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LIQUID CRYSTAL DISPLAY INCLUDING
NANOCAPSULE LAYER

This application claims the benefit of Korean Patent
Application Nos. 10-2013-01126534, 10-2013-0151308 and
10-2013-0152890, filed on Oct. 23, 2013, Dec. 6, 2013 and
Dec. 10, 2013, respectively, which are hereby incorporated
by reference for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a liquid crystal display
device (LCD), and more particularly, to an LCD including a
nanocapsule layer and method for manufacturing the same.

Discussion of the Prior Art

Recently, facing information society, display field of
displaying electric information signals has been rapidly
advanced, and flat display devices having high performances
of thin profile, lightweight and low power consumption have
been developed and used. Among these flat display devices,
liquid crystal display devices (LCDs) are widely used.

FIG. 1 is a cross-sectional view illustrating an LCD
according to the prior art.

Referring to FIG. 1, the LCD includes a liquid crystal
panel 10 including an array substrate, a color filter substrate
and a liquid crystal layer 50 between the array substrate and
the color filter substrate, and a backlight unit 60 below the
liquid crystal panel 10. A first substrate 2 referred to as the
array substrate includes a pixel region P, and on an inner
surface of the first substrate 2, a thin film transistor T is in
each pixel region P and connected to a pixel electrode P in
each pixel region P.

On an inner surface of a second substrate 4 referred to as
the color filter substrate, a black matrix 32 is formed in a
lattice shape surrounding the pixel region P to cover a
non-display element such as the thin film transistor T and
expose the pixel electrode 28.

Red, green and blue color filters 34 are formed in the
lattice shape corresponding to the respective pixel regions P,
and a common electrode 36 is formed on the black matrix 32
and the color filters 34.

First and second polarizing plates 20 and 30 are attached
onto outer surfaces of the first and second substrates 2 and
4, respectively.

First and second alignment layers 31a and 315 are formed
between both the pixel electrode 28 and the common elec-
trode 36, and the liquid crystal layer 50. The first and second
alignment layers 31a and 315 are rubbed and align liquid
crystal molecules.

A seal pattern 70 is formed between and along peripheral
regions of the first and second substrates 2 and 4 and
prevents leakage of the liquid crystal.

The backlight unit 60 supplies light to the liquid crystal
panel 10. The backlight unit 60 is categorized into a sidelight
type and a direct type.

The sidelight type backlight unit has a light source on at
least one side of a light guide panel. The direct type
backlight unit has a light source below the liquid crystal
panel 10.

The sidelight type backlight unit has advantages of simple
manufacturing, thin profile, lightweight, and low power
consumption.

FIG. 2 is a cross-sectional view illustrating the LCD
including the backlight unit according to the prior art.

Referring to FIG. 2, the backlight unit 60 includes a light
guide plate 23, a light emitting diode (LED) assembly 29
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along a side of the light guide plate 23, a reflector 25 below
the light guide plate 23, and at least one optical sheets 21 on
the light guide plate 23.

The LED assembly 29 includes a plurality of LEDs 29a,
and a printed circuit board (PCB) 295 on which the LEDs
29g are mounted.

Light emitted from the LED assembly 29 enters into the
light guide plate 23, then is refracted toward the liquid
crystal panel 10, then is processed into light of high quality
and uniform brightness passing through the optical sheet 21,
and then enters into the liquid crystal panel 10. Accordingly,
the liquid crystal panel 10 displays images.

A portion of the light emitted from the backlight unit 60
is absorbed and reflected by the first polarizing plate 20 and
thus is lost, which may be about 50% of all the light emitted
from the backlight unit 60. Further, light is absorbed and
reflected while passing through the first and second sub-
strates 2 and 4 and the liquid crystal layer (50 of FIG. 1), and
thus an additional portion of the light is lost. As such, the
LCD has disadvantage in brightness compared with other
types of flat display displays.

Moreover, the LCD has slow response speed, and thus
display quality is reduced due to afterimage.

Moreover, the LCD requires many production processes,
and thus production efficiency is reduced.

The above LCD using the backlight unit 60 is referred to
as a transmissive type LCD, in which the backlight unit 60
consumes about two-third or more of a total power of the
LCD. To solve this problem, a reflective type LCD not using
a backlight unit is suggested.

However, in the reflective type LCD, light leakage is
easily caused by an external force, and thus display quality
is reduced. Moreover, the reflective type LCD also requires
many production processes, and thus production efliciency
is reduced.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a liquid
crystal display device (LCD) including a nanocapsule layer
and method for manufacturing the same that substantially
obviates one or more of the problems due to limitations and
disadvantages of the prior art.

An advantage of the present invention is to provide an
LCD including a nanocapsule layer that can improve its
response speed and/or production efliciency.

Additional features and advantages of the invention will
be set forth in the description which follows, and in part will
be apparent from the description, or may be learned by
practice of the invention. These and other advantages of the
invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described herein, a liquid crystal display device may
include a first substrate; a first electrode on the first sub-
strate, the first electrode including a plurality of first inclined
planes; a nanocapsule liquid crystal layer on the first elec-
trode, the nanocapsule liquid crystal layer including a plu-
rality of nano-sized capsules dispersed in a buffer layer, each
of the plurality of nano-sized capsules including nematic
liquid crystal molecules having a negative dielectric con-
stant anisotropy; and a second electrode on the nanocapsule
liquid crystal layer, the second electrode including a plural-
ity of second inclined planes facing the plurality of first
inclined planes, wherein the nanocapsule liquid crystal layer
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is substantially, optically isotropic in a normal state, and is
optically anisotropic when a voltage is applied to the first
and second electrodes.

In another aspect, a liquid crystal display device may
include a first substrate; a first polarizing plate on an outer
surface of the first substrate; a first electrode on an inner
surface of the first substrate; a nanocapsule liquid crystal
layer that is on the first electrode and includes nano-sized
capsules which are each filled with nematic liquid crystal
molecules of negative dielectric constant anisotropy and are
dispersed in a buffer layer; and a second electrode on the
nanocapsule liquid crystal layer; a phase retardation film that
is on the second electrode and has a phase retardation value
of A/4; and a second polarizing plate on the phase retardation
film, wherein the nanocapsule liquid crystal layer has an
optical anisotropy according to a voltage difference between
voltages applied to the first and second electrodes, and has
an optical isotropy when no voltages are applied to the first
and second electrodes.

In another aspect, a liquid crystal display device may
include a first substrate; a plurality of first electrodes on an
inner surface of the first substrate; a nanocapsule liquid
crystal layer that is on the plurality of first electrodes and
includes nano-sized capsules which are each filled with
nematic liquid crystal molecules of negative dielectric con-
stant anisotropy and are dispersed in a buffer layer; and a
second electrode on the nanocapsule liquid crystal layer,
wherein the nanocapsule liquid crystal layer has an optical
anisotropy according to a voltage difference between volt-
ages applied to the first and second electrodes, and has an
optical isotropy when no voltages are applied to the first and
second electrodes.

In another aspect, a reflective type liquid crystal display
device may include a liquid crystal panel that includes a first
electrode, a second electrode, and a nanocapsule liquid
crystal layer between the first and second electrodes; a
polarizing plate that is on a surface of the liquid crystal layer
through which an external light enters; a phase retardation
plate between the polarizing plate and the liquid crystal
panel; and a reflection plate that reflects light passing
through the nanocapsule liquid crystal layer, wherein the
nanocapsule liquid crystal layer has an optical anisotropy
according to a voltage difference between voltages applied
to the first and second electrodes, and has an optical isotropy
when no voltages are applied to the first and second elec-
trodes.

In another aspect, a flexible type liquid crystal display
device may include a liquid crystal panel that includes a
nanocapsule liquid crystal layer on a substrate which a first
electrode and a second electrode are formed on; a polarizing
plate on the liquid crystal panel; and a backlight unit that is
below the liquid crystal panel, and supplies a predetermined
linearly polarized light perpendicular to a polarizing axis of
the polarizing plate, wherein the nanocapsule liquid crystal
layer has an optical anisotropy according to a voltage
difference between voltages applied to the first and second
electrodes, and has an optical isotropy when no voltages are
applied to the first and second electrodes.

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

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
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4

porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:

FIG. 1 is a cross-sectional view illustrating an LCD
according to the prior art;

FIG. 2 is a cross-sectional view illustrating the LCD
including the backlight unit according to the prior art;

FIG. 3 is a schematic perspective view illustrating an
LCD according to the present invention;

FIGS. 4A and 4B are views illustrating the prior art LCD
and an LCD according to an embodiment of the present
invention, respectively, to which an external force is applied,;

FIGS. 5A and 5B are schematic views illustrating an LCD
according to a first embodiment of the present invention;

FIG. 6 is a schematic view illustrating a COT type LCD
according to the first embodiment of the present invention;

FIG. 7 is a schematic view illustrating a COT type LCD
without a second substrate according to the first embodiment
of the present invention;

FIGS. 8A and 8B are schematic views illustrating an LCD
according to a second embodiment of the present invention;

FIG. 9 is a schematic view illustrating a COT type LCD
according to the second embodiment of the present inven-
tion,;

FIG. 10 is a schematic view illustrating a COT type LCD
without a second substrate according to the second embodi-
ment of the present invention;

FIG. 11A is a schematic view illustrating an L.CD accord-
ing to a third embodiment of the present invention;

FIG. 11B is a schematic view illustrating multi-domains
of FIG. 11A.

FIG. 12A is a schematic view illustrating an L.CD accord-
ing to a fourth embodiment of the present invention;

FIG. 12B is a schematic view illustrating multi-domains
of FIG. 12A.

FIG. 13 is a perspective view illustrating an LCD accord-
ing to a fifth embodiment of the present invention;

FIGS. 14A and 14B are schematic views illustrating an
image display principle of an LCD according to the fifth
embodiment of the present invention;

FIGS. 15A and 15B are schematic views illustrating
variation of light in the states of FIGS. 14A and 14B,
respectively;

FIGS. 16A and 16B are schematic views illustrating an
image display principle of an LCD according to the sixth
embodiment of the present invention;

FIGS. 17A and 17B are schematic views illustrating an
image display principle of an LCD according to a seventh
embodiment of the present invention;

FIGS. 17C and 17D are schematic views illustrating an
LCD according to eighth and ninth embodiments of the
present invention, respectively;

FIG. 18 is a schematic view illustrating an LCD according
to a tenth embodiment of the present invention;

FIG. 19A is a schematic view illustrating an LCD accord-
ing to an eleventh embodiment of the present invention; and

FIG. 19B is a schematic perspective view illustrating an
optical fiber of an optical fiber type light guide plate of FIG.
19A.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

Reference will now be made in detail to exemplary
embodiments, examples of which are illustrated in the
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accompanying drawings. The same reference numbers may
be used throughout the drawings to refer to the same or like
parts.

FIG. 3 is a schematic perspective view illustrating an
LCD according to an embodiment of the present invention.

Referring to FIG. 3, the LCD 100 includes a liquid crystal
panel 110 that includes a first substrate 112, a second
substrate 114, and a nanocapsule liquid crystal layer 200
between the first and second substrates 112 and 114.

The first substrate 112 is referred to as a lower substrate
or an array substrate. A plurality of gate lines 116 and a
plurality of data lines 118 cross each other on an inner
surface of the first substrate 112 to define a plurality of pixel
regions P.

