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(57) ABSTRACT

A display device for three-dimensional images includes a
first panel including first and second substrates where first
and second alignment films are formed, respectively, and a
first liquid crystal layer interposed between the first and
second substrates, a second panel including third and fourth
substrates where third and fourth alignment films are
formed, respectively, and a second liquid crystal layer
interposed between the third and fourth substrates, and
disposed to overlap the first panel, first and second polariz-
ing plates disposed at the outsides of the first and second
panels, respectively, and a third polarizing plate disposed
between the first and second panels. A polarizing axis of the
third polarizing plate substantially aligns with rubbing direc-
tions of the second and third alignment films that are
disposed adjacent to the third polarizing plate.
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DISPLAY DEVICE FOR
THREE-DIMENSIONAL IMAGE

CROSS REFERENCE TO RELATED FOREIGN
APPLICATION

[0001] This application claims priority from Korean
Patent Application No. 10-2006-0102487 filed on Oct. 20,
2006, in the Korean Intellectual Property Office, the contents
of which are herein incorporated by reference in their
entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present disclosure is directed to a display
device for three-dimensional images. More particularly, the
present disclosure is directed to a display device for three-
dimensional images that is capable of producing high trans-
mittance.

[0004] 2. Description of the Related Art

[0005] Various methods have been researched or devel-
oped for a technology implementing living and realistic
three-dimensional images. In particular, with the develop-
ment of information communication technologies including
the Internet and mobile communication, an amount and
quality of information that are transmitted to individuals
have drastically increased. A three-dimensional display tech-
nology has been of interest as a method of most efficiently
transmitting and representing information.

[0006] Three-dimensional display technology may be
largely divided into a stereoscopy type, where viewers need
to put on special glasses in order to view three-dimensional
images, and an autostereoscopy type, where the viewers can
view the three-dimensional images without putting on the
special glasses.

[0007] The stereoscopy-type three-dimensional display
provides slightly different images to the left and right eyes
of each viewer, respectively, such that the viewer perceives
depth cues due to parallax thereof. The stereoscopy type is
divided into a liquid crystal shutter type and a polarized
stereoscopy type.

[0008] In an autostereoscopy-type three-dimensional dis-
play, there is a parallax method, a volumetric method, and a
holographic method. In the parallax method, a lenticular
sheet or a parallax barrier that is a lens array of a cylindrical
type is provided in front of a display panel, such that
different images are viewed through the left and right eyes
of a viewer, respectively. In the volumetric method, a
three-dimensional image is actually formed on a space, and
in the holographic method, a wave front of a three-dimen-
sional object is reproduced.

[0009] In the autostereoscopy-type three-dimensional dis-
play, when a plurality of transmissive display panels overlap
to implement depth cues, transmittance may be lowered due
to a display panel. In particular, when a liquid crystal panel
is used as the display panel, a polarizing plate that is attached
to each liquid crystal panel may offset light, which lowers
the total transmittance of a display device.

SUMMARY OF THE INVENTION

[0010] According to an exemplary embodiment of the
present invention, a display device for three-dimensional
images includes a first panel including first and second
substrates where first and second alignment films are
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formed, respectively, and a first liquid crystal layer inter-
posed between the first and second substrates, a second
panel including third and fourth substrates where third and
fourth alignment films are formed, respectively, and a sec-
ond liquid crystal layer interposed between the third and
fourth substrates, and disposed to overlap the first panel, first
and second polarizing plates disposed at the outsides of the
first and second panels, respectively, and a third polarizing
plate disposed between the first and second panels. In this
case, a polarizing axis of the third polarizing plate substan-
tially aligns with rubbing directions of the second and third
alignment films that are disposed adjacent to the third
polarizing plate.

[0011] According to another exemplary embodiment of
the present invention, a display device for three-dimensional
images includes a first panel including first and second
substrates and a first liquid crystal layer interposed between
the first and second substrates, a second panel including
third and fourth substrates and a second liquid crystal layer
interposed between the third and fourth substrates, and
disposed to overlap the first panel, and first and second
polarizing plates disposed at the outsides of the first and
second panels, respectively. In this case, the first and the
second crystal layers have chiral dopants that have different
polarities, respectively, and polarizing axes of the first and
second polarizing plates align with each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The above and other features will become more
apparent by describing in detail exemplary embodiments
thereof with reference to the attached drawings.

