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CHOLESTERIC LIQUID CRYSTAL DISPLAY
DEVICES AND METHODS OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This non-provisional U.S. patent application claims
priority under 35 U.S.C. §119 to Korean Patent Application
No. 10-2010-0096918, filed on Oct. 5, 2010, in the Korean
Intellectual Property Office, the entire contents of which is
incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] Example embodiments relate to liquid crystal dis-
play devices, for example, cholesteric liquid crystal display
devices, and methods of manufacturing the same.

[0004] 2. Description of the Related Art

[0005] As flexible displays such as electronic paper (e-pa-
per) are actively developed, display devices using cholesteric
liquid crystals are receiving more attention.

[0006] A cholesteric liquid crystal is a liquid crystal com-
position formed by twisting liquid crystal molecules of a
nematic liquid crystal into a helix structure. A cholesteric
liquid crystal has light reflection and transmission properties
which vary according to a helix pitch. For example, light
having a given, desired or predetermined wavelength range is
selectively reflected according to a helix pitch of twisted
liquid crystal molecules. Cholesteric liquid crystals can pro-
duce a full-color image by controlling a wavelength reflection
band by using pixels having different helix pitches. A choles-
teric liquid crystal display device having these display char-
acteristics has relatively clear color display characteristics,
relatively high contrast characteristics, and relatively high
resolution characteristics. Moreover, a display device using
cholestericliquid crystals shows relatively high performance.

[0007] Conventionally, full-color images are produced
using single layer or multilayer cholesteric liquid crystal dis-
plays. In a single layer cholesteric liquid crystal display
device, the red (R), the green (G), and the blue (B) pixels are
arranged in the same plane. By contrast, in a multilayer cho-
lesteric liquid crystal display, a red (R) pixel, a blue (B) pixel
and a green (Q) pixel are stacked on each other.

[0008] Inboth singlelayerand multilayer cholesteric liquid
crystal displays, the red (R) pixel has a helix pitch that is
controlled such that light having a red wavelength range is
selectively reflected, the green (G) pixel has a helix pitch that
is controlled such that light having a green wavelength range
is selectively reflected, and the blue (B) pixel has a helix pitch
that is controlled such that light having a blue wavelength
range is selectively reflected.

[0009] In a multilayer cholesteric liquid crystal display,
respective pixels are controlled to be in a selective reflection
mode or transmission mode according to the application of a
voltage, and a color corresponding to a pixel in the wave-
length selection reflection mode is displayed. However, mul-
tilayer cholesteric liquid crystal displays are relatively com-
plicated and relatively expensive to manufacture because a
multilayer substrate is used. In addition, the multilayer cho-
lesteric liquid crystal displays also provide relatively low
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color purity due to a scattering phenomenon, which may
occur in a pixel that is in the transmission mode.

SUMMARY

[0010] Example embodiments provide single-layer choles-
teric liquid crystal display devices having improved color
image quality and methods of manufacturing the same.

[0011] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the example
embodiments.

[0012] At least one example embodiment provides a
method of manufacturing a cholesteric liquid crystal display
device having a plurality of pixel units, each including a
plurality of subpixels. According to at least this example
embodiment, the method includes: preparing a first substrate
and a second substrate; forming a cholesteric phase liquid
crystal composition, including liquid crystal molecules, an
optically polymerizable polymer, and a chiral dopant,
between the first substrate and the second substrate; and
forming different color liquid crystal layers corresponding to
the plurality of subpixels by sequentially performing a plu-
rality of optical curing processes according to a variation in
temperature of the liquid crystal composition. At least one of
the liquid crystal layers is formed by applying a voltage to the
liquid crystal composition during the plurality of optical cur-
ing processes.

[0013] At least one other example embodiment provides a
method of manufacturing a pixel unit of a cholesteric liquid
crystal display device. The pixel unit includes a plurality of
subpixels. According to at least this example embodiment, the
method includes: forming a cholesteric phase liquid crystal
composition between a first substrate and a second substrate;
and forming a plurality of liquid crystal layers between the
first substrate and the second substrate by sequentially adjust-
ing a temperature of the cholesteric phase liquid crystal com-
position and performing a plurality of optical curing pro-
cesses on the cholesteric phase liquid crystal composition,
each of the plurality of liquid crystal layers corresponding to
one of the plurality of subpixels. A voltage is applied to the
cholesteric phase liquid crystal composition when forming at
least one of the plurality of liquid crystal layers.

[0014] According to at least some example embodiments,
each of the liquid crystal layers may be formed by adjusting a
pitch of the cholesteric phase liquid crystal composition by at
least one of adjusting the temperature of the cholesteric phase
liquid crystal composition and applying the voltage to the
cholesteric phase liquid crystal composition. The voltage
may be applied to the cholesteric phase liquid crystal com-
position when forming the liquid crystal layer having the
shortest wavelength reflection band.

[0015] The liquid crystal layers may be sequentially
formed from longer wavelength reflection bands to shorter
wavelength reflection bands by sequentially increasing the
temperature of the cholesteric phase liquid crystal composi-
tion and performing the plurality of optical curing processes.
[0016] Alternatively, the liquid crystal layers may be
sequentially formed from shorter wavelength reflection
bands to longer wavelength reflection bands by sequentially
reducing the temperature of the liquid crystal composition
and performing the plurality of optical curing processes.
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[0017] Theliquid crystal layers may include red, green, and
blue liquid crystal layers. Alternatively, the liquid crystal
layers may include cyan, magenta, and yellow liquid crystal
layers.

[0018] A plurality of first electrodes may be formed on the
first substrate, and a plurality of second electrodes may be
formed on the second substrate. The plurality of first elec-
trodes may be formed to correspond to the liquid crystal
layers, and the plurality of second electrodes may be formed
integrally as a common electrode.

[0019] Alternatively, the plurality of first electrodes and the
plurality of second electrodes may be stripe-shaped across
each other.

[0020] At least one other example embodiment provides a
method of manufacturing a cholesteric liquid crystal display
device. The cholesteric liquid crystal display device includes
a plurality of pixel units, and each pixel unit includes a plu-
rality of subpixels. According to at least this example embodi-
ment, the method includes: preparing a first substrate and a
second substrate; forming different color filter layers corre-
sponding to the plurality of subpixels on the second substrate;
forming a cholesteric phase liquid crystal composition
including liquid crystal molecules, an optically polymeriz-
able polymer, and a chiral dopant between the first substrate
and the second substrate; and forming different color liquid
crystal layers corresponding to the color filter layers by
sequentially performing a plurality of optical curing pro-
cesses according to a variation in the temperature of the
cholesteric phase liquid crystal composition. At least one of
the liquid crystal layers is formed by applying a voltage to the
cholesteric phase liquid crystal composition during the plu-
rality of optical curing processes.

[0021] At least one other example embodiment provides a
method of manufacturing a pixel unit of a cholesteric liquid
crystal display device. The pixel unit includes a plurality of
subpixels. According to at least this example embodiment, the
method includes: preparing a first and a second substrate;
forming a color filter layer corresponding to each of the
plurality of subpixels on the second substrate; forming a
cholesteric phase liquid crystal composition between the first
substrate and the second substrate; and forming a plurality of
liquid crystal layers between the first substrate and the second
substrate by sequentially adjusting a temperature of the cho-
lesteric phase liquid crystal composition and performing a
plurality of optical curing processes on the cholesteric phase
liquid crystal composition, each of the plurality of liquid
crystal layers corresponding to one of the plurality of subpix-
els. A voltage is applied to the cholesteric phase liquid crystal
composition when forming at least one of the plurality of
liquid crystal layers, and each color filter layer corresponds to
a different color.