A thin film transistor T is formed near the crossing portion
of the gate and data lines 116 and 118, and is connected to
a pixel electrode 124 in the pixel region P.

The second substrate 114 is referred to as an upper
substrate or a color filter substrate. A black matrix 132 is on
an inner surface of the second substrate 114, and shields a
non-display element such as the gate line 116, the data line
118, and the thin film transistor T exposing the pixel
electrode 124. The black matrix 132 has a lattice shape
surrounding the pixel region P.

Red, green and blue color filters 134 fill openings of the
black matrix 132 corresponding to the respective pixel
regions P. A common electrode 136 covers the black matrix
132 and the color filters 134.

Even though not shown in the drawings, the first substrate
112 has an area greater than that of the second substrate 114
so that a peripheral portion of the first substrate 112 is
exposed outside the second substrate 114. In the exposed
portion of the first substrate 112, data pads 118a connected
to the respective data lines 118, and gate pads (not shown)
connected to the respective gate lines 116 are formed.

When a gate line 116 is selected and supplied with a
turn-on gate signal i.e., high-level gate signal, the thin film
transistor T connected to the selected gate line 116 is turned
on and an image data signal is transferred to the pixel
electrode 124 through the data line 118. Accordingly, an
electric field is induced between the pixel electrode 124 and
the common electrode 136 and controls liquid crystal mol-
ecules 220 of the nanocapsule liquid crystal layer 200, and
thus light transmittance is changed to display images.

A first polarizing plate 120 and a second polarizing plate
130 are attached onto outer surfaces of the liquid crystal
panel 110. In other words, the first polarizing plate 120 is on
an outer surface of the first substrate 112, and the second
polarizing plate 130 is on an outer surface of the second
substrate 114. The first polarizing plate 120 has a first
polarizing axis along a first direction while the second
polarizing plate 130 has a second polarizing axis along a
second direction perpendicular to the first direction.

A backlight unit 160 is located below the liquid crystal
panel 110 to supply light to the liquid crystal panel 110.

A sidelight type or direct type backlight unit may be used
as the backlight unit 160.

A cold cathode fluorescent lamp (CCFL), an external
electrode fluorescent lamp (EEFL), or a light emitting diode
(LED) may be used as a light source of the backlight unit
160.

The nanocapsule liquid crystal layer 200 includes a plu-
rality of nanocapsules 230 and a buffer layer 210. The
nanocapsules 230 are dispersed in the buffer layer 210, with
each including a plurality of liquid crystal molecules 220
therein. The nanocapsule liquid crystal layer 200 changes
light transmittance to display images.
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The nanocapsule liquid crystal layer 200 is an optically
isotropic type liquid crystal layer in a normal state. Accord-
ingly, when no electric field is applied to the nanocapsule
liquid crystal layer 200 between the pixel electrode 124 and
the common electrode 136, the nanocapsule liquid crystal
layer 200 is optically isotropic. However, when an electric
field is applied, the nanocapsule liquid crystal layer 200 has
a birefringence property in a direction perpendicular to the
applied electric field

Accordingly, when an electric field is applied, the nano-
capsule liquid crystal layer 200 may have an optically
uniaxial property, with light transmittance being dependent
upon viewing angles.

When an electric field is applied, the liquid crystal mol-
ecules 220 are regularly arranged at about 45 degrees with
respect to the polarizing axis of each of the first and second
polarizing plates 120 and 130.

In more detail, the liquid crystal molecules 220 are
capsuled by the nanocapsule 230 having a nanosize, and the
liquid crystal molecules 220 are irregularly arranged within
the nanocapsule 230.

The nanocapsule 230 may have about 5% to about 95% of
a total volume of the nanocapsule liquid crystal layer 200,
and preferably, may have about 25% to about 65% of the
total volume of the nanocapsule liquid crystal layer 200. The
buffer layer 210 occupies the rest of the total volume.

The buffer layer 210 may be made of a transparent or
semi-transparent material and have water-solubility, fat-
solubility, or mixture of water-solubility and fat-solubility.
The buffer layer 210 may be heat cured or UV cured.

The buffer layer 210 may have an additive to increase
strength and reduce curing time.

The nanocapsule 230 may have a diameter of about 1 nm
to about 320 nm, and preferable, about 30 nm to about 100
nm.

Because the nanocapsule 230 has a diameter less than any
wavelengths of visible light, there occurs substantially no
optical change due to refractive index, and optically isotro-
pic property can be obtained. Further, scattering of visible
light can be minimized.

Particularly, when the nanocapsule 230 is formed with a
diameter of about 100 nm or less, high contrast ratio can be
obtained.

The irregularly arranged liquid crystal molecules 220 and
the nanocapsule 230 have different refractive indices, and
thus a light scattering may occur at the interface therebe-
tween. Accordingly, when light passes through the interface,
the light is scattered and becomes opaque in milk white.

However, when an electric field is applied to the nano-
capsule liquid crystal layer 200, the liquid crystal molecules
220 filling the nanocapsule 230 are regularly arranged.

In this state, the refractive index of the liquid crystal
molecules 220 is changed. In order to reduce or minimize a
light scattering at the interface between the nanocapsule 230
and the liquid crystal molecules 220, the nanocapsule 230
and the regularly arranged liquid crystal molecules 220 are
formed such that they have refractive indices that are sub-
stantially close to each other, Therefore, the nanocapsule
liquid crystal layer 200 can be seen transparent.

In this case, it is preferred that a difference between the
refractive index of the nanocapsule 220 and the refractive
index of the liquid crystal molecules 220 is within about
20.1. The average refractive index (n) of the liquid crystal
molecules 220 may be defined as follows: n=[(ne+2*n0)/3]
(where ne is a refractive index of a major axis of the liquid
crystal molecules 220, and no is a refractive index of a minor
axis of the liquid crystal molecules 220).
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Accordingly, the LCD 100 including the nanocapsule
liquid crystal layer 200 can be used as a display device, with
its transmittance changing according to a variation of the
voltage applied.

Further, when the electric field is induced between the first
and second substrates 112 and 114, the liquid crystal mol-
ecules 220 are dynamically rotated, and thus response speed
can be fast.

Further, since the nanocapsule liquid crystal layer 200
does not have an initial alignment to be optically anisotropic,
alignment of liquid crystal molecules may not be required,
and thus no alignment layer may be needed in the LCD 100,
and also, processes for forming an alignment layer such as
rubbing may not be needed.

Further, in case that the nanocapsules 230 are dispersed in
the buffer layer 210 made of, for example, liquid crystal, the
nanocapsule liquid crystal layer 200 may be formed, for
example, by a printing method, coating method, or dispens-
ing method. In case that the nanocapsules 230 are dispersed
in the buffer layer 210 made in a film type, the nanocapsule
liquid crystal layer 200 may be formed, for example, by a
lamination method. Accordingly, a process of forming a gap
between the first and second substrates filled with the liquid
crystal layer (50 of FIG. 1) in the prior art can be eliminated,
and a process of forming the seal pattern (70 of FIG. 1) in
the prior art can be eliminated.

Therefore, production efliciency can be improved.

Further, by eliminating the process of forming the align-
ment layer, in case that the LCD 100 is applied to a touch
display device, curved display device or flexible display
device, light leakage, which occurs when a rubbing axis is
off a desired direction and thus arrangement of liquid crystal
molecules goes awry, can be prevented.

Therefore, the LCD 100 can be applied to a touch display
device, curved display device, and flexible display device.

FIGS. 4A and 4B are views illustrating the prior art LCD
and an LCD according to an embodiment of the present
invention, respectively, to which an external force is applied.

Referring to FIG. 4A, when an external force such as a
user’s touch is applied to the prior art LCD, arrangement of
the liquid crystal molecules of the prior art LCD is influ-
enced by the external force. In other words, arrangement of
the liquid crystal molecules are awry due to the external
force, thus optic axis is off, and thus light leakage 70 is
caused.

However, referring to FIG. 4B, even when an external
force such as a user’s touch is applied to the LCD 100, the
liquid crystal molecules 220 are in the nanocapsule 230
which has the size less than the wavelength of visible light,
thus there is no influence of visible light, and thus light
leakage due to the external force can be reduced or pre-
vented.

Accordingly, in case that the LCD 100 is applied to a
flexible display device, even when an external force is
applied to the LCD 100, a light leakage caused by such an
external force can be reduced or prevented, because the
nanocapsules 230 have a size less than the wavelength of
visible light.

It is preferable that the liquid crystal molecules 220 are a
negative type liquid crystal molecules with a negative
dielectric constant anisotropy, for exaniple, a negative type
TN (twisted nematic) liquid crystal molecules.

The negative type liquid crystal molecules 220 are
arranged in a direction perpendicular to an electric field
induced between the pixel electrode 124 and the common
electrode 136.
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In other words, the nanocapsule liquid crystal layer 200
uses the nanocapsules 230 having the negative type liquid
crystal molecules 220 therein, and when no electric field is
applied, the nanocapsule liquid crystal layer 200 has an
optical isotropy, and when an electric field is applied, the
nanocapsule liquid crystal layer 200 has an optical anisot-
ropy.

Various embodiments of the LCD 100 using the nano-
capsule liquid crystal layer 200 are explained as below.

First Embodiment

FIGS. 5A and 5B are schematic views illustrating an LCD
according to the first embodiment of the present invention.

Referring to FIGS. 5A and 5B, the LCD of the first
embodiment includes the liquid crystal panel 110 and the
backlight unit 160.

The liquid crystal panel 110 includes the first and second
substrates 112 and 114 facing each other, the nanocapsule
liquid crystal layer 200, and the first and second polarizing
plates 120 and 130 on the outer surfaces of the first and
second substrates 112 and 114, respectively.

The liquid crystal panel 110 may be a vertical alignment
(VA) mode liquid crystal panel. The thin film transistor (T of
FIG. 3) and the pixel electrode 124 are formed on the inner
surface of the first substrate 112. The black matrix (132 of
FIG. 3), the color filters 134, and the common electrode 136
are formed on the inner surface of the second substrate 114.
An overcoat layer may be formed covering the black matrix
132 and the color filters 134.

A plurality of protrusion patterns 150 are arranged in a
line form below each of the pixel electrode 124 and the
common electrode 136. The protrusion patterns 150 adjoin
each other in a band shape extending along a first direction,
for example, a length direction of the pixel electrode 124 and
the common electrode 136. The protrusion patterns 150
extending along the first direction are repeatedly arranged
along a second direction perpendicular to the first direction
such that hills and valleys are alternated along the second
direction.

The protrusion pattern 150 is made of a transparent
insulating material, and has a vertex and first and second
inclined planes at both sides of the vertex. The first and
second inclined planes are at a cute angle with respect to the
plane of the first and second substrates 112 and 114. The
inclined plane of the protrusion pattern 150 of the pixel
electrode 124 faces and is parallel with the corresponding
inclined plane of the protrusion pattern of the common
electrode 136.

Because of the protrusion patterns 150 described above,
the pixel electrode 124 and the common electrode 136 each
have substantially the same configuration of the protrusion
patterns 150 therebelow.

In other words, the pixel electrode 124 is formed to have
vertices and first and second inclined planes at both sides of
each vertex, and the common electrode 136 is formed to
have vertices and first and second inclined planes at both
sides of each vertex.

