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(57) ABSTRACT

Aliquid crystal display device includes a first substrate, a first
electrode on the first substrate, a second substrate facing the
first substrate, a second electrode on the second substrate
facing the first electrode, and a liquid crystal structure
between the first electrode and the second electrode. The
liquid crystal structure includes a polymer network and liquid
crystal molecules. The liquid crystal display device operates
in a transmissive mode when an electric field is not generated
between the first and the second electrodes, and operates in a
scattering mode when the electric field is generated between
the first and the second electrodes.
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LIQUID CRYSTAL DISPLAY DEVICES AND
METHODS OF MANUFACTURING LIQUID
CRYSTAL DISPLAY DEVICES

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 2012-0066227 filed in the
Korean Intellectual Property Office on Jun. 20, 2012, the
entire contents of which are incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] Embodiments of the invention relate to liquid crys-

tal display devices and methods of manufacturing liquid crys-
tal display devices.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display device may display images
based on various electrical signals applied to an electrode
utilizing transmittancy variation of liquid crystal molecules.
Although the liquid crystal display device usually requires a
separate light source, the liquid crystal display device is
widely used in various portable devices because the liquid
crystal display device has low power consumption and low
manufacturing cost.

[0006] In twisted nematic (TN) type or a super twisted
nematic (STN) type liquid crystal display devices, a liquid
crystal layer is generally disposed between two polarization
layers, so that light efficiency of the liquid crystal display
device may be decreased and brightness of the image may
also reduced. Accordingly, aliquid crystal display device may
operate in a transmissive mode and a scattering mode using a
refractive index difference between liquid crystal molecules
and a polymer.

[0007] As for conventional liquid crystal display devices
operating in the transmissive mode and the scattering mode,
the liquid crystal display device operates in the transmissive
mode when an electric field is not generated between two
electrodes (i.e., off-state), and the liquid crystal display
device operates in the scattering mode when an electric field
is generated between the two electrodes (i.e., on-state). How-
ever, conventional liquid crystal display devices may not
allow the use of a smart window of recent display devices,
which operates in a transparent mode when voltage is not
applied to an electrode (i.e., off-state) and operates in a dis-
play mode when voltage is applied to the electrode (i.e.,
on-state) according to a user’s demand.

SUMMARY

[0008] Aspects of embodiments of the invention are
directed to a liquid crystal display device operating in a trans-
missive mode when a voltage is not applied to an electrode(s)
and operating in a scattering mode when a voltage is applied
to the electrode(s).

[0009] In some embodiments, a liquid crystal display
device includes a first substrate, a first electrode on the first
substrate, a second substrate facing the first substrate, a sec-
ond electrode on the second substrate facing the first elec-
trode, a liquid crystal structure between the first electrode and
the second electrode, the liquid crystal structure including a
polymer network and liquid crystal molecules. The liquid
crystal display device operates in a transmissive mode when
an electric field is not generated between the first and the
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second electrodes, and the liquid crystal display device oper-
ates in a scattering mode when an electric field is generated
between the first and the second electrodes. The liquid crystal
display device may be transparent or substantially transparent
when the liquid crystal display device operates in the trans-
missive mode.

[0010] In some embodiments, the liquid crystal molecules
are partially or entirely dispersed in the polymer network. The
polymer network may be present in a range of about 5 wt % to
about 50 wt % based on a total weight of the liquid crystal
structure.

[0011] The liquid crystal display device may further
include a first alignment layer on the first electrode and a
second alignment layer on the second electrode. In some
embodiments, the liquid crystal display device includes a
color filter disposed between the second substrate and the
second electrode. In other embodiments, the liquid crystal
structure includes a color dye instead of the color filter.
[0012] Each of the first and the second alignment layers
may not be subjected to a rubbing process.

[0013] A refractive index of each liquid crystal molecule in
a minor axis may be substantially the same as a refractive
index of the polymer network when the liquid crystal display
device operates in the transmissive mode. An effective refrac-
tive index of each liquid crystal molecule in a minor axis and
a major axis may be substantially greater than a refractive
index of the polymer network when the liquid crystal display
device operates in the scattering mode.

[0014] Each of the first and the second alignment layers
may be subject to a rubbing process to align the liquid crystal
molecules in a direction substantially parallel to the first
substrate or the second substrate when the liquid crystal dis-
play device operates in the transmissive mode.

[0015] The refractive indexes of each liquid crystal mol-
ecule in an X direction and a Y direction may be substantially
the same as a refractive index of the polymer network when
the liquid crystal display device operates in the transmissive
mode. An effective refractive index of each liquid crystal
molecule in an X direction, a Y direction, and a Z direction
may be different from a refractive index of the polymer net-
work when the liquid crystal display device operates in the
scattering mode.

[0016] Each of the first and the second alignment layers
may be subject to a rubbing process to align the liquid crystal
molecules in a direction substantially perpendicular to the
first substrate or the second substrate when the liquid crystal
display device operates in the transmissive mode.

[0017] In some embodiments, the liquid crystal display
device includes a polarization layer disposed on a bottom of
the first substrate, and the first electrode includes a plurality of
portions arranged substantially parallel to one another.

[0018] A transmissive axis of the polarization layer may be
substantially parallel to a minor axis of each liquid crystal
molecule, and a refractive index of each liquid crystal mol-
ecule in the minor axis may be substantially the same as a
refractive index of the polymer network when the liquid crys-
tal display device operates in the transmissive mode. A trans-
missive axis of the polarization layer may be substantially
parallel to a major axis of each liquid crystal molecule, and an
effective refractive index of each liquid crystal molecule in
the major axis and a minor axis may be different from a
refractive index of the polymer network when the liquid crys-
tal display device operates in the scattering mode.
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[0019] Insomeembodiments, a method of manufacturing a
liquid crystal display device includes forming a first electrode
on a first substrate, forming a second electrode on a second
substrate, combining the first substrate with the second sub-
strate while opposing the first electrode to the second elec-
trode, and forming a liquid crystal structure including a poly-
mer network and liquid crystal molecules between the first
and the second electrodes. The liquid crystal display device
operates in a transmissive mode when an electric field is not
generated between the first and the second electrodes while
the liquid crystal display device operates in a scattering mode
when an electric field is generated between the first and the
second electrodes. The liquid crystal display device may be
transparent or substantially transparent when the liquid crys-
tal display device operates in the transmissive mode.

