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LIQUID CRYSTAL DISPLAY DEVICES AND
METHODS OF MANUFACTURING LIQUID
CRYSTAL DISPLAY DEVICES

CLAIM OF PRIORITY

[0001] This application claims priority under 35 U.S.C.
§119 to Korean patent Application No. 2011-0043563, filed
on May 9, 2011, the disclosure of which is hereby incorpo-
rated by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Example embodiments of the invention relate to
liquid crystal display devices and methods of manufacturing
liquid crystal display devices.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display device may display images
by controlling a transmittance of light according to an orien-
tation of liquid crystal molecules in a liquid crystal layer by
varying an electric field generated between two electrodes.
Even though the liquid crystal display may not emit light
itself and may need an additional light source, the liquid
crystal display has been used widely because of a relatively
low power consumption and a desired mobility thereof.
[0006] Generally, liquid crystal display devices are classi-
fied into transmissive type liquid crystal display devices using
internal light sources and reflective type liquid crystal display
devices using external light sources. The transmissive type
liquid crystal display device, an internal backlight is served as
the internal light source, so that the transmissive type liquid
crystal display device may display relatively bright images
under a relatively dark environment.

[0007] A transflective type liquid crystal display having a
transmissive region and a reflective region usually includes a
lower substrate having a thin film transistor, an upper sub-
strate having a color filter, and a liquid crystal layer disposed
between the lower and the upper substrates. In this case, the
transflective type liquid crystal display may have a dual cell
gap structure in which a cell gap of the transmissive region
may be substantially two times larger than a cell gap of the
reflective region.

[0008] In a conventional transflective type liquid crystal
display device, one pixel may have a transmissive region and
a reflective region while basically one transistor may simul-
taneously apply a voltage into the transmissive region and the
reflective region. An optical path of an incident light in the
reflective region may be about two times larger than a cell gap
in the reflective region, so that the optical path of the incident
light in the reflective region may need to be reduced by ¥ or
a retardation of the liquid crystal layer may correspond to Y4
of a wave length of the incident light. As for the conventional
transflective type liquid crystal display device, in order to
reduce the cell gap in the reflective region, a step may be
formed on a lower substrate having a thin film transistor
and/or an upper substrate having a color filter.

SUMMARY

[0009] According to example embodiments, there is pro-
vided a liquid crystal display device including a first substrate
having a reflective region and a transmissive region, a second
substrate corresponding to the first substrate, a first liquid
crystal structure disposed between the first substrate and the
second substrate in the reflective region, the first liquid crystal
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structure including first polymer networks and first liquid
crystal molecules, and a second liquid crystal structure dis-
posed between the first substrate and the second substrate in
the transmissive region, the second liquid crystal structure
including second polymer networks and second liquid crystal
molecules.

[0010] In example embodiments, the first liquid crystal
molecules may be partially or totally dispersed in the first
polymer networks, and the second liquid crystal molecules
may be partially or totally dispersed in the second polymer
networks.

[0011] Inexampleembodiments, atleastone ofthe firstand
the second liquid crystal structures may include a color dye.
[0012] Inexample embodiments, the liquid crystal display
device may additionally include a memory structure disposed
on the first substrate in the reflective region and an insulation
layer covering the memory structure on the first substrate.
[0013] Inexample embodiments, the liquid crystal display
device may additionally include a first electrode disposed on
the first substrate in the reflective region and the transmissive
region, and a second electrode disposed on the second sub-
strate.

[0014] In example embodiments, a first cell gap between
the first electrode and the second electrode in the reflective
region may be smaller than a second cell gap between the first
electrode and the second electrode in the transmissive region.
[0015] Inexample embodiments, the first electrode may be
electrically connected to the memory structure.

[0016] Inexample embodiments, the liquid crystal display
device may additionally include a reflection layer disposed
between the first electrode and the first substrate in the reflec-
tive region.

[0017] In example embodiments, the reflection layer may
include a cholesteric liquid crystal polymer.

[0018] Inexample embodiments, the liquid crystal display
device may additionally include a black matrix disposed
between the reflection layer and the first substrate.

[0019] Inexample embodiments, the liquid crystal display
device may additionally include a color filter disposed
between the reflection layer and the first electrode.

[0020] In example embodiments, the first electrode may
cover exposed surfaces of the reflection layer and the color
filter.

[0021] Inexample embodiments, the liquid crystal display
device may additionally include areflection layer disposed on
the first substrate in the reflective region, a first electrode
disposed on the first substrate in the transmissive region, and
a second electrode disposed on the second substrate.

[0022] In example embodiments, a first cell gap between
the first electrode and the second electrode in the reflective
region may be the same size as a second cell gap between the
first electrode and the second electrode in the transmissive
region.

[0023] In example embodiments, the first electrode may
make contact with the reflection layer, and the reflection layer
may be electrically connected to the memory structure.
[0024] Inexample embodiments, the liquid crystal display
device may additionally include a color filter disposed on the
second electrode in the reflective region, and a protection
layer disposed on the color filter and the second electrode.
[0025] In example embodiments, the color filter may
include an opening partially exposing the first liquid crystal
structure.
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[0026] According to example embodiments, there is pro-
vided a method of manufacturing a liquid crystal display
device. In the method, a first electrode may be formed on a
first substrate having a reflective region and a transmissive
region. A second electrode may be formed on a second sub-
strate substantially corresponding to the first substrate. The
first substrate may be combined with the second substrate. A
first liquid crystal structure may be formed between the first
substrate and the second substrate in the reflective region, the
first liquid crystal structure may include first polymer net-
works and first liquid crystal molecules. A second liquid
crystal structure may be formed between the first substrate
and the second substrate in the transmissive region. The sec-
ond liquid crystal structure may include second polymer net-
works and second liquid crystal molecules.

[0027] In example embodiments, the method for manufac-
turing a liquid crystal display device may further include
forming a memory structure on the first substrate in the reflec-
tive region prior to foil ling the first electrode, and forming an
insulation layer on the first substrate to cover the memory
structure prior to forming the first electrode.

[0028] Inexample embodiments, a reflection layer may be
formed between the insulation layer and the first electrode in
the reflective region.

[0029] In example embodiments, a color filter may be
formed between the reflection layer and the first electrode.
[0030] In example embodiments, a black matrix may be
formed between the insulation layer and the reflection layer.
[0031] Inexample embodiments, a reflection layer may be
formed on the first substrate in the reflective region, wherein
the first electrode is disposed on the first substrate in the
transmissive region.

[0032] In example embodiments, a color filter may be
formed on the second electrode in the reflective region, and a
protection layer may be formed on the color filter and the
second electrode.

[0033] Forming the first and the second liquid crystal struc-
tures according to example embodiments may include form-
ing a first preliminary liquid crystal structure in the reflective
region, forming a second preliminary liquid crystal structure
in the transmissive region, and exposing the first preliminary
liquid structure and the second preliminary liquid crystal
structure to light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Example embodiments may be understood in more
detail from the following description taken in conjunction
with the accompanying drawings, in which:

[0035] FIG. 1 illustrates a cross sectional view of a liquid
crystal display device in accordance with example embodi-
ments;

[0036] FIG. 2 illustrates a cross sectional view of an opera-
tion of a liquid crystal display device in accordance with
example embodiments;

[0037] FIG. 3 illustrates a cross sectional view of a liquid
crystal display device in accordance with some example
embodiments;

[0038] FIG. 4 illustrates a cross sectional view of a liquid
crystal display device in accordance with some example
embodiments;

[0039] FIG. 5 illustrates a cross sectional view of a liquid
crystal display device in accordance with some example
embodiments; and
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[0040] FIGS. 6 and 7 illustrate cross sectional views of a
method of manufacturing a liquid crystal display device in
accordance with example embodiments.