[0022] At least one other example embodiment provides a
cholesteric liquid crystal display device including a plurality
of pixel units. Each of the plurality of pixel units includes a
plurality of subpixels. According to at least this example
embodiment, the cholesteric liquid crystal display device
includes: a first substrate and a second substrate spaced apart
from each other; a plurality of different color filter layers
corresponding to the plurality of subpixels formed on the
second substrate; and a cholesteric liquid crystal layer dis-
posed between the first substrate and the second substrate,
and including a plurality of different micro-liquid crystal
layers corresponding to each of the plurality of subpixels.
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[0023] At least one other example embodiment provides a
pixel unit of a cholesteric liquid crystal display device. The
pixel unit includes a plurality of subpixels and comprises: a
first substrate and a second substrate spaced apart from each
other; a plurality of color filter layers formed on the second
substrate, each of the plurality of color filter layers corre-
sponding to a different color and corresponding to one of the
plurality of subpixels; and a cholesteric phase liquid crystal
layer disposed between the first substrate and the second
substrate. The cholesteric phase liquid crystal layer includes
a plurality of different color micro-liquid crystal layers cor-
responding to each of the plurality of subpixels.

[0024] According to at least some example embodiments,
the color filter layers may include red, green, and blue color
filter layers, and the plurality of different color micro-liquid
crystal layers may include red, green, and blue micro-liquid
crystal layers. Alternatively, the color filter layers may
include cyan, magenta, and yellow color filter layers, and the
plurality of different color micro-liquid crystal layers may
include cyan, magenta, and yellow micro-liquid crystal lay-
ers.

[0025] At least one other example embodiment provides a
method of manufacturing a cholesteric liquid crystal display
device including a plurality of pixel units. Each of the plural-
ity of pixel units includes a plurality of subpixels. According
to at least this example embodiment, the method includes:
preparing a first substrate and a second substrate; forming a
plurality of different color filter layers corresponding to the
plurality of subpixels on the second substrate; forming a
cholesteric phase liquid crystal composition including liquid
crystal molecules, an optically polymerizable polymer, and a
chiral dopant between the first substrate and the second sub-
strate; and forming a plurality of different color micro-liquid
crystal layers corresponding to each of the plurality of sub-
pixels by sequentially performing a plurality of optical curing
processes according to a variation in temperature of the cho-
lesteric phase liquid crystal composition.

[0026] At least one other example embodiment provides a
method of manufacturing a pixel unit of a cholesteric liquid
crystal display device. The pixel unit includes a plurality of
subpixels. According to at least this example embodiment, the
method comprises: preparing a first and a second substrate;
forming a plurality of different color filter layers on the sec-
ond substrate, each different color filter layer corresponding
to one of the plurality of subpixels; forming a cholesteric
phase liquid crystal composition between the first substrate
and the second substrate; and forming a plurality of different
color micro-liquid crystal layers corresponding to each of the
plurality of subpixels by sequentially adjusting a temperature
of the cholesteric phase liquid crystal composition and
sequentially performing a plurality of optical curing pro-
cesses.

[0027] According to at least some example embodiments,
at least one of the micro-liquid crystal layers may be formed
by applying a voltage to the cholesteric phase liquid crystal
composition.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Example embodiments will become apparent and
more readily appreciated from the following description of
the accompanying drawings in which:

[0029] FIG. 1 is a cross-sectional view of a single-layer
cholesteric liquid crystal display device according to an
example embodiment;
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[0030] FIG. 2 illustrates a structure of a cholesteric liquid
crystal polymer included in a cholesteric liquid crystal layer
of F1IG. 1,

[0031] FIGS. 3 through 10 are views illustrating a method
of manufacturing a cholesteric liquid crystal display device
according to an example embodiment;

[0032] FIGS. 11 through 18 are views illustrating a method
of manufacturing a cholesteric liquid crystal display device
according to another example embodiment;

[0033] FIGS. 19 through 21 are views illustrating a method
of manufacturing a cholesteric liquid crystal display device
according to yet another example embodiment;

[0034] FIGS. 22 through 24 are views illustrating a method
of manufacturing a cholesteric liquid crystal display device
according to still another example embodiment; and

[0035] FIG. 25 is a cross-sectional view of a single-layer
cholesteric liquid crystal display device according to another
example embodiment.

DETAILED DESCRIPTION

[0036] Example embodiments will now be described more
fully with reference to the accompanying drawings, in which
some example embodiments are shown. In the drawings, the
thicknesses of layers and regions are exaggerated for clarity.
Like reference numerals in the drawings denote like ele-
ments.

[0037] Detailed illustrative embodiments are disclosed
herein. However, specific structural and functional details
disclosed herein are merely representative for purposes of
describing example embodiments. Example embodiments
may be embodied in many alternate forms and should not be
construed as limited to only those set forth herein.

[0038] It should be understood, however, that there is no
intent to limit this disclosure to the particular example
embodiments disclosed. On the contrary, example embodi-
ments are to cover all modifications, equivalents, and alter-
natives falling within the scope of the invention. Like num-
bers refer to like elements throughout the description of the
figures.

[0039] It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
these elements should not be limited by these terms. These
terms are only used to distinguish one element from another.
For example, a first element could be termed a second ele-
ment, and, similarly, a second element could be termed a first
element, without departing from the scope of this disclosure.
As used herein, the term “and/or,” includes any and all com-
binations of one or more of the associated listed items.
[0040] It will be understood that when an element is
referred to as being “connected,” or “coupled,” to another
element, it can be directly connected or coupled to the other
element or intervening elements may be present. In contrast,
when an element is referred to as being “directly connected,”
or “directly coupled,” to another element, there are no inter-
vening elements present. Other words used to describe the
relationship between elements should be interpreted in a like
fashion (e.g., “between,” versus “directly between,” “adja-
cent,” versus “directly adjacent,” efc.).

[0041] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting. As used herein, the singular forms “a,” “an,” and
“the,” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms “comprises,” “comprising,’
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“includes,” and/or “including,” when used herein, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0042] It should also be noted that in some alternative
implementations, the functions/acts noted may occur out of
the order noted in the figures. For example, two figures shown
in succession may in fact be executed substantially concur-
rently or may sometimes be executed in the reverse order,
depending upon the functionality/acts involved.

[0043] FIG. 1 is a cross-sectional view of a single-layer
cholesteric liquid crystal display device according to an
example embodiment. FIG. 2 illustrates a structure of a cho-
lesteric liquid crystal polymer included in a cholesteric liquid
crystal layer 130 of FIG. 1.

[0044] Referring to FIG. 1, the single-layer cholesteric lig-
uid crystal display device includes a plurality of pixel units.
Each pixel unit includes ared subpixel 150R, a green subpixel
150G, and a blue subpixel 150B. The red subpixel 150R, the
green subpixel 150G and blue subpixel 1508 of the single-
layer cholesteric liquid crystal display device are arranged in
the same or substantially the same plane.

[0045] The red, green, and blue subpixels shown in FIG. 1
are only examples. In alternative example embodiments, each
pixel unit may include cyan, magenta, and yellow subpixels,
or various other colors of subpixels.

[0046] Still referring to FIG. 1, a first lower substrate 110
and a second upper substrate 120 are spaced apart from each
other. A cholesteric liquid crystal layer 130 is disposed
between the first substrate 110 and the second substrate 120.
The first substrate 110 and the second substrate 120 may be
formed of a transparent material such as glass, aplastic mate-
rial or the like. However, example embodiments are not lim-
ited thereto.