[0020] In some embodiments, forming the liquid crystal
structure includes forming a preliminary liquid crystal struc-
ture between the first electrode and the second electrode, and
performing an exposure process on the preliminary liquid
crystal structure. In some embodiments, the method further
includes forming a first alignment layer on the first electrode,
and forming a second alignment layer on the second elec-
trode. In some embodiments, the method further includes
forming a color filter between the second substrate and the
second electrode. In some embodiments, the method further
includes performing a rubbing process on the first alignment
layer and the second alignment layer. In some embodiments,
the method further includes forming a polarization layer on a
bottom of the first substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Example embodiments can be understood in more
detail from the following description in conjunction with the
accompanying drawings, in which:

[0022] FIG. 1 is a cross-sectional view of a liquid crystal
display device operating in a transmissive mode according to
example embodiments;

[0023] FIG. 2 is a cross-sectional view of a liquid crystal
display device operating in a scattering mode according to
example embodiments;

[0024] FIG. 3 is a cross-sectional view of a liquid crystal
display device operating in a transmissive mode according to
some example embodiments;

[0025] FIG. 4 is a cross-sectional view of a liquid crystal
display device operating in a scattering mode according to
some example embodiments;

[0026] FIG. 5 is a cross-sectional view of a liquid crystal
display device operating in a transmissive mode according to
some example embodiments;

[0027] FIG. 6 is a cross-sectional view of a liquid crystal
display device operating in a scattering mode according to
some example embodiments;

[0028] FIG. 7 is a cross-sectional view of a liquid crystal
display device operating in a transmissive mode according to
some example embodiments;

[0029] FIG. 8 is a cross-sectional view of a liquid crystal
display device operating in a scattering mode according to
some example embodiments;

[0030] FIG. 9 is a cross-sectional view of a liquid crystal
display device operating in a transmissive mode according to
some example embodiments;

[0031] FIG. 10 is a cross-sectional view of a liquid crystal
display device operating in a scattering mode according to
some example embodiments;

Dec. 26, 2013

[0032] FIG. 11 is a cross-sectional view of a liquid crystal
display device operating in a transmissive mode according to
some example embodiments; and

[0033] FIG. 12 is a cross-sectional view of a liquid crystal
display device operating in a scattering mode according to
some example embodiments.

DESCRIPTION OF EMBODIMENTS

[0034] Theexample embodiments are described more fully
hereinafter with reference to the accompanying drawings.
The concepts described herein may, however, be embodied in
many different forms and should not be construed as limited
to the example embodiments set forth herein. In the drawings,
the sizes and relative sizes of layers and regions may be
exaggerated for clarity.

[0035] It will be understood that when an element or layer
is referred to as being “on,” “connected to,” or “coupled to”
another element or layer, it can be directly on, connected to, or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to,” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like or similar refer-
ence numerals refer to like or similar elements throughout. As
used herein, the term “and/or” includes any and all combina-
tions of one or more of the associated listed items.

[0036] It will be understood that, although the terms first,
second, third, etc. may be used herein to describe various
elements, components, regions, layers, patterns, and/or sec-
tions, these elements, components, regions, layers, patterns,
and/or sections should not be limited by these terms. These
terms are only used to distinguish one element, component,
region, layer pattern, or section from another region, layer,
pattern, or section. Thus, a first element, component, region,
layer, or section discussed below could be termed a second
element, component, region, layer, or section without depart-
ing from the teachings of example embodiments.

[0037] Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper,” and the like, may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the example
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0038] The terminology used herein is for the purpose of
describing particular example embodiments only and is not
intended to be limiting of the invention. As used herein, the
singular forms “a,” “an,” and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “com-
prises” and/or “comprising,” when used in this specification,
specify the presence of stated features, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.
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[0039] Example embodiments are described herein with
reference to cross sectional illustrations that are schematic
illustrations of illustratively idealized example embodiments
(and intermediate structures) of the disclosed concepts. As
such, variations from the shapes of the illustrations as a result,
for example, of manufacturing techniques and/or tolerances,
are to be expected. Thus, example embodiments should not be
construed as limited to the particular shapes of regions illus-
trated herein but are to include deviations in shapes that result,
for example, from manufacturing. The regions illustrated in
the figures are schematic in nature and their shapes are not
intended to illustrate the actual shape of a region of a device
and are not intended to limit the scope of the disclosed con-
cepts.

[0040] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art. It
will be further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as having
ameaning that is consistent with their meaning in the context
of the relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
[0041] FIG. 11is a cross-sectional view illustrating a liquid
crystal display device operating in a transmissive mode
according to example embodiments. FIG. 2 is a cross-sec-
tional view illustrating a liquid crystal display device operat-
ing in a scattering mode according to example embodiments.
[0042] Referring to FIGS. 1 and 2, the liquid crystal display
device may include a first substrate 10, a first electrode 15, a
first alignment layer 20, a liquid crystal structure 35, a second
alignment layer 40, a second electrode 45, a color filter 50,
and a second substrate 55. In example embodiments, the
liquid crystal structure 35 may include a polymer network 25
and a plurality of liquid crystal molecules 30. The liquid
crystal display device may be transparent or substantially
transparent when operating in the transmissive mode (i.e., it
may act as a clear window when not operating).

[0043] The first substrate 10 may include a transparent
insulation substrate. For example, the first substrate 10 may
include a glass substrate, a quartz substrate, a transparent
resin substrate, or the like. Examples of the transparent resin
substrate for the first substrate 10 include a polyimide-based
resin substrate, an acryl-based resin substrate, a sulfonic acid-
based resin substrate, a polyacrylate-based resin substrate, a
polyethyleneterephthalate-based resin substrate, a polycar-
bonate-based resin substrate, a polyether-based resin sub-
strate, or the like. In example embodiments, a first face of the
first substrate 10 may substantially correspond to a first face
of the second substrate 55 (e.g., the first face of the first
substrate 10 may face the first face of the second substrate 55).
A second face of the first substrate 10 may be opposite to the
first face of the first substrate 10, and a second face of the
second substrate 55 may be opposite to a second face of the
second substrate 55. Although the first substrate 10 may be
substantially parallel to the second substrate 55, the first and
the second substrate 10 and 55 may be vertically disposed.
[0044] Although it is not illustrated, a lower structure may
be provided on the first face of the first substrate 10. Here, the
lower structure may include a switching device, a driving
circuit, a controller, etc. Additionally, more than one insula-
tion layer may be disposed on the first face of the first sub-
strate 10 to cover the lower structure. Furthermore, a buffer
layer may be interposed between the first substrate 10 and the
lower structure.
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[0045] The first electrode 15 may be disposed on the first
face of the first substrate 10. The first electrode 15 may be
electrically connected to the lower structure. For example, the
first electrode 15 may pass through the insulation layer to
make contact with the lower structure. Alternatively, an addi-
tional contact may be provided through the insulation layer
and thus the first electrode 15 may be electrically connected to
the lower structure through the contact.

[0046] The first electrode 15 may include a transparent
conductive material. For example, the first electrode 15 may
include zinc oxide (ZnOx), indium tin oxide (ITO), tin oxide
(SnOx), indium oxide (InOx), gallium oxide (GaOx), indium
zinc oxide (1Z0), titanium oxide (TiOx), and/or the like.
These may be used alone or in combinations. The first elec-
trode 15 may have a single layer structure or a multi layer
structure.