DESCRIPTION OF EMBODIMENTS

[0041] 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.

[0042] It will be understood that when an element or layer
is referred to as being “on,” “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like 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.

[0043] 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 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 departing from the teachings of the
invention.

[0044] 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, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” may encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0045] The terminology used herein is for the purpose of
describing particular example embodiments only and is not
intended to be limiting of the invention. As used herein, the
singular forms “a,” “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “com-
prises” and/or “comprising,” when used in this specification,
specify the presence of stated features, integers, steps, opera-

tions, elements, and/or components, but do not preclude the
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presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0046] 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 implanted to non-implanted region. Like-
wise, 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.

[0047] 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.

[0048] FIG. 1 is a cross sectional view illustrating a liquid
crystal display device in accordance with example embodi-
ments.

[0049] Referring to FIG. 1, a liquid crystal display device
may include a first substrate 10, a memory structure 20, an
insulation layer 25, a reflection layer 30, a color filter 40, a
first electrode 50, a second substrate 90, a second electrode
80, a first liquid crystal structure 60, and a second liquid
crystal structure 70. The first and the second liquid crystal
structures 60 and 70 may be disposed between the first sub-
strate 10 and the second substrate 90.

[0050] Inexample embodiments, the liquid crystal display
device may include a transflective liquid crystal display
device having a reflective region I and a transmissive region
I1. In this case, the first substrate 10 and/or the second sub-
strate 90 may also include the reflective region I and the
transmissive region II.

[0051] In example embodiments, the first liquid crystal
structure 60 may be positioned in the reflective region I and
the second liquid crystal structure 70 may be located in the
transmissive region II. The first liquid crystal structure 60
may include first polymer networks 61 and first liquid crystal
molecules 62. Additionally, the second liquid crystal struc-
ture 70 may include second polymer networks 71 and second
liquid crystal molecules 72.

[0052] Each of the first substrate 10 and the second sub-
strate 90 may include a transparent insulating material, for
example, glass, transparent plastic, transparent metal oxide,
etc. In example embodiments, a first face of the first substrate
10 may substantially correspond to a first face of the second
substrate 90. That is, the first substrate 10 may substantially
face the second substrate 90. Additionally, a second face of
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the first substrate 10 and a second face of the second substrate
90 may be substantially opposed to the first face of the first
substrate 10 and the first face of the second substrate 90,
respectively. The liquid crystal display device may have a
construction in which the first and the second substrates 10
and 90 are located substantially parallel to each other. Here,
the first and the second substrates 10 and 90 may be arranged
horizontally or vertically.

[0053] Referring to FIG. 1, the memory structure 20, the
insulation layer 25, the reflection layer 30, and the first elec-
trode 50 may be disposed on the first substrate 10. The
memory structure 20 may be positioned on the first substrate
10 in the reflective region 1. The memory structure 20 may
include an in-pixel memory structure and may correspond to
each pixel of the liquid crystal display device. That is, the
liquid crystal display device may include a plurality of
memory structures 20 substantially corresponding to a plu-
rality of pixels, respectively. In example embodiments, the
memory structure 20 may be located in the reflective region I,
so that the reduction in an aperture ratio of the liquid crystal
display may be prevented. For example, the memory structure
20 may include a memory device such as a static random
access memory (SRAM) device, a dynamic random access
memory (DRAM) device, a magneto-resistive random access
memory (MRAM) device, etc. Further, the memory structure
20 may include a switching device such as a thin film tran-
sistor (TFT) and/or an oxide semiconductor device. Using
memory structure 20 having the in-pixel memory construc-
tion, the liquid crystal display device may display static
images without any refresh process. Thus, a power consump-
tion of the liquid crystal display device may be reduced.
Furthermore, when each pixel of the liquid crystal display
device includes a memory device, the liquid crystal display
device may display various color images using data stored in
the memory device without operating a driving circuit for
driving the liquid crystal display device. In other words, the
liquid crystal display device may display images using the
memory structure 20 disposed in each pixel without operating
the driving circuit. Thus, the liquid crystal display device may
ensure a low power consumption.

[0054] The insulation layer 25 may be positioned on the
first substrate 10 to cover the memory structure 20. In this
case, the insulation layer 25 may include a first opening (not
illustrated) partially exposing the memory structure 20. In
example embodiments, the insulation layer 25 may be located
on the first substrate 10 in the reflective region I. Alternatively,
the insulation layer 25 may be disposed on the first substrate
10 in both of the reflective region I and the transmissive region
II. The insulation layer 25 may include a transparent insulat-
ing material such as transparent plastic, transparent resin, etc.
[0055] The reflection layer 30 may be located on the insu-
lation layer 25. The reflection layer 30 may be disposed in the
reflective region I of the liquid crystal display device. In
example embodiments, the reflection layer 30 may fill the first
opening in the insulation layer 25 and may make contact with
the memory structure 20. In some example embodiments,
contacts (not illustrated), plugs (not illustrated), pads (not
illustrated), etc., filling the first opening in the insulation layer
25 may also be provided. According to some embodiments,
the reflection layer 30 may be electrically connected to the
memory structure 20 through the contacts, the plugs, the pads,
etc.

[0056] The reflection layer 30 may include a material hav-
ing a relatively high reflectivity. For example, the reflection
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layer 30 may include one or more of aluminum (Al), molyb-
denum (Mo), tungsten (W), chrome (Cr), platinum (Pt), silver
(Ag), an alloy thereof, etc. Materials suitable for the reflection
layer 30 are not limited to those specifically described herein.
In example embodiments, the reflection layer 30 may have a
substantially level surface. Alternatively, the reflection layer
30 may include a plurality of protruding portions having a
micro lens structure. As such, an efficiency of light incident in
the reflective region I may be improved.

[0057] In example embodiments, the first liquid crystal
molecules 62 in the first liquid crystal structure 60 and the
reflection layer 30 may reflect light incident into the reflective
region I. The liquid crystal display device may, thereby,
achieve an enhanced reflection efficiency, without an addi-
tional process for improving a reflectivity of the reflection
layer 30, for example, an embossing process.

[0058] The color filter 40 may be disposed on the reflection
layer 30. In example embodiments, substantially similar to
the reflective layer 30, the color filter 40 may be positioned in
the reflective region 1. That is, the color filter 40 may not exist
in the transmissive region II. In example embodiments, the
color filter 40 may include red color filters for red (R) light,
green color filters for green (G) light, blue color filters for blue
(B) light, etc. In some example embodiments, a color filter
(not illustrated) in the transmissive region II may have a
thickness substantially smaller than that of the color filter 40
in the reflective region I. In this case, the color filter in the
transmissive region I may be located on the second electrode
80 or the second substrate 90. Alternatively, the color filter in
the transmissive region I may be disposed between the sec-
ond electrode 80 and the second substrate 90.