[0013] FIG. 1 is a schematic perspective view of a three-
dimensional image display device according to an exem-
plary embodiment of the present invention.

[0014] FIG. 2 is a cross-sectional view of a three-dimen-
sional image display device of FIG. 1.

[0015] FIG. 3 is an exploded perspective view of a three-
dimensional image display device of FIG. 2.

[0016] FIG. 4 is a diagram illustrating movement of liquid
crystal molecules in each panel of FIG. 3.

[0017] FIG. 5 is a cross-sectional view of a three-dimen-
sional image display device according to another exemplary
embodiment of the present invention.

[0018] FIG. 6 is an exploded perspective view of a three-
dimensional image display device of FIG. 5.

[0019] FIG. 7 is an exploded perspective view of a three-
dimensional image display device according to still another
exemplary embodiment of the present invention.

[0020] FIG. 8 is a diagram illustrating movement of liquid
crystal molecules in each panel of FIG. 7.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0021] Features methods of accomplishing the same may
be understood more readily by reference to the following
detailed description of exemplary embodiments and the
accompanying drawings. The invention may, however, be
embodied in many different forms and should not be con-
strued as being limited to the embodiments set forth herein
It will be understood that when an element or layer is

referred to as being “on”, “connected to” or “coupled to”
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another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present.

[0022] FIG. 1 is a schematic perspective view of a three-
dimensional image display device according to an exem-
plary embodiment of the present invention, and FIG. 2 is a
cross-sectional view of a three-dimensional image display
device of FIG. 1.

[0023] Referring to FIG. 1, a three-dimensional image
display device 10 according to an exemplary embodiment of
the present invention includes a first panel 100, and a second
panel 200 that is disposed to overlap the first panel 100.
[0024] The first panel 100 and the second panel 200
display images different from each other, respectively. Since
a viewer views an image displayed on the first panel 100 and
an image displayed on the second panel 200 in an overlap-
ping state, the viewer recognizes a three-dimensional image
as a whole. Further, the viewer may recognize the image
displayed on the first panel 100 to be disposed adjacent to
the viewer as an image that is relatively closely disposed to
the viewer.

[0025] A refractor may be additionally disposed in a space
300 between the first panel 100 and the second panel 200.
The image on the second panel 200 is refracted at a
predetermined angle while passing through the refractor, and
is then recognized by the viewer through the first panel 100.
Accordingly, the viewer can further feel a three-dimensional
effect. In order to minimize distortion in the image on the
second panel 200, the refractor may be formed of a sheet of
a material, such as a glass material, an acrylic material, or
the like, which is optically transparent. Further, the refractor
may be formed of a Fresnel lens, a lenticular lens, or the like.
[0026] Referring to FIG. 2, the first panel 100 includes an
upper substrate 102, a lower substrate 104, and a liquid
crystal layer 150 that is interposed therebetween.

[0027] The lower substrate 104 is a substrate that includes
a plurality of thin-film transistor arrays and a plurality of
pixel electrodes 125 formed on an insulating substrate 115
made of a transparent material. In this case, the lower
substrate 104 includes signal lines, such as gate lines, data
lines, and the like. In the lower substrate 104, a thin film
transistor (not shown) and a pixel electrode 125 are formed
in each pixel region that is defined by crossing each gate line
and each data line. Fach of the thin film transistors is formed
by using a gate electrode, a source electrode, and a drain
electrode that are formed on the insulating substrate 115.
The thin film transistor switches an image signal transmitted
through the data line according to a scanning signal trans-
mitted through the gate line such that the image signal is
applied to or intercepted from the pixel electrode 125.
[0028] In this case, the first panel 100 is divided into a
transmissive display panel, a reflective display panel, and a
transflective display panel according to a type of the pixel
electrode 125. The display panel of any one of the three
types may also be applied to the three-dimensional image
display device 10 according to the embodiment of the
present invention. In this embodiment, the description is
made with respect to the transmissive display panel.
[0029] The pixel electrode 125 is made of a transparent
conductive material, such as ITO (Indium Tin Oxide) or IZO
(Indium Zinc Oxide).