[0047] In example embodiments, a first conductive layer
(not illustrated) may be formed on the first face of the first
substrate 10, and then the first conductive layer may be pat-
terned by the pixel of the liquid crystal display device, thereby
forming the first electrode 15 on the first substrate 10. Here,
the first conductive layer may be obtained by a sputtering
process, a printing process, an atomic layer deposition (ALD)
process, a chemical vapor deposition (CVD) process, a pulsed
laser deposition (PLD) process, or the like.

[0048] The first alignment layer 20 may be disposed on the
first electrode 15. The first alignment layer 20 may include a
polyimide, a polyamide, a polyamic acid, a polyphenyleneph-
thalamide, a polyethylene, a polystyrene, a polyester, a poly-
urethane, a polyvinylalcohol, a polyethyleneimine, a polym-
ethylmethacrylate, and/or the like. Additionally, the first
alignment layer 20 may be formed by a spin coating process,
a printing process, a spray process, or the like. In example
embodiments, the first alignment layer 20 may include a
material varied in accordance with alignment conditions of
the liquid crystal molecules 30 and/or ingredients in the poly-
mer network 25,

[0049] Referring now to FIGS. 1 and 2, the color filter 50
may be disposed on the first face of the second substrate 55.
The second substrate 55 may include a transparent insulation
substrate. For example, the second substrate 55 may include
a glass substrate, a quartz substrate, a transparent resin sub-
strate, or the like. The color filter 50 may include a red color
filter for emitting a red color of light, a green color filter for
emitting a green color of light, or a blue color filter for
emitting a blue color of light in accordance with the pixels of
the liquid crystal display device.

[0050] The second electrode 45 may be positioned on the
color filter 50. In example embodiments, the second electrode
45 may substantially fully cover the color filter 50, so that
outgassing of organic layer(s) included in the color filter 50 is
reduced. Further, the second electrode 45 may prevent the
color filter 50 from being deteriorated to thereby reduce burn-
in of the image on the liquid crystal display device.

[0051] The second electrode 45 may include a transparent
conductive material. For example, the second electrode 45
may be formed using indium include zinc oxide (ZnOx),
indium tin oxide (ITO), tin oxide (SnOx), indium oxide
(InOx), gallium oxide (GaOx), indium zinc oxide (IZ0), tita-
nium oxide (TiOx), and/or the like. These may be used alone
or in combination. The second electrode 45 may have asingle
layer structure or a multi-layer structure (in the multi-layer
structure, the structure may include more than one transparent
conductive material film). Additionally, the second electrode
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45 may be formed on the color filter 50 by a sputtering
process, a printing process, a chemical vapor deposition pro-
cess, an atomic layer deposition process, a pulsed laser depo-
sition process, a vacuum evaporation process, or the like.
[0052] Inexampleembodiments,a second conductive layer
(not illustrated) may be formed on the color filter 50. The
second conductive layer may then be patterned by a photoli-
thography process or an etching process using an additional
etching mask. Thus, the second electrode 45 may be provided
on the color filter 50. Here, the second electrode 45 may be a
common electrode substantially shared by adjacent pixels.
[0053] The second alignment layer 40 may be disposed on
the second electrode 45. The second alignment layer 40 may
be formed using a polyimide, a polyamide, a polyamic acid, a
polyphenylenephthalamide, a polyethylene, a polystyrene, a
polyester, a polyurethane, a polyvinylalcohol, a polyethyl-
eneimine, a polymethylmethacrylate, and/or the like. The
second alignment layer 40 may be formed by a spin coating
process, a printing process, a spray process, or. In example
embodiments, the second alignment layer 40 may also
include a material varied in accordance with alignment con-
ditions of the liquid crystal molecules 30 and/or ingredients in
the polymer network 25.

[0054] As illustrated in FIGS. 1 and 2, the liquid crystal
structure 35 may be disposed between the first alignment
layer 20 and the second alignment layer 40. The liquid crystal
structure 35 may include the polymer network 25 and a plu-
rality of the liquid crystal molecules 30. The liquid crystal
molecules 30 may be partially or completely dispersed in the
polymer network 25. In other words, the liquid crystal mol-
ecules 30 may be partially or entirely trapped by the polymer
network 25. That is, at least some of the liquid crystal mol-
ecules 30 may be dispersed in the polymer network 30. Fur-
ther, other liquid crystal molecules 30 may be spaced apart
from the polymer network 25. Namely, portions of the liquid
crystal molecules 30 may be out of the polymer network 25.
[0055] In example embodiments, the polymer network 25
of the liquid crystal structure 35 may be formed using a
reactive mesogen (RM), a monomer, a photo-initiator, and the
like. For example, the polymer network 25 may be generated
from monomeric reactive mesogen, oligomeric reactive
mesogen, polymeric reactive mesogen, and/or the like. A
content of the polymer network 25 in the liquid crystal struc-
ture 35 may be in arange of about 5 percent by weight to about
50 percent by weight based on a total weight of the liquid
crystal structure 35. The polymer network 25 may partially or
completely prevent floating, moving, and/or revolving of the
liquid crystal molecules 30. Further, a major axis of each
liquid crystal molecule 30 may be arranged in a direction
substantially perpendicular to the first substrate 10 and/or the
second substrate 55.

[0056] In the formation of the liquid crystal structure 35
according to example embodiments, a preliminary liquid
crystal structure (not illustrated) may be disposed or injected
in a space between the first alignment layer 20 and the second
alignment layer 40. Alternatively, the preliminary liquid crys-
tal structure may be directly formed on the first alignment
layer 20 and/or the second alignment layer 40 by a printing
process, a spin coating process, a spray process, or the like.
The preliminary liquid crystal structure may include vertical
alignment type liquid crystal molecules, monomers, photo-
initiators, reactive mesogen, and/or the like. Then, an expo-
sure process may be performed on the preliminary liquid
crystal structure positioned between the first and the second
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alignment layers 20 and 40. For example, the preliminary
liquid crystal structure may be exposed by an ultraviolet (UV)
exposure process.

[0057] Inthe exposure process for forming the liquid crys-
tal structure 35, light such as ultraviolet light may be irradi-
ated on the preliminary liquid crystal structure, and then
polymer seeds may be generated in the preliminary liquid
crystal structure by the light. The polymer seeds and the
monomers may be polymerized to form the polymer network
25 between the first and the second alignment layers 20 and
40. In this case, the liquid crystal molecules 30 may be fully
or partially trapped by the polymer network 25. That is, some
of the liquid crystal molecules 30 may be partially or entirely
dispersed in the polymer network 25 while others of the liquid
crystal molecules 30 may be spaced apart form the polymer
network 25. As aresult, the liquid crystal structure 35 includ-
ing the polymer network 25 and the liquid crystal molecules
30 may be provided between the first and the second align-
ment layers 20 and 40.