[0059] Inexample embodiments, the color filter 40 and the
memory structure 20 may be disposed on one first substrate
10 instead of separate substrates, so that processes for manu-
facturing the liquid crystal display device may be simplified.
Such a configuration may also facilitate a reduction in an
aperture ratio of the liquid crystal display device caused by a
mis-alignment between the color filter 40 and the memory
structure 20. Furthermore, a cross-talk problem that may
result from a small distance, i.e., an insufficient distance,
between the first electrode 50 and the switching device in the
memory structure 20, may be prevented. For example, by
positioning the color filter 40 between the memory structure
20 and the first electrode 50 a proper distance may be pro-
vided to avoid cross-talk.

[0060] In example embodiments, a second cell gap (y1) in
the transmissive region II of the liquid crystal display device
may be substantially larger than a first cell gap (x1) in the
reflective region I due to the color filter 40, the memory
structure 20, and the insulation layer 25 located in the reflec-
tive region 1. For example, by adjusting thicknesses of the
color filter 40, the memory structure 20 and/or the insulation
layer 25, the second cell gap (y1) in the transmissive region 11
may be maintained substantially larger by a factor of an
integer than the first cell gap (x1) in the reflective region 1.
When an optical path in the reflective region I is substantially
two times larger than the first cell gap (x1) in the reflective
region I, the second cell gap (y1) in the transmissive region 11
may be maintained substantially two times larger than the first
cell gap (x1) in the reflective region I. Accordingly, an optical
path in the transmissive region II may be substantially the
same as or substantially similar to the optical path in the
reflective region I. Thus, color reproduction of the liquid
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crystal display device may be improved when the liquid crys-
tal display device operates in a transflective mode.

[0061] Referring now to FIG. 1, the first electrode 50 may
be disposed on the color filter 40 and the insulation layer 25.
The first electrode 50 may be extended from the reflective
region Ito the transmissive region II. That is, the first electrode
50 may include a first portion located in the reflective region
T and a second portion located in the transmissive region II,
respectively. The first portion of the first electrode 50 may
cover the color filter 40 in the reflective region I, and the
second portion of the first electrode 50 may contact the insu-
lation layer 25 in the transmissive region II. In example
embodiments, the first electrode 50 may serve as a pixel
electrode to which a data signal may be applied from wirings
such as a data line.

[0062] Inthe reflective region I of the liquid crystal display
device, the first electrode 50 may substantially enclose the
color filter 40. Accordingly, out-gassing of organic layers
included in the color filter 40 may be reduced and a deterio-
ration of the color filter 40 may be prevented. Consequently,
an afterimage characteristic of the liquid crystal display
device may be improved. Additionally, as described above,
the first electrode 50 may be electrically coupled to the
memory structure 20 through the reflection layer 30.

[0063] The first electrode 50 may include a transparent
conductive material. For example the first electrode 50 may
include one or more of indium tin oxide (ITO; InSnxOy),
indium zinc oxide (IZO; InZnxOy), indium oxide (InOx),
zinc oxide (ZnOx), tin oxide (SnOx), and titanium oxide
(TiOx). The transparent conductive materials are not limited
to those specifically described herein. The first electrode 50
may have a single layer structure or a multi layer structure.
[0064] The second electrode 80 may be disposed on the
second substrate 90, substantially opposed to the first elec-
trode 50. The second electrode 80 may extend from the reflec-
tive region Ito the transmissive region II. That is, the second
electrode 80 may include a first portion located in the reflec-
tive region I and a second portion located in the transmissive
region II. In example embodiments, the second electrode 80
may serve as a common electrode shared by a plurality of
pixels of the liquid crystal display device.

[0065] Referring now to FIG. 1, the first liquid crystal struc-
ture 60 and the second liquid crystal structure 70 may be
positioned in the reflective region I and transmissive region 11
of the liquid crystal display device, respectively. The first
liquid crystal structure 60 may include first polymer networks
61 and a plurality of first liquid crystal molecules 62. Some of
the first liquid crystal molecules 62 may be partially and/or
entirely dispersed in the first polymer networks 61, while
others of the first liquid crystal molecules 62 may be sepa-
rated from the first polymer networks 61. The second liquid
crystal structure 70 may include second polymer networks 71
and a plurality of second liquid crystal molecules 72. Some of
the second liquid crystal molecules 72 may be partially and/or
entirely dispersed in the second polymer networks 71, while
others of the second liquid crystal molecules 72 may be
separated from the second polymer networks 71.

[0066] Inexample embodiments, the liquid crystal display
device may not include a particular isolation member for
isolating the reflective region I and the transmissive region II.
For example, the first and the second liquid crystal structures
60 and 70 may be arranged adjacent to one another without a
spacer or an isolation wall therebetween. In example embodi-
ments, a first density of the first liquid crystal molecules 62 in
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the reflective region I may be substantially the same as a
second density of the second liquid crystal molecules 72 in
the transmissive region II. In some example embodiments,
the first density of the first liquid crystal molecules 62 in the
reflective region I may be substantially smaller than the sec-
ond density of the second liquid crystal molecules 72 in the
transmissive region II.

[0067] Thefirstand the second polymer networks 61 and 71
in the first and the second liquid crystal structures 60 and 70,
respectively, may be obtained using reactive mesogen (RM),
monomers for photo polymerization, photo initiator, etc.
Examples of the reactive mesogen in the first and the second
polymer networks 61 and 71 may include monomer reactive
mesogen, ologomer reactive mesogen, polymer reactive
mesogen, etc. In example embodiments, the first and the
second polymer networks 61 and 71 in the first and the second
liquid crystal structure 60 and 70, respectively, may be in a
range of about 5% to about 50% by weight based on a total
weight of the first and the second liquid crystal structures 60
and 70. The first and the second liquid crystal molecules 62
and 72 dispersed in the first and the second polymer networks
61 and 71, respectively, may be at least partially captured by
the first and the second polymer networks 61 and 71, or may
be separate from the first and the second polymer networks 61
and 71.

[0068] According to example embodiments, movement of
the first and/or the second liquid crystal molecules 62 and/or
72 may be controlled or confined by the first and/or the second
polymer networks 61 and/or 71. Therefore, when the first
substrate 10 or the second substrate 90 are pushed, a pooling
phenomenon of the liquid crystal display device caused by
continuous sloshing of the first and the second liquid crystal
molecules 62 and 72 may be reduced or prevented by the first
and the second polymer networks 61 and 71. A member for
controlling and confining the first and the second liquid crys-
tal molecules 62 and 72, such as an additional black matrix,
may not be needed. Thus, the aperture ratio of the liquid
crystal display device may be further improved.

[0069] FIG. 2 illustrates a cross sectional view of an opera-
tion of a liquid crystal display device in accordance with
example embodiments. In example embodiments, the liquid
crystal display device illustrated in FIG. 2 may operate in a
white mode when the liquid crystal display device illustrated
in FIG. 1 operates in a black mode.