[0047] A plurality of first electrodes 112 are formed on an
upper surface of the first substrate 110, and a plurality of
second electrodes 122 are formed on a lower surface of the
second substrate 120. The first electrodes 112 and the second
electrodes 122 may be formed of a transparent conductive
material such as indium-tin-oxide (ITO) or the like.

[0048] Ifthe single-layer cholesteric liquid crystal display
device is an active matrix (AM) display device, the first elec-
trodes 112 may be formed to correspond to the red subpixels
150R, the green subpixels 150G, and the blue subpixels
150B, whereas the second electrodes 122 may be formed
integrally as a common electrode. In this example, a thin film
transistor (TFT) may be connected to each of the first elec-
trodes 112.

[0049] Ifthe single-layer cholesteric liquid crystal display
device is a passive matrix (PM) display device, the first elec-
trodes 112 may be stripe-shaped and parallel or substantially
parallel with each other. The second electrodes 122 may be
parallel or substantially parallel with each other and may
cross the first electrodes 112.

[0050] Referring to FIGS. 1 and 2, the cholesteric liquid
crystal layer 130 includes liquid crystal molecules 135
(shown in FIG. 2), a chiral dopant, and an optically polymer-
izable polymer. The chiral dopant is mixed with the liquid
crystal molecules to form a cholesteric phase liquid crystal
polymer. The optically polymerizable polymer is cured to fix
a helix pitch of the cholesteric phase. The solubility of the
chiral dopant may vary with respect to the liquid crystal
molecules 135 according to temperature.
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[0051] The liquid crystal molecules 135 are mixed with the
chiral dopant to form a cholesteric liquid crystal polymer
having a cholesteric phase that is twisted into a helix struc-
ture.

[0052] Asillustrated in FIG. 2, the cholesteric liquid crystal
polymer is periodically twisted. The repetition length is
referred to as the pitch p. Incident light is selectively reflected
according to the repeated structure. A wavelength reflection
band of the cholesteric liquid crystal polymer depends on the
pitch p.

[0053] A wavelength A corresponding to the maximum
reflection is determined using Equation (1) shown below.

h=np M

[0054] In Equation (1), n is an average refractive index of
the cholesteric liquid crystal polymer and p is the pitch. The
pitch p depends onthe amount of chiral dopant. In general, the
higher the amount of chiral dopant, the shorter the pitch p.
The shorter the pitch p, the lower the wavelength reflection
band.

[0055] As the temperature of the cholesteric liquid crystal
polymer increases, the solubility of the chiral dopant relative
to the liquid crystal molecules 135 increases. If more chiral
dopant is dissolved due to an increase in temperature, the
helix pitch of the cholesteric phase decreases, and thus, the
wavelength reflection band is lowered.

[0056] On the other hand, if the temperature of the choles-
teric liquid crystal polymer is decreased and a portion of the
dissolved chiral dopant is precipitated, the amount of dis-
solved chiral dopant decreases. In this case, the helix pitch of
the cholesteric phase increases, and the wavelength reflection
band is raised.

[0057] Based on the principles described above, the cho-
lesteric liquid crystal layer 130 includes liquid crystal layers
of different colors including cholesteric liquid crystal poly-
mers having different helix pitches to produce different col-
ors. For example, the cholesteric liquid crystal layer 130
shown in FIG. 1 includes red, green, and blue liquid crystal
layers 130R, 130G, and 130B corresponding to the red, green,
and blue subpixels 150R, 150G, and 150B, respectively. The
red liquid crystal layer 130R selectively reflects red light R,
the green liquid crystal layer 130G selectively reflects green
light G, and the blue liquid crystal layer 130B selectively
reflects blue light B.

[0058] Although not shown in FIG. 1, in alternative
example embodiments, the cholesteric liquid crystal layer
130 may include cyan, magenta, yellow or other various
colors of liquid crystal layers.

[0059] Although not shown, a spacer for maintaining a
constant gap between the first substrate 110 and the second
substrate 120 may be further disposed between the first sub-
strate 110 and the second substrate 120. A light absorption
layer (not shown) may also be disposed on the first substrate
110. The light absorption layer absorbs light that passes
through the cholesteric liquid crystal layer 130, thereby
increasing color purity.

[0060] In the single-layer cholesteric liquid crystal display
device of FIG. 1, ifno voltage is applied to the first and second
electrodes 112 and 122 corresponding to the red subpixel
150R, the red liquid crystal layer 130R selectively reflects red
light R from among incident light (e.g., white light) W.
[0061] If a given, desired or predetermined voltage is
applied to the first electrodes 112 and the second electrodes
122 corresponding to the red subpixel 150R, liquid crystal
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molecules of the red liquid crystal layer 130R are arranged in
parallel or substantially parallel with each other in an electric
field. In this case, the incident white light W passes through
the red liquid crystal layer 130R.

[0062] Similarly, if no voltage is applied to the first elec-
trodes 112 and the second electrodes 122 corresponding to
the green subpixel 150G, the green liquid crystal layer 130G
selectively reflects green light G from among incident white
light W.

[0063] If a given, desired or predetermined voltage is
applied to the first electrodes 112 and the second electrodes
122 corresponding to the green subpixel 150G, liquid crystal
molecules of the green liquid crystal layer 130G are arranged
in parallel or substantially parallel with each other in an
electric field. In this case, the incident white light W passes
through the green liquid crystal layer 130G.

[0064] Ifno voltage is applied to the first electrodes 112 and
the second electrodes 122 corresponding to the blue subpixel
150B, the blue liquid crystal layer 130B selectively reflects
blue light B from among the incident white light W.

[0065] If a given, desired or predetermined voltage is
applied to the first electrodes 112 and the second electrodes
122 corresponding to the blue subpixel 150B, liquid crystal
molecules ofthe blue liquid crystal layer 130B are arranged in
parallel or substantially parallel with each other in an electric
field. In this case, the incident white light W passes through
the blue liquid crystal layer 130B.

[0066] By selectively applying voltages to the first elec-
trodes 112 and the second electrodes 122 corresponding to
the red, green, and blue subpixels 150R, 150G, and 150B, a
desired color image may be realized. The example embodi-
ment in FIG. 1 shows that the red, green, and blue liquid
crystal layers 130R, 130G, and 130B reflect the red light R,
the green light G, and the blue light B, respectively.

[0067] Hereinafter, an example embodiment of a method of
manufacturing a cholesteric liquid crystal display device will
be described in more detail. FIGS. 3 through 10 are views for
explaining an example embodiment of a method of manufac-
turing a cholesteric liquid crystal display device.

[0068] Referring to FIG. 3, a first substrate 110 and a sec-
ond substrate 120 are prepared. In FIG. 3, the first substrate
110 is a lower substrate and the second substrate 120 is an
upper substrate. The first substrate 110 and the second sub-
strate 120 are spaced apart from one another. Although not
shown in FIG. 3, a spacer may be disposed between the first
substrate 110 and the second substrate 120 to maintain a
constant or substantially constant gap between the first sub-
strate 110 and the second substrate 120.

[0069] According to at least some example embodiments,
the first substrate 110 and the second substrate 120 may be
transparent substrates formed of, for example, glass, a plastic
material or the like. However, example embodiments are not
limited thereto.

[0070] The first electrodes 112 are formed on the upper
surface of the first substrate 110, whereas the second elec-
trodes 122 are formed on the lower surface of the second
substrate 120. The first electrodes 112 and the second elec-
trodes 122 may be formed of a transparent conductive mate-
rial such as ITO or the like.

