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(57) ABSTRACT

A liquid crystal display device includes: a first substrate; a
first electrode on a first face of the first substrate; a second
substrate opposed to the first substrate; a second electrode on
a first face of the second substrate, the second electrode cor-
responding to the first electrode; and a liquid crystal structure
between the first substrate and the second substrate, the liquid
crystal structure including liquid crystal capsules.
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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 priorities to and the benefits
of Korean Patent Application No. 2010-0110910, filed on
Nov. 9, 2010 and Korean Patent Application No. 2011-
0063557, filed on Jun. 29, 2011 in the Korean Intellectual
Property Office (KIPO), the entire contents of which are
herein incorporated by references.

BACKGROUND

[0002] 1.Field

[0003] Embodiments of the present invention relate to lig-
uid crystal display devices and methods of manufacturing
liquid crystal display devices.

[0004] 2. Description of Related Art

[0005] A liquid crystal display (LCD) device generally
includes two transparent substrates and a liquid crystal layer
disposed between the two substrates. The liquid crystal dis-
play device displays images utilizing different light transmit-
tances of each pixel, which may be caused by the movement
of liquid crystal molecules in the liquid crystal layer of the
liquid crystal display device. The liquid crystal molecules
between the two substrates may be arranged initially in a
direction substantially perpendicular to the substrates (i.e.,
vertical alignment), or along a direction substantially parallel
to the substrates (i.e., parallel or horizontal alignment). When
an electric field is generated in each pixel by applying volt-
ages to transparent electrodes formed on the substrates, ori-
entation of the liquid crystal molecules may be changed to
display the images. When the electric field is not generated in
each pixel, the liquid crystal molecules may be returned (or
recovered) to an initial orientation thereof.

[0006] When a user touches or presses one of the substrates
of the liquid crystal display device, the liquid crystal mol-
ecules may be locally orientated along a direction in which
the user presses the substrate even though the electric field is
not generated between the substrates, thereby causing a blem-
ish, dark mark, spot or stain of the liquid crystal display
device. Thus, the liquid crystal molecules may not be rapidly
returned to (or recovered toward) their initial orientation, or
adjacent liquid crystal molecules may be continuously
slanted (or slashed) along the pressurized direction, which is
called a bruising effect and/or pooling effect. In consideration
of those problems, a supporting frame or a spacer may be
disposed between the substrates (e.g., at a set or predeter-
mined distance), however, a construction of the liquid crystal
display device having the supporting frame or the spacer may
be complicated and also processes of manufacturing the lig-
uid crystal display device may be complicated.

SUMMARY

[0007] Aspects of embodiments of the present invention are
directed toward liquid crystal display devices having
improved image quality and wide viewing angles (or view
angles) while reducing or preventing a bruising effect and/or
pooling effect.

[0008] Aspects of embodiments of the present invention are
directed toward methods of manufacturing liquid crystal dis-
play devices having improved image quality and wide view-
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ing angles (or view angles) while reducing or preventing a
bruising effect and/or pooling effect.

[0009] Aspects of embodiments of the present invention are
directed toward liquid crystal display devices having red,
green and blue liquid crystal structures displaying color
images without a color filter or a retardation film.

[0010] Aspects of embodiments of the present invention are
directed toward methods of manufacturing liquid crystal dis-
play devices including red, green and blue liquid crystal
structures displaying color images without a color filter or a
retardation film.

[0011] Embodiments of the present invention relate to lig-
uid crystal display devices including minute liquid crystal
capsules and methods of manufacturing the liquid crystal
display devices.

[0012] According to example embodiments, there is pro-
vided a liquid crystal display device including a first sub-
strate; a first electrode on a first face of the first substrate; a
second substrate opposed to the first substrate; a second elec-
trode on a first face of the second substrate, the second elec-
trode corresponding to the first electrode; and a liquid crystal
structure between the first substrate and the second substrate,
the liquid crystal structure including liquid crystal capsules.
[0013] Each of the liquid crystal capsules may include lig-
uid crystal molecules and a polymer layer enclosing the liquid
crystal molecules.

[0014] The liquid crystal display device may have a first
region, a second region and a third region. The liquid crystal
structure may include a red liquid crystal structure in the first
region, a green liquid crystal structure in the second region,
and a blue liquid crystal structure in the third region.

[0015] The red, the green and the blue liquid crystal struc-
tures may include a red pigment structure, a green pigment
structure and a blue pigment structure, respectively. The red,
the green and the blue pigment structures may respectively
include a red pigment, a green pigment and a blue pigment
mixed with binders, surface-active agents and/or additives.
[0016] The red, the green and the blue liquid crystal struc-
tures may include red, green and blue pigment coating layers
surrounding the liquid crystal capsules, respectively. The red,
the green and the blue pigment coating layers may respec-
tively include red, green and blue pigments mixed with bind-
ers, surface-active agents and/or additives.

[0017] The red, the green and the blue liquid crystal struc-
tures may include red, green and blue color binders in which
the liquid crystal capsules are dispersed, respectively.
[0018] The liquid crystal display device may further
include barrier ribs among the red, the green and the blue
liquid crystal structures.

[0019] Each of the liquid crystal molecules may have a
positive dielectric anisotropy or a negative dielectric anisot-
ropy. Each of the liquid crystal capsules may have a diameter
of about 10 nm to about 380 nm.

[0020] The liquid crystal display device may further
include at least one polarization plate on at least one of a
second face of the first substrate and a second face of the
second substrate.

[0021] At least one of the first electrode and the second
electrode may be aligned relative to an optical axis of the at
least one polarization plate at an angle of about 45 degrees.
[0022] At least one of the first electrode and the second
electrode may have a substantially embossed “I” shape, a
substantially engraved “I”” shape, a substantially embossed
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“T”shape, a substantially engraved “T” shape, a substantially
separated embossed “T” shape or a substantially separated
engraved “T” shape.

[0023] The liquid crystal display device may further
include a first polarization plate on a second face of the first
substrate, and a second polarization plate on a second face of
the second substrate.

[0024] At least one of the first electrode or the second
electrode may be aligned relative to at least one of an optical
axis of the first polarization plate or an optical axis of the
second polarization plate at an angle of about 45 degrees.
[0025] According to another embodiment of the present
invention, a liquid crystal display device includes: a first
substrate; a first electrode on a first face of the first substrate;
a second substrate opposed to the first substrate; a reflection
layer on a first face of the second substrate, the reflection layer
corresponding to the first electrode; and a liquid crystal struc-
ture between the first substrate and the second substrate, the
liquid crystal structure comprising liquid crystal capsules.
[0026] The reflection layer may include at least one mate-
rial selected from the group consisting of aluminum (Al),
chrome (Cr), molybdenum (Mo), platinum (Pt), and combi-
nations thereof.

[0027] The reflection layer may include a plurality of con-
cave portions and a plurality of convex portions.

[0028] The liquid crystal display device may further
include a polarization plate on a second face of the first
substrate.

[0029] The first electrode may be aligned relative to an
optical axis of the polarization plate at an angle of about 45
degrees.

[0030] The liquid crystal display device may include a
reflective region and a transmissive region, the reflection
layer may be in the reflective region, and the liquid crystal
display device may further include a second electrode on the
first face of the second substrate in the transmissive region.

[0031] Each of the liquid crystal capsules may include lig-
uid crystal molecules and a polymer layer enclosing the liquid
crystal molecules.

[0032] The liquid crystal display device may have a first
region to a third region. Further, the liquid crystal structure
may include a red liquid crystal structure in the first region, a
green liquid crystal structure in the second region and a blue
liquid crystal structure in the third region.

[0033] The red, the green and the blue liquid crystal struc-
tures may include red, green and blue pigment structures,
respectively. The red, the green and the blue liquid crystal
structures may include red, green and blue pigment coating
layers enclosing the liquid crystal capsules, respectively.

[0034] The red, the green and the blue liquid crystal struc-
tures may include red, green and blue color binders in which
the liquid crystal capsules are dispersed, respectively.

[0035] The liquid crystal display device may further
include barrier ribs among the red, green and blue liquid
crystal structures.

[0036] According to another embodiment of the present
invention, a method of manufacturing a liquid crystal display
device includes: forming a first electrode on a first face of a
first substrate; forming a polarization plate on a second face of
the first substrate; forming a second electrode on a first face of
a second substrate opposed to the first face of the first sub-
strate; and forming a liquid crystal structure between the first
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substrate and the second substrate, the liquid crystal structure
including liquid crystal capsules having liquid crystal mol-
ecules.

[0037] The forming of the first electrode may include:
forming a conductive layer on the first face of the first sub-
strate; and patterning the conductive layer to form the first
electrode aligned relative to an optical axis of the polarization
plate at an angle of about 45 degrees.

[0038] The liquid crystal molecules may be formed using a
high pressure homogenizer.

[0039] The forming of the liquid crystal structure may
include spreading the liquid crystal capsules on the first elec-
trode or on the second electrode.

[0040] The forming of the liquid crystal structure may
include printing the liquid crystal capsules on the first elec-
trode or on the second electrode.

[0041] The method of manufacturing a liquid crystal dis-
play device may further include combining the first substrate
with the second substrate before forming the liquid crystal
structure or after forming the liquid crystal structure.