[0070] Referring to FIG. 2, when an electric field is not
generated between the first electrode 50 and the second elec-
trode 80, the first and the second liquid crystal molecules 62
and 72 in the first and the second liquid crystal structures 60
and 70 may be arranged substantially in an irregular direction.
Therefore, light reflected by the reflection layer 30 in the
reflective region I may be scattered by the first polymer net-
works 61 and the irregularly arranged first liquid crystal mol-
ecules 62. Additionally, light incident into the transmissive
region Il may be scattered by the second polymer networks 71
and the irregularly arranged second liquid crystal molecules
72. The scattering effect of light may be caused by the reflec-
tion index difference between the first and the second poly-
mer networks 61 and 71 and the first and the second liquid
crystal molecules 62 and 72. The scattering effect of light may
simultaneously occur with the phase shift effect of light so
that the liquid crystal display device may operate in the white
mode. The phase shift effect of light may be caused by the first
and the second liquid crystal molecules 62 and 72.
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[0071] Asillustrated in FIG. 1, when a voltage is applied to
the first and the second electrode 50 and 80, and an electric
field is generated between the first electrode 50 and the sec-
ond electrode 80, the first and the second liquid crystal mol-
ecules 62 and 72 of the first and the second liquid crystal
structures 60 and 70 may be oriented along a specific direc-
tion. Thus, the liquid crystal display device may be operated
in the black mode. When the reflective index of the first and
the second polymer networks 61 and 71 is substantially the
same as the reflective index of the first and the second liquid
crystal molecules 62 and 72, oriented along a specific direc-
tion, a scattering effect of the light in the reflective region I
and the transmissive region II may disappear. In other words,
light reflected by the reflection layer 30 in the reflective region
I may notbe scattered; and light incident into the transmissive
region II may not be scattered by second liquid crystal mol-
ecules 72 oriented along a specific direction. Light may,
thereby, penetrate the second crystal structure 70. Accord-
ingly, the amount of light reflected into a user’s view may be
reduced, so that the liquid crystal display device may be
operated in the black mode. In other words, when the light is
less scattered in the reflective region I and the transmissive
region II, the liquid crystal display device may have a lower
brightness

[0072] According to example embodiments, the liquid
crystal display device may operate in the white mode and the
black mode depending on a degree of light scattering by the
first and the second polymer networks 61 and 71 and the first
and the second liquid crystal molecules 62 and 72. According
to some embodiments, an additional polarization plate may
not be required on the first substrate 10 and/or the second
substrate 90. Therefore, a construction of the liquid crystal
display device may be relatively simple, and a cost of manu-
facturing the liquid crystal display device may be further
decreased. Furthermore, the absence of the particular polar-
ization plate may improve a light transmittance, so that light
efficiency of the liquid crystal display device may be
improved.

[0073] According to example embodiments, movement of
the first and the second liquid crystal molecules 62 and 72
may be controlled or confined by the first and the second
polymer networks 61 and 71 in the reflective region I and the
transmissive region II of the liquid crystal display device.
Therefore, an isolation member, such as an isolation wall, for
preventing undesired movement of the first and the second
liquid crystal molecules 62 and 72 may not be needed. When
the first substrate 10 and/or the second substrate 90 may be
pressed by a user, undesired movement of the first and the
second liquid crystal molecules 62 and 72 in the reflective
region I and the transmissive region II may be reduced, pre-
vented, or confined by the first and the second polymer net-
works 61 and 71. As a result, the pooling phenomena of the
liquid crystal display device may be reduced or prevented,
and also bruising phenomena of the liquid crystal display
device may be reduced or suppressed by improving restora-
tion speed of the first and the second liquid crystal molecules
62 and 72 toward initial orientation.

[0074] Although the liquid crystal display device having
the vertical alignment mode is described with reference to
FIGS. 1 and 2, the liquid crystal structure according to
example embodiments, may be employed in other liquid crys-
tal display devices having various modes, such as an in-plane
switching (IPS) mode, a fringe field switching (FFS) mode, a
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twisted nematic (TW or TN) mode, an electrically controlled
birefringence (ECB) mode, etc.

[0075] FIG. 3 illustrates a cross sectional view of a liquid
crystal display device in accordance with some example
embodiments. The liquid crystal display device illustrated in
FIG. 3 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 except for a color filter and
a black matrix.

[0076] Referring to FIG. 3, a liquid crystal display device
may include a first substrate 110, a memory structure 120, an
insulation layer 125, a black matrix 127, a reflection layer
130, a first electrode 150, a first liquid crystal structure 160, a
second liquid crystal structure 170, a second electrode 180,
and a second substrate 190. Each of the first substrate 110 and
the second substrate 190 may have a reflective region I and a
transmissive region II.

[0077] Inexample embodiments, the memory structure 120
may be located on the first substrate 110 in the reflective
region 1. The insulation layer 125 may cover the memory
structure 120 and may exist on the first substrate 110 in the
reflective region I and the transmissive region II. The insula-
tion layer 125 may include a first opening partially exposing
the memory structure 120 and may have a substantially level
surface.

[0078] The black matrix 127 may be disposed on the insu-
lation layer 125 in the reflective region 1. That is, the black
matrix 127 may be positioned only in the reflective region I.
The black matrix 127 may include a second opening (not
illustrated) at least portion of which may be in fluid commu-
nication with the first opening (not illustrated) in the insula-
tion layer 125. Additionally, the black matrix 127 may include
an organic material. For example, the black matrix 127 may
include a photocurable organic material containing an acryl
polymer. The black matrix 127 may be disposed under the
reflection layer 130 including a cholesteric liquid crystal
polymer. The reflection layer 130 having the cholesteric lig-
uid crystal polymer may selectively reflect related colors of
light by Bragg reflection. If the light is reflected by a metal
layer included in the memory structure 120 under the reflec-
tion layer 130, red light, green light, and blue light may be
reflected simultaneously, so that related colors of light may
not be selectively reflected in the reflective region I. In
example embodiments, the black matrix 127 may be posi-
tioned under the reflection layer 130 to prevent a reflection by
the metal layer, such that related colors of light may be selec-
tively reflected in the reflective region I. Therefore, the liquid
crystal display device may display color images without
requiring a color filter.

[0079] The reflection layer 130 may be disposed on the
black matrix 127. In this case, the reflection layer 130 may be
positioned only in the reflective region I. In example embodi-
ments, the reflective layer 130 may include the cholesteric
liquid crystal polymer. The reflection layer 130 may be elec-
trically connected to the memory structure 120 through the
first opening in the insulation layer 125 and the second open-
ing in the black matrix 127. That is, the reflection layer 130
may contact the memory structure 120 passing through the
first opening in the insulation layer 125 and the second open-
ing in the black matrix 127.

[0080] Inexample embodiments, when an electric field (E)
applied to a cholesteric liquid crystal of the cholesteric liquid
crystal polymer is greater than a first electric field (E1), the
cholesteric liquid crystal of the reflection layer 130 may be
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arranged to be in a homeotropic state. When the electric field
(E) becomes less than a second electric field (E2) in the
homeotropic state, the cholesteric liquid crystal may be
arranged in a planar state. When the electric field (E) is greater
than the first electric field (E1) and less than the second
electric field (E2) in the homeotropic state, the cholesteric
liquid crystal may be arranged in a focal conic state. The
cholesteric liquid crystal in the planar state may reflect light
having a specific wavelength, and the cholesteric liquid crys-
tal in the focal conic state may scatter the light. Furthermore,
the cholesteric liquid crystal in the planar state may reflect
light having a specific wavelength corresponding to a pitch of
the cholesteric liquid crystal multiplied by a reflective index
of the cholesteric liquid crystal. Therefore, light having a
specific wavelength may be reflected by adjusting the pitch of
the cholesteric liquid crystal of the reflection layer 130 in the
reflective region 1. The pitch of the cholesteric liquid crystal
may be changed according to the amount of a chiral dopant
included in the cholesteric liquid crystal. Therefore, the col-
ors in the planar state may include various colors, such as
green, red, blue, etc., to be displayed in full color. For
example, the cholesteric liquid crystal arranged to have a first
pitch may reflect red light in the planar state. The cholesteric
liquid crystal arranged to have a second pitch may reflect
green light in the planar state. The cholesteric liquid crystal
arranged to have a third pitch may reflect blue light in the
planar state. Therefore, the liquid crystal display device may
display color images such as red, green, and blue without a
color filter.

