polarizer POL2 and
the polarization axis direction of the second SP wave reflector
BEM2 are set equal, and the polarization axis direction of the
first SP wave reflector BEM1 and the polarization axis direc-
tion of the second SP wave reflector BEM2 are arranged to be
orthogonal to each other.

[0051] Accordingly, a backlight light irradiated from the
backlight unit BLU passes through the second SP wave
reflector BEM2 and the second polarizer POL2 in the same
manner as the above-mentioned liquid crystal display device
according to the embodiment 1 and, thereafter, is incident on
the second liquid crystal display panel LCD2.

[0052] Here, when performing a 3D display, in the same
manner as FIG. 3 and FIG. 4 which shows the above-men-
tioned embodiment 1, a backlight light corresponding to a
light transmission region TRA of the second liquid crystal
display panel LCD2 and a backlight light corresponding to
the light blocking region OPA are subjected to different
modulations. Accordingly, the backlight light which passes
through pixels corresponding to the light transmission region
TRA is modulated by the second liquid crystal display panel
LCD2 and is turned into a backlight light whose polarization
direction is rotated by 90° and hence, the backlight light
passes through the first SP wave reflector BEM1 and is irra-
diated to the first liquid crystal display panel LCD1. There-
after, gradation modulation corresponding to the 3D display
is applied to the backlight light by the first liquid crystal
display panel LCD1 and, thereafter, is outputted from the
third polarizer POL3 to left and right eyes of a viewer as
display images at different viewpoint positions thus provid-
ing a 3D display.

[0053] On the other hand, with respect to the backlight light
which passes through the pixels corresponding to the light
blocking region OPA, the polarization direction of the back-
light light is not modulated by the second liquid crystal dis-
play panel LCD2. That is, the backlight light is irradiated as a
backlight light having the polarization direction orthogonal to
the polarization axis direction of the first SP wave reflector
BEM1 and hence, the backlight light is reflected on the first
SP wave reflector BEM1. Here, although the backlight light
which remains without being reflected by the first SP wave
reflector BEM1 is irradiated to the first liquid crystal display
panel LCD1, an amount of the remaining backlight light is
extremely small and hence, a light blocking effect is not
deteriorated.

[0054] The backlight light which is reflected by the first SP
wave reflector BEM1, in the same manner as the above-
mentioned embodiment 1, passes through the second liquid
crystal display panel LCD2 with the polarization direction
thereof not changed by the second liquid crystal display panel
LCD2 and, thereafter, the backlight light passes through the
second polarizer POL2 and the second SP wave reflector
BEM2 and is incident on the backlight unit BLU. The light
incident on the backlight unit BLU is subjected to the reflec-
tion and a change in the polarization direction by the reflector
and the like in the backlight unit BLU again, and the light is
irradiated from the backlight unit BLU as the backlight light
together with an illumination light from a light source not
shown in the drawing.

[0055] When performing a 2D display, in the same manner
as the first embodiment, all pixels in the second liquid crystal
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display panel LCD2 assume a backlight light transmission
state and hence, the backlight light from all pixels passes
through the first SP wave reflector BEM1 and is irradiated to
the first liquid crystal display panel LCD1. The backlight
light is, after being subject to gradation modulation corre-
sponding to the 2D display by the first liquid crystal display
panel LCD1, outputted to left and right eyes of a viewer as a
display image at the same viewpoint position thus providing
a 2D display whereby lowering of brightness or the like does
not occur.

[0056] In this manner, in the liquid crystal display device
according to the embodiment 2, the second liquid crystal
display panel L.LCD2 is arranged on a more backlight unit BLU
side than the first liquid crystal display panel LCD1 and only
the first SP wave reflector BEM1 is arranged between the first
liquid crystal display panel LCD1 and the second liquid crys-
tal display panel LCD2 and hence, lowering of brightness
when performing the 2D display can be prevented whereby
display brightness when performing the 3D display can be
further efficiently enhanced. According to the measurement
carried out by inventors of the present invention, the result
obtained is that the liquid crystal display device of the
embodiment 2 can enhance brightness when performing the
3D display by 32% compared to the conventional liquid crys-
tal display device shown in FIG. 13, for example. Further, due
to such enhancement of brightness, the power efficiency
(power efficiency of the backlight unit BLU) can be enhanced
by 32%.

[0057] Further, in the liquid crystal display device of the
embodiment 2, display brightness when performing the 3D
display can be largely enhanced and hence, this embodiment
2 can acquire a particular advantageous effect that lowering of
brightness when a display mode is switched from the 2D
display to the 3D display can be made small. As a result, this
embodiment 2 can also acquire an advantageous effect that a
discomfort that a viewer feels when a display mode is
switched from the 2D display to the 3D display can be largely
reduced.

Embodiment 3

[0058] A liquid crystal display device according to the
embodiment 3 of the present invention is a liquid crystal
display device where a robe (viewing region) when perform-
ing the 3D display in the liquid crystal display device accord-
ing to the embodiment 2 is enlarged.

[0059] FIG. 8 is a view showing the relationship between
crosstalk and a barrier shielding ratio in the liquid crystal
display device according to the embodiment 2 of the present
invention, FIG. 9 is a view showing the relationship between
brightness and a barrier shielding ratio in the liquid crystal
display device according to the embodiment 2 of the present
invention, and FIG. 10 is a view showing the relationship
between a brightness increase ratio and a barrier shielding
ratio in the liquid crystal display device according to the
embodiment 2 of the present invention.