[0030] An alignment film 135 is laminated on the pixel
electrode 125. The alignment film 135 may be made of a
polyimide-series organic thin film or an inorganic thin film
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including silicon. In this case, examples of a material of the
inorganic thin film may include hydrogenated amorphous
silicon, silicon carbide (SiC), silicon oxide (8i0,), silicon
nitride (Si;N,), or the like. For convenience of description,
the alignment film 135 that is made of the organic thin film
is used in this invention.

[0031] After the alignment film 135 is coated on the
insulating substrate 115, a rubbing process, which rubs the
alignment film 135 using soft cloth in a predetermined
direction, is performed on the alignment film 135. The
rubbing process is performed such that the alignment film
135 is rubbed in one direction by using cloth where a fiber,
such as cotton or nylon, is flocked and thus liquid crystal
molecules are aligned on a surface of the alignment film 135
in a predetermined direction.

[0032] The upper substrate 102 is opposite to the lower
substrate 104 at a predetermined interval. The upper sub-
strate 102 is a substrate where a black matrix (not shown),
color filters (not shown), and a common electrode 120 are
provided on the insulating substrate 110 made of a trans-
parent material.

[0033] Specifically, color filters of red, green, and blue are
provided on the insulating substrate 110. In addition, the
black matrix is formed at a location that is opposite to the
thin-film transistor array, and serves to absorb diffused
reflected light. The color filters of red, green, and blue are
sequentially formed in the respective pixels.

[0034] The common electrode 120 with a uniform thick-
ness 1s formed on the color filters. In this case, the common
electrode 120 may be made of a transparent conductive
material, such as ITO or 1ZO.

[0035] In addition, an alignment film 130 is laminated on
the common electrode 120. The liquid crystal molecules in
the liquid crystal layer 150 that is interposed between the
upper substrate 102 and the lower substrate 104 are aligned
in a predetermined direction by the alignment films 130 and
135 that are respectively formed on the upper substrate 102
and the lower substrate 104. Further, the liquid crystal
molecules in the liquid crystal layer 150 may be pretilted at
a predetermined angle.

[0036] According to an aligned state of the liquid crystal
molecules 155 in the liquid crystal layer 150, a TN (Twisted
Nematic) mode, an ECB (Electrically Controlled Birefrin-
gence) mode, and a VA (Vertically Aligned) mode may be
applied. However, this embodiment will be described by
using the first panel 100 that operates in the TN mode, in
which an opening ratio is high, in order to ensure maximum
transmittance.

[0037] The liquid crystal molecules 155 that are included
in the liquid crystal layer 150 may be aligned such that a
major axis of the liquid crystal molecule is parallel to the
lower substrate 104 and the upper substrate 102, in a state
where an electric field is not generated between the pixel
electrode 125 and the common electrode 120. If a voltage is
applied to the common electrode 120 and the pixel electrode
125, an electric field is generated in the liquid crystal layer
150, and thus the liquid crystal molecules rotate. At this
time, when the liquid crystal molecules that are included in
the liquid crystal layer 150 have positive dielectric anisot-
ropy, the liquid crystal molecules 155 rotate in a direction
parallel to a direction where the electric field is oriented.
Further, the liquid crystal layer 150 is made of a liquid
crystal mixture where a chiral dopant is added to nematic
liquid crystal molecules to be rotatable.
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[0038] Polarizing plates 140 and 145 are disposed on both
sides of the first panel 100, respectively. The polarizing
plates 140 and 145 selectively transmits linearly polarized
light in a polarization axis (or transmission axis) direction
from disordered light that is not polarized. The polarizing
plate 140 has a structure in which a polarization film is
laminated on a support film. For the polarization film, poly
vinyl aleohol (PVA), polycarbonate, polystyrene, poly-
methacrylate, or the like may be used. In addition, the
support film that is attached to the polarization film
improves durability, mechanical strength, thermal resis-
tance, and the like, and can use tri-acetyl cellulose (TAC),
polyethylene terephthalate, polyethylene glycol, polymethyl
methacrylate, polycarbonate, or the like.