[0081] As shown in FIG. 3, the first electrode 150 may be
disposed on the reflection layer 130 and the insulation layer
125. That is, the first electrode 150 may cover the reflection
layer 130 in the reflection region I and may contact the insu-
lation layer 125 in the transmissive region II. The first elec-
trode 150 may include a transparent conductive material. In
example embodiments, the first electrode 150 may seal
exposed surfaces of the reflection layer 130. In other words,
the first electrode 150 may cover an upper surface and a side
surface of the reflection layer 130. When the first electrode
150 encloses the reflection layer 130, an additional capping
member for the cholesteric liquid crystal polymer of the
reflection layer 130 may not be required.

[0082] As illustrated in the FIG. 3, the first liquid crystal
structure 160 and the second liquid crystal structure 170 may
be positioned in the reflective region  and transmissive region
1I of the liquid crystal display device, respectively. The first
liquid crystal structure 160 may include first polymer net-
works 161 and a plurality of first liquid crystal molecules 162.
The second liquid crystal structure 170 may include second
polymer networks 171 and a plurality of second liquid crystal
molecules 172. In the embodiment shown in FIG. 3, the first
and the second polymer networks 161 and 171 and the first
and the second liquid crystal molecules 162 and 172 may be
arranged substantially the same as or substantially similar to
the first and the second polymer networks 61 and 71 and the
first and the second liquid crystal molecules 62 and 72, as the
embodiment described with reference to FIG. 1.

[0083] The second substrate 190 may be disposed to be
substantially opposed to the first substrate 110. Additionally,
the second electrode 180 may be located on the second sub-
strate 190 to be substantially opposed to the first electrode
150. The second electrode 180 may include a transparent
conductive material.
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[0084] According to example embodiments, a light of a
specific wavelength may be reflected depending on the pitch
and the reflective index of the cholesteric liquid crystal poly-
mer of the reflection layer 130. Thus, the liquid crystal display
device may display color images without a color filter in the
reflective region 1.

[0085] FIG. 4 illustrates a cross sectional view of a liquid
crystal display device in accordance with some example
embodiments. The liquid crystal display device illustrated in
FIG. 4 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, except for a first electrode,
a color filter, and a color dye.

[0086] Referring to FIG. 4, a liquid crystal display device
may include a first substrate 210, a memory structure 220, an
insulation layer 225, a reflection layer 230, a first electrode
250, a color dye 255, a first liquid crystal structure 260, a
second liquid crystal structure 270, a second electrode 280,
and a second substrate 290. Each of the first substrate 210 and
the second substrate 290 may have a reflective region I and a
transmissive region II.

[0087] Inexample embodiments, the memory structure 220
may be disposed on the first substrate 210 in the reflective
region 1. The insulation layer 225 may cover the memory
structure 220 and may be located on the first substrate 210 in
the reflective region I and the transmissive region II. The
insulation layer 225 may include a first opening (not illus-
trated) partially exposing the memory structure 220.

[0088] In example embodiments, the reflection layer 230
may be positioned on the insulation layer 225 in the reflective
region I, and the first electrode 250 may be disposed on the
insulation layer 225 in the transmissive region II. That is, the
reflection layer 230 and the first electrode 250 may be located
in the reflective region I and the transmissive region II of the
liquid crystal display device, respectively.

[0089] The reflection layer 230 may be electrically con-
nected to the memory structure 220 through the first opening
in the insulation layer 225. In example embodiments, the
reflection layer 230 may fill the first opening in the insulation
layer 225 to make contact with the memory structure 220. In
some example embodiments, contacts (not illustrated), plugs
(not illustrated), pads (not illustrated) for electrically con-
necting the reflection layer 230 and the memory structure 220
may fill the first opening. The reflection layer 230 may
include a material having a relatively high reflectivity. For
example, the reflection layer 230 may include one or more of
aluminum (Al), molybdenum (Mo), tungsten (W), chrome
(Cr), platinum (Pt), silver (Ag), an alloy thereof, etc. The
materials suitable for inclusion in the reflective layer 230 may
not be limited to those specifically described herein. Further-
more, the reflection layer 230 may have a single layer struc-
ture or a multi layer structure.

[0090] In example embodiments, the reflective layer 230
may be electrically coupled to the memory structure 220. The
reflective layer 230 may include a conductive material so that
the reflective layer 230 may serve as an electrode in the
reflective region 1. Accordingly, the reflective layer 230 may
serve as a pixel electrode to which a data signal may be
applied from wirings such as the data line in the reflective
region I of the liquid crystal display device, and the first
electrode 250 may serve as the pixel electrode in the trans-
missive region II.

[0091] The first electrode 250 may be disposed on the insu-
lation layer 225 to make contact with the reflection layer 230.
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In this case, the first electrode 250 may be located in the
transmissive region II. As described above, the first electrode
250 may serve as the pixel electrode to which a data signal
may be applied from wirings such as the data line in the
transmissive region II. Additionally, the first electrode 250
may be electrically connected to the memory structure 220
through the reflection layer 230. The first electrode 250 may
include a transparent conductive material, and may have a
single layer structure or a multi layer structure.

[0092] In example embodiments, the first electrode 250 in
the transmissive region II may have a thickness substantially
the same as or substantially similar to that of the reflection
layer 230 in the reflective region I. Therefore, a first cell gap
(x1) in the reflective region I may be substantially the same as,
or substantially similar to, a second cell gap (y1) in the trans-
missive region II of the liquid crystal display device. As a
result, an optical path in the reflective region I may be sub-
stantially two times larger than an optical path in the trans-
missive region I, so that color reproduction of the liquid
crystal display device may be largely improved. Additionally,
the first cell gap (x1) in the reflective region I may be main-
tained substantially the same as or substantially similar to the
second cell gap (y1) in the transmissive region II, and thus
some problems such as a particulate failure caused by a cell
gap difference, a diagonal stain caused by an orientation
failure, and breaking to a liquid crystal texture break, may be
avoided.

[0093] The first liquid crystal structure 260 and the second
liquid crystal structure 270 may be disposed in the reflective
region I and transmissive region Il of the liquid crystal display
device, respectively. The first liquid crystal structure 260 may
include first polymer networks 261, dispersed first liquid
crystal molecules 262, and the color dye 255. The second
liquid crystal structure 270 may include second polymer net-
works 271, dispersed second liquid crystal molecules 272,
and the color dye 255. In this case, the first and the second
polymer networks 261 and 271 and the first and the second
liquid crystal molecules 262 and 272 may be arranged sub-
stantially the same as or substantially similar to the first and
the second polymer networks 61 and 71 and the first and the
second liquid crystal molecules 62 and 72 described with
reference to FIG. 1.

[0094] The second substrate 290 may be substantially
opposed to the first substrate 210. Additionally, the second
electrode 280 may be located on the second substrate 290 and
be substantially opposed to the first electrode 250 and the
reflection layer 230. In this case, the second electrode 180
may extend from the reflective region Ito the transmissive
region I1, so that a first portion of the second electrode 280
may be positioned on the reflection layer 230 in the reflective
region I, and a second portion of the second electrode 280
may be positioned on the first electrode 250 in the transmis-
sive region II.