The incline plane of the pixel electrode 124 faces and is
parallel with the corresponding inclined plane of the com-
mon electrode 136 so that intervals between the correspond-
ing planes of the pixel electrode 124 and the common
electrode 136 are substantially identical overall.

Because the pixel electrode 124 and the common elec-
trode 136 each have the inclined planes, an electric field
between the pixel electrode 124 and the common electrode



US 9,535,279 B2

9

136 is induced perpendicularly to the inclined planes of the
pixel electrode 124 and the common electrode 136.

Accordingly, the liquid crystal molecules 220 are
arranged perpendicularly to the induced electric field
according to a pixel voltage i.e., a difference voltage
between the voltages applied to the pixel electrode 124 and
the common electrode 136. In this regard, the liquid crystal
molecules 220 are arranged at a tilt angle of about 1 degree
to about 5 degrees with respect to the first substrate 112.

In other words, the liquid crystal molecules 220 are
arranged perpendicularly to the electric field between the
pixel electrode 124 and the common electrode 136, and a
refractive index in a direction perpendicular to the electric
field is manifested.

Accordingly, to realize a maximum brightness, the polar-
izing axes of the first and second polarizing plates 120 and
130 are attached to each make a 45 degrees angle with the
liquid crystal molecule 220 perpendicular to the electric
field.

The backlight unit 160 supplies a scattering light close to
a natural light to the liquid crystal panel 110.

As illustrated in FIG. SA, when a voltage is off, a
scattering light from the backlight unit 160 enters the first
polarizing plate 120 and a linearly polarized light parallel
with the polarizing axis (i.e., the transmission axis) of the
first polarizing plate 120 passes through and comes out from
the first polarizing plate 120.

However, in the voltage-off state, the liquid crystal mol-
ecules 220 are arranged randomly, the liquid crystal mol-
ecules 220 and the nano capsule 230 have different anisot-
ropies in refractive index from each other. Accordingly,
optically isotropic property is obtained.

Accordingly, the linearly polarized light from the first
polarizing plate 120 passes through the nanocapsule liquid
crystal layer 200 as is, and does not pass through the second
polarizing plate 130 having the polarizing axis perpendicular
to the polarizing axis of the first polarizing plate 120. Thus,
a black is displayed.

As illustrated in FIG. 5B, when voltages are applied to the
pixel electrode 124 and the common electrode 136, the
liquid crystal molecules 220 are arranged perpendicularly to
the electric field, at an angle of about 1 degree to about 5
degrees with respect to the plane of the first substrate 112.

Accordingly, the nanocapsule liquid crystal layer 200 has
an optical anisotropy.

Accordingly, a scattering light from the backlight unit 160
enters through the first polarizing plate 120 so that a linearly
polarized light comes out and other part is absorbed, and
then a linearly polarized light, which is parallel with the
liquid crystal molecules 220, out of the linearly polarized
light coming out from the first polarizing light 120, passes
through the liquid crystal layer 200.

Then, a linearly polarized light, which is parallel with the
polarizing axis of the second polarizing plate 130, out of the
linearly polarized light passing through the liquid crystal
layer 200 passes through the second polarizing plate 130,
and thus a white 1s displayed.

As described above, the pixel electrode 124 and the
common electrode 136 are configured to have the inclined
planes, and thus the negative type liquid crystal molecules
220 are arranged at a tilt angle of about 1 degree to 5 degrees
with respect to the first substrate 112 by the electric field
between the pixel and common electrodes 124 and 136.
Accordingly, the negative type liquid crystal molecules can
be arranged more uniformly.

In other words, in case that the pixel electrode 124 and the
common electrode 136 have the inclined plane, the negative
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type liquid crystal molecules 220 randomly arranged collide
one another without directivity in the process that the
molecules 220 are arranged perpendicularly to the electric
field induced between the pixel and common electrodes 124
and 136.

Because of such a collision among the liquid crystal
molecules 220, the liquid crystal molecules 220 are not
arranged in parallel with one another, and this causes a light
leakage.

Further, this light leakage causes non-uniformity of
brightness and image.

However, according to the pixel and common electrodes
124 and 136 having the slanted plane in this embodiment,
the liquid crystal molecules 220 can be more easily rotated
and uniformly arranged in the same direction by the electric
field perpendicular to the slanted plane of the pixel and
common electrodes 124 and 136.

Accordingly, the awry arrangement of the liquid crystal
molecules 220 due to the collision can be reduced or
prevented, and thus a light leakage by an awry arrangement
can be also reduced or prevented.

This can improve the transmittance of the LCD 100.

Further, since the liquid crystal molecules 220 are
arranged in parallel at a tilt angle of 1 degree to 5 degrees,
rotation of the liquid crystal molecules 220 can be easily
made and thus a response time can be more improved.

As described above, in the LCD 100 of the first embodi-
ment, the nanocapsule liquid crystal layer 200 including the
nanocapsules 230 that are filled with the negative type liquid
crystal molecules 220 and are dispersed in the buffer layer
210 is located between the first and second substrates 112
and 114, and thus a response time can be improved com-
pared with that of the prior art.

Further, since the nanocapsule liquid crystal layer 200
does not have an optically anisotropic initial arrangement,
an alignment layer may not be needed in the LCD and a
rubbing process may also not be needed.

Further, in case that the nanocapsules 230 are dispersed in
the buffer layer 210 made of liquid crystal, the nanocapsule
liquid crystal layer 200 is formed in a printing method,
coating method, or dispensing method. In case that the
nanocapsules 230 are dispersed in the buffer layer 210 made
in a film type, the nanocapsule liquid crystal layer 200 is
formed in a lamination method. Accordingly, a process of
forming a gap between first and second substrates filled with
a liquid crystal layer in the prior art can be eliminated, and
a process of forming a seal pattern to prevent leakage of
liquid crystal in the prior art can be eliminated.

Thus, production efficiency can be improved.

Further, by eliminating the process of forming the align-
ment layer, in case that the LCD 100 is applied to a touch
display device, curved display device or flexible display
device, light leakage, which occurs when a rubbing axis is
off a desired direction and thus arrangement of liquid crystal
molecules goes awry, can be reduced or prevented.

Thus, the LCD 100 can be applicable to a touch display
device, curved display device, or flexible display device.

Because the pixel and common electrodes 124 and 136
are formed with a slanted plane, an awry arrangement of the
liquid crystal molecules 220 due to a collision in the process
of arranging the liquid crystal molecules 220 can be reduced
or prevented, and thus a light leakage caused by an awry
arrangement can be also reduced or prevented.

This can improve the transmittance of the LCD 100.

Further, since the liquid crystal molecules 220 are
arranged in parallel at a tilt angle of 1 degree to 5 degrees
with respect to the first substrate 112, rotation of the liquid
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crystal molecules 220 can be easily made and thus a
response time can be further improved.

The LCD 100 of the first embodiment may be alterna-
tively configured to have a COT (color filter on transistor)
structure, as illustrated in FIG. 6, where the thin film
transistor T and the color filter 134 are formed together on
the first substrate 112.

In this case, referring to FIGS. 3 and 6, a black matrix is
formed on a passivation layer that is on the thin film
transistor T, and has a lattice shape. Red, green and blue
color filters are formed on the black matrix and fill openings
of the lattice of the black matrix in the respective pixel
regions P. The pixel electrode 124 is formed on the color
filter, and the common electrode 136 is formed on the second
substrate 114 and faces the pixel with the nanocapsule liquid
crystal layer between the common electrode 136 and the
pixel electrode 124.

Alternatively, as illustrated in FIG. 7, a COT type LCD
may be configured not to have a second substrate, and in this
case, the common electrode 136 may be formed on an inner
surface of the second polarizing plate 130.

Second Embodiment

FIGS. 8A and 8B are schematic views illustrating an LCD
according to a second embodiment of the present invention.
Explanations of parts similar to parts of the above first
embodiment may be omitted.

Referring to FIGS. 8A and 8B, the LCD (100 of FIG. 3)
of the second embodiment includes the liquid crystal panel
110 and the backlight unit 160.

The liquid crystal panel 110 includes the first and second
substrates 112 and 114 facing each other, the nanocapsule
liquid crystal layer 200, and the first and second polarizing
plates 120 and 130 on the outer surfaces of the first and
second substrates 112 and 114, respectively.

The liquid crystal panel 110 may be a vertical alignment
(VA) mode liquid crystal panel. The thin film transistor (T of
FIG. 3) and the pixel electrode 124 are formed on the inner
surface of the first substrate 112. The black matrix (132 of
FIG. 3), the color filters 134, and the common electrode 136
are formed on the inner surface of the second substrate 114.
An overcoat layer may be formed covering the black matrix
132 and the color filters 134.

The negative type nematic liquid crystal molecules 220 of
the nanocapsule liquid crystal layer 200 are arranged per-
pendicularly to the electric field that is perpendicular to the
plane of the first and second substrates 112 and 114, and a
refraction index in a direction perpendicular to the electric
field is manifested.

Accordingly, to realize a maximum brightness, the polar-
izing axes of the first and second polarizing plates 120 and
130 are attached to each make a 45 degree angle with the
liquid crystal molecules 220 perpendicular to the electric
field.

The backlight unit 160 supplies a scattering light close to
a natural light to the liquid crystal panel 110.

One of the particular components of this second embodi-
ment is a phase retardation film 170 between the second
substrate 114 and the second polarizing plate 130.

The phase retardation film 170 may be formed of a A/4
wave plate (quarter wave plate).

In this regard, as illustrated in FIG. 8A, when a voltage is
off, a scattering light from the backlight unit 160 enters the
first polarizing plate 120 and a linearly polarized light
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parallel with the polarizing axis of the first polarizing plate
120 passes through and comes out from the first polarizing
plate 120.

However, in the voltage-off state, the liquid crystal mol-
ecules 220 are arranged randomly, the liquid crystal mol-
ecules 220 and the nano capsule 230 have different anisot-
ropies in refractive index from each other. Accordingly,
optically isotropic property is obtained.

Accordingly, the linearly polarized light from the first
polarizing plate 120 passes through the nanocapsule liquid
crystal layer 200 as is, and does not pass through the second
polarizing plate 130 having the polarizing axis perpendicular
to the polarizing axis of the first polarizing plate 120. Thus,
a black is displayed.

As illustrated in FIG. 8B, when voltages are applied to the
pixel electrode 124 and the common electrode 136, the
liquid crystal molecules 220 are arranged perpendicularly to
the electric field between the pixel and common electrodes
124 and 136.

Accordingly, the nanocapsule liquid crystal layer 200 has
an optical anisotropy.

Accordingly, a scattering light from the backlight unit 160
enters through the first polarizing plate 120 so that a linearly
polarized light comes out and other part is absorbed, and
then a linearly polarized light, which is parallel with the
liquid crystal molecules 220, out of the linearly polarized
light coming out from the first polarizing light 120, passes
through the liquid crystal layer 200.

Then, the linearly polarized light passing through the
liquid crystal layer 200 is modified by the phase retardation
film 170 into a circularly polarized light, and then the
circularly polarized light is modified into a linearly polarized
light, which is parallel with the polarizing axis of the second
polarizing plate 130, while passing through the second
polarizing plate 130. Thus, a white is displayed.

In this regard, since the LCD 100 of the second embodi-
ment includes the phase retardation film 170 between the
second substrate 114 and the second polarizing plate 130, a
light leakage can be reduced or prevented, and non-unifor-
mity of brightness and image can be reduced or prevented.