[0058] Insome example embodiments, each of the first and
the second alignment layers 20 and 40 may not be subject to
a rubbing process. As illustrated in FIG. 1, the liquid crystal
molecules 30 may be arranged in a direction substantially
perpendicular to the first substrate 10 and/or the second sub-
strate 55 because of hydrophobicity of the first alignment
layer 20 and/or the second alignment layer 40 when an elec-
tric field is not generated between the first and the second
electrodes 15 and 45. As the vertical anchoring force of the
first alignment layer 20 and/or the second alignment layer 40
increases, the liquid crystal molecules 30 may be easily ori-
entated substantially perpendicular to the first substrate 10
and/or the second substrate 55. In this case, a refractive index
(N,) of each liquid crystal molecule 30 in a minor axis may be
substantially the same as a refractive index (N,) of the poly-
mer network 25. For example, when the liquid crystal mol-
ecules 30 are arranged in the direction substantially perpen-
dicular to the first substrate 10 and/or the second substrate 55
before a voltage is applied to the first electrode 15 and/or the
second electrode 35, incident light generated from a light
source (not illustrated) may pass through the liquid crystal
structure 35 without scattering by the liquid crystal molecules
30 because the refractive index (N,) of each liquid crystal
molecule 30 in the minor axis may be substantially the same
as the refractive index (N,,) of the polymer network 25. Thus,
the liquid crystal display device may operate in the transmis-
sive mode when an electric field is not generated between the
first electrode 15 and the second electrode 45 because the
liquid crystal molecules 30 may be vertically arranged rela-
tive to the first substrate 10 and/or the second substrate 55.

[0059] As illustrated in FIG. 2, when an electric field is
generated between the first and the second electrodes 15 and
45, the liquid crystal display device may operate in the scat-
tering mode. While the electric field is generated between the
first and the second electrodes 15 and 45, the liquid crystal
molecules 30 may revolve along a direction substantially
perpendicular to the electric field. For example, when the
electric field between the first and the second electrodes 15
and 45 is substantially perpendicular to a Z axis, optical axes
of the liquid crystal molecules 30 may move from the 7 axis
onto an X-Y plane, and thus an effective refractive index of
each liquid crystal molecule 30, which is the sum of a refrac-
tive indexes (N,) in the minor axis and arefractive index (N,)
in a major direction, may be substantially larger than the
refractive index (N,) of the polymer network 25. This, the
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effective refractive indexes of the liquid crystal molecules 30
may be different from the refractive index (N,,) of the polymer
network 25, so that the incident light may be scattered and
reflected by the liquid crystal molecules 30 in the liquid
crystal structure 35. Therefore, the liquid crystal display
device may operate in the scattering mode when a voltage is
applied to the first electrode 15 and/or a second electrode 45.
[0060] As described above, the liquid crystal display device
according to example embodiments may operate in the trans-
missive mode when the voltage is not applied to the first
electrode 15 and/or the second electrode 45 (i.e., off-state),
whereas it may operate in the scattering mode when the
voltage is applied to the first electrode 15 and/or the second
electrode 45 (i.e., on-state). Therefore, the liquid crystal dis-
play device may be employed in a display apparatus requiring
a transparent window, and the power consumption of the
liquid crystal display device may be reduced because the
power may be applied to the liquid crystal display device
according to auser’s demands. Additionally, theliquid crystal
display device may have a transparency substantially higher
than that of the conventional display device because the liquid
crystal display device may operate in the transparent mode in
an initial state. Furthermore, the rubbing process may not be
performed on the first alignment layer 20 and/or the second
alignment layer 40, and therefore, the liquid crystal mol-
ecules 30 may randomly tilt in arbitrary directions when the
electric field is generated between the first and the second
electrodes 15 and 45. Hence, the liquid crystal display device
may have a substantially uniform scattering degree of inci-
dent light along all directions. Meanwhile, the movement or
flowing of the liquid crystal molecules 30 may be partially or
wholly restricted by the polymer network 25, and thus the
liquid crystal display device may not require an additional
separating member such as a partition.

[0061] Although the liquid crystal display device having a
vertical alignment mode is illustrated in FIGS. 1 and 2, the
liquid crystal display device may have various other modes
such as an in plane switching (IPS) mode, a fringe field
switching (FFS) mode, a twisted nematic (TN) mode, an
electrically controlled birefringence (EBC) mode, etc.
[0062] FIG. 3 is a cross-sectional view illustrating a liquid
crystal display device operating in a transmissive mode
according to some example embodiments. FIG. 4 is a cross-
sectional view illustrating a liquid crystal display device
operating in a scattering mode according to some example
embodiments. The liquid crystal display device illustrated in
FIGS. 3 and 4 may have a configuration substantially the
same as or substantially similar to that of the liquid crystal
display device described with reference to FIGS. 1 and 2
except that of the liquid crystal molecules 120.

[0063] Referring to FIGS. 3 and 4, the liquid crystal display
device may include a first substrate 100, a first electrode 105,
a first alignment layer 110, a liquid crystal structure 125, a
second alignment layer 130, a second electrode 135, a color
filter 140, a second substrate 145, and the like. The liquid
crystal structure 125 may include a polymer network 115 and
a plurality of liquid crystal molecules 120.

[0064] Each of the first and the second substrates 100 and
145 may include a transparent insulation substrate. For
example, each of the first and the second substrates 100 and
145 may include a glass substrate, a quartz substrate, a trans-
parent resin substrate, or the like. Although it is not illus-
trated, a lower structure having switching devices and driving
circuits may be provided on the first substrate 100, and at least
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one insulation layer covering the lower structure may be
formed on the first substrate 100.

[0065] The first electrode 105 may be disposed on the first
substrate 100, and may make electrical contact with the lower
structure. The first electrode 105 may include a transparent
conductive material, and may have a single layer structure or
a multi layer structure, which includes more than one trans-
parent conductive film. The first electrode 105 may be
obtained by processes substantially the same as or substan-
tially similar to those of forming the first electrode 15
described with reference to FIG. 1.

[0066] The first alignment layer 110 may be disposed on
the first electrode 105. In example embodiments, a rubbing
process may be performed on the first alignment layer 110, so
that the liquid crystal molecules 120 may be arranged in a
direction substantially parallel to the first substrate 100 when
a voltage is not applied to the first electrode 105 and/or the
second electrode 135.