[0042] According to another embodiment of the present
invention, a method of manufacturing a liquid crystal display
device includes: forming a first electrode on a first substrate,
the first substrate including a first region, a second region and
a third region; forming a blue liquid crystal structure in the
third region of the first substrate; forming a green liquid
crystal structure in the second region of the first substrate;
forming a blue liquid crystal structure in the first region of the
first substrate; forming a second electrode on a second sub-
strate; and combining the first substrate with the second sub-
strate by interposing the blue, the green and the red liquid
crystal structures between the first and the second substrates.
[0043] The method of manufacturing a liquid crystal dis-
play device may further include forming barrier ribs among
the first region, the second region and the third region.
[0044] The forming of the blue liquid crystal structure may
include: spreading a blue mixture including a blue pigment
structure and liquid crystal capsules on the first electrode in
the third region; and forming the blue liquid crystal structure
from the blue mixture. The forming of the green liquid crystal
structure may include: spreading a green mixture including a
green pigment structure and liquid crystal capsules on the first
electrode in the second region; and forming the green liquid
crystal structure from the green mixture. The forming of the
red liquid crystal structure may include: spreading a red mix-
ture including a red pigment structure and liquid crystal cap-
sules on the first electrode in the first region; and forming the
red liquid crystal structure from the red mixture.

[0045] The forming of the blue liquid crystal structure may
include: forming a preliminary blue liquid crystal structure
including a blue pigment structure and liquid crystal capsules
on the first electrode; and removing potrtions of the prelimi-
nary blue liquid crystal structure in the first and the second
regions.

[0046] The forming of the green liquid crystal structure
may include: forming a preliminary green liquid crystal struc-
ture including a green pigment structure and liquid crystal
capsules on the blue liquid crystal structure and the first
electrode; and removing portions of the preliminary green
liquid crystal structure from the first region and the blue liquid
crystal structure.

[0047] The forming of the red liquid crystal structure may
include: forming a preliminary red liquid crystal structure
including a red pigment structure and liquid crystal capsules
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on the blue and green liquid crystal structures and the first
electrode; and removing portions of the preliminary red lig-
uid crystal structure from the blue and the green liquid crystal
structures.

[0048] The removing of the portions of the preliminary
blue, the preliminary green and the preliminary red liquid
crystal structures may include an exposure process and a
developing process.

[0049] According to example embodiments, the liquid
crystal display device may include a liquid crystal structure
having minute liquid crystal capsules, so that the liquid crys-
tal display device may provide (or ensure) a wide viewing
angle (e.g., a desired wide view angle) without any alignment
layer or retardation layer. Further, when a user presses the first
substrate and/or the second substrate, device liquid crystal
molecules may be received in the minute liquid crystal cap-
sules, such that the liquid crystal display device may effec-
tively reduce or prevent several problems such as recovery
delay of the liquid crystal molecules toward initial orienta-
tion; continuous slanting (or slashing) of adjacent liquid crys-
tal molecules; generating dark marks, stains or spot; etc.
According to example embodiments, the liquid crystal dis-
play device may include red, green and blue liquid crystal
structures including blue, green and red pigment structures,
pigment coating layers or color binders, so that the liquid
crystal display device may display color images without a
color filter or a retardation film. Therefore, the liquid crystal
display device having a simple construction may be manu-
factured by simplified processes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] Example embodiments will be more clearly under-
stood from the following detailed description taken in con-
junction with the accompanying drawings. FIGS. 1 to 14
represent non-limiting, example embodiments as described
herein.

[0051] FIG. 1is a cross-sectional view illustrating a trans-
missive type liquid crystal display device in accordance with
example embodiments.

[0052] FIGS.2A to 2F arecross-sectional views illustrating
structures of first electrodes in liquid crystal display devices
in accordance with example embodiments.

[0053] FIGS.3A and 3B are cross-sectional views illustrat-
ing an operation of a comparable liquid crystal display device
having a vertical alignment mode.

[0054] FIGS. 4A and 4B are cross-sectional views illustrat-
ing an operation of a liquid crystal display device in accor-
dance with example embodiments.

[0055] FIGS. 5A and 5B are perspective views illustrating
a transmissive type liquid crystal display device in accor-
dance with example embodiments.

[0056] FIG. 6 is a cross-sectional view illustrating a reflec-
tive type liquid crystal display device in accordance with
example embodiments.

[0057] FIG. 7 is a cross-sectional view illustrating a trans-
flective type liquid crystal display device in accordance with
example embodiments.

[0058] FIG. 8isa flow chartillustrating a method of manu-
facturing a liquid crystal display device in accordance with
example embodiments.

[0059] FIG.9isa flow chartillustrating a method of manu-
facturing a liquid crystal display device in accordance with
example embodiments.

May 10, 2012

[0060] FIG. 10 is a cross-sectional view illustrating a liquid
crystal display device in accordance with example embodi-
ments.

[0061] FIGS. 11A to 11C are cross-sectional views illus-
trating a method of manufacturing a liquid crystal display
device in accordance with example embodiments.

[0062] FIGS.12A to 121 are cross-sectional views illustrat-
ing a method of manufacturing a liquid crystal display device
in accordance with example embodiments.

[0063] FIG. 13 is across-sectional view illustrating a liquid
crystal display device in accordance with example embodi-
ments.

[0064] FIG. 14 is a cross-sectional view illustrating a liquid
crystal display device in accordance with example embodi-
ments.

DESCRIPTION OF EMBODIMENTS

[0065] Various example embodiments will be described
more fully hereinafter with reference to the accompanying
drawings, in which some example embodiments are shown.
The invention may, however, be embodied in many different
forms and should not be construed as limited to the example
embodiments set forth herein. Rather, these example embodi-
ments are provided so that this description will be thorough
and complete, and will fully convey the scope of the invention
to those skilled in the art. In the drawings, the sizes and
relative sizes of layers and regions may be exaggerated for
clarity.

[0066] Itwill be understood that when an element or layer
1s referred to as being “on,” “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer, or one or more inter-
vening elements or layers may be present therebetween. In
contrast, when an element is referred to as being “directly on,”
“directly connected t0” or “directly coupled to” another ele-
ment or layer, there are no intervening elements or layers
present therebetween. Like numerals refer to like elements
throughout. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items.

[0067] It will be understood that, although the terms first,
second, third, fourth etc. may be used herein to describe
various elements, components, regions, layers and/or sec-
tions, these elements, components, regions, layers and/or sec-
tions should not be limited by these terms. These terms are
only used to distinguish one element, component, region,
layer or section from another element, component, region,
layer 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 the invention.

[0068] 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 rela-
tionship 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, elements described as
“below” or “beneath” other elements or features would then
be oriented “above” the other elements or features if the
device in the figures is turned over. Thus, the exemplary term
“below” can encompass an orientation of both above and
below. The device may be otherwise oriented (e.g., rotated 90

29 <.
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degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0069] 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, groups, and/or components, but do not pre-
clude the presence or addition of one or more other features,
integers, steps, operations, elements, components, and/or
groups thereof.

[0070] Example embodiments are described herein with
reference to cross-sectional illustrations that are schematic
illustrations of idealized example embodiments (and interme-
diate structures). As such, variations from the shapes of the
illustrations as a result, for example, of manufacturing tech-
niques and/or tolerances, are to be expected. Thus, example
embodiments should not be construed as limited to the par-
ticular shapes of regions illustrated herein but are to include
deviations in shapes that result, for example, from manufac-
turing. For example, an implanted region illustrated as a rect-
angle will, typically, have rounded or curved features and/or
a gradient of implant concentration at its edges rather than a
binary change from an implanted to non-implanted region.
Likewise, a buried region formed by implantation may result
in some implantation in the region between the buried region
and the surface through which the implantation takes place.
Thus, 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 invention.

[0071] 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 to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning 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.

[0072] FIG. 1 is a cross-sectional view illustrating a trans-
missive type liquid crystal display device in accordance with
example embodiments.

[0073] Referring to FIG. 1, a liquid crystal display device
100 may include a first substrate 110, a second substrate 120,
a first electrode 130, a second electrode 140 and a liquid
crystal structure 150.

[0074] The first substrate 110 may include a transparent
insulation substrate such as a glass substrate, a transparent
polymer substrate, a transparent ceramic substrate, a trans-
parent metal oxide substrate, etc. Color filters (not illustrated)
may be disposed on the first substrate 110. Light passing
through the liquid crystal structure 150 may be filtered into
colors of light by the color filters. The color filters may
include a red color filter, a green color filter and a blue color
filter, which may be used to obtain red (R) light, green (G)
light and blue (B) light, respectively.

[0075] The second substrate 120 may substantially corre-
spond to the first substrate 110. For example, the second
substrate 120 may be substantially opposite to the first sub-
strate 110. The second substrate 120 may include a transpar-
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ent insulation substrate such as a glass substrate, a transparent
polymer substrate, a transparent ceramic substrate, a trans-
parent metal oxide substrate, etc. A plurality of pixel regions
displaying images may be provided on the second substrate
120. Wirings such as gate lines and data lines, and switching
devices such as thin film transistors (TFT) may be provided in
the pixel regions of the second substrate 120.

[0076] In some example embodiments, at least one polar-
ization plate may be disposed on at least one of the first
substrate 110 and the second substrate 120. For example, one
polarization plate may be positioned on a second face of the
first substrate 110 substantially opposite to (i.e., facing oppo-
sitely away from) a first face thereof on which the first elec-
trode 130 is located. Further, another polarization plate may
be additionally disposed on a second face of the second sub-
strate 120 substantially opposite to a first face thereof on
which the second electrode 140 is positioned. Alternatively, a
first polarization plate and/or a second polarization plate may
be positioned on the first substrate 110 and the second sub-
strate 120, respectively.

[0077] The first electrode 130 may be located on the first
face of the first substrate 110. The first electrode 130 may
include a transparent conductive material capable of trans-
mitting light therethrough. For example, the first electrode
130 may include indium tin oxide (ITO), indium zinc oxide
(1Z0), zinc oxide (ZnOx), tin oxide (SnOx), fluorine-doped
tin oxide (FTO), etc. These may be used alone or in a com-
bination thereof. In example embodiments, the first electrode
130 may serve as a common electrode shared by the pixel
regions of the liquid crystal display device.