[0071] If the cholesteric liquid crystal display device is an
AM display device, each first electrode 112 may be formed to
correspond to one of the red, green, and blue subpixels 150R,
150G, and 150B, whereas the second electrodes 122 are
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formed integrally as a common electrode. In this example, a
TFT may be connected to each of the first electrodes 112.
[0072] Alternatively, if the cholesteric liquid crystal dis-
play device is a PM display device, the first electrodes 112
may be stripe-shaped and in parallel or substantially parallel
with one another, whereas the second electrodes 122 may be
arranged in parallel or substantially parallel with one another
across the first electrodes 112.

[0073] A cholesteric liquid crystal composition (not
shown) is injected between the first substrate 110 and the
second substrate 120. In one example, the cholesteric liquid
crystal composition may be formed by dissolving a chiral
dopant in a mixed solution containing an optically polymer-
izable polymer and liquid crystal molecules. The optically
polymerizable polymer may be an ultraviolet (UV) ray cur-
able polymer such as an acrylate-based polymer. However,
example embodiments are not limited thereto. The chiral
dopantis a mirror symmetric compound. The solubility of the
chiral dopant varies with respect to liquid crystal molecules
according to temperature.

[0074] As mentioned above, if a temperature of the choles-
teric liquid crystal composition is changed, the solubility
thereof varies with respect to liquid crystal molecules, and
thus, the helix pitch of a cholesteric phase varies.

[0075]  Still referring to FIG. 3, a red liquid crystal compo-
sition 130R' is formed by adjusting a temperature of the
cholesteric liquid crystal composition. In more detail, the red
liquid crystal composition 130R' having the helix pitch of a
red light wavelength reflection band is formed by adjusting
the cholesteric liquid crystal composition to a given, desired
or predetermined temperature.

[0076] As shown in FIG. 4, a mask M1 is formed on an
upper surface of the second substrate 120. The red liquid
crystal composition 130R' disposed inaregion corresponding
to the red subpixel 150R is cured with UV rays by irradiating
at least the exposed portion of the upper surface of the second
substrate 120 with UV rays. Thus, an optically polymerizable
polymer included in the red liquid crystal composition 130R’
disposed in the region corresponding to the red subpixel 150R
is cured, thereby forming the red liquid crystal layer 130R. By
curing the red liquid crystal composition 130R' with UV rays,
the helix pitch having the red light wavelength reflection band
is fixed in the red liquid crystal layer 130R.

[0077] Referring to FIG. 5, a green liquid crystal composi-
tion 130G is formed by increasing a temperature of the
uncured red liquid crystal composition 130R' disposed in
regions corresponding to the green subpixel 150G and the
blue subpixel 150B. When the temperature of the red liquid
crystal composition 130R" increases, the helix pitch of the
cholesteric phase is reduced because the solubility of the
chiral dopant increases with respect to liquid crystal mol-
ecules. Therefore, the green liquid crystal composition 130G’
having the helix pitch of a green light wavelength reflection
band is formed in the regions corresponding to the green
subpixel 150G and the blue subpixel 150B by raising the
temperature of the uncured red liquid crystal composition
130R' to a given, desired or predetermined level.

[0078] Referring to FIG. 6, a mask M2 is formed on por-
tions of the upper surface of the second substrate 120 corre-
sponding to the red subpixel 150R and the blue subpixel
150B. The green liquid crystal composition 130G" disposed in
a region corresponding to the green subpixel 150G is cured
with UV rays by irradiating at least the exposed portion of the
upper surface ofthe second substrate 120 with UV rays. Thus,
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an optically polymerizable polymer included in the green
liquid crystal composition 130G' disposed in the region cor-
responding to the green subpixel 150G is cured, thereby
forming the green liquid crystal layer 130G. By curing the
green liquid crystal composition 130G' with UV rays, the
helix pitch having a green light wavelength reflection band is
fixed in the green liquid crystal layer 130G.

[0079] As shown in FIG. 9, in alternative example embodi-
ments, the operation of curing the green liquid crystal com-
position 130G with UV rays may be performed by using a
second mask M2' that exposes the red and green subpixels
150R and 150G. In this example, the red liquid crystal layer
130R is not affected even when exposed to UV rays because
the helix pitch having the red light wavelength reflection band
is fixed in the red liquid crystal layer 130R formed in the red
subpixel 150R.

[0080] Referring to FIG. 7, a blue liquid crystal composi-
tion 130B' is formed by increasing a temperature of the
uncured green liquid crystal composition 130G disposed in
the region corresponding to the blue subpixel 150B, and
applying a given, desired or predetermined voltage to the
uncured green liquid crystal composition 130G". If the tem-
perature of the green liquid crystal composition 130G is
increased, the helix pitch of the cholesteric phase decreases.
The helix pitch of the cholesteric phase is further reduced in
response to the voltage applied to the uncured green liquid
crystal composition 130G'. By increasing the change in the
helix pitch a clearer blue color may be displayed. Thus, The
blue liquid crystal composition 130B" having the helix pitch
of a blue light wavelength reflection band may be formed in
the region corresponding to the blue subpixel 150B by
increasing the temperature of the uncured green liquid crystal
composition 130G" and applying the voltage to the uncured
green liquid crystal composition 130G".

[0081] Referring to FIG. 8, a mask M3 is formed on the
upper surface of the second substrate 120 to cover portions of
the second substrate 120 corresponding to the red subpixel
150R and the green subpixel 150G. The blue liquid crystal
composition 130B' disposed in a region corresponding to the
blue subpixel 150B is cured with UV rays by irradiating at
least the exposed portion of the upper surface of the second
substrate 120 with UV rays. Thus, an optically polymerizable
polymerincluded in the blue liquid crystal composition 130B'
disposed in the region corresponding to the blue subpixel
150B is cured, thereby forming the blue liquid crystal layer
130B. By curing the blue liquid crystal composition 130B'
with UV rays, the helix pitch having a blue light wavelength
reflection band is fixed in the blue liquid crystal layer 130B.

[0082] As shown in FIG. 10, in alternative example
embodiments, the blue liquid crystal composition 130B' may
be cured with UV rays by irradiating UV rays onto the upper
portion of the second substrate 120 without a mask. In this
case, because the helix pitches of the red and green light
wavelength reflection bands are fixed in the red and green
liquid crystal layers 130R and 130G formed in the regions
corresponding to the red and green subpixels 150R and 150G,
respectively, the red and green liquid crystal layers 130R and
130G are not affected even when exposed to UV rays. Thus,
the cholesteric liquid crystal layer 130 including the red,
green, and blue liquid crystal layers 130R, 130G, and 130B
corresponding to the red, green, and blue subpixels 150R,
150G, and 1508 is formed between the first substrate 110 and
the second substrate 120.
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[0083] According to at least the example embodiments dis-
cussed above with regard to FIGS. 3-11, the liquid crystal
layers are sequentially formed from longer wavelength
reflection bands to shorter wavelength reflection bands by
sequentially increasing the temperature of the cholesteric
liquid crystal layer 130 and performing a plurality of optical
curing processes on the liquid crystal layer 130. In the
example embodiments discussed above with regard to FIGS.
3-10, the red, green, and blue liquid crystal layers 130R,
130G, and 130B are formed sequentially.

[0084] As described above, when the blue liquid crystal
layer 130B is formed, the temperature is increased and a
voltage is applied, thereby increasing a change in the helix
pitch and displaying a clearer color image. Although the
voltage is applied to the blue liquid crystal layer 130B in this
example embodiment, example embodiments are not limited
thereto. For example, the voltage may be applied to the red
liquid crystal layer 130R and/or the green liquid crystal layer
130G, thereby displaying a clearer color image.