[0067] As illustrated in FIGS. 3 and 4, the color filter 140
may be disposed on the second substrate 145. Here, the color
filter 140 may include a red color filter, a green color filter,
and/or a blue color filter in accordance with pixels of the
liquid crystal display device. In some example embodiments,
the liquid crystal structure 125 may include a color dye such
as a red color dye, a blue color dye, and/or a green color dye.
When a dye is included in the liquid crystal structure 125, the
color filter 140 may be omitted.

[0068] The second electrode 135 may be positioned on the
color filter 140. The second electrode 135 may substantially
fully cover the color filter 140. The second electrode 135 may
also include a transparent conductive material similar to that
of the first electrode 105. Further, the second electrode 135
may have a single layer structure or a multi-layer structure.
The second electrode 135 may be formed by a processes
substantially the same as or substantially similar to the pro-
cesses of forming the second electrode 45 described with
reference to FIG. 1. In example embodiments, each of the first
and the second electrodes 105 and 135 may include the same
material. Alternatively, the second electrode 135 may include
a material different from that of the first electrode 105.
[0069] Thesecond alignment layer 130 may be disposed on
the second electrode 135. In example embodiments, the sec-
ond alignment layer 130 may also be subject to a rubbing
process. Thus, as a result of the rubbing process performed on
the second alignment layer 130, the liquid crystal molecules
120 may be oriented in a direction substantially parallel to the
second substrate 145 when an electric field is not generated
between the first electrode 105 and the second electrode 135.
That is, the first and the second alignment layers 110 and 130
may enable the liquid crystal molecules 120 to be arranged in
the direction substantially parallel to the first substrate 100
and/or the second substrate 145 when voltage is not applied to
the first electrode 105 and/or the second electrode 135.
[0070] The liquid crystal structure 125 may be disposed
between the first and the second alignment layers 110 and
130. The liquid crystal structure 125 may include the polymer
network 115 and the plurality of liquid crystal molecules 120
partially or wholly dispersed in the polymer network 115. In
other words, at least some of the liquid crystal molecules 120
may be partially or entirely trapped in the polymer network
115. Further, some of the liquid crystal molecules 120 may be
separated from the polymer network 115 by predetermined or
set intervals. In example embodiments, the polymer network
115 may be generated from a reactive mesogen (RM), a
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monomet, a photo-initiator, and the like. The liquid crystal
structure 125 may be obtained by processes substantially the
same as or substantially similar to the processes of forming
the liquid crystal structure 35 described with reference to
FIG. 1.

[0071] In example embodiments, the liquid crystal mol-
ecules 120 may include negative-C (Nega-C) type liquid crys-
tal molecules. Each of the negative-C type liquid crystal
molecules may have a refractive index (N,) in a Z axis and a
refractive index (N,) in an X axis and a Y axis. Here, the
refractive index (N,) in the Z axis may be substantially dif-
ferent from the refractive index (N,) in the X and the Y axes.
For example, the refractive index (N,,) inthe X and the Y axes
may be substantially larger than the refractive index (N,) in
the Z axis.

[0072] As illustrated in FIG. 3, when the voltage is not
applied to the first electrode 105 and/or the second electrode
135 (i.e., off-state), each liquid crystal molecule 120 may
have the refractive index (N,) in the X and the Y axes, such
that the refractive index (N_) of each liquid crystal molecule
120 may be substantially the same as or subs similar to a
refractive index (N,) of the polymer network 115. That is,
incident light may pass through the liquid crystal structure
125 without scattering, so that the liquid crystal display
device may operate in a transmissive mode.

[0073] As illustrated in FIG. 4, when the electric field is
generated between the first and the second electrodes 105 and
135 by applying a voltage to the first electrode 105 and/or the
second electrode 135, the liquid crystal molecules 120 may be
tilted by the electric field. Hence, an effective refractive index
of each liquid crystal molecule may be different from the
refractive index (N,,) of the polymer network 115. That s, the
effective refractive index of each liquid crystal molecule 120,
which is the sum of the refractive index (N,) in the Z axis and
the refractive index (N_) in the X and the Y axes, may be
different from the refractive index (N,) of the polymer net-
work 115. Since the incident light may be reflected and scat-
tered by the liquid crystal molecules 120 in the liquid crystal
structure 125, the liquid crystal display device may be oper-
ated in a scattering mode.

[0074] FIG.51is a cross-sectional view illustrating a liquid
crystal display device operating in a transmissive mode
according to some example embodiments. FIG. 6 is a cross-
sectional view illustrating a liquid crystal display device
operating in a scattering mode according to some example
embodiments. The liquid crystal display device illustrated in
FIGS. 5 and 6 may have a configuration substantially the
same as or substantially similar to that of the liquid crystal
display device described with reference to FIGS. 1 and 2
except for the inclusion of a polarization layer 153 and the
first electrode 155.

[0075] Referring to FIGS. 5 and 6, the liquid crystal display
device may include a first substrate 150, a polarization layer
153, a first electrode 155, a first alignment layer 160, a liquid
crystal structure 175 having a polymer network 170 and lig-
uid crystal molecules 165, a second alignment layer 180, a
second electrode 185, a color filter 190, a second substrate
195, and the like.

[0076] Each of the first and the second substrates 150 and
195 may include a transparent insulation substrate. A lower
structure (not illustrated) having a switching device and a
driving circuit may be disposed on a first face (e.g., an upper
face) of the first substrate 150, and more than one insulation
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layer (not illustrated) covering the lower structure may be
provided on the first face of the first substrate 150.

[0077] The first electrode 155 may be located on the first
face of the first substrate 150. In example embodiments, the
first electrode 155 of each pixel may be divided into a plural-
ity of parts arranged on the first face of the first substrate 150
substantially parallel to one another. For example, the first
electrode 155 including the plurality of parts may be disposed
in one pixel region. In this case, each of the parts of the first
electrode 155 may have a slit shape, a line shape, a bar shape,
and/or the like. Because one second electrode 185 may be
disposed in one pixel region, an electric field may be gener-
ated between the parts of the first electrode 155 and the
second electrode 185 along a direction substantially perpen-
dicular to the first substrate 150 and/or the second substrate
195. Furthermore, an electric field may be generated between
adjacent parts of the first electrode 155 along a direction
substantially parallel to the first substrate 150 and/or the
second substrate 195. Therefore, the liquid crystal molecules
165 of the liquid crystal structure 175 may be switched
between adjacent parts of the first electrode 155. This con-
figuration of the liquid crystal molecules 165 between the first
electrode 155 and the second electrode 185 may be referred to
as an in-plane switching (IPS) mode. The first electrode 155
having the plurality of parts may be formed by processes
substantially similar to the processes of forming the first
electrode 15 described with reference to FIGS. 1 and 2 except
for patterning a conductive layer into the plurality of parts
disposed substantially parallel to one another.