[0039] Next, the second panel 200 that is opposite to the
first panel 100 will be described in detail. The second panel
200 has substantially the same structure as the first panel
100. That is, the second panel 200 includes an upper
substrate 202, a lower substrate 204, and a liquid crystal
layer 250 that is interposed therebetween.

[0040] A polarizing plate 240, an insulating substrate 210,
a common electrode 220, and an alignment film 230 that
form the upper substrate 202 of the second panel 200 are
substantially the same as the polarizing plate 140, the
insulating substrate 110, the common electrode 120, and the
alignment film 130 of the upper substrate 102 of the first
panel 100. However, a rubbing direction of the alignment
film 230 that forms the second panel 200 does not align with
the rubbing direction of the alignment film 130 that forms
the first panel 100. Further, the polarizing plate 240 of the
second panel 200 is different from the polarizing plate 140
of the first panel 100 in a direction of a polarizing axis.
[0041] A polarizing plate 245, an insulating substrate 215,
a pixel electrode 225, and an alignment film 235 that form
the lower substrate 204 of the second panel 200 are sub-
stantially the same as the polarizing plate 145, the insulating
substrate 115, the pixel electrode 125, and the alignment film
135 of the lower substrate 104 of the first panel 100.
However, a rubbing direction of the alignment film 235 that
forms the second panel 200 does not align with the rubbing
direction of the alignment film 135 that forms the first panel
100. Further, the polarizing plate 245 of the second panel
200 is different from the polarizing plate 145 of the first
panel 100 in a direction of a polarizing axis.

[0042] In the three-dimensional display device 10 that
includes the first panel 100 and the second panel 200, color
filters may be formed on both the upper substrate 102 of the
first panel 100 and the upper substrate 202 of the second
panel 200. However, embodiments of the present invention
are not limited thereto. The color filter may be formed only
on the first panel 100 that is disposed relatively closer to the
viewer than the second panel 200, and not on the second
panel 200. Accordingly, transmittance of light can be
increased by reducing the amount of light absorbed in the
color filter. In other cases, the color filter may be formed
only on the second panel 200, and not on the first panel 100.
[0043] The liquid crystal layer 250 of the second panel
220 has substantially the same structure as the liquid crystal
layer 150 of the first panel 100. However, a chiral dopant
that is included in the liquid crystal layer 250 of the second
panel 200 has a polarity opposite to that of the chiral dopant
that 1s included in the liquid crystal layer 150 of the first
panel 100. Accordingly, the liquid crystal molecules 255 of
the second panel 200 and the liquid crystal molecules 155 of
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the first panel 100 have different twisted alignment direc-
tions. For example, in a case where the liquid crystal layer
150 of the first panel 100 has a levorotatory chiral dopant,
and the liquid crystal layer 250 of the second panel 200 has
a dextroratory chiral dopant, the liquid crystal molecules
155 of the first panel 100 are twistedly aligned in a coun-
terclockwise direction, and the liquid crystal molecules 255
of the second panel 200 are twistedly aligned in a clockwise
direction.

[0044] Hereinafter, a transmissive axis direction of the
polarizing plate and a rubbing direction of the alignment
film will be described with reference to FIGS. 2 to 4. FIG.
3 is an exploded perspective view illustrating a three-
dimensional image display device of FIG. 2, and FIG. 4 is
a diagram illustrating movement of liquid crystal molecules
in each panel of FIG. 3. For convenience of description,
according to reference values of angles to be described
below, a 3' o’clock direction is set as a zero degree and a
counterclockwise direction is set to a forward direction, in
terms of a direction viewed by users.