[0085] Although each of the pixel units includes the red,
green, and blue subpixels 150R, 150G, and 150B in this
example embodiment, in alternative example embodiments
each pixel unit may include cyan, magenta, and yellow sub-
pixels. Inthis example, the cholesteric liquid crystal layer 130
may include cyan, magenta, and yellow liquid crystal layers.
In other alternative embodiments, each pixel unit may include
various colors of subpixels.

[0086] FIGS. 11 through 18 are views illustrating a method
of manufacturing a cholesteric liquid crystal display device
according to another example embodiment. Differences
between the example embodiment shown in FIGS. 3 through
10 and the example embodiment shown in FIGS. 11 through
18 will be described below.

[0087] Referring to FIG. 11, a first substrate 210 and a
second substrate 220 are prepared. In FIG. 11, the first sub-
strate 210 is a lower substrate and the second substrate 220 is
an upper substrate. The first substrate 210 and the second
substrate 220 are spaced apart from one another.

[0088] A plurality of first electrodes 212 are formed on the
upper surface of the first substrate 210, and a plurality of
second electrodes 222 are formed on the lower surface of the
second substrate 220.

[0089] If the cholesteric liquid crystal display device is an
AM cholesteric liquid crystal display device, the first elec-
trodes 212 are formed to correspond to red, green, and blue
subpixels 250R, 250G, and 250B, whereas the second elec-
trodes 222 are formed integrally as a common electrode. In
this example, a TFT may be connected to each of the first
electrodes 212.

[0090] If the liquid crystal display device is a PM choles-
teric liquid crystal display device, the first electrodes 212 may
be stripe-shaped and in parallel or substantially parallel with
one another, whereas the second electrodes 222 may be par-
allel or substantially parallel to one another across the first
electrodes 212.

[0091] Still referring to FIG. 11, a cholestetic liquid crystal
composition (not shown) is injected between the first sub-
strate 210 and the second substrate 220. The cholesteric liquid
crystal composition may be formed by dissolving a chiral
dopant in a mixed solution containing an optically polymer-
izable polymer and liquid crystal molecules.

[0092] A blue liquid crystal composition 230B' is formed
by adjusting a temperature of the cholesteric liquid crystal
composition and applying a given, desired or predetermined
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voltage to the cholesteric liquid crystal composition. More
specifically, if the cholesteric liquid crystal composition is
raised to a given, desired or predetermined temperature, and
a given, desired or predetermined voltage is applied to the
cholesteric liquid crystal composition, the blue liquid crystal
composition 230B' having the helix pitch of a blue light
wavelength reflection band is formed, thereby displaying a
clearer blue color.

[0093] Referring to FIG. 12, a mask M1 is formed on an
upper surface of the second substrate 220. The blue liquid
crystal composition 230B' disposed ina region corresponding
to the blue subpixel 250B is cured with UV rays by irradiating
at least the exposed portion of the upper surface of the second
substrate 220 with UV rays. As shownin F1G. 12, the exposed
portion of the second substrate 220 corresponds to the blue
subpixel 250B. Thus, an optically polymerizable polymer
included in the blue liquid crystal composition 230B" dis-
posed in the region corresponding to the blue subpixel 250B
is cured to form a blue liquid crystal layer 230B. By curing the
blue liquid crystal composition 230B' with UV rays, the helix
pitch having the blue light wavelength reflection band is fixed
in the blue liquid crystal layer 230B.

[0094] Referring to FIG. 13, a green liquid crystal compo-
sition 230G' is formed by reducing a temperature of the
uncured blue liquid crystal composition 230B' disposed in
regions corresponding to the green subpixel 250G and the red
subpixel 250R. In this example, if the temperature of the
uncured blue liquid crystal composition 230B' is reduced, the
helix pitch of a cholesteric phase increases because the solu-
bility of the chiral dopant is reduced with respect to liquid
crystal molecules. Thus, by reducing the temperature of the
uncured blue liquid crystal composition 230B', the green
liquid crystal composition 230G" having the helix pitch of a
green light wavelength reflection band is formed in the
regions corresponding to the green subpixel 250G and the red
subpixel 250R.

[0095] Referring to FIG. 14, a mask M2 is formed on por-
tions of the upper surface of the second substrate 220 corre-
sponding to the blue subpixel 250B and the red subpixel
250R. The portion of the second substrate 220 corresponding
to the green subpixel 250G is exposed through the mask M2.
[0096] The green liquid crystal composition 230G' dis-
posed in the region corresponding to the green subpixel 250G
is cured with UV rays by irradiating at least the exposed
portion of the second substrate 220 with UV rays. Thus, an
optically polymerizable polymer included in the green liquid
crystal composition 230G" disposed in the region correspond-
ing to the green subpixel 250G is cured to form a green liquid
crystal layer 230G. By curing the green liquid crystal com-
position 230G" with UV rays, the helix pitch having a green
light wavelength reflection band is fixed in the green liquid
crystal layer 230G.

[0097] As shown in FIG. 17, in alternative example
embodiments, the green liquid crystal composition 230G’
may be cured by UV rays using a second mask M2', which
exposes both the blue and green subpixels 250B and 250G. In
this case, the blue liquid crystal layer 230B is not affected
even when exposed to UV rays because the helix pitch of the
blue liquid crystal layer 230B corresponding to the blue sub-
pixel 2508 is already fixed.

[0098] Referring to FIG. 15, a red liquid crystal composi-
tion 230R" is formed by further reducing a temperature of the
uncured green liquid crystal composition 230G disposed in
the region corresponding to the red subpixel 230R. If the
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temperature of the uncured green liquid crystal composition
230G is further reduced, the helix pitch of the cholesteric
phase increases. By reducing the temperature of the uncured
green liquid crystal composition 230G, the red liquid crystal
composition 230R'having the helix pitch of a red light wave-
length reflection band is formed in the region corresponding
to the red subpixel 250R.

[0099] Referring to FIG. 16, a mask M3 is formed on por-
tions of the upper surface of the second substrate 220 corre-
sponding to the blue subpixel 250B and the green subpixel
250G. The portion of the second substrate 220 corresponding
to the red subpixel 250R is exposed through the mask M3.
[0100] The red liquid crystal composition 230R' disposed
in the region corresponding to the red subpixel 250R is cured
with UV rays by irradiating at least the exposed portion of the
second substrate 220 with UV rays. Thus, an optically poly-
merizable polymer included in the red liquid crystal compo-
sition 230R’ disposed in the region corresponding to the red
subpixel 250R is cured to form a red liquid crystal layer 230R.
By curing the red liquid crystal composition 230R" with UV
rays, the helix pitch having the red light wavelength reflection
band is fixed in the red liquid crystal layer 230R.

[0101] As shown in FIG. 18, in an alternative example
embodiment, the red liquid crystal composition 230R' may be
cured with UV rays by irradiating UV rays onto the upper
portion of the second substrate 220 without a mask. In this
case, the blue and green liquid crystal layers 230B and 230G
are not affected even when exposed to UV rays because the
helix pitches of the blue and green light wavelength reflection
bands in the blue and green liquid crystal layers 230B and
230G are fixed.

[0102] By utilizing the methods described above with
regard to FIGS. 11-18, a cholesteric liquid crystal layer 230
including the red, green, and blue liquid crystal layers 230R,
230G, and 230B corresponding to the red, green, and blue
subpixels 250R, 250G, and 2508 is formed between the first
substrate 210 and the second substrate 220.