[0078] Inexample embodiments, the polarization layer 153
may be disposed on a second face (e.g., a bottom face) of the
first substrate 150. The polarization layer 153 may have a
transmissive axis substantially parallel to a direction where
the parts of the first electrode 155 extend. Hence, the polar-
ization layer 153 may pass a component of incident light
propagating in a direction substantially parallel to the parts of
the first electrode 155 after the light generated from a light
source (not illustrated) is incident into the polarization layer
153. In some example embodiments, a transparent adhesion
layer (not illustrated) may be disposed between the polariza-
tion layer 153 and the second face of the first substrate 150.
The transparent adhesion layer may improve adhesion
strength between the polarization layer 153 and the first sub-
strate 150.

[0079] The first alignment layer 160 may be disposed on
the first face of the first substrate 150 to cover the parts of the
first electrode 155. The first alignment layer 160 may be
subject to a rubbing treatment in case that a voltage is not
applied to the first electrode 155 and/or the second electrode
185. Hence, the liquid crystal molecules 165 may be oriented
in a direction substantially parallel to the first substrate 150.
[0080] Theliquid crystal structure 175 having a plurality of
liquid crystal molecules 165 and the polymer network 170
may be positioned on the first alignment layer 160. In
example embodiments, the liquid crystal molecules 165 may
include vertical alignment type liquid crystal molecules. In
this case, the first alignment layer 160 may be treated by the
rubbing process as described above, so that major axes of the
liquid crystal molecules 165 may be arranged along a direc-
tion substantially parallel to the first substrate 150 when an
electric field is not generated between the first and the second
electrodes 155 and 185.

[0081] Thecolor filter 190 may be disposed on the first face
of the second substrate 195 substantially opposed to the first
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face of the first substrate 150. The second electrode 185 may
be located on the color filter 190. Although the first electrode
155 may include the parts arranged substantially parallel to
one another, the second electrode 185 may be a common
electrode shared by adjacent pixels.

[0082] Thesecondalignment layer 180 may be disposed on
the second electrode 185. Similar to the first alignment layer
160, a rubbing process may also be performed on the second
alignment layer 180, such that the liquid crystal molecules
165 may be oriented in a direction substantially parallel to the
second substrate 195 when a voltage is not applied to the first
electrode 155 and/or the second electrode 185.

[0083] In the liquid crystal display device according to
example embodiments, one polarization layer 153 may be
disposed beneath the first substrate 150. For example, the
polarization layer 153 may be positioned on a bottom face
(e.g., the second face) of the first substrate 150. When the
minor axes of the liquid crystal molecules 165 are oriented
along a direction substantially parallel to the transmissive
axis of the polarization layer 153 (due to the rubbing pro-
cesses), incident light may progress through the liquid crystal
structure 175 along the direction substantially parallel to the
minor axes of the liquid crystal molecules 165. Thus, the
incident light may pass through the liquid crystal structure
175 without scattering or reflecting because the refraction
index (N,) of each liquid crystal molecule 165 in the minor
axis may be substantially the same as the refraction index
(N,,) of the polymer network 170. Namely, as illustrated in
FIG. 5, the liquid crystal display device may operate in a
transmissive mode when an electric field is not generated
between the first and the second electrodes 155 and 185.

[0084] Meanwhile, as illustrated in FIG. 6, when a substan-
tially vertical electric field and a substantially horizontal elec-
tric field are generated among the second electrode 185 and
the parts ofthe first electrode 155, the liquid crystal molecules
165 may revolve horizontally from the transmissive axis of
the polarization layer 153 by predetermined or set angles.
That is, each of the liquid crystal molecules 165 in FIG. 6 may
have a width substantially smaller than that of each of liquid
crystal molecules 165 in FIG. 5 because of the horizontal
rotation of each liquid crystal molecule 165 relative to the
transmissive axis of the polarization layer 153. Therefore, the
liquid crystal display device may operate in a scattering mode
because the light passing through the polarization layer 153
may be reflected or scattered by difference between effective
refraction indexes of the liquid crystal molecules 165 and the
refraction index (N,,) of the polymer network 170.

[0085] FIG. 7 is a cross-sectional view illustrating a liquid
crystal display device operating in a transmissive mode
according to some example embodiments. FIG. 8 is a cross-
sectional view illustrating a liquid crystal display device
operating in a scattering mode according to some example
embodiments. The liquid crystal display device illustrated in
FIGS. 7 and 8 may have a configuration substantially the
same as or substantially similar to that of the liquid crystal
display device described with reference to FIGS. 1 and 2
except for a first alignment layer 210 and a second alignment
layer 230.

[0086] Referring to FIGS. 7 and 8, the liquid crystal display
device may include a first substrate 200, a first electrode 205,
a first alignment layer 210, a liquid crystal structure 225
having a polymer network 215 and a plurality of liquid crystal
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molecules 220, a second alignment layer 230, a second elec-
trode 235, a color filter 240, a second substrate 245, and the
like.

[0087] In example embodiments, each of the first and the
second alignment layers 210 and 230 may be subject to a
rubbing process, such that major axes of the liquid crystal
molecules 220 may be arranged along a direction substan-
tially perpendicular to the first substrate 200 and/or the sec-
ond substrate 245. Therefore, when a voltage is not applied to
the first electrode 205 and/or the second electrode 235, the
liquid crystal molecules 220 are arranged in a direction sub-
stantially perpendicular to the first substrate 200 and/or the
second substrate 245. In accordance with the rubbing treat-
ment of the firstand the second alignment layers 210 and 230,
arefraction index (N,) of each liquid crystal molecule 220 in
a minor axis may be substantially the same as a refraction
index (N,,) of the polymer network 215, so the liquid crystal
display device may operate in a transmissive mode when an
electric field is not generated between the first electrode 205
and the second electrode 235 as illustrated in FIG. 7.

[0088] When an electric field is formed between the first
and the second electrodes 205 and 235, an effective refraction
index of each liquid crystal molecule 220 in the major and the
minor axes may be substantially different from the refraction
index (N,,) of the polymer network 215, so the liquid crystal
display device may operate in a scattering mode as illustrated
in FIG. 8.

[0089] FIG. 9is a cross-sectional view illustrating a liquid
crystal display device operating in a transmissive mode
according to some example embodiments. FIG. 10 is a cross-
sectional view illustrating a liquid crystal display device
operating in a scattering mode according to some example
embodiments. The liquid crystal display device illustrated in
FIGS. 9 and 10 may have a configuration substantially the
same as or substantially similar to that of the liquid crystal
display device described with reference to FIGS. 1 and 2
except a first alignment layer 260 and a second alignment
layer 280.

[0090] Referring to FIGS. 9 and 10, the liquid crystal dis-
play device may include a first substrate 250, a first electrode
255, afirst alignment layer 260, a liquid crystal structure 275
having a polymer network 265 and a plurality of liquid crystal
molecules 270, a second alignment layer 280, a second elec-
trode 285, a color filter 280, a second substrate 295, and the
like.