[0078] The second electrode 140 may be positioned on the
first face of the second substrate 120. In example embodi-
ments, the second electrode 140 may serve as a pixel elec-
trode provided in each pixel region of the second substrate
120 for receiving a data signal from the data line. The second
electrode 140 may include a transparent conductive material
for transmitting light therethrough. For example, the second
electrode 140 may include ITO, 1ZO, zinc oxide, tin oxide,
FTO, etc. These may be used alone or in a combination
thereof.

[0079] The liquid crystal structure 150 may be positioned
between the first electrode 130 of the first substrate 110 and
the second electrode 140 of the second substrate 120. The
liquid crystal structure 150 may include a plurality of liquid
crystal capsules 156, each of which has a polymer layer 152
and liquid crystal molecules 154 received in the polymer
layer 152. That is, the polymer layer 152 may enclose the
liquid crystal molecules 154. The liquid crystal structure 150
may have a thickness of about several micrometers to dozens
of micrometers. However, the thickness of the liquid crystal
structure 150 may vary in accordance with sizes of the liquid
crystal molecules 154 and/or sizes of liquid crystal capsules
156.

[0080] In example embodiments, the liquid crystal cap-
sules 156 having minute sizes may be arranged in the liquid
crystal structure 150 along a direction (e.g., a predetermined
direction). Alternatively, the liquid crystal capsules 156 may
be randomly disposed in the liquid crystal structure 150.
When an electric field is not applied to the liquid crystal
structure 150, the liquid crystal molecules 154 in the liquid
crystal capsules 156 may be arranged into various suitable
structures, such as a radial structure, a bipolar structure, a
toroidal structure, a coaxial structure, etc. Alternatively, the
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liquid crystal molecules 154 may be randomly dispersed (or
arranged) in the liquid crystal capsules 156.

[0081] Inexample embodiments, each of the liquid crystal
capsules 156 may have a diameter smaller (e.g., substantially
smaller) than a wavelength of visible light, so that the liquid
crystal capsules 156 may transmit visible light therethrough.
Additionally, the liquid crystal capsules 156 may have diam-
eters larger (e.g., substantially larger) than diameters of the
liquid crystal molecules 154. Furthermore, the liquid crystal
capsules 156 may have diameters smaller (e.g., substantially
smaller) than a minimum wavelength of visible light. Visible
light may generally have a wavelength in a range of about 380
nm to about 770 nm, so that each liquid crystal capsule 156
may have a diameter that is less than the wavelength of visible
light. For example, the liquid crystal capsules 156 may have
diameters in a range of about 10 nm to about 380 nm (e.g.,
diameters at 10 nm or 380 nm or between 10 nm and 380 nm).
[0082] When the liquid crystal capsules 156 have diameters
of below (e.g., substantially below) about 10 nm, the liquid
crystal capsules 156 may not enclose sufficient liquid crystal
molecules 154 therein. Thus, liquid crystal molecules 154
may not be properly arranged along a direction in which the
electric field is applied between the first and the second elec-
trodes 130 and 140. When the liquid crystal capsules 156 have
diameters above (e.g., substantially above) about 380 nm,
visible light having a wavelength of about 380 nm to 770 nm
may be scattered at boundaries of the liquid crystal capsules
156, thereby requiring additional elements in order to avoid
the scattering of the visible light. However, when the liquid
crystal capsules 156 have diameters of about 10 nm to 380
nm, the wavelength of visible light may be larger (e.g., sub-
stantially larger) than the diameters of liquid crystal capsules
156, so that visible light may pass through the liquid crystal
capsules 156 including liquid crystal molecules 154 without
scattering of the visible light. Therefore, visible light may
sufficiently pass through the liquid crystal structure 150, even
though the liquid molecules 154 of the liquid crystal structure
150 are not oriented in only one direction (or a single direc-
tion).

[0083] In example embodiments, the liquid crystal mol-
ecules 154 may have a positive dielectric anisotropy. In this
case, the brightest image may be displayed by the liquid
crystal display device 100 when an electric field is not applied
to the liquid crystal structure 150. That is, the liquid crystal
display device 100 may be operated in a white mode. In some
example embodiments, the liquid crystal molecules 154 may
have a negative dielectric anisotropy. Here, the darkest image
may be displayed by the liquid crystal display device 100
when an electric field is not applied to the liquid crystal
structure 150. That is, the liquid crystal display device 100
may have a black mode.

[0084] According to example embodiments, the liquid
crystal display device 100 may have the liquid crystal struc-
ture 150 including a plurality of liquid crystal capsules 156
having diameters of about 10 nm to 380 nm. Visible light may
be transmitted through the liquid crystals molecules 154 so
that an additional alignment layer may not be required to
control the initial alignment of the liquid crystal molecules
154. Additionally, the movement of the liquid crystal mol-
ecules 154 may be confined in the polymer layer 152 such that
a spacer or a supporting member may not be needed to uni-
formly place the liquid crystal molecules 154 at each pixel
region. Furthermore, a pooling effect or a bruising effect
caused by the displacement of the liquid crystal molecules
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154 may be reduced or prevented when a user touches the first
substrate 110 and/or the second substrate 120 to operate the
liquid crystal display device 100.

[0085] FIGS.2A to 2F arecross-sectional views illustrating
various structures of first electrodes in liquid crystal display
devices in accordance with example embodiments. In FIGS.
2A to 2F, the first electrodes may be formed to have structures
substantially the same as or substantially similar to the first
electrode 130 disposed on the first substrate 110 described
with reference to FIG. 1.

[0086] As illustrated in FIGS. 2A to 2F, the first electrodes
disposed on a first substrate may be formed to have various
suitable structures. For example, each of the first electrodes
may have a substantially “I” shape as illustrated in FIGS. 2A
and 2D, a substantially separated “T” shape as illustrated in
FIGS. 2B and 2E, or a substantially “T” shape as illustrated in
FIGS. 2C and 2F. Further, each of the first electrodes may
have a positive (embossed) structure that may protrude
directly from the first substrate as illustrated in FIGS. 2A to
2C, or a negative (engraved) structure that may partially
expose the first substrate as illustrated in FIGS. 2D to 2F. In
example embodiments, each of the first electrodes may have
asubstantially embossed “I” shape in F1G. 2A, a substantially
separated and embossed “I” shape in FIG. 2B, a substantially
embossed “T” shape in FIG. 2C, a substantially engraved “1”
shapein FIG. 2D, a substantially separated and engraved “T”
shape in FIG. 2E, a substantially engraved “T” shape in FIG.
2F, etc.

[0087] In example embodiments, when the first electrode
130 is arranged by an angle of about 45 degrees with respect
to a direction of a transmission light axis or an absorption
light axis of a polarization plate disposed on the first substrate
110 and/or the second substrate 120, the liquid crystal display
device 100 may have the highest transmittance of light. In
other words, when the first electrode 130 having the shape of
the positive/negative (or embossed/engraved) “I” or “T” is
aligned by an angle of about 45 degrees relative to the trans-
mission light axis or the absorption light axis of the polariza-
tion plate, the liquid crystal display device 100 may have the
highest optical efficiency. Additionally, when a voltage is
applied to the first electrode 130 formed to have various
suitable structures as illustrated in FIGS. 2A to 2F, a direction
of an electric field generated between the first and the second
electrodes 130 and 140 may not be uniform due to (or accord-
ing to) the shape of the first electrode 130. The liquid crystal
molecules 154 of the liquid crystal structure 150 may be
arranged according to the nonuniformly generated electric
field to thereby generate multiple domains (or multi domains)
in the pixel regions of the liquid crystal display device 100.
Therefore, the liquid crystal display device 100 may have
relatively wide optical isotropy so that the liquid crystal dis-
play device 100 may ensure a wide viewing angle (e.g., a
desired wide view angle).

[0088] In some example embodiments, the second elec-
trode 140 on the second substrate 120 may be formed to have
astructure substantially the same as or substantially similar to
that of the first electrode described with reference to FIGS.
2A to 2F. That is, the second electrode 140 may also have a
substantially embossed “I” shape as in FIG. 2A, a substan-
tially separated and embossed “T” shape as in FIG. 2B, a
substantially embossed “T” shape as in FIG. 2C, a substan-
tially engraved “I” shape as in FIG. 2D, a substantially sepa-
rated and engraved “T” shape as in FIG. 2E, a substantially
engraved “T” shape as in FIG. 2F, etc.
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[0089] FIGS.3A and 3B are cross-sectional views illustrat-
ing an operation of a comparable liquid crystal display device
having a vertical alignment mode. FIGS. 4A and 4B are
cross-sectional views illustrating an operation of a liquid
crystal display device in accordance with example embodi-
ments.

[0090] Referring to FIG. 3A, the comparable liquid crystal
display device having the vertical alignment mode may
include an alignment layer 16 disposed on a first substrate 11,
so that liquid crystal molecules 15 may be aligned in a direc-
tion substantially perpendicular (or vertical) to the first sub-
strate 11 with a first electrode 13 or a second substrate 12 with
a second electrode 14. When a voltage is not applied to the
comparable liquid crystal display device, the liquid crystal
molecules 15 between the first and the second substrate 11
and 12 may be aligned vertically, such that light passing
through the first substrate 11 and the alignment layer 16 may
notbe refracted by the liquid crystal molecules 15 and may be
transmitted through the second substrate 12.

[0091] Referring to FIG. 3B, when a voltage is applied to
the comparable liquid crystal display device, orientation of
the liquid crystal molecules 15 may be changed according to
the applied voltage, so that the liquid crystal molecules 15
may be aligned substantially in parallel to the first and/or
second substrates 11 and 12, or substantially inclined at an
angle (e.g., at a predetermined angle) relative to the first
and/or second substrates 11 and 12. Light passing through the
liquid crystal molecules 15 may be refracted, such that direc-
tion of the refracted light reaching the second substrate 12
may be changed according to the applied voltage. Thus, the
comparable liquid crystal display device may operate in a
gray mode or a white mode.