In more detail, the negative type liquid crystal molecules
220 randomly arranged collide one another without direc-
tivity in the process that the molecules 220 are arranged
perpendicularly to the electric field induced between the
pixel and common electrodes 124 and 136.

Because of this collision among the liquid crystal mol-
ecules 220, the liquid crystal molecules 220 are not arranged
in parallel with one another, and this causes a light leakage.
Further, this light leakage causes non-uniformity of bright-
ness and image.

However, according to the phase retardation film 170
between the second substrate 114 and the second polarizing
plate 130 in the second embodiment, the linearly polarized
light from the nanocapsule liquid crystal layer 200 is modi-
fied into the circularly polarized light, which then enters the
second polarizing plate 130. Accordingly, light leakage can
be reduced or prevented, and thus non-uniformity of bright-
ness and image can be reduced or prevented.

As described above, the response time can be improved,
and the process of forming an alignment layer, the process
of forming a cell gap, the process of forming a seal pattern
can be eliminated, and thus production efficiency can be
improved.

Further, the LCD 100 can be applied to a touch display
device, curved display device, or flexible display device.

Particularly, by providing the phase retardation film 170
between the second substrate 114 and the second polarizing
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plate 130, the linearly polarized light is modified by the
phase retardation film 170 into a circularly polarized light,
which then enters the second polarizing plate 130. Accord-
ingly, a light leakage can be reduced or prevented. Thus,
non-uniformity of brightness and image due to such a light
leakage can be reduced or prevented.

The LCD 100 of the second embodiment may be alter-
natively configured to have a COT (color filter on transistor)
structure, as illustrated in FIG. 9, where the thin film
transistor T and the color filter 134 are formed together on
the first substrate 112.

In this case, referring to FIGS. 3 and 9, a black matrix is
formed on a passivation layer that is on the thin film
transistor T, and has a lattice shape. Red, green and blue
color filters are formed on the black matrix and fill openings
of the lattice of the black matrix in the respective pixel
regions P. The pixel electrode 124 is formed on the color
filter, and the common electrode 136 is formed on the second
substrate 114 and faces the pixel with the nanocapsule liquid
crystal layer between the common electrode 136 and the
pixel electrode 124.

Alternatively, as illustrated in FIG. 10, a COT type LCD
may be configured not to have a second substrate, and in this
case, the common electrode 136 may be formed on an inner
surface of the phase retardation film 170.

Third Embodiment

FIG. 11A is a schematic view illustrating an LCD accord-
ing to a third embodiment of the present invention. Expla-
nations of parts similar to parts of the above first and second
embodiments may be omitted.

Referring to FIG. 11A, the LCD (100 of FIG. 3) of the
third embodiment includes the liquid crystal panel 110 and
the backlight unit 160.

The liquid crystal panel 110 includes the first and second
substrates 112 and 114 facing each other, the nanocapsule
liquid crystal layer 200, and the first and second polarizing
plates 120 and 130 on the outer surfaces of the first and
second substrates 112 and 114, respectively.

The liquid crystal panel 110 may be a vertical alignment
(VA) mode liquid crystal panel. The thin film transistor (T of
FIG. 3) and the pixel electrode 124 are formed on the inner
surface of the first substrate 112. The black matrix (132 of
FIG. 3), the color filters 134, and the common electrode 136
are formed on the inner surface of the second substrate 114.
An overcoat layer may be formed covering the black matrix
132 and the color filters 134.

The pixel electrode 124 and the common electrode 136
have first and second slits 180a and 1805, respectively.

In other words, the pixel electrodes 124 are spaced apart
from each other to form the first slits 180a, and similarly, the
common electrodes 136 are spaced apart from each other to
form the second slits 1804.

The first slit 1804 has a width much less than a width of
the pixel electrode 124. In other words, the width of the pixel
electrode 124 is a few to a few tens of times the width of the
first slit 180a.

The first and second slits 180a and 180q alternate. It is
preferred that each first slit 180a is located at a center
portion of the corresponding common electrode 136 that is
between the neighboring second slits 1805, and each second
slit 18054 is located at a center portion of the corresponding
pixel electrode 124 that is between the neighboring first slits
180a.

Accordingly, when voltages are applied to the pixel
electrode 124 and the common electrode 136, a fringe
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electric field inclined from a direction perpendicular to the
plane of the first and second substrates 112 and 114 is
realized.

Accordingly, the negative type liquid crystal molecules
220 are arranged perpendicularly to the fringe electric field
between the pixel and common electrodes 124 and 136, and
a refraction index perpendicular to the fringe electric field is
manifested.

Accordingly, the nanocapsule liquid crystal layer 200 has
an optical anisotropy.

Accordingly, a scattering light from the backlight unit 160
enters through the first polarizing plate 120 so that a linearly
polarized light comes out and other part is absorbed, and
then a linearly polarized light, which is parallel with the
liquid crystal molecules 220, out of the linearly polarized
light coming out from the first polarizing light 120, passes
through the liquid crystal layer 200.

Then, a linearly polarized light, which is parallel with the
polarizing axis of the second polarizing plate 130, out of the
linearly polarized light coming out from the nanocapsule
liquid crystal layer 200 passes through the second polarizing
plate 130, and thus a white is displayed.

In this regard, since the LCD 100 of the third embodiment
includes the pixel electrode 124 and the common electrode
136 having the first slit 180a and the second slit 1805,
respectively, and generates the fringe electric field between
the pixel and common electrodes 124 and 136, the negative
type liquid crystal molecules 220 are arranged perpendicu-
larly to the fringe electric field. Accordingly, the liquid
crystal molecules 220 can be arranged more uniformly in
parallel.

In other words, the liquid crystal molecules 220 randomly
arranged are more easily rotated and arranged because of the
fringe electric field.

Accordingly, an awry arrangement of the liquid crystal
molecules 220 because of collision among the molecules
220 in the process that the molecules 220 are arranged
perpendicularly can be reduced or prevented, and thus a light
leakage due to the awry arrangement can be reduced or
prevented.

Further, transmittance of the LCD 100 can be improved.

Further, since the liquid crystal molecules 220 are
arranged perpendicularly to the fringe electric field between
the pixel and common electrodes 124 and 136, rotation is
more easily made and thus response time is improved.

As described above, the response time can be improved,
and the process of forming an alignment layer, the process
of forming a cell gap, the process of forming a seal pattern
can be eliminated, and thus production efficiency can be
improved.

Further, the LCD 100 is applicable to a touch display
device, curved display device, or flexible display device.

Particularly, since the pixel electrode 124 and the com-
mon electrode 136 are configured to have the first slit 180a
and the second slit 1804, respectively, and generate the
fringe electric field between the pixel and common elec-
trodes 124 and 136, the negative type liquid crystal mol-
ecules 220 are arranged in parallel with one another and
perpendicularly to the fringe electric field, and thus a light
leakage can be reduced or prevented.

Thus, non-uniformity of brightness and image due to the
light leakage can be reduced or prevented.

Since the liquid crystal molecules 220 have substantially
uniform and consistent arrangement corresponding to the
second slit 1805, when the second slit 1805 is configured to
have a bent shape vertically symmetrical in the pixel region
P, as illustrated in FIG. 11B, four different domains at up,
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down, left and right sides in each pixel region P can be
obtained. In this case, the second slit 1804 is bent at a center
portion of the pixel region P, and the first slit 180a is bent
like the second slit 1806.

Alternatively, even though not shown in the drawings,
when a plurality of second slits 1805 are configured to be
located and bent to be vertically symmetrical in a pixel
region, multi-domains that are four times the number of the
plurality of second slits 1805 may be formed in each pixel
region P.

Fourth Embodiment

FIG. 12A is a schematic view illustrating an LCD accord-
ing to a fourth embodiment of the present invention. Expla-
nations of parts similar to parts of the above first to third
embodiments may be omitted.

Referring to FIG. 12A, the LCD (100 of FIG. 3) of the
fourth embodiment includes the liquid crystal panel 110 and
the backlight unit 160.

The liquid crystal panel 110 includes the first and second
substrates 112 and 114 facing each other, the nanocapsule
liquid crystal layer 200, and the first and second polarizing
plates 120 and 130 on the outer surfaces of the first and
second substrates 112 and 114, respectively.

The liquid crystal panel 110 may be a vertical alignment
(VA) mode liquid crystal panel. The thin film transistor (T of
FIG. 3) and the pixel electrode 124 are formed on the inner
surface of the first substrate 112. The black matrix (132 of
FIG. 3), the color filters 134, and the common electrode 136
are formed on the inner surface of the second substrate 114.
An overcoat layer may be formed covering the black matrix
132 and the color filters 134.

The pixel electrode 124 has a pixel slit 190a, and a
common protrusion 1905 is formed on the common elec-
trode 136.

In other words, the pixel electrodes 124 are spaced apart
from each other to form the pixel slits 190, and the common
protrusions 1905 are spaced apart from each other on the
common electrode 136.

The common protrusion 1905 may have a triangular shape
in a cross-section. Alternatively, the common electrode 1905
may have other shapes, for example, a semi-circular or
semi-elliptical shape.

The common protrusions 1905 and the pixel slits 190a are
arranged alternately and parallel with each other in a pixel
region in a plan view, and are arranged alternately in a
zigzag form with the liquid crystal layer 200 therebetween
in a cross-sectional view.

In other words, the pixel slit 190q is located correspond-
ing to a separate region between the neighboring common
protrusions 1905, and each common protrusion 1906 are
located at a center portion of the corresponding pixel elec-
trode 124 that is between the neighboring pixel slits 190a.

Accordingly, when voltages are applied to the pixel
electrode 124 and the common electrode 136, a fringe
electric field inclined from a direction perpendicular to the
plane of the first and second substrates 112 and 114 is
realized.

Accordingly, the negative type liquid crystal molecules
220 are arranged perpendicularly to the fringe electric field
between the pixel and common electrodes 124 and 136, and
a refraction index perpendicular to the fringe electric field is
manifested.

Accordingly, the nanocapsule liquid crystal layer 200 has
an optical anisotropy.
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Accordingly, a scattering light from the backlight unit 160
enters through the first polarizing plate 120 so that a linearly
polarized light comes out and other part is absorbed, and
then a linearly polarized light, which is parallel with the
liquid crystal molecules 220, out of the linearly polarized
light coming out from the first polarizing light 120, passes
through the liquid crystal layer 200.

Then, a linearly polarized light, which is parallel with the
polarizing axis of the second polarizing plate 130, out of the
linearly polarized light coming out from the nanocapsule
liquid crystal layer 200 passes through the second polarizing
plate 130, and thus a white is displayed.

In this regard, since the LCD 100 of the fourth embodi-
ment includes the pixel electrode 124 and the common
electrode 136 having the pixel slit 190a and the common
protrusion 190, respectively, and generates the fringe elec-
tric field between the pixel and common electrodes 124 and
136, the negative type liquid crystal molecules 220 are
arranged perpendicularly to the fringe electric field. Accord-
ingly, the liquid crystal molecules 220 can be arranged more
uniformly in parallel.

In other words, the liquid crystal molecules 220 randomly
arranged are more easily rotated and arranged because of the
fringe electric field.