[0091] In example embodiments, each of the first and the
second alignment layers 260 and 280 may be subject to rub-
bing processes, respectively. Thus, a minoraxis of each liquid
crystal molecule 270 may be arranged along a direction sub-
stantially perpendicular to the first substrate 250 and/or the
second substrate 295 when a voltage is not applied to the first
electrode 255 and/or the second electrode 285. That is, a
major axis of each liquid crystal molecule 270 may be sub-
stantially parallel to the first substrate 250 and/or the second
substrate 295 by the rubbing process for the first and the
second alignment layers 260 and 280.

[0092] The rubbing treatment of the first and the second
alignment layers 260 and 280 may provide that a refraction
index (N,) of each liquid crystal molecule 270 in the minor
axis may be substantially the same as a refraction index (N )
of the polymer network 265. Hence, as illustrated in FIG. 9,
the liquid crystal display device may operate in a transmissive
mode when an electric field is not generated between the first
and the second electrodes 255 and 285. However, the liquid
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crystal display device may have slightly lowered transpar-
ency in the transmissive mode because the refraction index
(N,) of each liquid crystal molecule 270 in the minor axis may
be slightly different from the refraction index (N,) of the
polymer network 265. That is, initial scattering phenomena of
incident light may occur in the liquid crystal structure 275 to
thereby slightly reduce the initial transparency of the liquid
crystal display device.

[0093] When a voltage is applied to the first electrode 255
and/or the second electrode 285, an effective refraction index
of each liquid crystal molecule 270 in the major and the minor
axes may be substantially different from the refraction index
(N,,) of the polymer network 265. Therefore, the liquid crystal
display device may operate in a scattering mode when an
electric field is generated between the first and the second
electrodes 255 and 285 as illustrated in FIG. 10.

[0094] FIG.11is across-sectional view illustrating a liquid
crystal display device operating in a transmissive mode
according to some example embodiments. FIG. 12 is a cross-
sectional view illustrating a liquid crystal display device
operating in a scattering mode according to some example
embodiments. The liquid crystal display device illustrated in
FIGS. 11 and 12 may have a configuration substantially the
same as or substantially similar to that of the liquid crystal
display device described with reference to FIGS. 1 and 2
except a polarization layer 303 and a first electrode 305.
[0095] Referring to FIGS. 11 and 12, the liquid crystal
display device may include a first substrate 300, a polariza-
tion layer 303, a first electrode 305, a first alignment layer
310, aliquid crystal structure 325 having a polymer network
315 and a plurality of liquid crystal molecules 320, a second
alignment laver 330, a second electrode 335, a color filter
340, a second substrate 345, and the like.

[0096] A lower structure (not illustrated) may be provided
on a first face (e.g., an upper face) of the first substrate 300,
and at least one insulation layer (not illustrated) may be
disposed on the first face of the first substrate 300 to cover the
lower structure. The first electrode 305 may be disposed on
the first face of the first substrate 300. In example embodi-
ments, each first electrode 305 of pixels may be divided into
a plurality of portions arranged in a direction substantially
parallel to one another. Because one second electrode 335
serving as a common electrode may correspond to the first
electrode 305 having the plurality of parts, an electric field
may be generated between the first electrode 305 and the
second electrode 335 along a direction substantially perpen-
dicular to the first substrate 300 and/or the second substrate
345. However, an electric field may be formed between adja-
cent parts of the first electrode 305 along a direction substan-
tially parallel to the first substrate 300 and/or the second
substrate 345. Therefore, the liquid crystal molecules 320 of
the liquid crystal structure 325 may be switched among the
parts of the first electrode 305.

[0097] In example embodiments, the liquid crystal mol-
ecules 320 may include electrically controlled birefringence
(EBC) type liquid crystal molecules. For example, refraction
indexes of the liquid crystal molecules 320 may be controlled
by applying an electric field to the liquid crystal molecules
320. Further, the polarization layer 303 may be disposed on a
second face (e.g., a bottom face) of the first substrate 300. The
polarization layer 303 may have a transmissive axis substan-
tially perpendicular to a direction where the parts of the first
electrode 305 extend. For example, the polarization layer 303
may pass a component of incident propagating along a direc-
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tion substantially perpendicular to the direction in which the
parts of the first electrode 305 extend. In this case, each liquid
crystal molecule 320 may have a major axis substantially
perpendicular to the transmissive axis of the polarization
layer 303. That is, the major axis of each liquid crystal mol-
ecule 320 may be substantially parallel to the direction where
the parts of the first electrode 305 extend.

[0098] The first alignment layer 310 may be disposed on
the first face of the first substrate 300 to cover the first elec-
trode 305. The first alignment layer 310 may be subject to a
rubbing process so that the liquid crystal molecules 320 may
be oriented in a direction substantially parallel to a transmis-
sive axis of the polarization layer 303 when an electric field is
not generated between the first electrode 305 and the second
electrode 335.

[0099] The color filter 340 may be located on a first face of
the second substrate 345 substantially facing with the first
face of the first substantially 300. The second electrode 335
may be disposed on the color filter 340. The first electrode 305
having the plurality of parts may be disposed in each pixel,
whereas one second electrode 335 serving as the common
electrode may be shared by adjacent pixels.

[0100] The second alignment layer 330 may be disposed on
the second electrode 335. Similar to the first alignment layer
310, a rubbing process may also be performed on the second
alignment layer 330, so that minor axes of the liquid crystal
molecules 320 may be oriented in a direction substantially
parallel to the transmissive axis of the polarization layer 303
when a voltage is not applied to the first electrode 305 and/or
the second electrode 335.

[0101] In the liquid crystal display device according to
example embodiments, the polarization layer 303 may be
located beneath the first substrate 300, and the liquid crystal
structure 325 may include the liquid crystal molecules 320
having the refractive indexes adjusted by the applied voltage.
In case that the minor axes of the liquid crystal molecules 320
are substantially parallel to the transmissive axis of the polar-
ization layer 303 by the first and the second alignment layers
310 and 330, incident light may progress in the liquid crystal
structure 325 along the direction substantially parallel to the
minor axes of the liquid crystal molecules 320. Hence, the
incident light may pass through the liquid crystal structure
325 without scattering or reflecting because the refraction
index (N,) of each liquid crystal molecule 320 in the minor
axis may be substantially the same as the refraction index
(N,) of the polymer network 315. Therefore, as illustrated in
FIG. 11, the liquid crystal display device may operate in a
transmissive mode when an electric field is not generated
between the first and the second electrodes 305 and 335.