[0092] As illustrated in FIG. 4A, a liquid crystal display
device according to example embodiments may include a
liquid crystal structure 150 provided between a first substrate
110 and a second substrate 120 with a first electrode 130 and
a second electrode 140, respectively. The liquid crystal struc-
ture 150 may include a plurality of liquid crystal capsules 156
including liquid crystal molecules 154 enclosed by a polymer
layer 152. The liquid crystal capsules 156 may have diameters
smaller (e.g., substantially smaller) than the shortest wave-
length of visible light, and thus light may not be scattered by
the liquid crystal capsules 156. Further, light may sufficiently
pass through the liquid crystal structure 150 including the
liquid crystal capsules 156. Therefore, the liquid crystal dis-
play device may have a simple construction and processes of
manufacturing the liquid crystal display device may be sim-
plified because an additional alignment layer may not be
required. When a voltage is not applied to the liquid crystal
structure 150 of the liquid crystal display device according to
example embodiments, the liquid crystal molecules 154
received in the liquid crystal capsules 156 may be dispersed
(or arranged) randomly relative to the first substrate 110 and/
or the second substrate 120, or may be arranged in a direction
at an angle (e.g., with a predetermined angle) relative to the
first substrate 110 and/or the second substrate 120.

[0093] Referring to FIG. 4B, the liquid crystal molecules
154 in the liquid crystal capsules 156 may be orientated
according to an electric field generated between the first and
the second electrodes 130 and 140, so that light passing
through the liquid crystal structure 150 may be refracted or
scattered by the liquid crystal molecules 154. Direction of the
light passing through the first substrate 110 or the second
substrate 120 may depend on an applied voltage between the
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first and the second electrodes 130 and 140. Thus, the liquid
crystal display device may operate in a gray mode or a white
mode. For example, the electric field illustrated by the dotted
lines in FIG. 4B may be generated between the first electrode
130 on the first substrate 110 and the second electrode 140 on
the second substrate 120 when voltages are applied to the first
electrode 130 and the second electrode 140. When the first
electrode 130 and/or the second electrode 140 are formed to
have various suitable structures as described above, the elec-
tric field may be distorted at the surfaces (or boundaries) of
the first electrode 130 and/or the second electrode 140, and
the orientation of the liquid crystal molecules 154 may be
locally changed due to the distorted electric field, so that
multiple domains (or multi domains) may be formed between
the first and the second electrodes 130 and 140. Accordingly,
the liquid crystal display device may provide (or ensure) a
wide viewing angle (e.g., a required wide view angle).
[0094] FIGS. 5A and 5B are perspective views illustrating
a transmissive type liquid crystal display device in accor-
dance with example embodiments.

[0095] Referring to FIG. 5A, the liquid crystal display
device may include a first polarization plate 160a on a first
substrate 110, and a second polarization plate 170a on a
second substrate 120. The first polarization plate 1604 and the
second polarization plate 170a may have a first optical axis
and a second optical axis, respectively. The first and the
second polarization plates 160a and 1702 may be substan-
tially opposite to (i.e., facing oppositely away from) a first
electrode and a second electrode disposed on the first sub-
strate 110 and the second substrate 120, respectively. For
example, when the first and the second electrodes are posi-
tioned respectively on first faces of the first and the second
substrates 110 and 120, the first and the second polarization
plates 160a and 170a may be located on second faces of the
first and the second substrates 110 and 120, respectively.
[0096] Inexampleembodiments, the first optical axis of the
first polarization plate 160a may be disposed at an angle of
about 90 degrees with respect to the second optical axis of the
second polarization plate 170a. When voltages are not
applied to the first and the second electrodes, light incident
along the first optical axis from among the total light passing
through the first polarization plate 160a may penetrate the
first polarization plate 160a and the first substrate 110. The
light along the first optical axis may not be scattered or
refracted by the liquid crystal structure 150 including the
liquid crystal capsules 156 having diameters smaller (e.g.,
substantially smaller) than the wavelength of visible light.
Thus, the light along the first optical axis may reach the
second substrate 120 and the second polarization plate 170a.
However, when the second optical axis of the second polar-
ization plate 170a has an angle of about 90 degrees relative to
the first optical axis of the first polarization plate 160a, the
light passing through the first polarization plate 160a along
the first optical axis may not penetrate the second polarization
plate 170a and the second substrate 120, so that the liquid
crystal display device may display a dark image.

[0097] When the first electrode and/or the second electrode
has various shapes as illustrated in FIGS. 2A to 2F, the liquid
crystal molecules enclosed by the liquid crystal capsules 156
may have various orientation directions according to the elec-
tric field generated between the first and the second electrodes
to provide multiple domains (or multi domains) between the
first and the second electrodes. Therefore, the liquid crystal
display device may have a wide viewing angle (or view angle)
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because the multiple domains (or multi domains) may be
formed between the first and the second electrodes.

[0098] Referring to FIG. 5B, in some example embodi-
ments, the first optical axis of the first polarization plate 1605
may be substantially in parallel to the second optical axis of
the second polarization plate 1705. In this case, light passing
through the first polarization plate 1605, the first substrate
110, and the liquid crystal structure 150 may reach the second
substrate 120 without scattering or refraction of the light, and
then may pass through the second polarization plate 1705
having the second optical axis substantially in parallel to the
first optical axis. Therefore, the liquid crystal display device
may display a white image.

[0099] According to example embodiments, a liquid crys-
tal display device may have a liquid crystal structure includ-
ing a plurality of liquid crystal capsules having a diameter
smaller (e.g., substantially smaller) than the shortest wave-
length of visible light. Visible light may be transmitted
through the liquid crystals molecules so that an additional
alignment layer may not be required to control initial align-
ment of the liquid crystal molecules. Additionally, movement
of the liquid crystal molecules may be controlled by the liquid
crystal capsules, such that a spacer or a supporting member
may not be required to place the liquid crystal molecules
uniformly in pixel regions of the liquid crystal display device.
As aresult, a pooling effect and/or bruising effect caused by
displacement of the liquid crystal molecules may be effec-
tively reduced or avoided when a user presses a first substrate
and/or a second substrate to operate the liquid crystal display
device.

[0100] FIG. 6is a cross-sectional view illustrating a reflec-
tive type liquid crystal display device in accordance with
example embodiments.

[0101] Referring to FIG. 6, a liquid crystal display device
200 may include a first substrate 210, a second substrate 220,
a first electrode 230, a reflection layer 240 and a liquid crystal
structure 250.

[0102] The first substrate 210 may include a transparent
substrate such as a glass substrate, a transparent polymer
substrate, a transparent ceramic substrate, a transparent metal
oxide substrate, etc. Wirings such as a gate line and/or a date
line may be provided on the first substrate 210 and switching
devices such as thin film transistors (TFTs) may also be
positioned on the first substrate 210.

[0103] The second substrate 220 may be substantially fac-
ing the first substrate 210. The second substrate 220 may also
include a transparent substrate such as a glass substrate, a
transparent polymer substrate, a transparent metal oxide sub-
strate, etc.

[0104] Inexample embodiments, the second substrate 220
may include a black matrix substantially corresponding to the
switching device provided on the first substrate 210.

[0105] The first electrode 230 may be disposed on the first
substrate 210. The first electrode 230 may include a transpar-
ent conductive material such as ITO, 1Z0, zinc oxide, tin
oxide, FTO, etc. These may be used alone or in a combination
thereof. The first electrode 230 may be formed to have various
suitable structures such as those of the first electrode
described with reference to FIGS. 2A to 2F.

[0106] The reflection layer 240 may be located on the sec-
ond substrate 220. The reflection layer 240 may include a
material having a relatively high reflectivity. For example, the
reflection layer 240 may include metal such as aluminum
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(Al), chrome (Cr), molybdenum (Mo), platinum (Pt), an alloy
thereof, etc. These may be used alone or in a combination
thereof.

[0107] Inexample embodiments, the liquid crystal display
device 200 having the reflective type may include (or provide)
the liquid crystal structure 250 with external light to display
images thereon. The reflection layer 240 on the second sub-
strate 220 may reflect the external light passing through the
first substrate 210, so that the reflective type liquid crystal
display device 200 may provide (or ensure) improved lumi-
nance. The reflection layer 240 may have a uniform thickness
to enhance luminance of incident light. Alternatively, the
reflection layer 240 may have a plurality of convex portions
(i.e., rugged portions) thereon. For example, the reflection
layer 240 may have a plurality of lenses.

[0108] The liquid crystal structure 250 may be positioned
between the first electrode 230 on the first substrate 210 and
the reflection layer 240 on the second substrate 220. The
liquid crystal structure 250 may include a plurality of liquid
crystal capsules 256 having a polymer layer 252 and liquid
crystal molecules 254 enclosed by the polymer layer 252. In
example embodiments, the liquid crystal molecules 254 may
have a positive dielectric anisotropy or a negative dielectric
anisotropy so as to obtain a white mode or a black mode,
respectively.

[0109] The liquid crystal capsules 256 may have diameters
in a range of about 10 nm to about 380 nm. When the liquid
crystal capsules 256 have the diameters of about 10 nm to
about 380 nm, visible light may not be scattered or refracted
by the liquid crystal capsules 256, and may sufficiently pass
through the liquid crystal structure 250 because the shortest
wavelength of visible light may be larger (e.g., substantially
larger) than the diameters of the liquid crystal capsules 256.
Because the liquid crystal capsules 256 may be optically
isotropic, the liquid crystal display device 200 having the
reflective type may have a wide viewing angle (e.g., a desired
wide view angle) without an additional alignment layer for
controlling an initial orientation of the liquid crystal mol-
ecules 254.