[0095] Inexample embodiments, the color dye 255 may be
added in the first and the second liquid crystal structures 260
and 270 in the reflective region I and the transmissive region
II. In some example embodiments, only the first liquid crystal
structure 260 in the reflective region I may include the color
dye 255. In this case, a color filter (not illustrated) may be
additionally disposed on the second substrate 290 in the trans-
missive region II. In some example embodiments, the color
dye 255 may be included only in the transmissive region II.

[0096] The color dye 255 may be dispersed in the first and
the second polymer networks 261 and 271, and may be par-



US 2012/0287377 Al

tially overlapped by the first and the second liquid crystal
molecules 262 and 272. The color dye 255 may include a red
color dye capable of displaying red light, a green color dye
capable of displaying green light, and a blue color dye
capable of displaying blue light. In example embodiments, a
density of the color dye 255 located in the reflective region I
may be substantially smaller than that of the color dye 255
located in the transmissive region II. In the liquid crystal
display device including the color dye 255, when light inci-
dent in the transmissive region II penetrates the color dye 255,
light having a specific wavelength may be reflected. More-
over, light incident in the reflective region I may have an
optical path substantially two times larger than an optical path
in the transmissive region 11, thereby increasing a possibility
that light incident in the reflective region I may reach the color
dye 255. Thus, more improved color purity may be obtained
in the reflective region I of the liquid crystal display device.
[0097] According to example embodiments, the liquid
crystal display device may include the color dye 255 in the
reflective region I and/or the transmissive region 11, so that the
liquid crystal display device may display color images with-
out a color filter.

[0098] FIG. S illustrates a cross sectional view of a liquid
crystal display device in accordance with some example
embodiments. The liquid crystal display device illustrated in
FIG. 5 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 except for a color
dye, a color filter, and a protection layer.

[0099] Referring to FIG. 5, a liquid crystal display device
may include a first substrate 310, a memory structure 320, an
insulation layer 325, a reflection layer 330, a first electrode
350, a first liquid crystal structure 360, a second liquid crystal
structure 370, a second electrode 380, a second substrate 390,
a color filter 387, and a protection layer 385. Each of the first
substrate 310 and the second substrate 390 may have a reflec-
tive region I and a transmissive region II.

[0100] In example embodiments, the color filter 387 may
be disposed on the second electrode 380 which may be posi-
tioned on the second substrate 390. Namely, the color filter
387 may be positioned on the second electrode 380 in the
reflective region 1. The color filter 387 may selectively filter
related colors of light reflected by the reflection layer 330. In
this case, the color filter 387 may include red color filters for
red (R) light, green color filters for green (G) light, blue color
filters for blue (B) light, etc. The color filter 387 positioned in
the reflective region I may include a light opening or a light
hole. The light opening or the light hole may penetrate the
color filter 387 to expose the first liquid crystal structure 360
in the reflective region. Light incident in the reflective region
I may be passed through the light opening or the light hole, so
that light efficiency ofthe liquid crystal display device may be
improved. Additionally, when the color filter 387 includes the
light opening or the light hole, an exposure process for form-
ing the first liquid crystal structure 360 may be easily per-
formed.

[0101] Asdescribedin FIG. 5, the protection layer 385 may
be positioned on the second electrode 380 to cover the color
filter 387. The second electrode 380 may serve as a common
electrode shared by a plurality of pixels of the liquid crystal
display device. The protection layer 385 may cover the color
filter 387 in the reflective region I and may contact the second
electrode 380 in the transmissive region II. The protection
layer 385 may include a transparent insulating material. The
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protection layer 385 may substantially enclose the color filter
387, and an out-gassing of organic layers included in the color
filter 387 may be prevented. A deterioration of the color filter
387 may be prevented by the protection layer 385, so that an
afterimage characteristic of the liquid crystal display device
may be improved. In some example embodiments, the pro-
tection layer 385 may be positioned only in the reflection
region 1. In this case, a first cell gap (x1) in the reflective
region I may be substantially smaller than a second cell gap
(y1) in the transmissive region II.

[0102] Asillustrated in FIG. 5, the first liquid crystal struc-
ture 360 and the second liquid crystal structure 370 may be
disposed in the reflective region I and transmissive region Il of
the liquid crystal display device, respectively. The first liquid
crystal structure 360 may include first polymer networks 361
and dispersed first liquid crystal molecules 362. The second
liquid crystal structure 370 may include second polymer net-
works 371 and dispersed second liquid crystal molecules 372.
In this case, the first and the second polymer networks 361
and 371 and the first and the second liquid crystal molecules
362 and 372 may be arranged substantially the same as or
substantially similar to the first and the second polymer net-
works 61 and 71 and the first and the second liquid crystal
molecules 62 and 72, described with reference to FIG. 1.
[0103] According to example embodiments, the liquid
crystal display device may include the color filter 387, includ-
ing the light opening, so that the liquid crystal display device
may display full color images with an improved light effi-
ciency.

[0104] In some example embodiments, the liquid crystal
display device may include a first liquid crystal display panel
and a second liquid crystal display panel, sequentially
stacked. The first liquid crystal display panel may have a
construction substantially the same as or substantially similar
to that of a liquid crystal display panel of a conventional
transmissive liquid crystal display device. Additionally, the
second liquid crystal display panel may have a construction
substantially the same as or substantially similar to one of the
above-described liquid crystal display devices, including the
reflective region I and the transmissive region I1. In this case,
the second liquid crystal display panel may be combined with
the first liquid crystal display panel in a variety of ways such
as folder type, slide type, etc. When the first liquid crystal
display panel serves as a main display panel, the second liquid
crystal display panel may serve as a cover display panel.
[0105] According to example embodiments, when the lig-
uid crystal display device includes the first and the second
liquid crystal display panels, the transflective second liquid
crystal display panel may cover the first liquid crystal display
panel. In such embodiments, when the first liquid crystal
display panel is off, only the second liquid crystal display
panel may be operated. Accordingly, using the scattering
reflection of the second liquid crystal panel, the liquid crystal
display device may be used as a reflective display device,
e-book, etc. The liquid crystal display device may include the
memory structure which facilitates operation of the liquid
crystal display device with relatively low power.

[0106] In some example embodiments, when the second
liquid crystal display panel covers the first liquid crystal
display panel, the first liquid crystal display panel may dis-
play a data. That is, when the transflective second liquid
crystal display panel is on, the second liquid crystal display
panel may be operated in a transparent mode, as described
above with reference to FIGS. 1 and 2, such that the user may
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observe images displayed in the first liquid crystal display
panel while the second liquid crystal display panel covers the
first liquid crystal display panel. In this case, to improve the
light transmittance of the first liquid crystal display panel, the
second liquid crystal display panel may not include a polar-
izing member, a color filter, etc. Alternatively, when the sec-
ond liquid crystal display does not cover the first liquid crystal
display, the second liquid crystal display may serve as a
transparent keyboard. Bruising phenomena or pooling phe-
nomena may not occur in the transflective second liquid crys-
tal display panel, such that the second liquid crystal display
panel may be used as a touch solution liquid crystal display
device.