[0060] As can be clearly understood from a graph G1
indicative of the relationship between a crosstalk generation
amount and a barrier shielding ratio shown in FIG. 8, in the
liquid crystal display device according to the embodiment 2,
in a region where the barrier shielding ratio is 50% or less, a
crosstalk generation amount is decreased along with the
elevation of the barrier shielding ratio. However, in a region
where the barrier shielding ratio is 50% or more, the crosstalk
generation amount becomes almost fixed and hence, it is
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understood that the elevation of the barrier shielding ratio
does not bring about the reduction of the crosstalk.

[0061] On the other hand, from graphs G2, G3 indicative of
the relationship between brightness and a barrier shielding
ratio shown in FIG. 9, it is understood that display brightness
is lowered along with the increase of the barrier shielding
ratio. Here, to compare the graph G3 indicative of the rela-
tionship between brightness and the barrier shielding ratio in
the conventional liquid crystal display device with the graph
G2 indicative of the relationship between brightness and the
barrier shielding ratio in the liquid crystal display device
according to the embodiment 3, with respect to the lowering
of'brightness when the barrier shielding ratio is increased, the
lowering of brightness in the conventional liquid crystal dis-
play device appears equal to the lowering of brightness in the
liquid crystal display device according to the embodiment 3.
However, the liquid crystal display device according to the
embodiment 3 can more effectively decrease a brightness
lowering rate along with the increase of a barrier shielding
ratio compared to a conventional liquid crystal display
device.

[0062] In this case, as can be understood from a graph G4
indicative of the relationship between a brightness increase
ratio and a barrier shielding ratio shown in FIG. 10 where a
brightness increase ratio is expressed by a following formula,
it is understood that the brightness increase ratio becomes
32% when the barrier shielding ratio is 50%, and the bright-
ness increase ratio is further increased along with the increase
of the brightness shielding ratio. That is, it is understood that
the brightness in a transmission region when performing the
3D display is increased along with the increase of the barrier
shielding ratio more in the liquid crystal display device to
which the present invention is applied compared to the con-
ventional liquid crystal display device.
Brightness increase ratio=100x(brightness of liquid

crystal display device of embodiment 2)/(brightness
of conventional liquid crystal display device)

[0063] Further, to enlarge a region where the 3D display is
viewable (a region of a robe where the 3D display is observed
continuously), it is effective to increase the barrier shielding
ratio. Particularly, the region can be enlarged by setting the
barrier shielding ratio to 50% or more.

[0064] Accordingly, for example, when display brightness
when performing the 3D display is set substantially equal to
display brightness of the conventional 3D display, as can be
understood from FIG. 9, the barrier shielding ratio can be set
to approximately 64% and hence, the robe can be largely
expanded. Here, as can be understood from FIG. 8, the
increase of crosstalk can be also suppressed and hence, low-
ering of image quality when performing 3D display can be
also prevented.

[0065] Further, as can be understood from the graph G4
indicative of the relationship between a brightness increase
ratio and a barrier shielding ratio shown in FIG. 10, even
when a light source of the same amount of light is used,
brightness of a backlight light which passes through a trans-
mission region can be increased more than a conventional
liquid crystal display device corresponding to the increase of
the barrier shielding ratio and hence, the present invention can
acquire an advantageous effect that the increase of the bright-
ness difference when performing the 2D display and when
performing the 3D display caused by the increase of a barrier
shielding ratio can be suppressed.
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[0066] While there have been described what are at present
considered to be certain embodiments of the invention, it will
be understood that various modifications may be made
thereto, and it is intended that the appended claim cover all
such modifications as fall within the true spirit and scope of
the invention.

What is claimed is:

1. A liquid crystal display device comprising:

afirst liquid crystal display panel which performs an image
display;

a second liquid crystal display panel which is arranged on
aback surface side of the first liquid crystal display panel
and performs a display of a parallax barrier pattern con-
stituted of light transmission regions and light blocking
regions;

a backlight unit which is arranged on a back surface side of
the second liquid crystal display panel and irradiates a
backlight light to the first liquid crystal display panel via
the second liquid crystal display panel; and

a first SP wave reflector which is arranged between the first
liquid crystal display panel and the second liquid crystal
display panel, and allows the transmission of light hav-
ing a polarization component, which has one polariza-
tion direction, of lights having two polarization compo-
nents orthogonal to each other and reflects the light
having a polarization component orthogonal to the
polarization direction, wherein

the first SP wave reflector reflects the backlight light, which
passes through the second liquid crystal display panel,
corresponding to the light blocking regions to the second
liquid crystal display panel.

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

wherein a polarizer is arranged only on an image display
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screen side of the first liquid crystal display panel and
between the backlight unit and the second liquid crystal dis-
play panel.

3. The liquid crystal display device according to claim 2,
wherein a polarization direction of the first SP wave reflector
and a polarization direction of the polarizer arranged between
the backlight unit and the second liquid crystal display panel
are arranged orthogonal to each other.

4. The liquid crystal display device according to claim 1,
wherein a polarizer is arranged on a viewer side of the first
liquid crystal display panel, between the first liquid crystal
display panel and the first SP wave reflector, and between the
backlight unit and the second liquid crystal display panel
respectively.

5. The liquid crystal display device according to claim 1,
wherein the liquid crystal display device further comprises: a
second SP wave reflector which allows the transmission of
light, which has a polarization component having a same
polarization direction, of lights having two polarization com-
ponents orthogonal to each other and reflects the light having
a polarization component which does not have the same
polarization direction, and

the second SP wave reflector is arranged between the sec-

ond liquid crystal display panel and the backlight unit,
and a polarization direction of the first SP wave reflector
and a polarization direction of the second SP wave
reflector are arranged orthogonal to each other.

6. The liquid crystal display device according to claim 1,
wherein the second liquid crystal display panel is formed of a
normally-white twist nematic liquid crystal display panel.

Ed sk Ed Ed Ed
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