[0110] FIG. 7 is a cross-sectional view illustrating a trans-
flective type liquid crystal display device in accordance with
example embodiments.

[0111] Referring to FIG. 7, a transflective type liquid crys-
tal display device 300 may include a first region I and a second
region II. The liquid crystal display device 300 may have a
first substrate 310, a first electrode 330, a liquid crystal struc-
ture 350, a second substrate 320, a reflection layer 340 and a
second electrode 345. The first substrate 310, the second
substrate 320, the first electrode 330, the liquid crystal struc-
ture 350 and the reflection layer 340 may be positioned in all
of the first region I and the second region II. The second
electrode 345 may be located in the second region IT only. The
liquid crystal structure 350 may include liquid crystal cap-
sules 356 having liquid crystal molecules 354 received in
polymer layers 352.

[0112] The first region I of the liquid crystal display device
300 may have a construction substantially the same as or
substantially similar to that of the liquid crystal display device
described with reference to FIG. 6. The second region I ofthe
liquid crystal display device 300 may have a construction
substantially the same as or substantially similar to that of the
liquid crystal display device described with reference to FIG.
1.
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[0113] Inthe transflective type liquid crystal display device
300 according to example embodiments, each pixel region
may include the first region I and the second region II. Here,
the first region I and the second region 11 may serve as a
reflective region and a transmissive region, respectively. A
first portion of the liquid crystal structure 350 in the first
region | may have a thickness substantially the same as or
substantially similar to that of a second portion of the liquid
crystal structure 350 in the second region II, so that the liquid
crystal display device 300 may have a substantially single cell
gap. Alternatively, the first portion of the liquid crystal struc-
ture 350 may have a thickness different (e.g., substantially
different) from that of the second portion of the liquid crystal
structure 350.

[0114] According to example embodiments, a liquid crys-
tal display device may have a liquid crystal structure includ-
ing a plurality of liquid crystal capsules having diameters
smaller (e.g., substantially smaller) than the shortest wave-
length of visible light. Thus, visible light may pass through
liquid crystal molecules of the liquid crystal structure without
an additional retardation film and/or an additional alignment
layer for controlling initial alignment of the liquid crystal
molecules. Additionally, movement of the liquid crystal mol-
ecules may be controlled by polymer layers of the liquid
crystal capsules, so that a spacer or a supporting member may
not be required to place the liquid crystal molecules in pixel
regions of the liquid crystal display device. As a result, a
pooling effect and/or bruising effect caused by displacement
of the liquid crystal molecules may be effectively reduced or
prevented.

[0115] FIG. 8isa flow chartillustrating a method of manu-
facturing a liquid crystal display device in accordance with
example embodiments.

[0116] Referring to FIG. 8, a first conductive layer may be
formed on a first substrate, and then the first conductive layer
may be patterned to form a first electrode on the first substrate
in step S10. The first substrate may include a transparent
insulation material such as glass, transparent polymer, trans-
parent metal oxide, etc. The first conductive layer may be
formed using a transparent conductive material by a printing
process, a spraying process, a deposition process, etc. For
example, the first conductive layer may be formed using ITO,
170, zinc oxide, tin oxide, FTO, etc. These may be used alone
or in a combination thereof.

[0117] Inexample embodiments, the first electrode may be
obtained on the first substrate by patterning the first conduc-
tive layer through a photolithography process or an etching
process using an etching mask (e.g., an additional etching
mask). The first electrode may be formed to have various
structures substantially the same as or substantially similar to
those of the first electrodes described with reference to FIGS.
2A to 2F.

[0118] A second electrode may be formed on a second
substrate in step S20. The second substrate may include a
transparent insulation material such as glass, transparent
polymer, transparent metal oxide, etc. The second electrode
may be formed using a transparent conductive material such
as ITO, 1720, zinc oxide, tin oxide or FTO by a printing
process, a spraying process, a deposition process, etc. In
example embodiments, the second electrode may be formed
on the second substrate using a material substantially the
same as or substantially similar to that of the first electrode.
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Alternatively, the second electrode may include a material
different (e.g., substantially different) from that of the first
electrode.

[0119] Inexample embodiments, the second electrode may
be formed on the second substrate by a photolithography
process or an etching process using an etching mask (e.g., an
additional etching mask). For example, a second conductive
layer may be formed on the second substrate, and then the
second conductive layer may be patterned to form the second
electrode on the second substrate. In this case, the second
electrode may also be formed to have various suitable struc-
tures as illustrated in FIGS. 2A to 2F. In some example
embodiments, the second electrode may have a shape sub-
stantially the same as or substantially similar to that of the first
electrode. Alternatively, the first electrode may be formed to
have a structure different (e.g., substantially different) from
that of the second electrode.

[0120] Referring now to FIG. 8, a liquid crystal structure
may be formed between the first and the second substrates in
step S30. In example embodiments, a plurality of liquid crys-
tal capsules having liquid crystal molecules enclosed by poly-
mer layers may be printed on the first substrate and/or the
second substrate. For example, the liquid crystal capsules
may be formed on the first substrate and/or the second sub-
strate by a roll printing process. Alternatively. the liquid crys-
tal capsules may be formed on first substrate and/or the sec-
ond substrate by a spraying process.

[0121] Instep S40, the first and the second substrates may
be combined with each other while interposing the liquid
crystal structure between the first and the second substrates to
obtain a liquid crystal display device. The first and the second
substrates may be combined with each other using a sealing
member such as a sealant. In example embodiments, the
liquid crystal capsules of the liquid crystal structure may be
formed using a high pressure homogenizer. The high pressure
homogenizer may subdivide the liquid crystal molecules
existing in a fluid to have minute sizes under a relatively high
pressure, and may subsequently inject the fluid under a rela-
tively low pressure to thereby obtain dispersed liquid crystal
molecules having desired minute sizes. For example, liquid
crystal molecules with sizes of several nanometers to dozens
of nanometers may be dispersed using the high pressure
homogenizer. In example embodiments, the liquid crystal
molecules may have diameters in a range of about 10 nm to
about 380 nm.

[0122] FIG. 9is a flow chart illustrating a method of manu-
facturing a liquid crystal display device in accordance with
example embodiments.

[0123] Referring to FIG. 9, a first electrode may be formed
ona first substrate including a transparent insulation substrate
in step S50. A second electrode may be formed on a second
substrate including a transparent insulation substrate in step
S60. Fach of the first and the second electrodes may be
obtained by patterning conductive layers after forming the
conductive layers on the first and the second substrates,
respectively. In example embodiments, processes of forming
the first and the second electrodes and materials including the
first and the second electrodes may be substantially the same
as or substantially similar to the processes and the materials
for the first and the second electrodes described with refer-
ence to FIG. 8. Additionally, at least one of the first and the
second electrodes may be formed to have various shapes
substantially the same as or substantially similar to those of
the first electrode described with reference to FIGS. 2A to 2F.
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[0124] 1In step S70, the first substrate and the second sub-
strate may be combined with each other using a sealing mem-
ber. A liquid crystal structure may be injected between the
first substrate and the second substrate in step S80. The liquid
crystal structure may include a plurality of liquid crystal
capsules including liquid crystal molecules enclosed by poly-
mer layers. The liquid crystal capsules may be obtained using
a high pressure homogenizer.

[0125] Inacomparableliquid crystal display device having
a vertical alignment mode, a vertical alignment layer may be
formed on a substrate so as to align liquid crystal molecules in
adirection substantially perpendicular (or vertical) relative to
the substrate. Additionally, when a rubbing process is pet-
formed about the vertical alignment layer to generate mul-
tiple domains (or multi domains) in a pixel region, processes
of manufacturing the comparable liquid crystal display
device may be complicated and also a rubbing mark or a
blemish may be generated during the manufacturing pro-
cesses. However, a liquid crystal display device according to
example embodiments may include a liquid crystal structure
containing liquid crystal molecules having diameters of about
10 nm to about 380 nm, such that an additional vertical
alignment layer or a retardation layer may not be required.
Further, the liquid crystal structure according to example
embodiments may be optically isotropic and at least one
electrode may have a structure to generate multiple domains
(or multi domains) in a pixel region, thereby simplifying
processes of manufacturing the liquid crystal display device.
[0126] FIG.101s across-sectional view illustrating a liquid
crystal display device in accordance with example embodi-
ments. The liquid crystal display device may have a construc-
tion substantially the same as or substantially similar to that of
the liquid crystal display device described with reference to
FIG. 1, except for a configuration of a liquid crystal structure.

[0127] Referring to FIG. 10, a liquid crystal display device
400 may include a first substrate 410, a second substrate 420,
a first electrode 430, a second electrode 440 and a liquid
crystal structure 450. In example embodiments, the liquid
crystal display device 400 may have a first region I, a second
region I1 and a third region I1I. The first region I may include
a red pixel region and the second region II may include a
green pixel region. Further, the third region I1I may include a
blue pixel region.

[0128] Thefirst electrode 430 may be positioned on the first
substrate 410, and the second electrode 440 may be posi-
tioned on the second substrate 420. The first electrode 430
and/or the second electrode 440 may have a shape substan-
tially the same as or substantially similar to those described
with reference to FIG. 2A to 2F.

[0129] The liquid crystal structure 450 may be disposed
between the first electrode 430 on the first substrate 410 and
the second electrode 440 on the second substrate 420. The
liquid crystal structure 450 may include a plurality of liquid
crystal capsules 456, a red pigment structure 460R, a green
pigment structure 460G and a blue pigment structure 460B.