[0103] According to at least this example embodiment, the
liquid crystal layers are sequentially formed from shorter
wavelength reflection bands to longer wavelength reflection
bands by sequentially decreasing the temperature of the lig-
uid crystal composition 230 and performing a plurality of
optical curing processes. Thus, the blue, green, and red liquid
crystal layers 230B, 230G, and 230R are formed sequentially.
[0104] Inaddition,asdescribed above, when the blue liquid
crystal layer 230B is formed, the temperature is adjusted and
a voltage is applied to increase a change in the helix pitch
thereby resulting in a clearer color image.

[0105] Although the voltage is applied to the blue liquid
crystal layer 230B in the example embodiment, example
embodiments are not limited thereto. For example, voltage
may be applied to the red liquid crystal layer 230R and/or the
green liquid crystal layer 230G to display a clearer color
image.

[0106] Although the pixel unit includes the red, green, and
blue subpixels 250R, 250G, and 250B in this example
embodiment, the pixel unit may include cyan, magenta, and
yellow subpixels in other example embodiments. If so, the
cholesteric liquid crystal layer 230 may include cyan,
magenta, and yellow liquid crystal layers. In other alternative
embodiments, the pixel unit may include various colors of
subpixels.

[0107] FIGS. 19 through 21 are views illustrating another
example embodiment of a method of manufacturing a cho-
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lesteric liquid crystal display device. The method of manu-
facturing the cholesteric liquid crystal display device shown
in FIGS. 19 through 21 is similar to the method of manufac-
turing the cholesteric liquid crystal display device described
with reference to FIGS. 3 through 10, except that red, green,
and blue color filter layers 340R, 340G, and 3408 are dis-
posed on a lower surface of a second (upper) substrate 320.
[0108] Referring to FIG. 19, a first substrate 310 and the
second substrate 320 are spaced apart from each other. A
plurality of first electrodes 312 are formed on the upper sur-
face of the first substrate 310. A plurality of second electrodes
322 are formed on the lower surface of the second substrate
320.

[0109] A redcolor filter layer 340R is formed to correspond
to the red subpixel 350R on a lower surface of the second
electrodes 322. A green color filter layer 340G is formed to
correspond to the green subpixel 350G on a lower surface of
the second substrate 320. A blue color filter layer 340B is
formed to correspond to the blue subpixel 350B on a lower
surface of the second electrodes 322.

[0110] Still referring to FIG. 19, a cholesteric liquid crystal
composition (not shown) is injected between the first sub-
strate 310 and the second substrate 320. The cholesteric liquid
crystal composition includes a mixture of liquid crystal mol-
ecules, a chiral dopant, and an optically polymerizable poly-
mer.

[0111] A red liquid crystal composition 330R" having the
helix pitch ofa red light wavelength reflection band is formed
by adjusting the cholesteric liquid crystal composition to a
given, desired or predetermined temperature.

[0112] A mask M1 is formed on an upper surface of the
second substrate 320. The mask M1 covers upper portions of
the second substrate 320 corresponding to the green and blue
subpixels 350G and 350B. But, the upper portion of the
second substrate 320 corresponding to the red subpixel 350R
is exposed.

[0113] The red liquid crystal composition 330R' disposed
in a region corresponding to the red subpixel 350R is then
cured with UV rays by irradiating a portion of the upper
surface of the second substrate 320 exposed through the first
mask M1 with UV rays. Thus, an optically polymerizable
polymer included in the red liquid crystal composition 330R’
disposed in the region corresponding to the red subpixel 350R
is cured, thereby forming a red liquid crystal layer 330R. By
curing the red liquid crystal composition 330R' with UV rays,
the helix pitch having a red light wavelength reflection band
is fixed in the red liquid crystal layer 330R.

[0114] Referring to FIG. 20, a mask M2 is formed on por-
tions of the upper surface of the second substrate 320 corre-
sponding to the blue subpixel 350B and the red subpixel
350R. The portion of the second substrate 320 corresponding
to the green subpixel 350G is exposed through the mask M2.
[0115] A green liquid crystal composition 330G is formed
by increasing a temperature of the uncured red liquid crystal
composition 330R' disposed in regions corresponding to the
green subpixel 350G and the blue subpixel 350B. In this
example, the temperature of the uncured red liquid crystal
composition 330R' is increased to form a green liquid crystal
composition 330G" having the helix pitch of a green light
wavelength reflection band in the regions corresponding to
the green subpixel 350G and the blue subpixel 350B.

[0116] The green liquid crystal composition 330G' dis-
posed in the region corresponding to the green subpixel 350G
is cured with UV rays by irradiating the exposed portion of
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the second substrate 320 with UV rays. Thus, an optically
polymerizable polymer included in the green liquid crystal
composition 330G' disposed in the region corresponding to
the green subpixel 350G is cured to form a greenliquid crystal
layer 330G. By curing the green liquid crystal composition
330G' with UV rays, the helix pitch having a green light
wavelength reflection band is fixed in the green liquid crystal
layer 330G.

[0117] As described above, in alternative example embodi-
ments, the green liquid crystal composition 330G' may be
cured with UV rays using the second mask M2' (of FIG. 9)
that exposes the red and green subpixels 350R and 350G.
[0118] Referring to FIG. 21, a blue liquid crystal composi-
tion (not shown) is formed by increasing a temperature of the
uncured green liquid crystal composition 330G" disposed in
the region corresponding to the blue subpixel 350B and
applying a given, desired or predetermined voltage to the
green liquid crystal composition 330G'. By increasing the
temperature of the uncured green liquid crystal composition
330G" and applying a voltage to the green liquid crystal com-
position 330G", the helix pitch of a cholesteric phase is
reduced. Thus, the blue liquid crystal composition having the
helix pitch of a blue light wavelength reflection band may be
formed in the region corresponding to the blue subpixel 350B
by increasing the temperature of the uncured green liquid
crystal composition 330G" and applying the voltage to the
green liquid crystal composition 330G".

[0119] A mask M3 is formed on portions of the upper
surface of the second substrate 320 corresponding to the red
subpixel 350R and the green subpixel 350G. The portion of
the second substrate 320 corresponding to the blue subpixel
3508 is exposed through the mask M3. The blueliquid crystal
composition disposed in the region corresponding to the blue
subpixel 350B is cured with UV rays by irradiating an
exposed portion of the second substrate 320 with UV rays.
Thus, an optically polymerizable polymer included in the
blue liquid crystal composition disposed in the region corre-
sponding to the blue subpixel 350B is cured to form a blue
liquid crystal layer 330B. By curing the blue liquid crystal
composition with UV rays, the helix pitch having a blue light
wavelength reflection band is fixed in the blue liquid crystal
layer 330B.

[0120] As described above, in alternative example embodi-
ments, the blue liquid crystal composition may be cured with
UV rays by irradiating UV rays on the upper portion of the
second substrate 320 without a mask.

[0121] According to the example embodiments described
above with regard to FIGS. 19-21, a cholesteric liquid crystal
layer 330 including the red, green, and blue liquid crystal
layers 330R, 330G, and 330B corresponding to the red, green,
and blue subpixels 350R, 350G, and 3508 is formed between
the first substrate 310 and the second substrate 320.

[0122] According to at least these example embodiments,
the liquid crystal layers are formed sequentially from longer
wavelength reflection bands to shorter wavelength reflection
bands by sequentially increasing the temperature of the liquid
crystal composition and performing a plurality of optical
curing processes. A voltage is also applied when forming at
least one of the plurality of liquid crystal layers. In this
example, the red, green, and blue liquid crystal layers 330R,
330G, and 330B are formed sequentially.

[0123] As described above, in this example embodiment,
the red, green, and blue color filter layers 340R, 340G, and
340B are disposed on the second (upper) substrate 320,
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thereby displaying a clear color image having relatively high
resolution and/or relatively high purity.