[0045] Referring to FIGS. 2 and 3, in the case of the first
panel 100 that operates in a TN mode, a rubbing direction
137 of the alignment film 135 may be orthogonal to a
rubbing direction 132 of the alignment film 130. For
example, the rubbing direction 137 of the alignment film 135
may be approximately -45°, and the rubbing direction of the
alignment film 130 may be approximately 45°. In this case,
the first panel 100 may have an optimal viewing angle
characteristic in a 6' clock direction (a direction of -90°).
[0046] Further, in the alignment film 130 and the polar-
izing plate 140 that form the upper substrate 102, the
rubbing direction 132 of the alignment film 130 is substan-
tially parallel to the polarizing axis 142 of the polarizing
plate 140. For example, the polarizing axis 142 of the
polarizing plate 140 is approximately 45° or -135°. In the
alignment film 135 and the polarizing plate 145 that form the
lower substrate 104, the rubbing direction 137 of the align-
ment film 135 is substantially parallel to the polarizing axis
147 of the polarizing plate 145. For example, the rubbing
direction 132 of the alignment film 230 forms an angle of
approximately 135° or —45°.

[0047] The rubbing direction 232 of the alignment film
230 of the second panel 200 and the rubbing direction 137
of the alignment film 135 of the first panel 100 may be
adjusted to align with each other. For example, the rubbing
direction 232 of the alignment film 230 may be approxi-
mately -45°. As such, the rubbing direction 232 is adjusted
to align with the rubbing direction 137, light loss is mini-
mized when linearly polarized light passing through the
second panel 200 is incident on the first panel 100, thereby
obtaining higher transmittance.

[0048] Further, in the case of the second panel 200 that
operates in a TN mode, the rubbing direction 237 of the
alignment film 235 may be orthogonal to the rubbing
direction 232 of the alignment film 230. For example, the
rubbing direction 237 of the alignment film 235 forms an
angle of approximately 45°. In some cases, the rubbing
direction 237 of the alignment film 235 may form an angle
of =135° such that it is orthogonal to the rubbing direction
232 of the alignment film 230. At this time, the liquid crystal
layer 150 and the liquid crystal layer 250 each have a chiral
dopant with the same polarity.

[0049] Further, in the alignment film 230 and the polar-
izing plate 240 that form the upper substrate 202, the
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rubbing direction 232 of the alignment film 230 is substan-
tially parallel to the polarizing axis 242 of the polarizing
plate 240. For example, the polarizing axis 242 of the
polarizing plate 240 forms an angle of approximately 135°
or -45°. In the alignment film 235 and the polarizing plate
245 that form the lower substrate 204, the rubbing direction
237 of the alignment film 235 is substantially parallel to the
polarizing axis 247 of the polarizing plate 245. That is, the
polarizing axis 247 of the polarizing plate 245 forms an
angle of 45° or -135°.

[0050] When observing an initial alignment state of the
liquid crystal molecules 155 that are included in the first
panel 100, the liquid crystal molecules 155 are aligned with
the rubbing direction 137 in the alignment film 135 of the
lower substrate 104, and are aligned with the rubbing
direction 132 in the alignment film 130 of the upper sub-
strate 102. These liquid crystal molecules 155 are spirally
twisted at predetermined pitches, and in order to form these
pitches, a levorotatory chiral dopant may be added in the
liquid crystal layer 150 with a concentration in a range of
0.01 to 8.0 wt %. Therefore, the liquid crystal molecules 155
are twistedly aligned in a counterclockwise direction.

[0051] In contrast, when observing an initial alignment
state of the liquid crystal molecules 255 that are included in
the second panel 200, the liquid crystal molecules 255 are
aligned with a rubbing direction 237 in the alignment film
235 of the lower substrate 204, and are aligned with the
rubbing direction 232 in the alignment film 230 of the upper
substrate 202. These liquid crystal molecules 255 are spi-
rally twisted at predetermined pitches, and in order to form
these pitches, a dextrorotatory chiral dopant may be added
in the liquid crystal layer 250 with a concentration in a range
of 0.01 to 8.0 wt %. Therefore, the liquid crystal molecules
255 are twistedly aligned in a clockwise direction.

[0052] Accordingly, the liquid crystal layer 150 of the first
panel 100 and the liquid crystal layer 250 of the second
panel 200 include chiral dopants whose polarities are
inversed.