[0130] Each of'the liquid crystal capsules 456 may include
apolymer layer 452 and liquid crystal molecules 454 received
in the polymer layer 452. For example, each of the liquid
crystal capsules 456 may have a diameter of about 10 nm to
about 380 nm. When each liquid crystal capsules 456 have a
diameter of about 10 nm to 380 nm, the wavelength of visible
light may be larger (e.g., substantially larger) than the diam-
eter of each liquid crystal capsule 456, so that visible light
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may pass through the liquid crystal structure 450 including
liquid crystal capsules 456 without scattering of visible light.
[0131] Inexample embodiments, the red, the green and the
blue pigment structures 460R, 460G and 460B may include
red, green and blue pigments, respectively, together with
binders and dispersing agents. For example, the red pigment
structure 460R may include a red pigment or a red dye with a
binder and a dispersing agent. The liquid crystal structure 450
including the red pigment structure 460R may be positioned
in the first region I of the liquid crystal display device 400.
The green pigment structure 460G may include a green pig-
ment or a green dye with a binder and a dispersing agent. The
liquid crystal structure 450 including the green pigment struc-
ture 460G may be disposed in the second region II of the
liquid crystal display device 400. The blue pigment structure
460B may include a blue pigment or a blue dye with a binder
and a dispersing agent. The liquid crystal structure 450
including the blue pigment structure 460B may be located in
the third region I1I of the liquid crystal display device 400.
[0132] Inexample embodiments, each of the red, the green
and the blue pigment structures 460R, 460G and 460B may
further include an additive such as a monomer, an initiator, a
coupling agent, a leveling agent or a surface-active agent.
When the red, the green and the blue pigment structures
460R, 460G and 4608 are formed by an exposure process and
a developing process, the additive may be used to initiate a
polymerization reaction or to form a smooth interface. For
example, the liquid crystal structure 450 including the red
pigment structure 460R and the liquid crystal capsules 456
may be positioned in the first region I of the liquid crystal
display device 400 which may include the red pixel region, so
that a red colored image may be displayed in the first region
Iwhen visible light passes through the liquid crystal structure
450.

[0133] In example embodiments, the liquid crystal display
device may have the liquid crystal structures including the
red, the green and the blue pigment structures together with
the liquid crystal capsules in the red, the green and the blue
pixel regions of the liquid crystal display device, so that full
color images including red, green and blue images may be
displayed without a color filter.

[0134] FIGS. 11A to 11C are cross-sectional views illus-
trating a method of manufacturing a liquid crystal display
device in accordance with example embodiments.

[0135] Referring to FIG. 11A, a first electrode 430 may be
formed on a first substrate 410, and a blue mixture including
ablue pigment structure 460B and liquid crystal capsules 456
may be coated in a third region III of the first substrate 410. In
example embodiments, the blue mixture may be formed on
the first electrode 430 using a printing process such as an
inkjet printing process, a gravure printing process, an offset
printing process, a gravure offset printing process, a flexo
printing process, etc.

[0136] In example embodiments, the blue mixture includ-
ing the blue pigment structure 460B and the liquid crystal
capsules 456 may be obtained by adding liquid crystal cap-
sules, blue pigments or blue dyes, a binder and an additive
such as a coupling agent or a leveling agent into a solvent. In
example embodiments, the binder may include a copolymer
having a first portion including an acid soluble in an alkali
solution and a second portion maintaining a hardness of a
layer. For example, the binder may include acrylic acid
copolymer or ester copolymer which may contain at least one
carboxyl group or a functional group. In some example
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embodiments, the binder may further include novolac-type
copolymers or cardo-type copolymers. The additive may
include a silane coupling agent, a fluorine-type surface-active
agent, an anti-oxidation agent, a polymerization prohibitor,
an ultraviolet (UV) absorbent, an anticoagulant, a linking
agent, etc. The additive may be used to improve coating
characteristics, leveling characteristics or adhesion character-
istics of a coated layer.

[0137] In some example embodiments, barrier ribs 480
may be formed on the first substrate 410. For example, the
barrier ribs 480 may be positioned at boundaries of the firstto
the third regions I, I and III, so that color mixtures in pixel
regions may not overflow into adjacent pixel regions. There-
fore, color mixing of adjacent pixels may be effectively pre-
vented.

[0138] The blue mixture, which include the blue pigment
structure 460B and the liquid crystal capsules 456 positioned
in the third region III, may be cured or dried to form a blue
liquid crystal structure 450B including the blue pigment
structure 4608 and the liquid crystal capsules 456 in the third
region I1I.

[0139] Referring to 11B, a green mixture including a green
pigment structure 460G and liquid crystal capsules 456 may
be coated in the second region I1 of the first substrate 410. In
example embodiments, the green mixture may be formed on
the first electrode 430 by a printing process. The green mix-
ture including the green pigment structure 460G and the
liquid crystal capsules 456 may be formed by processes sub-
stantially the same as or substantially similar to those for
forming the blue mixture including the blue pigment structure
4608 and the liquid crystal capsules 456.

[0140] The green mixtre including the green pigment
structure 460G and the liquid crystal capsules 456 positioned
on the second region I may be cured or dried to form a green
liquid crystal structure 450G including the green pigment
structure 460G and the liquid crystal capsules 456 in the
second region II.

[0141] Referring to 11C, a red mixture including a red
pigment structure 460R and liquid crystal capsules 456 may
be formed in the first region I of the first substrate 410. In
example embodiments, the red mixture may be formed on the
first electrode 430 by a printing process. The red mixture
including the red pigment structure 460R and the liquid crys-
tal capsules 456 may be formed by processes substantially the
same as or substantially similar to those for forming the blue
mixture including the blue pigment structure 460B and the
liquid crystal capsules 456.

[0142] The red mixture including the red pigment structure
460R and the liquid crystal capsules 456 positioned in the first
region I may be cured or dried to form a red liquid crystal
structure 450R including the red pigment structure 460R and
the liquid crystal capsules 456 in the first region 1.

[0143] The first substrate 410 having the blue liquid crystal
structure 450B, the green liquid crystal structure 450G and
the red liquid crystal structure 450R may be combined with a
second substrate (not illustrated) having a second electrode
(not illustrated) thereon. Thus, the liquid crystal display
device including the red, the green and the blue liquid crystal
structures 450R, 450G and 450B between the first substrate
410 and the second substrate may be obtained.

[0144] According to example embodiments, the red, the
green and the blue liquid crystal structures including the red,
the green and the blue pigment structures and the liquid
crystal capsules may be provided in the red, the green and the

May 10, 2012

blue pixel regions of the liquid crystal display device. There-
fore, the liquid crystal display device having a simple con-
struction may display red, green and blue images without a
color filter or a retardation film, and also processes for manu-
facturing the liquid crystal display device may be simplified.

[0145] FIGS.12A to 121 are cross-sectional views illustrat-
ing a method of manufacturing a liquid crystal display device
in accordance with example embodiments.

[0146] Referring to FIG. 12A, a first electrode 430 may be
formed on a first substrate 410, and a preliminary blue liquid
crystal structure 470B including a blue pigment structure
460B and liquid crystal structures 456 in a first region I, a
second region II and a third region III of the first substrate
410.

[0147] In example embodiments, the preliminary blue lig-
uid crystal 470B may be obtained by adding liquid crystal
capsules 456, blue pigments or blue dyes, a binder, a mono-
mer, an initiator and an additive such as a coupling agent or a
leveling agent into a solvent. In example embodiments, the
binder may include a copolymer having a first portion includ-
ing an acid soluble in an alkali solution and a second portion
maintaining a hardness of a coating layer. For example, the
binder may include acrylic acid copolymer or ester copoly-
mer which may have at least one carboxyl group or a func-
tional group. In some example embodiments, the binder may
additionally include novolac-type copolymers or cardo-type
copolymers. The monomer may have a functional group
which may react to a radical reaction initiated by the initiator.
In example embodiments, the monomer may include acrylate
monomers. The initiator may initiate a radical reaction in an
exposure process. For example, the additive may include a
silane coupling agent, a fluorine-typed surface-active agent,
an anti-oxidation agent, a polymerization prohibitor, a UV
absorbent, an anticoagulant or a linking agent. The additive
may be used to improve coating characteristics, leveling char-
acteristics or adhesion characteristics of a coated layer.

[0148] In example embodiments, the preliminary blue lig-
uid crystal structure 470B including the blue pigment struc-
ture 460B and the liquid crystal capsules 456 may be formed
by a spin coating process or a slit coating process. Barrier ribs
480 may be additionally formed on the first substrate 410. The
barrier ribs 480 may be located at boundaries of the first
region to the third region I, IT and 111, so that color mixtures of
pixel regions may not overflow into adjacent pixel regions
without color mix of adjacent pixel regions.

[0149] Referring to FIG. 12B, a first mask 490 covering the
first and the second regions I and

[0150] 1T and exposing the third region III may be posi-
tioned over the first substrate 410. The preliminary blue liquid
crystal structure 470B in the third region 11 may be selective
exposed to light using the first mask 490. For example, the
preliminary blue liquid crystal structure 470B may be
exposed to an ultraviolet ray.

[0151] Referring to FIG. 12C, a curing (hardening) process
and a developing process may be performed about the pre-
liminary blue liquid crystal structure 470B in the first to the
third regions I, IT and IIT of the first substrate 410, such that
portions of the preliminary blue liquid crystal structure 4708
in the first and the second regions I and 1T may be removed.
Therefore, a blue liquid crystal structure 450B including the
blue pigment structure 460B and the liquid crystal capsules
456 may be formed in the third region III of the first substrate
410.
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[0152] Referring to FIG. 12D, a preliminary green liquid
crystal structure 470G including a green pigment structure
460G and liquid crystal capsules 456 may be formed in the
first to the third regions I, IT and III of the first substrate 410.
The preliminary green liquid crystal structure 470G may be
formed by processes substantially the same as or substantially
similar to those for forming the preliminary blue liquid crys-
tal structure 470B.