[0107] FIGS. 6 and 7 illustrate cross sectional views of a
method of manufacturing a liquid crystal display device in
accordance with example embodiments. The liquid crystal
display device obtained by the method illustrated in FIGS. 6
and 7 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. However, those ordinary
skilled in the art would understand that the method according
to example embodiments may be properly and easily modi-
fied to manufacture one of the liquid crystal display devices
described with reference to FIGS. 3 to FIG. 5.

[0108] Referring to FIG. 6, a memory structure 20 may be
formed on a first substrate 10 in a reflective region 1. The
memory structure 20 may include wirings, a switching ele-
ment, an insulation layer, etc.

[0109] An insulation layer 25 may be formed on the first
substrate 10 in the reflective region I and a transmissive region
II to cover the memory structure 20. The insulation layer 25
may be formed using oxide, oxynitride, nitride, etc. Alterna-
tively, the insulation layer 25 may be formed using a trans-
parent organic material.

[0110] A reflection layer 30 may be formed on the insula-
tion layer 25 in the reflective region I. That is, the reflection
layer 30 may be formed on a portion of the insulation layer 25
where the memory structure 20 may be located. The reflection
layer 30 may be formed using a material having a relatively
high reflectivity. Additionally, the reflection layer 30 may be
formed on the insulation layer by a sputtering process, a
printing process, a spray process, a chemical vapor deposition
(CVD) process, an atomic layer deposition (ALD) process,
etc. In example embodiments, the reflection layer 30 may be
formed in the reflective region I of the first substrate 10 by
forming a first conductive layer (not illustrated) on the insu-
lation layer 25 and patterning the first conductive layer by a
photolithography process.

[0111] A color filter 40 may be formed on the reflection
layer 30 in the reflective region I. In example embodiments, a
red color filter, a green color filter, and a blue color filter may
be formed in related pixel regions. In some example embodi-
ments, a color dye may be added in a process of forming the
liquid crystal structure instead of forming the color filter 40.
[0112] A firstelectrode 50 may be formed on the color filter
40 and the insulation layer 25. The first electrode 50 may
cover the color filter 40 in the reflective region I and may
cover the insulation layer 25 in the transmissive region I1. The
first electrode 50 may substantially enclose the color filter 40.
The first electrode 50 may be formed using a transparent
conductive material. Additionally, the first electrode 50 may
be formed by a sputtering process, a printing process, the
spray process, a chemical vapor deposition (CVD) process,
an atomic layer deposition (ALD) process, etc. In example
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embodiments, the first electrode 50 may be obtained by form-
ing a second conductive layer (not illustrated) on the color
filter 40 and the insulation layer 25 and by patterning the
second conductive layer.

[0113] Referring now to FIG. 6, a second electrode 80 may
be formed on a second substrate 90. The second electrode 80
may be formed using a transparent conductive material by a
sputtering process, a printing process, a spray process, a
chemical vapor deposition (CVD) process, an atomic layer
deposition (ALD) process, etc. The second electrode 80 may
be formed on the second substrate 90 from the reflective
region I to the transmissive region II.

[0114] Insome example embodiments, an additional mem-
ber may be provided between the first substrate 10 and the
second substrate 90, and the first substrate 10 may be com-
bined with the second substrate 90, such that a gap (e.g., a
predetermined gap) is maintained therebetween. The addi-
tional member may include a column spacer, a member for
ensuring a cell gap of the liquid crystal display device, a
sealing member, etc.

[0115] Referringto FIG. 6, a first preliminary liquid crystal
structure 65 and a second preliminary liquid crystal structure
75 may be formed between the first substrate 10 and the
second substrate 90. In this case, the first preliminary liquid
crystal structure 65 may be formed in the reflective region I,
and the second preliminary liquid crystal structure 75 may be
formed in the transmissive region II. In example embodi-
ments, the first preliminary liquid crystal structure 65 may
have a constitution substantially the same as or substantially
similar to the second preliminary liquid crystal structure 75.
For example, each of the first and the second preliminary
liquid crystal structures 65 and 75 may be formed using liquid
crystal molecules, monomers, a photoinitiator, reactive
mesogens, etc. Each of the first and the second preliminary
liquid crystal structures 65 and 75 may be formed by a print-
ing process, a spray process, etc. The first and the second
preliminary liquid crystal structures 65 and 75 may be
injected into a space between the first and the second sub-
strates 10 and 90. Alternatively, the first and the second pre-
liminary liquid crystal structures 65 and 75 may be coated on
at least one of the first substrate 10 and the second substrate
90.

[0116] Referring to FIG. 7, an exposure process may be
performed about the first and the second preliminary liquid
crystal structures 65 and 75 in the reflective region I and the
transmissive region 1. The exposure process for the first and
the second preliminary liquid crystal structures 65 and 75
may include an ultraviolet (UV) light exposure process.
[0117] In the exposure process, according to example
embodiments, light such as UV light may be irradiated into
the first and the second preliminary liquid crystal structures
65 and 75 in the reflective region I and the transmissive region
II. Thus, polymer seeds may be generated in the reflective
region I and the transmissive region I1. The monomers may be
polymerized by the polymer seeds to form first and second
polymer networks 61 and 71 in the reflective region I and the
transmissive region II, respectively. First and second liquid
crystal molecules 62 and 72 in the reflective region I and the
transmissive region II may be partially and/or entirely dis-
persed in the first and the second polymer networks 61 and 71,
respectively. As a result, a first liquid crystal structure 60
having the first liquid crystal molecules 62 and the first poly-
mer networks 61 may be formed in the reflective region I,
while a second liquid crystal structure 70 having the second
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liquid crystal molecules 72 and the second polymer networks
71 may be formed in the transmissive region II. The liquid
crystal display device may be obtained by formations of the
first and the second liquid crystal structures 60 and 70.
[0118] According to example embodiments, a movement
or a flow of first and second liquid crystal molecules may be
partially and/or entirely restricted, so that movement of a first
and a second liquid crystal structures may be prevented.
Therefore, problems such as a pooling phenomenon and a
bruising phenomenon may be prevented while improving a
light efficiency of a liquid crystal display device. Addition-
ally, the liquid crystal display may have a simple constitution,
and a manufacturing process of the liquid crystal display may
be simple. Furthermore, using a memory structure, a power
consumption of the liquid crystal display may be reduced, and
a color reproduction of the liquid crystal display device may
be improved by adjusting cell gaps in a reflective region I and
a transmissive region II. The liquid crystal display, in accor-
dance with example embodiments, may be used not only in a
conventional display device but also a variety of electronic
devices such as an e-book and customer products.

[0119] Transmissive type liquid crystal display devices
may have some disadvantages, such as a relatively high power
consumption caused by the backlight and a poor visibility in
an environment where an external light exists. Meanwhile,
the reflective type liquid crystal display device may be oper-
ated with a relatively low power due to the external light
source such as a natural light, however, the reflective type
liquid crystal display device may not display bright images
under a relatively dark environment.