[0053] Referring to FIGS. 2 and 3, the rubbing direction
137 of the alignment film 135 and the rubbing direction 232
of the alignment film 230 are adjusted to align with each
other. Accordingly, the polarizing axis 147 of the polarizing
plate 145 and the polarizing axis 242 of the polarizing plate
240 are adjusted to align with each other, light leakage can
be minimized when linearly polarized light passing through
the second panel 200 is incident on the first panel 100.
Therefore, high transmittance can be obtained in the three-
dimensional image display device 10 according to the exem-
plary embodiment of the present invention.

[0054] Hereinafter, a three-dimensional image display
device according to another exemplary embodiment of the
present invention will be described with reference to FIGS.
5 and 6. FIG. 5 is a cross-sectional view of a three-
dimensional image display device according to another
exemplary embodiment of the present invention, and FIG. 6
is an exploded perspective view of a three-dimensional
image display device of FI1G. 5. For convenience of descrip-
tion, members that have the same functions as the respective
members in the drawings (FIGS. 1 to 4) of the above-
described embodiment are denoted by the same reference
numerals, and the description thereof will be omitted. The
three-dimensional image display device according to this
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embodiment of the present invention is the same as that of
the above-described embodiment, except for the following
structure.

[0055] That is, as shown in FIGS. 5 and 6, a three-
dimensional image display device 20 according to another
exemplary embodiment of the present invention includes a
first panel 100 and a second panel 200. In the first panel 100,
a pair of polarizing plates 140 and 145 are formed on both
sides thereof. In the second panel 200, a polarizing plate 245
is formed only on one side thereof that is adjacent to the first
panel 100, and a polarizing plate is not formed on the other
side thereof. In FIGS. 1 to 4, two polarizing plates having the
same polarizing axis are disposed between the first panel
100 and the second panel 200. However, in this embodiment,
even if only one polarizing plate is disposed between the first
panel 100 and the second panel 200, it is still possible to
obtain substantially the same function and effect as the
above-described embodiment.

[0056] In this embodiment, the case of when the polariz-
ing plate 145 is attached to the first panel 100 is exemplified,
but the present invention is not limited thereto. For example,
the polarizing plate 145 may be attached to the second panel
200.

[0057] Hereinafter, a three-dimensional image display
device according to still another exemplary embodiment of
the present invention will be described with reference to
FIGS. 7 and 8. FIG. 7 is an exploded perspective view of a
three-dimensional image display device according to still
another exemplary embodiment of the present invention,
and FIG. 8 is a diagram illustrating movement of liquid
crystal molecules in each panel of FIG. 7. For convenience
of description, members that have the same functions as the
respective members in the drawings (FIGS. 1 to 4) of the
above-described embodiment are denoted by the same ref-
erence numerals, and the description thereof will be omitted.
The three-dimensional image display device according to
this embodiment of the present invention is the same as that
of the above-described embodiment, except for the follow-
ing structure.

[0058] Referring to FIG. 7, in the case of the second panel
200 that operates in a TN mode, a rubbing direction 237' of
the alignment film 235 and a rubbing direction 232' of the
alignment film 230 may be orthogonal to each other. For
example, the rubbing direction 237" of the alignment film
235 is approximately —45°, and the rubbing direction 232" of
the alignment film 230 is approximately 45°. In this case, the
second panel 200 may have an optimal viewing angle
characteristic in a 6' clock direction (a direction of -90°).
[0059] Further, in the alignment film 230 and the polar-
izing plate 240, the rubbing direction 232" of the alignment
film 230 is substantially parallel to the polarizing axis 242'
of the polarizing plate 240. For example, the polarizing axis
242" of the polarizing plate 240 is approximately 45° or
-135° And, in the alignment film 235 and the polarizing
plate 245, the rubbing direction 237" of the alignment film
235 is substantially parallel to the polarizing axis 247" of the
polarizing plate 245. For example, the polarizing axis 247" of
the polarizing plate 245 is approximately 135° or —-45°.
[0060] In the case of the first panel 100, the rubbing
direction 137" of the alignment film 135 may align with the
rubbing direction 232' of the alignment film 230 in the
second panel 200. For example, the rubbing direction 137 of
the alignment film 135 forms an angle of approximately 45°.
As such, the rubbing direction 137 of the alignment film 135
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of the first panel 100 and the rubbing direction 232' of the
alignment film 230 of the second panel 200 are adjusted to
align with each other, light loss is minimized when linearly
polarized light passing through the second panel 200 is
incident on the first panel 100, thereby obtaining higher
transmittance.