[0153] Referring to FIG. 12E, a second mask 491 covering
the first and the third regions I and Il and exposing the second
region 1T may be provided over the first substrate 410. The
preliminary green liquid crystal structure 470G in the second
region Il may be exposed to light using the second mask 491.
[0154] Referring to FIG. 12F, a curing (hardening) process
and a developing process may be executed on the preliminary
green liquid crystal structure 470G in the first to the third
regions [, II and III of the first substrate 410, to thereby
remove portions of the preliminary green liquid crystal struc-
ture 470G in the first and the third regions I and I1I of the first
substrate 410. Thus, a green liquid crystal structure 450G
including the green pigment structure 460G and the liquid
crystal capsules 456 may be provided in the second region 11
of the first substrate 410. While the green liquid crystal struc-
ture 450G is formed, the blue liquid crystal structure 4508
including the blue pigment structure 460B and the liquid
crystal capsules 456 formed in the third region III may not be
removed. Thus, the green liquid crystal structure 450G may
be positioned in the second region II adjacent to the blue
liquid crystal structure 450B in the third region III.

[0155] Referring to FIG. 12G, a preliminary red liquid
crystal structure 470R including a red pigment structure 460R
and liquid crystal capsules 456 may be formed in the first to
the third regions I, II and III of the first substrate 410. The
preliminary red liquid crystal structure 470R may be formed
by processes substantially the same as or substantially similar
to those for forming the preliminary blue liquid crystal struc-
ture 470B.

[0156] Referring to FIG. 12H, a third mask 492 covering
the second and the third regions II and III and exposing the
first region I may be disposed over the first substrate 410. The
preliminary red liquid crystal structure 470R in the first
region I may be exposed to light using the third mask 492.
[0157] Referring to FIG. 121, a curing process and a devel-
oping process may be carried out about the preliminary red
liquid crystal structure 470R in the first to the third regions I,
1T and I1I of the first substrate 410, thereby removing portions
of the preliminary red liquid crystal structure 470R in the
second and the third regions 1I and IIT of the first substrate
410. Hence, a red liquid crystal structure 450R including the
red pigment structure 460R and the liquid crystal capsules
456 may be formed in the first region I of the first substrate
410.

[0158] While the red liquid crystal structure 450G is
formed, the blue liquid crystal structure 450B including the
blue pigment structure 4608 and the liquid crystal capsules
456 formed in the third region I1 and the green liquid crystal
structure 450G including the green pigment structure 460G
and the liquid crystal capsules 456 in the second region 1T may
not be removed.

[0159] The first substrate 410 having the blue liquid crystal
structure 450B, the green liquid crystal structure 450G and
the red liquid crystal structure 450R may be combined with a
second substrate (not illustrated) having a second electrode
(not illustrated) thereon. Therefore, the liquid crystal display
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device including the red, the green and the blue liquid crystal
structures 450R, 450G and 4508 between the first substrate
410 and the second substrate may be obtained. The red liquid
crystal structure 450R including the red pigment structure
460R may be positioned in the first region T of the liquid
crystal display device, the green liquid crystal structure 450G
including the green pigment structure 460G may be disposed
in the second region 1T of the liquid crystal display device, and
the blue liquid crystal structure 450B including the blue pig-
ment structure 460B may be located in the third region I1I of
the liquid crystal display device.

[0160] FIG. 13 is a cross-sectional view illustrating a liquid
crystal display device in accordance with example embodi-
ments. The liquid crystal display device illustrated in FIG. 13
may have a construction substantially the same as or substan-
tially similar to that of the liquid crystal display device
described with reference to FI1G. 1 except for a liquid crystal
structure.

[0161] Referring to FIG. 13, the liquid crystal display
device 500 may include a first substrate 510, a second sub-
strate 520, a first electrode 530, a second electrode 540 and a
liquid crystal structure 550. The liquid crystal display device
500 may have a first region I, a second region II and a third
region I1I. The first region I may include a red pixel region, the
second region II may have a green pixel region and the third
region Il may include a blue pixel region.

[0162] The first electrode 530 may be disposed on the first
substrate 510 and the second electrode 540 may be located on
the second substrate 520. The first electrode 530 and/or the
second electrode 540 may have a shape substantially the same
or substantially similar to those described with reference to
FIGS. 2A 1o 2F.

[0163] In example embodiments, the liquid crystal struc-
ture 550 may be positioned between the first electrode 530 on
the first substrate 510 and the second electrode 540 on the
second substrate 520. The liquid crystal structure 550 may
include a plurality of liquid crystal capsules 556 and red,
green and blue pigment coating layers 560R, 560G and 560B.
Each of'the liquid crystal capsules 556 may include a polymer
layer 552 and liquid crystal molecules 554 received in the
polymer layer 552. For example, each of the liquid crystal
capsules 556 may have a diameter of about 10 nm to about
380 nm. When the liquid crystal capsules 556 have a diameter
ofabout 10 nm to 380 nm, the wavelength of visible light may
be larger (e.g., substantially larger) than the diameters of
liquid crystal capsules 556, so that visible light may pass
through the liquid crystal structure 550 including liquid crys-
tal capsules 556 without scattering of visible light.

[0164] Inexample embodiments, the red, the green and the
blue pigment coating layer 560R, 560G and 560B may
include red, green and blue pigments, respectively, together
with binders and dispersing agents. For example, the red
pigment coating layer 560R may include a red pigment or a
red dye with a binder and a dispersing agent. The red pigment
coating layer 560R may substantially enclose a surface of the
liquid crystal capsules 556.

[0165] In example embodiments, the red pigment coating
layer 560R may be directly coated to the surface of the liquid
crystal capsules 556. In some example embodiments, the red
pigment coating layer 560R may be formed by attaching
amphiphilic copolymers of which a portion is substituted
with red-colored functional group to the surface of the liquid
crystal capsules 556. The amphiphilic copolymers may be
copolymers including both a hydrophilic functional group
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and a hydrophobic functional group. For example, the
amphiphilic copolymer of which a hydrophilic functional
group is substituted with a red color functional group may be
attached to a surface of the liquid crystal capsules 556. The
amphiphilic copolymer may be reactive to the color func-
tional group and the liquid crystal capsule 556. Example
chemical formula of the amphiphilic copolymer is illustrated
as follows:

[Chemical Formula]

i CH; CH;

|
—[-CHz—C'L—['CHz—T-]y—[-CHz—C‘]T
O=T O=T
OH 0—

R—N—

[0166] Inexample embodiments, each of the red, the green
and the blue pigment coating layers 560R, 560G and 560B
may include an additive such as a monomer, an initiator, a
coupling agent or a leveling agent. The additive may initiate
a polymerization reaction or may smooth an interface of the
liquid erystal structure 550 in an exposure process and a
developing process.

[0167] According to example embodiments, the liquid
crystal display device may have the red, the green and the blue
liquid crystal structures 550R, 550G and 550B including the
liquid crystal capsules 556 coated with the red, the green and
the blue pigment coating layers 560R, 560G and 5608,
respectively, so that red, green and blue images may be dis-
played without a color filter.

[0168] FIG. 14 is a cross-section view illustrating a liquid
crystal display device in accordance with example embodi-
ments. The liquid crystal display device illustrated in FIG. 14
may have a construction substantially the same as or substan-
tially similar to those illustrate with reference to FIG. 1,
except for a liquid crystal structure.

[0169] Referring to FIG. 14, the liquid crystal display
device 600 may include a first substrate 610, a second sub-
strate 620, a first electrode 630, a second electrode 640 and a
liquid crystal structure 650. The liquid crystal display device
600 may have a first region I, a second region II and a third
region I1I. The first region I may have a red pixel region, the
second region II may include a green pixel region and the
third region III may have a blue pixel region.

[0170] The first electrode 630 may be formed on the first
substrate 610 and the second electrode 640 may be formed on
the second substrate 620. The first electrode 630 and/or the
second electrode 640 may have a shape substantially the same
as or substantially similar to those described with reference to
FIGS. 2A to 2F.

[0171] In example embodiments, the liquid crystal struc-
ture 650 may be positioned between the first electrode 630 on
the first substrate 610 and the second electrode 640 on the
second substrate 620. The liquid crystal structure 650 may
include a plurality of liquid crystal capsules 656 and red,
green and blue color binders 660R, 660G and 660B.
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[0172] Each of the liquid crystal capsules 656 may include
apolymer layer 652 and liquid crystal molecules 654 received
in the polymer layer 652. For example, each of the liquid
crystal capsules 556 may have a diameter of about 10 nm to
about 380 nm. The red, the green and the blue color binders
660R, 660G and 660B may include binders having colors of
red, green and blue, respectively, together with additives. For
example, the red color binder 660R may include a binder
having ared color, a dispersing agent, a monomer, an initiator,
a coupling agent or a leveling agent.

[0173] In example embodiments, the red liquid crystal
structure 650R including the red color binder 660R may have
a plurality of the liquid crystal capsules 656 dispersed in the
red color binder 660R. The green liquid crystal structure
650G including the green color binder 660G may have a
plurality of the liquid crystal capsules 656 dispersed in the
green color binder 660G. The blue liquid crystal structure
650B including the blue color binder 660B may have a plu-
rality of the liquid crystal capsules 656 dispersed in the blue
color binder 660B.

[0174] According to example embodiments, the liquid
crystal display device may have the red, the green and the blue
liquid crystal structures 650R, 650G and 650B including the
red, the green and the blue color binders 660R, 660G and
660B, together with the liquid crystal capsules 656 and on the
red, the green and the blue pixel regions of the liquid crystal
display device 600, respectively, so that red, green and blue
images may be displayed without a color filter.