Accordingly, an awry arrangement of the liquid crystal
molecules 220 because of collision among the molecules
220 in the process that the molecules 220 are arranged
perpendicularly can be reduced or prevented, and thus light
leakage due to the awry arrangement can be reduced or
prevented.

Further, transmittance of the LCD 100 can be improved.

Further, since the liquid crystal molecules 220 are
arranged perpendicularly to the fringe electric field between
the pixel and common electrodes 124 and 136, rotation is
more easily made and thus response time is improved.

As described above, the response time can be improved,
and the process of forming an alignment layer, the process
of forming a cell gap, the process of forming a seal pattern
can be eliminated, and thus production efficiency can be
improved.

Further, the LCD 100 can be applied to a touch display
device, curved display device, or flexible display device.

Particularly, since the pixel electrode 124 and the com-
mon electrode 136 are configured to have the pixel slit 190a
and the common protrusion 1905, respectively, and generate
the fringe electric field between the pixel and common
electrodes 124 and 136, the negative type liquid crystal
molecules 220 are arranged in parallel with one another and
perpendicularly to the fringe electric field, and thus light
leakage can be prevented.

Thus, non-uniformity of brightness and image due to the
light leakage can be reduced or prevented.

Since the liquid crystal molecules 220 have substantially
uniform and consistent arrangement corresponding to the
common protrusion 1905, when the common protrusion
1905 is configured to have a bent shape vertically symmetri-
cal in the pixel region P, as illustrated in FIG. 12B, four
different domains at up, down, left and right sides in each
pixel region P can be obtained. In this case, the pixel slit
190q is bent like the common protrusion 1905.

Fifth and sixth embodiments of the present invention,
which will now be described, relate to a reflective type LCD.

Fifth Embodiment

FIG. 13 is a perspective view illustrating an LCD accord-
ing to the fifth embodiment of the present invention. Expla-
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nations of parts similar to parts of the above first to fourth
embodiments may be omitted.

Referring to FIG. 13, the LCD 100 includes a liquid
crystal panel 110, a polarizing plate 130, a phase retardation
plate 175, and a reflection plate 140. The LCD 100 using the
reflection plate 140 is referred to as a reflective type LCD.

The liquid crystal panel 110 includes a first substrate 112,
a second substrate 114, and a nanocapsule liquid crystal
layer 200 between the first and second substrates 112 and
114.

The first substrate 112 is referred to as a lower substrate
or an array substrate. A plurality of gate lines 116 and a
plurality of data lines 118 cross each other on an inner
surface of the first substrate 112 to define a plurality of pixel
regions P.

A thin film transistor T is formed near the crossing portion
of the gate and data lines 116 and 118, and is connected to
a pixel electrode 124 in the pixel region P.

The second substrate 114 is referred to as an upper
substrate or a color filter substrate. A black matrix 132 is on
an inner surface of the second substrate 114, and shields a
non-display element such as the gate line 116, the data line
118, and the thin film transistor T exposing the pixel
electrode 124. The black matrix 132 has a lattice shape
surrounding the pixel region P.

Red, green and blue color filters 134 fill openings of the
black matrix 132 corresponding to the respective pixel
regions P. A common electrode 136 covers the black matrix
132 and the color filters 134.

Even though not shown in the drawings, the first substrate
112 has an area greater than that of the second substrate 114
so that a peripheral portion of the first substrate 112 is
exposed outside the second substrate 114. In the exposed
portion of the first substrate 112, data pads 118a connected
to the respective data lines 118, and gate pads (not shown)
connected to the respective gate lines 116 are formed.

When a gate line 116 is selected and supplied with a
turn-on gate signal i.e., high-level gate signal, the thin film
transistor T connected to the selected gate line 116 is turned
on and an image data signal is transferred to the pixel
electrode 124 through the data line 118. Accordingly, an
electric field is induced between the pixel electrode 124 and
the common electrode 136 and controls liquid crystal mol-
ecules 220 of the nanocapsule liquid crystal layer 200, and
thus light transmittance is changed to display images.

The polarizing plate 130 is attached on an outer surface of
the second substrate 114.

The phase retardation plate 175 is located between the
second substrate 114 and the polarizing plate 130. The phase
retardation plate 175 may be a A/4 plate (a quarter wave
plate).

It is preferred that three refractive indices nx, ny and nz
of the phase retardation plate 175 meet the following rela-
tion: nx=ny>nz. The phase retardation plate 175 and the
polarization plate 130 may be formed as one body.

The reflection plate 140 is located on an outer surface of
the first substrate 112. The reflection plate 140 reflects an
external light from the outside into the liquid crystal panel
110.

The reflection plate 140 may be formed of a metal
material such as aluminum (Al) to increase reflectance.

Alternatively, the reflection plate 140 may be located
between the first substrate 112 and the nanocapsule liquid
crystal layer 200. In this case, the reflection plate 140 may
function as a reflection electrode and have an embossing
pattern for diffused reflection.
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The nanocapsule liquid crystal layer 200 is an optically
isotropic type liquid crystal layer in a normal state. Accord-
ingly, when no electric field between the pixel electrode 124
and the common electrode 136 is applied to the nanocapsule
liquid crystal layer 200, the nanocapsule liquid crystal layer
200 is optically isotropic, and when an electric field is
applied, the nanocapsule liquid crystal layer 200 has a
birefringence property in a direction perpendicular to the
applied electric field.

In other words, in case that the liquid crystal molecules
220 are negative type nematic liquid crystal molecules, the
liquid crystal molecules 220 are arranged perpendicularly to
an electric field to generate a birefringence. In case that the
liquid crystal molecules 220 are positive type nematic liquid
crystal molecules, the liquid crystal molecules 220 are
arranged in parallel with an electric field to generate a
birefringence property.

Accordingly, when an electric field is applied, the nano-
capsule liquid crystal layer 200 has an optically uniaxial
property

In more detail, the liquid crystal molecules 220 are
contained within the capsule 230 having a nanosize, and the
liquid crystal molecules 220 are irregularly arranged in the
nanocapsule 230.

The nanocapsule 230 may have about 5% to about 95% of
a total volume of the nanocapsule liquid crystal layer 200,
and preferably, may have about 25% to about 65% of the
total volume of the nanocapsule liquid crystal layer 200. The
buffer layer 210 occupies the rest of the total volume.

The buffer layer 210 may be made of a transparent or
semi-transparent material and have water-solubility, fat-
solubility, or mixture of water-solubility and fat-solubility.
The buffer layer 210 may be heat cured or UV cured.

The buffer layer 210 may have an additive to increase
strength and reduce curing time.

The nanocapsule 230 may have a diameter of about 1 nm
to about 320 nm, and preferable, about 30 nm to about 100
nm.

Since the nanocapsule 230 has a diameter less than any
wavelengths of visible light, there occurs substantially no
optical change due to refractive index, and optically isotro-
pic property can be obtained. Further, scattering of visible
light can be reduced or minimized.

Particularly, when the nanocapsule 230 is formed with a
diameter of about 100 nm or less, high contrast ratio can be
obtained.

A thickness of the nanocapsule liquid crystal layer 200
(i.e., acell gap) is preferably about 1 um to about 10 um, and
more preferably about 2 um to about 5 um.

In case that the cell gap is 2 um or less, it is difficult to
externally recognize a difference in light transmittance.

In case that the cell gap is 5 um or more, a distance
between electrodes is great, and thus high power consump-
tion is required. Further, an overall thickness of the liquid
crystal panel 110 increases, and thus it is difficult to provide
an LCD having lightweight and thin profile.

The irregularly arranged liquid crystal molecules 220 and
the nanocapsule 230 have different refractive indices, and
thus a light scattering may be caused at the interface
therebetween. Accordingly, when light passes through the
interface, the light is scattered and becomes opaque in milk
white.

However, when an electric field is applied to the nano-
capsule liquid crystal layer 200, the liquid crystal molecules
220 filling the nanocapsule 230 are regularly arranged.

In this state, the refractive index of the liquid crystal
molecules 220 is changed. In order to reduce or minimize a
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light scattering at the interface between the nanocapsule 230
and the liquid crystal molecules 220, the nanocapsule 230
and the regularly arranged liquid crystal molecules 220 are
formed such that they have refractive indices that are sub-
stantially close to each other, Therefore, the nanocapsule
liquid crystal layer 200 can be seen transparent.

In this case, it is preferred that a difference between the
refractive index of the nanocapsule 220 and the refractive
index of the liquid crystal molecule 220 is within about +0.1.
The average refractive index (n) of the liquid crystal mol-
ecule 220 may be defined as follows: n=[(ne+2*no)/3]
(where ne is a refractive index of a major axis of the liquid
crystal molecule 220, and no is a refractive index of a minor
axis of the liquid crystal molecule 220).

Accordingly, the LCD 100 including the nanocapsule
liquid crystal layer 200 can be used as a display device, with
its transmittance changing according to a variation of the
voltage applied.

Further, since the nanocapsule liquid crystal layer 200
does not have an initial alignment to be optically anisotropic,
alignment of liquid crystal molecules may not be required,
and thus no alignment layer may be needed in the LCD 100,
and also, processes for forming an alignment layer such as
rubbing may not be needed.

Further, in case that the nanocapsules 230 are dispersed in
the buffer layer 210 made of, for example, liquid crystal, the
nanocapsule liquid crystal layer 200 may be formed, for
example, by a printing method, coating method, or dispens-
ing method. In case that the nanocapsules 230 are dispersed
in the buffer layer 210 made in a film type, the nanocapsule
liquid crystal layer 200 may be formed, for example, by a
lamination method. Accordingly, a process of forming a gap
between the first and second substrates filled with the liquid
crystal layer (50 of FIG. 1) in the prior art can be eliminated,
and a process of forming the seal pattern (70 of FIG. 1) in
the prior art can be eliminated.

Therefore, production efliciency can be improved.

Further, even when an external force such as a user’s
touch is applied to the LCD 100 of the embodiment, the
liquid crystal molecules 220 are in the nanocapsule 230
having a size less than the wavelength of visible light, thus
there is substantially no influence of visible light, and thus
a light leakage due to the external force can be reduced or
prevented.

Accordingly, in case that the LCD 100 of the embodiment
is applied to a flexible display device, even when an external
force is applied to the LCD 100, because of the nanocapsule
230 having a size less than the wavelength of visible light,
a light leakage due to the external force can be reduced or
prevented.

Further, when the electric field is induced between the first
and second substrates 112 and 114, the liquid crystal mol-
ecules 220 are dynamically rotated, and thus response speed
can be fast.

FIGS. 14A and 14B are schematic views illustrating an
image display principle of the LCD according to the fifth
embodiment of the present invention, and FIGS. 15A and
15B are schematic views illustrating variation of light in the
states of FIGS. 14A and 14B, respectively.

Referring to FIGS. 14A to 15B, the liquid crystal panel
110 includes the pixel electrode 124 and the common
electrode 136 to generate a vertical electric field. The liquid
crystal molecules 220 are negative type nematic liquid
crystal molecules.

In the LCD 100, the polarizing plate 130 is located close
to the side upon which an external light is incident, and the
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phase retardation plate 175, the liquid crystal panel 110 and
the reflection plate 140 are sequentially arranged below the
polarizing plate 130.

The phase retardation plate 120 may be between the
second substrate 114 and the nanocapsule liquid crystal layer
200. The reflection plate 140 may be between the first
substrate 112 and the nanocapsule liquid crystal layer 200.