[0124] Although a voltage is applied to the blue liquid
crystal layer 330B in this example, example embodiments are
not limited thereto. In this example, the voltage may be
applied to the red liquid crystal layer 330R and/or the green
liquid crystal layer 330G.

[0125] Further, the example embodiments shown in FIGS.
19-21 are described with regard to a pixel unit including red,
green, and blue subpixels 350R, 350G, and 350B, the pixel
unit may include cyan, magenta, and yellow subpixels in
other example embodiments. In this case, the cholesteric
liquid crystal layer 330 may include cyan, magenta, and yel-
low liquid crystal layers. Alternatively, the pixel unit may
include various colors of subpixels.

[0126] FIGS. 22 through 24 are views illustrating a method
of manufacturing a cholesteric liquid crystal display device
according to another example embodiment. The method of
manufacturing the cholesteric liquid crystal display device
shown in FIGS. 22 through 24 is similar to the method of
manufacturing the cholesteric liquid crystal display device
described with reference to FIGS. 11 through 18, except that
red, green, and blue color filter layers 440R, 440G, and 440B
are disposed on a lower surface of a second (upper) substrate
420.

[0127] Referring to FIG. 22, a first substrate 410 and the
second substrate 420 are spaced apart from each other. A
plurality of first electrodes 412 are formed on the upper sur-
face of the first substrate 410. A plurality of second electrodes
422 are formed on the lower surface of the second substrate
420.

[0128] A redcolor filter layer 440R is formed to correspond
to the red subpixel 450R on a lower surface of the second
electrodes 422. A green color filter layer 440G is formed to
correspond to the green subpixel 450G on a lower surface of
the second substrate 420. A blue color filter layer 440B is
formed to correspond to the blue subpixel 450B on a lower
surface of the second electrodes 422.

[0129] Still referring to FIG. 22, a cholesteric liquid crystal
composition (not shown) is injected between the first sub-
strate 410 and the second substrate 420. The cholesteric liquid
crystal composition includes a mixture of liquid crystal mol-
ecules, a chiral dopant, and an optically polymerizable poly-
mer. A blue liquid crystal composition 430B' is formed by
adjusting a temperature of the cholesteric liquid crystal com-
position and applying a given, desired or predetermined volt-
age to the cholesteric liquid crystal composition. By adjusting
the temperature of the cholesteric liquid crystal composition
to a given, desired or predetermined temperature and apply-
ing a given, desired or predetermined voltage to the choles-
teric liquid crystal composition, the blue liquid crystal com-
position 430B' having the helix pitch of a blue light
wavelength reflection band may be formed. As described
above, a clearer blue color may be displayed by varying the
temperature and applying a voltage concurrently or simulta-
neously.

[0130] Still referring to FIG. 22, a mask M1 is formed on
portions of the upper surface of the second substrate 420
corresponding to the green subpixel 450G and the red sub-
pixel 450R. The portion of the second substrate 220 corre-
sponding to the blue subpixel 450G is exposed through the
mask M1.

[0131] The blue liquid crystal composition 430B' disposed
in a region corresponding to the blue subpixel 450B is cured
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with UV rays by irradiating at least the exposed portion of the
second substrate 420 with UV rays. Thus, an optically poly-
merizable polymer included in the blue liquid crystal com-
position 430B' disposed in the region corresponding to the
blue subpixel 450B is cured, thereby forming a blue liquid
crystal layer 430B. By curing the blue liquid crystal compo-
sition 430B' with UV rays, the helix pitch having a blue light
wavelength reflection band is fixed in the blue liquid crystal
layer 430B.

[0132] Referring to FIG. 23, a green liquid crystal compo-
sition 430G is formed by reducing a temperature of the
uncured blue liquid crystal composition 430B' disposed in
regions corresponding to the green subpixel 450G and the red
subpixel 450R. By reducing the temperature of the uncured
blue liquid crystal composition 430B', the green liquid crystal
composition 430G" having the helix pitch of a green light
wavelength reflection band is formed in the regions corre-
sponding to the green subpixel 450G and the red subpixel
450R.

[0133] A mask M2 is formed on portions of the upper
surface of the second substrate 420 corresponding to the blue
subpixel 450B and the red subpixel 450R. The portion of the
second substrate 420 corresponding to the green subpixel
450G is exposed through the mask M2.

[0134] The green liquid crystal composition 430G dis-
posed in the region corresponding to the green subpixel 450G
is cured with UV rays by irradiating at least the exposed
portion of the second substrate 420 with UV rays. Thus, an
optically polymerizable polymer included in the green liquid
crystal composition 430G disposed in the region correspond-
ing to the green subpixel 450G is cured to form a green liquid
crystal layer 430G. By curing the green liquid crystal com-
position 430G' with UV rays, the helix pitch having a green
light wavelength reflection band is fixed in the green liquid
crystal layer 430G.

[0135] As described above, in alternative example embodi-
ments, the green liquid crystal composition 430G' may be
cured with UV rays using the second mask M2' (of FIG. 17)
that exposes the blue and green subpixels 450B and 450G.

[0136] Referring to FIG. 24, a red liquid crystal composi-
tion (not shown) is formed by further reducing a temperature
of the uncured green liquid crystal composition 430G' dis-
posed in the region corresponding to the red subpixel 450R.
By further reducing the temperature of the uncured green
liquid crystal composition 430G", the helix pitch of a choles-
teric phase increases. Thus, the red liquid crystal composition
having the helix pitch of a red light wavelength reflection
band may be formed in the region corresponding to the red
subpixel 450R by reducing the temperature of the uncured
green liquid crystal composition 430G".

[0137] A mask M3 is formed on portions of the upper
surface of the second substrate 420 corresponding to the blue
subpixel 450B and the green subpixel 450G. The portion of
the second substrate 420 corresponding to the red subpixel
450R is exposed through the mask M3.

[0138] The red liquid crystal composition disposed in the
region corresponding to the red subpixel 450R is then cured
with UV rays by irradiating the exposed portion of the second
substrate 420 with UV rays. Thus, an optically polymerizable
polymer included in the red liquid crystal composition dis-
posed in the region corresponding to the red subpixel 450R is
cured to form a red liquid crystal layer 430R. By curing the
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red liquid crystal composition with UV rays, the helix pitch
having the red light wavelength reflection band is fixed in the
red liquid crystal layer 430R.

[0139] As described above, the red liquid crystal composi-
tion may be cured by irradiating UV rays onto the upper
portion of the second substrate 420 without a mask.

[0140] According to the example embodiments described
above with regard to FIGS. 22-24, a cholesteric liquid crystal
layer 430 including the red, green, and blue liquid crystal
layers430R, 430G, and 430B corresponding to the red, green,
and blue subpixels 450R, 450G, and 450B is formed between
the first substrate 410 and the second substrate 420. In this
example, the liquid crystal layers are formed sequentially
from shorter wavelength reflection bands to longer wave-
length reflection bands according to a reduction in tempera-
ture. More specifically, the blue, green, and red liquid crystal
layers 430B, 430G, and 430R are formed sequentially.
[0141] As described above, the red, green, and blue color
filter layers 440R, 440G, and 440B are disposed on a lower
surface of the second (upper) substrate 420, thereby display-
ing clearer color image having relatively high resolution and/
or relatively high purity.

[0142] Although the voltage is applied to the blue liquid
crystal layer 430B in this example embodiment, example
embodiments are not limited thereto. For example, the volt-
age may be applied to the red liquid crystal layer 430R and/or
the green liquid crystal layer 430G. Further, although a pixel
unit includes the red, green, and blue subpixels 450R, 450G,
and 450B in this example embodiment, the pixel unit may
include cyan, magenta, and yellow subpixels in alternative
example embodiments. In this case, the cholesteric liquid
crystal layer 430 may include cyan, magenta, and yellow
liquid crystallayers. In other example embodiments, the pixel
unit may include various colors of subpixels.