[0061] Further, in the case of the first panel 100 that
operates in a TN mode, the rubbing direction 132' of the
alignment film 130 may be orthogonal to the rubbing
direction 137" of the alignment film 135. For example, the
rubbing direction 132' of the alignment film 130 forms an
angle of approximately 45°. In some cases, the rubbing
direction 132' of the alignment film 130 may form an angle
of 135° such that it is orthogonal to the rubbing direction
137 of the alignment film 135. At this time, the liquid crystal
layer 150 and the liquid crystal layer 250 each has a chiral
dopant with the same polarity.

[0062] Further, in the alignment film 130 and the polar-
izing plate 140, the rubbing direction 132' of the alignment
film 130 is substantially parallel to the polarizing axis 142'
of the polarizing plate 140. For example, the polarizing axis
142 of the polarizing plate 140 forms an angle of approxi-
mately 135° or -45°. In the alignment film 135 and the
polarizing plate 145, the rubbing direction 137" of the
alignment film 135 is substantially parallel to the polarizing
axis 147" of the polarizing plate 145. That is, the polarizing
axis 147" of the polarizing plate 145 forms an angle of 45°
or -135°

[0063] When observing an initial alignment state of the
liquid crystal molecules 155 that are included in the first
panel 100 while referring to FIGS. 7 and 8, the liquid crystal
molecules 155 are aligned with the rubbing direction 137" in
the alignment film 135, and are aligned with the rubbing
direction 132' in the alignment film 130. These liquid crystal
molecules 155 are spirally twisted at predetermined pitches,
and in order to form these pitches, a dextroratory chiral
dopant may be added in the liquid crystal layer 150" with a
concentration in a range of 0.01 to 8.0 wt %. Therefore, the
liquid crystal molecules 155 are twistedly aligned in a
clockwise direction.

[0064] In contrast, when observing an initial alignment
state of the liquid crystal molecules 255 that are included in
the second panel 200, the liquid crystal molecules 255 are
aligned with a rubbing direction 237" in the alignment film
235, and are aligned with the rubbing direction 232" in the
alignment film 230. These liquid crystal molecules 255 are
spirally twisted at predetermined pitches, and in order to
form these pitches, a levorotatory chiral dopant may be
added in the liquid crystal layer 250" with a concentration in
a range of 0.01 to 8.0 wt %. Therefore, the liquid crystal
molecules 255 are twistedly aligned in a counterclockwise
direction.

[0065] Accordingly, the liquid crystal layer 150" of the first
panel 100 and the liquid crystal layer 250" of the second
panel 200 include chiral dopants whose polarities are
inversed.

[0066] As such, the rubbing direction 137' of the align-
ment film 135 and the rubbing direction 232" of the align-
ment film 230 are adjusted to align with each other, and the
polarizing axis 147" of the polarizing plate 145 and the
polarizing axis 242' of the polarizing plate 240 are adjusted
to align with each other. Accordingly, light loss can be
minimized when linearly polarized light passing through the
second panel 200 is incident on the first panel 100, thereby
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obtaining higher transmittance. Although not shown in this
embodiment, only one polarizing plate is disposed between
the first panel 100 and the second panel 200, which can
obtain substantially the same function and effect.

[0067] As described above, in the three-dimensional
image display device according to the embodiments of the
present invention, high transmittance can be produced even
when a plurality of panels overlap each other.