[0120] A conventional transflective type liquid crystal dis-
play device may overcome some of the disadvantages of the
conventional transmissive type liquid crystal display devices
and reflective type liquid crystal display devices. For
example, conventional transflective type liquid crystal dis-
play devices may have a relatively low power consumption
and a good visibility under a dark environment. In this case,
the transflective type liquid crystal display device may have a
dual cell gap structure in which a cell gap of the transmissive
region may be substantially two times larger than a cell gap of
the reflective region. In order to reduce the cell gap in the
reflective region, a step may be formed on a lower substrate
having a thin film transistor and/or an upper substrate having
a color filter. However, various failures may occur in manu-
facturing processes for the conventional transflective type
liquid crystal display device. For example, because the cell
gap in the reflective region is smaller than the cell gap in the
transmissive region, a process failure may be caused by par-
ticles generated in the manufacturing procedure, an orienta-
tion failure of the liquid crystal molecules may be caused by
the step, and a break of a liquid crystal texture may be gen-
erated in the manufacturing processes, so that the liquid crys-
tal display device may deteriorated characteristics such as a
bruising of a liquid crystal layer , a reduction of a contrast
ratio, etc.

[0121] Incontrast, theliquid crystal display device, accord-
ing to embodiments, may operate with low power while
ensuring improved electrical and mechanical characteristics.
[0122] According to example embodiments, a movement
or a flow of first and second liquid crystal molecules may be
partially and/or entirely restricted, so that a continuous slosh-
ing of a first liquid crystal structure and a second liquid crystal
structure caused by an external pressure may be prevented.
Therefore, problems such as a pooling phenomenon and a
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bruising phenomenon may be prevented while improving a
light efficiency of a liquid crystal display device. Addition-
ally, the liquid crystal display may have a simple constitution,
and also manufacturing processes of the liquid crystal display
may be simple. Furthermore, use of a memory structure and
power consumption of the liquid crystal display may be
reduced. A color reproduction of the liquid crystal display
device may be improved by adjusting cell gaps in a reflective
region and a transmissive region. The liquid crystal display
according to example embodiments may be employed in
general display apparatuses and various recent electronic
apparatuses such as e-books, customer products, etc.

[0123] The foregoing is illustrative of example embodi-
ments, and is not to be construed as limiting thereof. Although
a few example embodiments have been described, those
skilled in the art will readily appreciate that many modifica-
tions are possible in the example embodiments without mate-
rially departing from the novel teachings and advantages of
example embodiments. Accordingly, all such modifications
are intended to be included within the scope of example
embodiments as defined in the claims. In the claims, means-
plus-function clauses are intended to cover the structures
described herein as performing the recited function, and not
only structural equivalents, but also equivalent structures.
Therefore, it is to be understood that the foregoing is illustra-
tive of example embodiments and is not to be construed as
limited to the specific embodiments disclosed, and that modi-
fications to the disclosed example embodiments, as well as
other example embodiments, are intended to be included
within the scope of the appended claims. The invention is
defined by the following claims, with equivalents of the
claims to be included therein.

What is claimed is:

1. A liquid crystal display device, comprising:

a first substrate having a reflective region and a transmis-
sive region;

a second substrate corresponding to the first substrate;

a first liquid crystal structure disposed between the first
substrate and the second substrate in the reflective
region, the first liquid crystal structure including first
polymer networks and first liquid crystal molecules; and

a second liquid crystal structure disposed between the first
substrate and the second substrate in the transmissive
region, the second liquid crystal structure including sec-
ond polymer networks and second liquid crystal mol-
ecules.

2. The liquid crystal display device of claim 1, wherein the
first liquid crystal molecules are partially or totally dispersed
in the first polymer networks and the second liquid crystal
molecules are partially or totally dispersed in the second
polymer networks.

3. The liquid crystal display device of claim 1, wherein at
least one of the first and the second liquid crystal structures
includes a color dye.

4. The liquid crystal display device of claim 1, further
comprising;

a memory structure disposed on the first substrate in the

reflective region; and

an insulation layer covering the memory structure on the
first substrate.

5. The liquid crystal display device of claim 4, further

comprising;

a first electrode disposed on the first substrate in the reflec-
tive region and the transmissive region; and

a second electrode disposed on the second substrate.
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6. The liquid crystal display device of claim 5, wherein a
first cell gap between the first electrode and the second elec-
trode in the reflective region is smaller than a second cell gap
between the first electrode and the second electrode in the
transmissive region.

7. The liquid crystal display device of claim 5, wherein the
first electrode is electrically connected to the memory struc-
ture.

8. The liquid crystal display device of claim 5, further
comprising a reflection layer disposed between the first elec-
trode and the first substrate in the reflective region.

9. The liquid crystal display device of claim 8, wherein the
reflection layer includes a cholesteric liquid crystal polymer.

10. The liquid crystal display device of claim 9, further
comprising a black matrix disposed between the reflection
layer and the first substrate.

11. The liquid crystal display device of claim 8, further
comprising a color filter disposed between the reflection layer
and the first electrode.

12. The liquid crystal display device of claim 11, wherein
the first electrode covers exposed surfaces of the reflection
layer and the color filter.

13. The liquid crystal display device of claim 4, further
comprising:

a reflection layer disposed on the first substrate in the

reflective region;

a first electrode disposed on the first substrate in the trans-

missive region; and

a second electrode disposed on the second substrate.

14. The liquid crystal display device of claim 13, wherein
a first cell gap between the first electrode and the second
electrode in the reflective region is the same size as a second
cell gap between the first electrode and the second electrode
in the transmissive region.

15. The liquid crystal display device of claim 13, wherein
the first electrode makes contact with the reflection layer, and
the reflection layer is electrically connected to the memory
structure.

16. The liquid crystal display device of claim 13, further
comprising:

a color filter disposed on the second electrode in the reflec-

tive region; and

a protection layer disposed on the color filter and the sec-

ond electrode.

17. The liquid crystal display device of claim 16, wherein
the color filter includes an opening partially exposing the first
liquid crystal structure.
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18. A method of manufacturing a liquid crystal display
device, the method comprising:

forming a first electrode on a first substrate having a reflec-

tive region and a transmissive region;

forming a second electrode on a second substrate corre-

sponding to the first substrate;

combining the first substrate with the second substrate; and

forming a first liquid crystal structure between the first

substrate and the second substrate in the reflective
region, the first liquid crystal structure including first
polymer networks and first liquid crystal molecules, and
forming a second liquid crystal structure between the
first substrate and the second substrate in the transmis-
sive region, the second liquid crystal structure including
second polymer networks and second liquid crystal mol-
ecules.

19. The method of claim 18, further comprising:

forming a memory structure on the first substrate in the

reflective region prior to forming the first electrode; and
forming an insulation layer on the first substrate to cover
the memory structure prior to forming the first electrode.

20. The method of claim 19, further comprising forming a
reflection layer between the insulation layer and the first
electrode in the reflective region.

21. The method of claim 20, further comprising forming a
color filter between the reflection layer and the first electrode.

22. The method of claim 20, further comprising forming a
black matrix between the insulation layer and the reflection
layer.

23. The method of claim 18, further comprising forming a
reflection layer on the first substrate in the reflective region
wherein the first electrode is disposed on the first substrate in
the transmissive region.

24. The method of claim 23, further comprising:

forming a color filter on the second electrode in the reflec-

tive region; and

forming a protection layer on the color filter and the second

electrode.

25. The method of claim 18, wherein forming the first and
the second liquid crystal structures comprises:

forming a first preliminary liquid crystal structure in the

reflective region and a second preliminary liquid crystal
structure in the transmissive region; and

exposing the first preliminary liquid crystal structure and

the second preliminary liquid crystal structure to light.

26. The method of claim 25, further comprising adding a
color dyeto at least one of the first and the second preliminary
liquid crystal structures.
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