[0102] On the other hand, as illustrated in FIG. 12, when a
substantially vertical electric field and a substantially hori-
zontal electric field are generated among the second electrode
335 and the parts of the first electrode 305, the liquid crystal
molecules 320 may revolve horizontally from the transmis-
sive axis of the polarization layer 303 by predetermined
angles, respectively. Namely, each of the liquid crystal mol-
ecules 320 in FIG. 12 may have a width substantially greater
than that of each of liquid crystal molecules 320 in FIG. 11
because of the horizontal rotation of each liquid crystal mol-
ecule 320 with respect to the transmissive axis of the polar-
ization layer 303. Thus, the light passing through the polar-
ization layer 303 may be reflected or scattered by difference
between effective refraction indexes of the liquid crystal mol-
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ecules 320 and the refraction index (N,)) of the polymer net-
work 315. As a result, the liquid crystal display device may
operate in a scattering mode.

[0103] The foregoing is illustrative of example embodi-
ments and is not to be construed as limiting thereof. Although
a few example embodiments have been described, those
skilled in the art will readily appreciate that many modifica-
tions are possible in the example embodiments without mate-
rially departing from the novel teachings and advantages of
the disclosure. Accordingly, all such modifications are
intended to be included within the scope of the invention as
defined in the claims. In the claims, means-plus-function
clauses are intended to cover the structures described herein
as performing the recited function and not only structural
equivalents but also equivalent structures. Therefore, it is to
be understood that the foregoing is illustrative of various
example embodiments and is not to be construed as limited to
the specific example embodiments disclosed, and that modi-
fications to the disclosed example embodiments, as well as
other example embodiments, are intended to be included
within the scope of the appended claims and equivalents
thereof.

What is claimed is:

1. A liquid crystal display device comprising:

a first substrate;

a first electrode on the first substrate;

a second substrate facing the first substrate;

a second electrode on the second substrate facing the first

electrode; and
aliquid crystal structure between the first electrode and the
second electrode, the liquid crystal structure comprising
a polymer network and liquid crystal molecules,

wherein the liquid crystal display device operates in a
transmissive mode when an electric field is not gener-
ated between the first and the second electrodes, and the
liquid crystal display device operates in a scattering
mode when an electric field is generated between the
first and the second electrodes, and

wherein the liquid crystal display device is transparent or

substantially transparent when the liquid crystal display
device operates in the transmissive mode.

2. The liquid crystal display device of claim 1, wherein the
liquid crystal molecules are partially or entirely dispersed in
the polymer network.

3. The liquid crystal display device of claim 2, wherein the
polymer network is present in a range of about 5 wt % to about
50 wt % based on a total weight of the liquid crystal structure.

4. The liquid crystal display device of claim 1, further
comptising:

a first alignment layer on the first electrode; and

a second alignment layer on the second electrode.

5. The liquid crystal display device of claim 4, further
comprising a color filter between the second substrate and the
second electrode.

6. The liquid crystal display device of claim 4, wherein the
liquid crystal structure includes a color dye.

7. The liquid crystal display device of claim 4, wherein
each of the first and the second alignment layers is not sub-
jected to a rubbing process.

8. The liquid crystal display device of claim 7, wherein a
refractive index of each liquid crystal molecule in a minor
axis 1s the same as a refractive index of the polymer network
when the liquid crystal display device operates in the trans-
missive mode.
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9. The liquid crystal display device of claim 7, wherein an
effective refractive index of each liquid crystal molecule in a
minor axis and a major axis is greater than a refractive index
of the polymer network when the liquid crystal display device
operates in the scattering mode.

10. The liquid crystal display device of claim 4, wherein
each of the first and the second alignment layers is subject to
a rubbing process to align the liquid crystal molecules in a
direction parallel to the first substrate or the second substrate
when the liquid crystal display device operates in the trans-
missive mode.

11. The liquid crystal display device of claim 10, wherein
refractive indexes of each liquid crystal molecule in an X
direction and aY direction are the same as a refractive index
ofthe polymer network when the liquid crystal display device
operates in the transmissive mode.

12. The liquid crystal display device of claim 10, wherein
an effective refractive index of each liquid crystal molecule in
an X direction, a Y direction, and a 7 direction is different
from a refractive index of the polymer network when the
liquid crystal display device operates in the scattering mode.

13. The liquid crystal display device of claim 4, wherein
each of the first and the second alignment layers is subject to
a rubbing process to align the liquid crystal molecules in a
direction perpendicular to the first substrate or the second
substrate when the liquid crystal display device operates in
the transmissive mode.

14. The liquid crystal display device of claim 4, further
comprising a polarization layer on a bottom of the first sub-
strate, wherein the first electrode comprises a plurality of
portions arranged parallel to one another.

15. The liquid crystal display device of claim 14, wherein
each of the first and the second alignment layers is subject to
a rubbing process to align the liquid crystal molecules in a
direction parallel to the first substrate or the second substrate
when the liquid crystal display device operates in the trans-
missive mode.

16. The liquid crystal display device of claim 15, wherein
a transmissive axis of the polarization layer is parallel to a
minor axis of each liquid crystal molecule, and wherein a
refractive index of each liquid crystal molecule in the minor
axis is the same as a refractive index of the polymer network
when the liquid crystal display device operates in the trans-
missive mode.

17. The liquid crystal display device of claim 15, wherein
a transmissive axis of the polarization layer is parallel to a
major axis of each liquid crystal molecule, and wherein an
effective refractive index of each liquid crystal molecule in
the major axis and a minor axis is different from a refractive
index of the polymer network when the liquid crystal display
device operates in the scattering mode.

18. A method of manufacturing a liquid crystal display
device, comprising:

forming a first electrode on a first substrate;

forming a second electrode on a second substrate;

combining the first substrate with the second substrate

while opposing the first electrode to the second elec-
trode; and

forming a liquid crystal structure comprising a polymer

network and liquid crystal molecules between the first
and the second electrodes,

wherein the liquid crystal display device operates in a

transmissive mode when an electric field is not gener-
ated between the first and the second electrodes while
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the liquid crystal display device operates in a scattering
mode when an electric field is generated between the
first and the second electrodes, and

wherein the liquid crystal display device is transparent or

substantially transparent when the liquid crystal display
device operates in the transmissive mode.

19. The method of claim 18, wherein forming the liquid
crystal structure comprises:

forming a preliminary liquid crystal structure between the

first electrode and the second electrode; and
performing an exposure process on the preliminary liquid
crystal structure.

20. The method of claim 18, further comprising:

forming a first alignment layer on the first electrode; and

forming a second alignment layer on the second electrode.

21. The method of claim 20, further comprising forming a
color filter between the second substrate and the second elec-
trode.

22. The method of claim 20, further comprising perform-
ing a rubbing process on the first alignment layer and the
second alignment layer.

23. The method of claim 20, further comprising forming a
polarization layer on a bottom of the first substrate.
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