[0068] Although the present disclosure has been described
in connection with the exemplary embodiments of the
present invention with reference to the accompanying draw-
ings, it will be apparent to those skilled in the art that various
modifications and changes may be made thereto without
departing from the scope and spirit of the present invention.
Therefore, it should be understood that the above embodi-
ments are not limitative, but illustrative in all aspects.

What is claimed is:

1. A display device for three-dimensional images, the
display device comprising:

a first panel including first and second substrates where
first and second alignment films are formed, respec-
tively, and a first liquid crystal layer interposed between
the first and second substrates;

a second panel including third and fourth substrates where
third and fourth alignment films are formed, respec-
tively, and a second liquid crystal layer interposed
between the third and fourth substrates, and disposed to
overlap the first panel,

first and second polarizing plates disposed at the outsides
of the first and second panels, respectively, and

a third polarizing plate disposed between the first and
second panels,

wherein a polarizing axis of the third polarizing plate
substantially aligns with rubbing directions of the sec-
ond and third alignment films that are disposed adjacent
to the third polarizing plate.

2. The display device of claim 1, wherein the first and
second liquid crystal layers have chiral dopants that have
different polarities, respectively.

3. The display device of claim 2, wherein liquid crystal
molecules of the first and second liquid crystal layers are
twistedly aligned in different directions.

4. The display device of claim 1, wherein, when an
electric field is not applied, major axes of liquid crystal
molecules in the first and second liquid crystal layers are
parallel to the first and third substrates, respectively.

5. The display device of claim 4, wherein the liquid
crystal molecules of the first and second liquid crystal layers
have positive dielectric anisotropy.

6. The display device of claim 1, wherein rubbing direc-
tions of the first and second alignment films are orthogonal
to each other.

7. The display device of claim 1, wherein rubbing direc-
tions of the third and fourth alignment films are orthogonal
to each other.

8. The display device of claim 1, wherein polarizing axes
of the first and second polarizing plates align with each
other.

9. The display device of claim 8, wherein the polarizing
axes of the first and second polarizing plates are orthogonal
to a polarizing axis of the third polarizing plate.

10. The display device of claim 1, wherein a color filter
is formed on either the first panel or the second panel.



US 2008/0094545 A1l

11. The display device of claim 1, wherein the third
polarizing plate is attached to each of the first panel and the
second panel.

12. A display device for three-dimensional images, the
display device comprising:

a first panel including first and second substrates and a
first liquid crystal layer interposed between the first and
second substrates;

a second panel including third and fourth substrates and a
second liquid crystal layer interposed between the third
and fourth substrates, and disposed to overlap the first
panel; and

first and second polarizing plates disposed at the outsides
of the first and second panels, respectively,

wherein the first and the second crystal layers have chiral
dopants with different polarities, respectively, and

polarizing axes of the first and second polarizing plates
align with each other.

13. The display device of claim 12, further comprising;

a third polarizing plate disposed between the first and
second panels; and

first, second, third, and fourth alignment films formed on
the first, second, third, and fourth substrates, respec-
tively,

wherein a polarizing axis of the third polarizing plate
substantially aligns with rubbing directions of the sec-
ond and third alignment films that are disposed adjacent
to the third polarizing plate.
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14. The display device of claim 13, wherein rubbing
directions of the first and second alignment films are
orthogonal to each other.

15. The display device of claim 13, wherein rubbing
directions of the third and fourth alignment films are
orthogonal to each other.

16. The display device of claim 13, wherein polarizing
axes of the first and second polarizing plates are orthogonal
to a polarizing axis of the third polarizing plate.

17. The display device of claim 13, wherein the third
polarizing plate is attached to each of the first and second
panels.

18. The display device of claim 12, wherein liquid crystal
molecules of the first and second liquid crystal layers are
twistedly aligned in different directions.

19. The display device of claim 12, wherein, when an
electric field is not applied, major axes of liquid crystal
molecules in the first and second liquid crystal layers are
parallel to the first and third substrates, respectively.

20. The display device of claim 19, wherein the liquid
crystal molecules of the first and second liquid crystal layers
have positive dielectric anisotropy.

21. The display device of claim 12, wherein a color filter
is formed on either the first panel or the second panel.
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