The thin film transistor T and the pixel electrode 124 are
formed on an inner surface of the first substrate 112. The
black matrix 132, the color filter 134 and the common
electrode 136 are formed on an inner surface of the second
substrate 114.

The liquid crystal molecules 220 are arranged perpen-
dicularly to an electric field that is vertical to the first and
second substrates 112 and 114, and a refractive index in a
direction perpendicular to the electric field is manifested.

Referring to FIGS. 14A and 15A, when no voltage is
applied to the liquid crystal panel 110, the liquid crystal
molecules 220 are arranged randomly, the liquid crystal
molecules 220 and the nano capsule 230 have different
anisotropies in refractive index from each other. Accord-
ingly, optically isotropic property is obtained.

Accordingly, out of an external light, the polarizing plate
130 transmits a first linearly polarized light parallel with a
polarizing axis of the polarizing plate 130 and absorbs other
light. The first linearly polarized is modified into a circularly
polarized light (e.g., a left-hand circularly polarized light)
while passing through the phase retardation plate 175.

Then, the left-hand circularly polarized light passes
through the nanocapsule liquid crystal layer 200 as is, and
then is reflected by the reflection plate 140 and modified into
a right-hand circularly polarized light.

The right-hand circularly polarized light passes through
the nanocapsule liquid crystal layer 200 as is, and then enters
the phase retardation plate 175. While passing through the
phase retardation plate 175, the right-hand circularly polar-
ized light is modified into a second linearly polarized light
that is perpendicular to the first linearly polarized light.

The second polarized light does not pass through the
polarizing plate 130, and thus a black is displayed.

Referring to FIGS. 14B and 15B, when a voltage is
applied to the pixel electrode 124 and the common electrode
136, the liquid crystal molecules 220 are arranged perpen-
dicularly to the electric field between the pixel and common
electrodes 124 and 136. Accordingly, optically anisotropic
property is obtained.

Accordingly, out of an external light, the polarizing plate
130 transmits a first linearly polarized light parallel with a
polarizing axis of the polarizing plate 130 and absorbs other
light. The first linearly polarized is modified into a left-hand
circularly polarized light while passing through the phase
retardation plate 175.

Then, while passing through the nanocapsule liquid crys-
tal layer 200, the left-hand circularly polarized light is
phase-retarded and thus a second linearly polarized light
perpendicular to the first linearly polarized light comes out
from the nanocapsule liquid crystal layer 200.

Then, the second linearly polarized light is reflected by
the reflection plate 140, and then is phase-retarded passing
through the nanocapsule liquid crystal layer 200. Accord-
ingly, a right-hand circularly polarized light comes out from
the nanocapsule liquid crystal layer 200, and then is modi-
fied into the first linearly polarized light while passing
through the phase retardation plate 175.
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Then, the first linearly polarized light passes through the
polarizing plate 130, and thus a white is displayed.

Sixth Embodiment

FIGS. 16A and 16B are schematic views illustrating an
image display principle of the LCD according to the sixth
embodiment of the present invention. Explanations of parts
similar to parts of the first to fifth embodiments may be
omitted.

Referring to FIGS. 16A and 16B, the liquid crystal panel
110 includes the pixel electrode 124 and the common
electrode 136 to generate an in-plane electric field which is
substantially parallel with the first and second substrates 112
and 114. The liquid crystal molecules 220 are positive type
nematic liquid crystal molecules.

In the LCD 100, the polarizing plate 130 is located close
to the side upon which an external light is incident, and the
phase retardation plate 175, the liquid crystal panel 110 and
the reflection plate 140 are sequentially arranged below the
polarizing plate 130.

The phase retardation plate 120 may be provided between
the second substrate 114 and the nanocapsule liquid crystal
layer 200. The reflection plate 140 may be provided between
the first substrate 112 and the nanocapsule liquid crystal
layer 200.

The liquid crystal panel 110 includes the first and second
substrates 112 and 114, and the nanocapsule liquid crystal
layer 200 therebetween. The liquid crystal panel 110 is an
IPS (in-plane switching) type panel, in which the thin film
transistor T, the pixel electrode 124, and the common
electrode 136 are formed on an inner surface of the first
substrate 112. The black matrix 132 and the color filter 134
are formed on an inner surface of the second substrate 114.
The pixel and common electrode 112 and 114 on the same
substrate 112 generates an in-plane electric field parallel
with the first and second substrates 112 and 114.

The liquid crystal molecules 220 are arranged parallel to
the in-plane electric field that is parallel to the first and
second substrates 112 and 114, and a refractive index in a
direction parallel to the electric field is manifested.

Referring to FIG. 16A, when no voltage is applied to the
liquid crystal panel 110, an external light is finally blocked
by the polarizing plate 130, and thus a black is displayed.

Referring to FIG. 16B, when a voltage is applied to the
pixel electrode 124 and the common electrode 136, the
liquid crystal molecules 220 are uniformly arranged parallel
to the electric field between the pixel and common elec-
trodes 124 and 136.

Accordingly, an external light passes through the polar-
izing plate 130, phase retardation plate 175, and the nano-
capsule liquid crystal layer 200, then is reflected by the
reflection plate 140, then passes through the nanocapsule
liquid crystal layer 200, the phase retardation plate 175 and
the polarizing plate 130, and thus a white is displayed.

The reflective type LCD 100 according to the above fifth
or sixth embodiment may be alternatively configured to have
a COT (color filter on transistor) structure, where the thin
film transistor T and the color filter 134 are formed together
on the first substrate 112.

In this case, a black matrix is formed on a passivation
layer that is on the thin film transistor T, and has a lattice
shape. Red, green and blue color filters are formed on the
black matrix and fill openings of the lattice of the black
matrix in the respective pixel regions P. The pixel electrode
124 is formed on the color filter, and the common electrode
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136 is formed on the first substrate 112 or second substrate
114 corresponding to the pixel electrode 124.

Alternatively, a COT type LCD may be configured not to
have a second substrate, and in this case, the common
electrode 136 of the fifth embodiment may be formed on an
inner surface of the phase retardation plate 175.

In the reflective type LCD as above, by using the nano-
capsule liquid crystal layer 200, where the nanocapsule 230
each filled with the randomly arranged nematic liquid crystal
molecules 220 are dispersed in the buffer layer 210, between
the first and second substrates 112 and 114, a response time
can be fast compared to the prior art LCD.

Further, since the nanocapsule liquid crystal layer 200
does not have an initial alignment to be optically anisotropic,
alignment of liquid crystal molecules may not be required,
and thus no alignment layer may be needed in the LCD 100,
and also, processes for forming an alignment layer such as
rubbing may not be needed.

Further, in case that the nanocapsules 230 are dispersed in
the buffer layer 210 made of, for example, liquid crystal, the
nanocapsule liquid crystal layer 200 may be formed, for
example, by a printing method, coating method, or dispens-
ing method. In case that the nanocapsules 230 are dispersed
in the buffer layer 210 made in a film type, the nanocapsule
liquid crystal layer 200 may be formed, for example, by a
lamination method. Accordingly, a process of forming a gap
between the first and second substrates filled with the liquid
crystal layer in the prior art can be eliminated, and a process
of forming the seal pattern in the prior art can be eliminated.

Therefore, production efficiency can be improved.

Further, even when an external force such as a user’s
touch is applied to the LCD 100 of the embodiment, the
liquid crystal molecules 220 are in the nanocapsule 230
having a size less than the wavelength of visible light, thus
there is substantially no influence of visible light, and thus
light leakage due to the external force can be prevented.

Accordingly, in case that the LCD 100 of the embodiment
is applied to a flexible display device, even when an external
force is applied to the LCD 100, because of the nanocapsule
230 having a size less than the wavelength of visible light,
light leakage due to the external force can be prevented.

Seventh to Eleventh embodiments of the present inven-
tion, which will now be described, relate to a flexible type
LCD.

Seventh to Ninth Embodiments

FIGS. 17A and 17B are schematic views illustrating an
image display principle of an LCD according to a seventh
embodiment of the present invention, and FIGS. 17C and
17D are schematic views illustrating an LCD according to
eighth and ninth embodiments of the present invention,
respectively. Explanations of parts similar to parts of the first
to sixth embodiments may be omitted.

Referring to FIGS. 17A-17B, the flexible type LCD
includes a liquid crystal panel 110 and a backlight unit 160.

The liquid crystal panel 110 includes a nanocapsule liquid
crystal layer 200 on a substrate 112.

The substrate 112 is referred to as an array substrate. A
plurality of gate lines and a plurality of data lines cross each
other on an inner surface of the first substrate to define a
plurality of pixel regions P. A thin film transistor is formed
near the crossing portion of the gate and data lines. A black
matrix is formed on the thin film transistor with a passivation
layer therebetween, and has a lattice shape exposing the
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pixel regions. Red, green and blue color filters 134 fill
openings of the black matrix 132 corresponding to the
respective pixel regions.

A pixel electrode 124 connected to the thin film transistor
and a common electrode 136 spaced apart from the pixel
electrode 124 are formed on the color filters 134.

Liquid crystal molecules 220 of the nanocapsule liquid
crystal layer 200 are driven by an in-plane electric field
between the pixel and common electrodes 124 and 136.

A polarizing plate 130 is attached onto the nanocapsule
liquid crystal layer 200.

A backlight unit 160 is below the liquid crystal panel 110
and supplies light to the liquid crystal panel 110.

The backlight unit 160 includes an LED assembly 129
along a length direction of a side of the backlight unit 160,
a reflective polarizing film 127, a reflection plate 125 in
white or silver color, a light guide plate 123 and at least one
optical sheet 121.

The LED assembly 129 is located facing a side of the light
guide plate 123 upon which the light is incident, and
includes a plurality of LEDs 1294 and a PCB (printed circuit
board) 1295 on which the plurality of LEDs 129a are
mounted, with being spaced apart from each other.

The reflective polarizing film 127 is located on the front
of the LEDs 129a. Out of light emitted from the LEDs 129a,
the reflective polarizing film 127 transmits a predetermined
polarized light, and reflects and recycles other part, and thus
light efficiency of the flexible type LCD can be improved.

The reflective polarizing film 127 may be formed using a
polarizer having a predetermined polarizing axis embedded
in a lamination structure of dielectric thin films having
different refractive indices, or using a wire grid polarizer in
which fine line type metal patterns of a high reflective
material, such as aluminum (Al), silver (Ag) or chromium
(Cr) are arranged in parallel along a direction on a base film.

The reflective polarizing film 127 has a polarizing axis
perpendicular to the polarizing axis of the polarizing plate
130.

Accordingly, all light emitted from the LED assembly 129
are supplied to the liquid crystal panel 110 substantially
without loss of light.

In other words, out of the light from the LED assembly
129, a portion of the light having the same polarizing axis as
the reflective polarizing film 127 is transmitted, and the
other portion is reflected by the reflective polarizing film
127. A first polarized light PL1 out of the light emitted from
the LED 129q is transmitted by the reflective polarizing
plate 127 and enters into the light guide plate 123 via the
light incidence surface of the light guide plate 123. A second
polarized light PL2, which is perpendicular to the first
polarized light PL1, out of the light from the LED 129a is
reflected by the reflective polarizing film 127 and is recycled
into a scattering light.