[0175] According to example embodiments, the liquid
crystal display device may have the liquid crystal structure
including a plurality of liquid crystal capsules having a diam-
eter smaller than the shortest wavelength of visible light.
Visible light may be transmitted through the liquid crystals
molecules so that an alignment layer may not be required to
control the initial alignment of the liquid crystal molecules.
Additionally, the movement of the liquid crystal molecules
may be confined in the liquid crystal capsules so that a spacer
or a supporting member may not be required to place the
liquid crystal molecules uniformly at each pixel. Pooling or
bruising effect caused by the displacement of the liquid crys-
tal molecules may be reduced or avoided when a user touches
the first and the second substrates. Further, the liquid crystal
display device may have the red, the green and the blue liquid
crystal structures including the red, the green and the blue
pigments, pigment coating layers or color binders, so that the
liquid crystal display device may display red, green and blue
images without a color filter or a retardation film.

[0176] The foregoing is illustrative of example embodi-
ments and s 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 invention. Accordingly, all such modifications are
intended to be included within the scope of the invention as
defined in the claims and their equivalents. In the claims,
means-plus-function clauses are intended to cover the struc-
tures 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 illustra-
tive of various example embodiments and is not to be con-
strued as limited to the specific example embodiments dis-
closed, and that modifications to the disclosed example
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embodiments, as well as other example embodiments, are
intended to be included 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 a first face of the first substrate;

a second substrate opposed to the first substrate;

a second electrode on a first face of the second substrate,
the second electrode corresponding to the first electrode;
and

aliquid crystal structure between the first substrate and the
second substrate, the liquid crystal structure comprising
liquid crystal capsules.

2. The liquid crystal display device of claim 1, wherein
each of the liquid crystal capsules comprises liquid crystal
molecules and a polymer layer enclosing the liquid crystal
molecules.

3. The liquid crystal display device of claim 2, wherein the
liquid crystal display device includes a first region, a second
region and a third region, and wherein the liquid crystal
structure includes a red liquid crystal structure in the first
region, a green liquid crystal structure in the second region
and a blue liquid crystal structure in the third region.

4. The liquid crystal display device of claim 3, wherein the
red liquid crystal structure, the green liquid crystal structure
and the blue liquid crystal structure include a red pigment
structure, a green pigment structure and a blue pigment struc-
ture, respectively.

5. The liquid crystal display device of claim 4, wherein the
red, the green and the blue pigment structures respectively
include red, green and blue pigments mixed with binders,
surface-active agents and additives.

6. The liquid crystal display device of claim 3, wherein the
red, the green and the blue liquid crystal structures include
red, green and blue pigment coating layers enclosing the
liquid crystal capsules, respectively.

7. The liquid crystal display device of claim 6, wherein the
red, the green and the blue pigment coating layers respec-
tively include red, green and blue pigments mixed with bind-
ers, surface-active agents and additives.

8. The liquid crystal display device of claim 3, wherein the
red, the green and the blue liquid crystal structures include
red, green and blue color binders in which the liquid crystal
capsules are dispersed, respectively.

9. The liquid crystal display device of claim 3, further
comprising barrier ribs disposed among the red, the green and
the blue liquid crystal structures.

10. The liquid crystal display device of claim 2, wherein
each of the liquid crystal molecules has a positive dielectric
anisotropy or a negative dielectric anisotropy.

11. The liquid crystal display device of claim 1, wherein
each of the liquid crystal capsules has a diameter of about 10
nm to about 380 nm.

12. The liquid crystal display device of claim 1, further
comprising at least one polarization plate on at least one of a
second face of the first substrate and a second face of the
second substrate.

13. The liquid crystal display device of claim 12, wherein
at least one of the first electrode and the second electrode is
aligned relative to an optical axis of the at least one polariza-
tion plate at an angle of about 45 degrees.

14. The liquid crystal display device of claim 13, wherein
at least one of the first electrode and the second electrode has
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a substantially embossed “I” shape, a substantially engraved
“T” shape, a substantially embossed “T” shape, a substantially
engraved “T” shape, a separated embossed “T” shape or a
separated engraved “T” shape.

15. The liquid crystal display device of claim 1, further
comprising:

a first polarization plate on a second face of the first sub-

strate; and

a second polarization plate on a second face of the second

substrate.
16. The liquid crystal display device of claim 15, wherein
at least one of the first electrode and the second electrode is
aligned relative to at least one of an optical axis of the first
polarization plate and an optical axis of the second polariza-
tion plate at an angle of about 45 degrees.
17. A liquid crystal display device comprising:
a first substrate;
a first electrode on a first face of the first substrate;
a second substrate opposed to the first substrate;
a reflection layer on a first face of the second substrate, the
reflection layer corresponding to the first electrode; and

aliquid crystal structure between the first substrate and the
second substrate, the liquid crystal structure comprising
liquid crystal capsules.

18. The liquid crystal display device of claim 17, wherein
the reflection layer comprises at least one material selected
from the group consisting of aluminum (Al), chrome (Cr),
molybdenum (Mo), platinum (Pt), and combinations thereof.

19. The liquid crystal display device of claim 17, wherein
the reflection layer comprises a plurality of concave portions
and a plurality of convex portions.

20. The liquid crystal display device of claim 17, further
comprising a polarization plate on a second face of the first
substrate.

21. The liquid crystal display device of claim 17, wherein
the first electrode is aligned relative to an optical axis of the
polarization plate at an angle of about 45 degrees.

22. The liquid crystal display device of claim 17, wherein
the liquid crystal display device comprises a reflective region
and a transmissive region, the reflection layer is in the reflec-
tive region, and the liquid crystal display device further com-
prises a second electrode on the first face of the second sub-
strate in the transmissive region.

23. The liquid crystal display device of claim 17, wherein
each of the liquid crystal capsules comprises liquid crystal
molecules and a polymer layer enclosing the liquid crystal
molecules.

24. The liquid crystal display device of claim 23, wherein
the liquid crystal display device includes a first region, a
second region and a third region, and wherein the liquid
crystal structure includes a red liquid crystal structure in the
first region, a green liquid crystal structure in the second
region and a blue liquid crystal structure in the third region.

25. The liquid crystal display device of claim 24, wherein
the red, the green and the blue liquid crystal structures include
red, green and blue pigment structures, respectively.

26. The liquid crystal display device of claim 24, wherein
the red, the green and the blue liquid crystal structures include
red, green and blue pigment coating layers enclosing the
liquid crystal capsules, respectively.

27. The liquid crystal display device of claim 24, wherein
the red, the green and the blue liquid crystal structures include
red, green and blue color binders in which the liquid crystal
capsules are dispersed, respectively.
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28. The liquid crystal display device of claim 24, further
comprising barrier ribs among the red, the green and the blue
liquid crystal structures.

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

forming a first electrode on a first face of a first substrate;

forming a polarization plate on a second face of the first

substrate;

forming a second electrode on a first face of a second

substrate opposed to the first face of the first substrate;
and

forming a liquid crystal structure between the first sub-

strate and the second substrate, the liquid crystal struc-
ture comprising liquid crystal capsules having liquid
crystal molecules.

30. The method of claim 29, wherein forming the first
electrode comprises:

forming a conductive layer on the first face of the first

substrate; and

patterning the conductive layer to form the first electrode

aligned relative to an optical axis of the polarization
plate at an angle of about 45 degrees.

31. The method of claim 29, wherein the liquid crystal
molecules are formed using a high pressure homogenizer.

32. The method of claim 29, wherein forming the liquid
crystal structure comprises spreading the liquid crystal cap-
sules on the first electrode or on the second electrode.

33. The method of claim 29, wherein foaming the liquid
crystal structure comprises printing the liquid crystal cap-
sules on the first electrode or on the second electrode.

34. The method of claim 29, further comprising combining
the first substrate with the second substrate before forming
the liquid crystal structure or after forming the liquid crystal
structure.

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

forming a first electrode on a first substrate, the first sub-

strate having a first region, a second region and a third
region;

forming a blue liquid crystal structure in the third region;

forming a green liquid crystal structure in the second

region;

forming a blue liquid crystal structure in the first region;

forming a second electrode on a second substrate; and

combining the first substrate with the second substrate by
interposing the blue, the green and the red liquid crystal
structures between the first and the second substrates.

36. The method of claim 35, further comprising forming
barrier ribs among the first region, the second region and the
third region.
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37. The method of claim 35, wherein forming the blue
liquid crystal structure comprises:

spreading a blue mixture including a blue pigment struc-

ture and liquid crystal capsules on the first electrode in
the third region; and

forming the blue liquid crystal structure from the blue

mixture,

wherein forming the green liquid crystal structure com-

prises:

spreading a green mixture including a green pigment struc-

ture and liquid crystal capsules on the first electrode in
the second region; and

forming the green liquid crystal structure from the green

mixture, and

wherein forming the red liquid crystal structure comprises:

spreading a red mixture including a red pigment structure

and liquid crystal capsules on the first electrode in the
first region; and

forming the red liquid crystal structure from the red mix-

ture.

38. The method of claim 35, wherein forming the blue
liquid crystal structure comprises:

forming a preliminary blue liquid crystal structure includ-

ing a blue pigment structure and liquid crystal capsules
on the first electrode; and

removing portions of the preliminary blue liquid crystal

structure from the first and the second regions.

39. The method of claim 38, wherein forming the green
liquid crystal structure comprises:

forming a preliminary greenliquid crystal structure includ-

ing a green pigment structure and liquid crystal capsules
on the blue liquid crystal structure and the first electrode;
and

removing portions of the preliminary green liquid crystal

structure from the first region and the blue liquid crystal
structure.

40. The method of claim 39, wherein forming the red liquid
crystal structure comprises:

forming a preliminary red liquid crystal structure including

ared pigment structure and liquid crystal capsules on the
blue and the green liquid crystal structures and the first
electrode; and

removing portions of the preliminary red liquid crystal

structure from the blue and the green liquid crystal struc-
tures.

41. The method of claim 39, wherein removing the portions
of the preliminary blue, the preliminary green and the pre-
liminary red liquid crystal structures comprises an exposure
process and a developing process.
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