A first polarized light PL1 out of the recycled scattering
light is transmitted by the reflective polarizing film 127, and
a second polarized light PL2 out of the recycled scattering
light is recycled again into a scattering light. Accordingly,
light efficiency can be improved.

A specific linearly polarized light entering the light guide
plate 123 travels in the light guide plate 123 and evenly
spreads over a large area of the light guide plate 123, and
thus a plane light is supplied to the liquid crystal panel 110.

The light guide plate 123 may include a specific-shaped
pattern at a bottom surface to supply a uniform plane light.

The reflection plate 125 is located below the light guide
plate 123, and reflects light coming out from the bottom

10

15

20

25

30

35

40

45

50

55

60

65

24

surface of the light guide plate 123 to the liquid crystal panel
110, and thus brightness of light is improved.

The at least one optical sheet 121 may include a diffusion
sheet, and at least one light concentration sheet. The at least
one optical sheet 121 diffuses and/or concentrates light to
supply more uniform plane light to the liquid crystal panel
110.

A cold cathode fluorescent lamp (CCFL), or external
electrode fluorescent lamp (EEFL) may be uses as a light
source instead of the LED 129a4.

The liquid crystal panel 110 and the backlight unit 160 are
attached to each other using a lamination process. In this
process, an adhesive is interposed between the liquid crystal
panel 110 and the backlight unit 120 to eliminate an air gap
therebetween, and thus loss of light due to the air gap can be
reduced or prevented.

The nanocapsule liquid crystal layer 200 is an optically
isotropic type liquid crystal layer in a normal state. Accord-
ingly, when no electric field between the pixel electrode 124
and the common electrode 136 is applied to the nanocapsule
liquid crystal layer 200, the nanocapsule liquid crystal layer
200 is optically isotropic, and when an electric field is
applied, the nanocapsule liquid crystal layer 200 has a
birefringence property in a direction perpendicular to the
applied electric field

In other words, in case that the liquid crystal molecules
220 are negative type nematic liquid crystal molecules, the
liquid crystal molecules 220 are arranged perpendicularly to
an electric field to generate a birefringence property. In case
that the liquid crystal molecules 220 are positive type
nematic liquid crystal molecules, the liquid crystal mol-
ecules 220 are arranged in parallel with the electric field to
generate a birefringence property.

Accordingly, when an electric field is applied, the nano-
capsule liquid crystal layer 200 has an optically uniaxial
property

In more detail, the liquid crystal molecules 220 are
contained within the capsule 230 having a nanosize, and the
liquid crystal molecules 220 are irregularly arranged in the
nanocapsule 230.

The nanocapsule 230 may have about 5% to about 95% of
a total volume of the nanocapsule liquid crystal layer 200,
and preferably, may have about 25% to about 65% of the
total volume of the nanocapsule liquid crystal layer 200. The
buffer layer 210 occupies the rest of the total volume.

The buffer layer 210 may be made of a transparent or
semi-transparent material and have water-solubility, fat-
solubility, or mixture of water-solubility and fat-solubility.
The buffer layer 210 may be heat cured or UV cured.

The buffer layer 210 may have an additive to increase
strength and reduce curing time.

The nanocapsule 230 may have a diameter of about 1 nm
to about 320 nm, and preferable, about 30 nm to about 100
nm.

Since the nanocapsule 230 has a diameter less than any
wavelengths of visible light (i.e., with a diameter of about
320 nm or less), there occurs substantially no optical change
due to refractive index, and optically isotropic property can
be obtained. Further, scattering of visible light can be
reduced or minimized.

Particularly, when the nanocapsule 230 is formed with a
diameter of about 100 nm or less, high contrast ratio can be
obtained.

A thickness of the nanocapsule liquid crystal layer 200
(i.e., acell gap) is preferably about 1 um to about 10 um, and
more preferably about 2 um to about 5 um.
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In case that the cell gap is 2 um or less, it is difficult to
externally recognize a difference in light transmittance.

In case that the cell gap is 5 um or more, a distance
between electrodes is great, and thus high power consump-
tion is required. Further, an overall thickness of the liquid
crystal panel 110 increases, and thus it is difficult to provide
an LCD having lightweight and thin profile.

Referring to FIG. 17A, when no voltage is applied to the
liquid crystal panel 110, the liquid crystal molecules 220 are
arranged randomly, the liquid crystal molecules 220 and the
nano capsule 230 have different anisotropies in refractive
index from each other. Accordingly, optically isotropic prop-
erty is obtained.

Accordingly, a linearly polarized light emitted from the
backlight unit 160 passes through the nanocapsule liquid
crystal layer 200 as is, and then does not pass through the
polarizing plate 130 perpendicular to the polarizing axis of
the linearly polarized light from the backlight unit 160.
Thus, a black is displayed.

Referring to FIG. 17B, when a voltage is applied between
the pixel electrode 124 and the common electrode 136, the
liquid crystal molecules 220 are arranged parallel with the
electric field between the pixel and common electrodes 124
and 136. Accordingly, a linearly polarized light, parallel with
the liquid crystal molecules 220, out of the linearly polarized
light emitted from the backlight unit 160 passes through the
nanocapsule liquid crystal layer 200.

Then, a linearly polarized light, parallel with the polar-
izing axis of the polarizing plate 130, out of the linearly
polarized light passing through the nanocapsule liquid crys-
tal layer 200 passes through the polarizing plate 130. Thus,
a white is displayed.

In this case, it is preferred that a difference between the
refractive index of the nanocapsule 220 and the refractive
index of the liquid crystal molecule 220 is within about +0.1.
The average refractive index (n) of the liquid crystal mol-
ecule 220 may be defined as follows: n=[(ne+2*no)/3]
(where ne is a refractive index of a major axis of the liquid
crystal molecule 220, and no is a refractive index of a minor
axis of the liquid crystal molecule 220).

Accordingly, the LCD including the nanocapsule liquid
crystal layer 200 can be used as a display device, with its
transmittance changing according to a variation of the
voltage applied.

Further, since the nanocapsule liquid crystal layer 200
does not have an initial alignment to be optically anisotropic,
alignment of liquid crystal molecules may not be required,
and thus no alignment layer may be needed in the LCD 100,
and also, processes for forming an alignment layer such as
rubbing may not be needed.

Further, in case that the nanocapsules 230 are dispersed in
the buffer layer 210 made of, for example, liquid crystal, the
nanocapsule liquid crystal layer 200 may be formed, for
example, by a printing method, coating method, or dispens-
ing method. In case that the nanocapsules 230 are dispersed
in the buffer layer 210 made in a film type, the nanocapsule
liquid crystal layer 200 may be formed, for example, by a
lamination method. Accordingly, a process of forming a gap
between the first and second substrates filled with the liquid
crystal layer in the prior art can be eliminated, and a process
of forming the seal pattern in the prior art can be eliminated.

Therefore, production efliciency can be improved.

Further, even when an external force such as a user’s
touch is applied to the LCD of the embodiment, the liquid
crystal molecules 220 are in the nanocapsule 230 having a
size less than the wavelength of visible light, thus there is
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substantially no influence of visible light, and thus light
leakage due to the external force can be reduced or pre-
vented.

Accordingly, in case that the LCD of the embodiment is
applied as a flexible display device, even when the external
force is applied to the LCD, because of the nanocapsule 230
having a size less than the wavelength of visible light, light
leakage due to the external force can be reduced or pre-
vented.

Particularly, since the flexible type LCD of the embodi-
ment includes the reflective polarizing film 127 on the front
of the LED assembly 129, the linearly polarized light from
the backlight unit 160 is supplied to the liquid crystal panel
110. Accordingly, one polarizing plate can be eliminated.

Thus, the LCD of the embodiment may not require the
second substrate (4 of FIG. 2) and one polarizing plate (20
of F1G. 2) in the prior art, thus a total thickness of the liquid
crystal panel 110 can be reduced, and thus the LCD can have
lightweight and thin profile and can be effectively applied as
a flexible type display device.

Alternatively, since the nanocapsule liquid crystal layer
200 is formed with the nanocapsules 230 dispersed in the
buffer layer of liquid crystal or in a film type, another
flexible type LCD of an eighth embodiment may be pro-
vided as illustrated in FIG. 17C, in which the nanocapsule
liquid crystal layer 200 is located facing the backlight umt
160, and in this case, the polarizing plate 130 is located on
the top surface of the substrate 112.

Alternatively, another flexible type LCD of the ninth
embodiment may be provided as illustrated in FIG. 17D, in
which the nanocapsule liquid crystal layer 200 is located
facing the backlight unit 160 similarly to the above eighth
embodiment. Further, a touch panel 150 is located on the
liquid crystal panel 110 with the polarizing plate 130, and
includes first electrode 151, an insulating layer 155, and a
second electrode 153. Thus, the flexible type LCD of this
embodiment can be applied to a touch type display device.

In the above seventh to ninth embodiments, in addition to
the reflective polarizing film 127, a wire-grid lattice may be
formed in the light guide plate 123 so that only a specific
linearly polarized light passes through the light guide plate
123 and then is supplied to the liquid crystal panel 110.
Alternatively, in addition to the reflective polarizing film
127, a polarization separation layer may be formed on the
light guide plate 123 so that only a specific linearly polarized
light passes through the light guide plate 123 and then is
supplied to the liquid crystal panel 110.

Tenth Embodiment

FIG. 18 is a schematic view illustrating a flexible type
LCD according to the tenth embodiment of the present
invention. Explanations of parts similar to parts of the first
to ninth embodiments may be omitted.

Referring to FIG. 18, the flexible type LCD includes a
liquid crystal panel 110 and a backlight unit 160. The liquid
crystal panel 110 includes a nanocapsule liquid crystal layer
200 on a substrate 112, on which the thin film transistor and
the color filter 134 are formed.

Further, the pixel electrode 124 and the common electrode
136 are formed on the substrate 112.

The nanocapsule liquid crystal layer 200 includes the
nanocapsules 230 filled with the liquid crystal molecules
220 and dispersed in the buffer layer 210.

The polarizing plate 130 is attached onto the polarizing
plate 130, and the backlight unit 160 is below the liquid
crystal panel 110.
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The backlight unit 160 includes non-polar or semi-polar
LEDs 300 arranged along a length direction of a side of the
backlight unit 160, the reflection plate 125, the light guide
plate 123 on the reflection plate 125, and at least one optical
sheet 121.

The non-polar or semi-polar LEDs 300 as light sources
are located at and faces the surface of the light guide plate
123 upon which the light is incident.

The non-polar or semi-polar LED 300 has a property of
emitting light polarized in a specific direction.

The non-polar or semi-polar LED 300 is different from a
polar LED including a compound semiconductor layer
grown in a c-axis direction. For example, by growing a
nitride semiconductor layer of a GaN group material, such
as GaN, InGaN, AlGaN, AllnGaN or the like, on a m-surface
or a-surface of a GaN substrate, a non-polar or semi-polar
LED without spontaneous polarization or piezoelectric
polarization may be formed.

Further, an LED using a nitride semiconductor layer may
be formed to emit light of wavelength in a range of UV light
to visible light by adjusting a composition ratio of the nitride
semiconductor.

A specific linearly polarized light entering the light guide
plate 123 from the non-polar or semi-polar LED 300 travels
in the light guide plate 123 and evenly spreads over a large
area of the light guide plate 123, and thus a plane light is
supplied to the liquid crystal panel 110.

The light guide plate 123 may include a specific-shaped
pattern at a bottom surface to supply a uniform plane light.

The reflection plate 125 is located below the light guide
plate 123, and reflects light coming out from the bottom
surface of the light guide plate 123 to the liquid crystal panel
110, and thus brightness of light is improved.

The at least one optical sheet 121 may include a diffusion
sheet, and at least one light concentration sheet. The at least
one optical sheet 121 diffuses and/or concentrates light to
supply more uniform plane light to the liquid crystal panel
110.

When no voltage is applied to the liquid crystal panel 110,
the liquid crystal molecules 220 are arranged randomly, the
liquid crystal molecules 220 and the nano capsule 230 have
different anisotropies in refractive index from each other.
Accordingly, optically isotropic property is obtained.

Accordingly, a linearly polarized light emitted from the
backlight unit 160 passes through the nanocapsule liquid
crystal layer 200 as is, and then does not pass through the
polarizing plate 130 perpendicular to the polarizing axis of
the linearly polarized light from the backlight unit 160.
Thus, a black is displayed.

When a voltage is applied between the pixel electrode 124
and the common electrode 136, the liquid crystal molecules
220 are arranged parallel with the electric field between the
pixel and common electrodes 124 and 136. Accordingly, a
linearly polarized light, parallel with the liquid crystal
molecules 220, out of the linearly polarized light emitted
from the backlight unit 160 passes through the nanocapsule
liquid crystal layer 200.

Then, a linearly polarized light, parallel with the polar-
izing axis of the polarizing plate 130, out of the linearly
polarized light passing through the nanocapsule liquid crys-
tal layer 200 passes through the polarizing plate 130. Thus,
a white is displayed.

Eleventh Embodiment

FIG. 19A is a schematic view illustrating a flexible type
LCD according to an eleventh embodiment of the present

10

20

25

40

45

60

65

28

invention, and FIG. 19B is a schematic perspective view
illustrating an optical fiber of an optical fiber type light guide
plate of FIG. 19A. Explanations of parts similar to parts of
the first to tenth embodiments may be omitted.

Referring to FIGS. 19A and 19B, the flexible type LCD
includes a liquid crystal panel 110 and a backlight unit 160.
The liquid crystal panel 110 includes a nanocapsule liquid
crystal layer 200 on a substrate 112, on which the thin film
transistor and the color filter 134 are formed.

Further, the pixel electrode 124 and the common electrode
136 are formed on the substrate 112.

The nanocapsule liquid crystal layer 200 includes the
nanocapsules 230 filled with the liquid crystal molecules
220 and dispersed in the buffer layer 210.

The polarizing plate 130 is attached onto the polarizing
plate 130, and the backlight unit 160 is below the liquid
crystal panel 110.

The backlight unit 160 includes non-polar or semi-polar
LEDs 300 arranged along a length direction of a side of the
backlight unit 160, the reflection plate 125, a light guide
plate 400 on the reflection plate 125, and at least one optical
sheet 121. The light guide plate 123 is an optical fiber type
light guide plate.

The reflection plate 125 is located below the light guide
plate 400, and reflects light coming out from the bottom
surface of the light guide plate 400 to the liquid crystal panel
110, and thus brightness of light is improved.

The at least one optical sheet 121 may include a diffusion
sheet, and at least one light concentration sheet. The at least
one optical sheet 121 diffuses and/or concentrates light from
the light guide plate 400 to supply more uniform plane light
to the liquid crystal panel 110.

The non-polar or semi-polar LEDs 300 as light sources
are located at and faces the light incidence surface of the
light guide plate 400.

The non-polar or semi-polar LED 300 has a property of
emitting light polarized in a specific direction.

A specific linearly polarized light entering the light guide
plate 400 from the non-polar or semi-polar LED 300 travels
in the light guide plate 400 and evenly spreads over a large
area of the light guide plate 400, and thus a plane light is
supplied to the liquid crystal panel 110.

The light guide plate 400 is formed using a plurality of
optical fibers 410 which are arranged in parallel with each
other to form a plate.

As illustrated in FIG. 19B, the optical fiber 410 includes
a core 411 at a center portion, and a clad 413 enclosing an
outer surface of the core 411.

The clad 413 includes a light guide portion 4134, which
has a refractive index (n2) less than a refractive index (nl)
of the core 411 and in which a total internal reflection
happens, and a light emission portion 4135 which has a
refractive index (n3) equal to or greater than the refractive
index (n1) of the core 411 and which emits an internal light
to the outside.

The refractive index (nl) of the core 411, the refractive
index (n2) of the light guide portion 413a, and the refractive
index of the light emission portion 4135 each have a range
of about 1.2 to about 1.6 greater than a refractive index of
an air.

In other words, in order that a linearly polarized light from
the LED 300 traveling in the core 411 with a total reflection
is emitted to the outside at a certain position, the clad 413
has a refractive index at a predetermined position different
from that at other position. That is, the light emission portion
413b is formed to have a refractive index different from
other portion.



US 9,535,279 B2

29

When a refractive index of the clad 413 is less than that
of the core 411, an internal light of the core 411 travels being
reflected inside the core 411. However, when a refractive
index of the clad 413 at a certain position is greater than that
of the core 411, a condition for the total internal reflection
at the position is not met, a part of the light traveling in the
core 411 externally escapes from the optical fiber 410.

In this regard, the light guide portion 413a and the light
emission portion 4135 are configured to contact each other
from an inner side of the clad 413 to an outer side of the clad
413.

The optical fibers 410 as above are bound to each other to
form the optical fiber type light guide plate 400. Accord-
ingly, a backlight unit 160 can be configured to emit light at
a predetermined position on a length direction of the optical
fiber 410.

In this embodiment, since the nanocapsule liquid crystal
layer 200 does not have an initial alignment to be optically
anisotropic, alignment of liquid crystal molecules may not
be required, and thus no alignment layer may be needed in
the LCD 100, and also, processes for forming an alignment
layer such as rubbing may not be needed.

Further, in case that the nanocapsules 230 are dispersed in
the buffer layer 210 made of, for example, liquid crystal, the
nanocapsule liquid crystal layer 200 may be formed, for
example, by a printing method, coating method, or dispens-
ing method. In case that the nanocapsules 230 are dispersed
in the buffer layer 210 made in a film type, the nanocapsule
liquid crystal layer 200 may be formed, for example, by a
lamination method. Accordingly, a process of forming a gap
between the first and second substrates filled with the liquid
crystal layer in the prior art can be eliminated, and a process
of forming the seal pattern in the prior art can be eliminated.

Therefore, production efliciency can be improved.

Further, even when an external force such as a user’s
touch is applied to the LCD of the embodiment, the liquid
crystal molecules 220 are in the nanocapsule 230 having a
size less than the wavelength of visible light, thus there is no
influence of visible light, and thus light leakage due to the
external force can be reduced or prevented.

Accordingly, in case that the LCD of the embodiment is
applied as a flexible display device, even when the external
force is applied to the LCD, because of the nanocapsule 230
having a size less than the wavelength of visible light, light
leakage due to the external force can be prevented.

Particularly, since the flexible type LCD of the embodi-
ment includes the non-polar or semi-polar LED 300 emitting
a predetermined linearly polarized light, the linearly polar-
ized light from the backlight unit 160 is supplied to the
liquid crystal panel 110. Accordingly, one polarizing plate
can be eliminated.

Thus, the LCD of the embodiment may not require the
second substrate (4 of FIG. 2) and one polarizing plate (20
of F1G. 2) in the prior art, thus a total thickness of the liquid
crystal panel 110 can be reduced, and thus the LCD can have
lightweight and thin profile and can be effectively applied as
the flexible type display device. Further, since the optical
fiber type light guide plate 400 is used for the LCD, the
backlight unit 160 of thin-profile and high efficiency can be
provided, and thus the flexible LCD can be applied to a
bendable or rollable display device.

Alternatively, the light guide plate (123 of one of FIGS.
17B to 17D) of one of the seventh to ninth embodiments
may be an optical fiber type light guide plate. Further, in the
LCD of the tenth or eleventh embodiment, the nanocapsule
liquid crystal layer 200 may be located to face the backlight
unit 160 like FIG. 17C or FIG. 17D.
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Further, the LCD of the tenth or eleventh embodiment
may employ the liquid crystal panel 110 and the backlight
unit 160 modulized using a lamination process. In this
process, an adhesive is interposed between the liquid crystal
panel 110 and the backlight unit 120 to eliminate an air gap
therebetween, and thus loss of light due to the air gap can be
prevented.

It will be apparent to those skilled in the art that various
modifications and variation can be made in the present
invention without departing from the spirit or scope of the
invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:

1. A liquid crystal display device comprising:

a first substrate;

a first electrode on the first substrate, the first electrode
including a vertex, a first inclined plane and a second
inclined plane, such that the vertex is formed between
the first inclined plane and the second inclined plane;

a nanocapsule liquid crystal layer on the first electrode,
the nanocapsule liquid crystal layer including a plural-
ity of nano-sized capsules dispersed in a buffer layer,
each of the plurality of nano-sized capsules including
nematic liquid crystal molecules having a negative
dielectric constant anisotropy; and

a second electrode on the nanocapsule liquid crystal layer,
the second electrode including a vertex, a first inclined
plane and a second inclined plane, such that the vertex
is formed between the first inclined plane and the
second inclined plane,

wherein the first and second inclined planes of the first
electrode are substantially parallel with the first and
second inclined planes, respectively, of the second
electrode, and

wherein the nanocapsule liquid crystal layer is substan-
tially, optically isotropic in a normal state, and is
optically anisotropic when a voltage is applied to the
first and second electrodes.

2. The device of claim 1, wherein a plurality of protrusion
patterns with hills and valleys repeated are below each of the
first electrode and the second electrode, and are arranged in
a line form.

3. The device of claim 2, wherein the plurality of protru-
sion patterns are made of a transparent insulating material.

4. The device of claim 1, wherein a diameter of the
nano-sized capsule is about 1 nm to about 320 nm.

5. The device of claim 1, wherein a volume of the
nano-sized capsule is about 25% to about 65% of a volume
of the nanocapsule liquid crystal layer.

6. The device of claim 1, wherein a refractive index
different between the nematic liquid crystal molecule and
the nano-sized capsule is about +0.1.

7. The device of claim 1, further comprising a second
substrate facing the first substrate with the nanocapsule
liquid crystal layer therebetween,

wherein a thin film transistor is on the first substrate, and
a color filter is on the second substrate.

8. The device of claim 1, wherein the first and second
electrodes are configured such that the first electrode has
hills and valleys repeated, and the second electrode has hills
and valleys repeated.

9. The device of claim 1, wherein intervals between the
first and second inclined planes of the first electrode and the
corresponding first and second inclined planes of the second
electrode are substantially identical.
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10. The device of claim 1, wherein the nematic liquid
crystal molecules are arranged at a tilt angle of about 1
degree to 5 degrees with respect to a plane of the first
substrate by an electric field perpendicular to the first and
second electrodes. 5

11. The device of claim 1, wherein a thin film transistor
and a color filter are between the first substrate and below
the nanocapsule liquid crystal layer.

12. The device of claim 1, further comprising a polarizing
plate facing the first substrate with the nanocapsule liquid 10
crystal layer therebetween,

wherein the second electrode is between the polarizing

plate and the nanocapsule liquid crystal layer.
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