[0143] FIG. 25 is a cross-sectional view of a single-layer
cholesteric liquid crystal display device according to another
example embodiment.

[0144] The single-layer cholesteric liquid crystal display
device shown in FIG. 25 includes a plurality of pixel units,
each of which includes red, green, and blue subpixels 550R,
550G, and 550B.

[0145] Referring to FIG. 25, a first (lower) substrate 510
and a second (upper) substrate 520 are spaced apart from one
another. A plurality of first electrodes 512 are formed on an
upper surface of the first substrate 510. A plurality of second
electrodes 522 are formed on a lower surface of the second
substrate 520. The first substrate 510 and the second substrate
520 may be formed of a transparent material such as glass, a
plastic material or the like. The first electrodes 512 and the
second electrodes 522 may be formed of a transparent con-
ductive material such as ITO or the like.

[0146] Ifthe single-layer cholesteric liquid crystal display
device is an AM display device, the first electrodes 512 may
be formed to correspond to the red, green, and blue subpixels
550R, 550G, and 550B, whereas the second electrodes 522
may be formed integrally as a common electrode. In this
example, a TFT may be connected to each of the first elec-
trodes 512.

[0147] Alternatively, if the single-layer cholesteric liquid
crystal display device is a PM display device, the first elec-
trodes 512 may be stripe-shaped and formed in parallel or
substantially parallel with one another, whereas the second
electrodes 522 may be parallel or substantially to one another
across the first electrodes 512.
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[0148] Still referring to FIG. 25, a red color filter layer
540R is formed on a lower surface of the second electrode 522
to correspond to the red subpixel 550R. A green color filter
layer 540G is formed on a lower surface of the second elec-
trode 522 to correspond to the green subpixel 550G. A blue
color filter layer 540B is formed on a lower surface of the
second electrode 522 to correspond to the blue subpixel
550B.

[0149] A cholesteric liquid crystal layer 531 is formed
between the first substrate 510 and the second substrate 520.
The cholesteric liquid crystal layer 531 includes a plurality of
red, green, and blue micro-liquid crystal layers 531R, 531G,
and 531B that are randomly arranged between the first sub-
strate 510 and the second substrate 520. In this regard, the
cholesteric liquid crystal layer 531 may include a plurality of
micro-liquid crystal layers (e.g., red, green, and blue micro-
liquidcrystallayers 531R, 531G, and 531B) corresponding to
each of the red subpixel 550R, the green subpixel 550G, and
the blue subpixel 550B. Each of the red, green, and blue
micro-liquid crystal layers 531R, 531G, and 531B includes:
liquid crystal molecules; a chiral dopant, which is mixed with
the liquid crystal molecules to form a cholesteric phase; and
an optically polymerizable polymer that is cured to fix a helix
pitch of the cholesteric phase. As described above, the red,
green, and blue micro-liquid crystal layers 531R, 531G, and
531B are determined according to the helix pitch.

[0150] The red micro-liquid crystal layer 531R selectively
reflects red light R, the green micro-liquid crystal layer 531G
selectively reflects green light G, and the blue liquid crystal
layer 531B selectively reflects blue light B. If the red light R,
the green light G, and the blue light B are reflected from the
red, green, and blue micro-liquid crystal layers 531R, 531G,
and 531B corresponding to the red, green, and blue subpixels
550R, 550G, and 550B, respectively, the red, green, and blue
subpixels 550R, 550G, and 550B emit white light W.

[0151] In the example embodiment shown in FIG. 25, a
color filter layer (e.g., the red color filter layer 540R) of a
given, desired or predetermined color corresponding to a
subpixel (e.g., the red subpixel 550R) is formed in upper
portions of the red, green, and blue micro-liquid crystal layers
531R, 531G, and 531B. As aresult, light (e.g., the red light R)
of a color corresponding to the color filter layer (e.g., the red
color filter layer 540R) is emitted from the subpixel (e.g., the
red subpixel 550R).

[0152] If a voltage is applied between the first electrodes
512 and the second electrodes 522 of a subpixel (e.g., the red
subpixel 550R) and liquid crystal molecules are arranged in
parallel with each other in an electric field, the incident light
passes through the cholesteric liquid crystal layer 531 and the
subpixel (e.g., the red subpixel 550R) displays a black color.
Based on the same or substantially the same principle as
described above, a color image may be realized by selectively
applying a voltage to the first electrodes 512 and the second
electrodes 522 of the red, green, and blue subpixels 550R,
550G, and 550B.

[0153] Although not shown, a spacer may be further dis-
posed between the first substrate 510 and the second substrate
520 to maintain a constant or substantially constant gap
between the first substrate 510 and the second substrate 520.
A light absorption layer (not shown) may be further disposed
on the first substrate 510. The light absorption layer absorbs
light that passes through the cholesteric liquid crystal layer
531, thereby increasing color purity.
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[0154] Although each of the pixel units includes the red,
green, and blue subpixels 550R, 550G, and 550B in this
example embodiment, example embodiments are not limited
thereto. For example, each pixel unit may include cyan,
magenta, and yellow subpixels. In other alternative embodi-
ments, the pixel units may include various colors of subpix-
els.

[0155] An example embodiment of a method of manufac-
turing the single-layer cholesteric liquid crystal display
device of FIG. 25 will now be described. The method of
manufacturing the single-layer cholesteric liquid crystal dis-
play device of FIG. 25 is similar to the method of manufac-
turing the cholesteric liquid crystal display device described
with reference to FIGS. 19 through 24, except that a plurality
of micro-liquid crystal layers are disposed to correspond to
each sub-pixel.

[0156] An example embodiment of a method of sequen-
tially forming the micro-liquid crystal layers from longer
wavelength reflection bands to shorter wavelength reflection
bands by sequentially increasing a temperature of a liquid
crystal composition will now be described.

[0157] The first substrate 510 and the second substrate 520
are spaced apart from one another. A plurality of first elec-
trodes 512 are formed on the upper surface of the first sub-
strate 510. A plurality of second electrodes 522 are formed on
the lower surface of the second substrate 520. The red, green,
and blue color filter layers 540R, 540G, and 5408 are dis-
posed on the lower surface of the second electrodes 522 to
correspond to the red, green, and blue subpixels 550R, 550G,
and 550B, respectively.

[0158] A cholesteric liquid crystal composition is then
injected between the first substrate 510 and the second sub-
strate 520. The cholesteric liquid crystal composition is a
mixture of liquid crystal molecules, a chiral dopant, and an
optically polymerizable polymer.

[0159] A red liquid crystal composition is formed by
adjusting a temperature of the cholesteric liquid crystal com-
position. A first mask is formed on an upper surface of the
second substrate 520. The first mask has a random pattern
such that random portions of the upper surface of the second
substrate 520 are exposed. The red liquid crystal composition
is then cured with UV rays by irradiating UV rays toward the
upper surface of the second substrate 520. Thus, the red
micro-liquid crystal layers 531R are randomly formed in the
red liquid crystal composition by curing an optically poly-
merizable polymer.

[0160] Thereafter, a green liquid crystal composition is
formed by increasing a temperature of the uncured red liquid
crystal composition. A second mask is then formed on an
upper surface of the second substrate 520. The second mask
has another random pattern such that different random por-
tions of the upper surface of the second substrate 520 are
exposed. The green liquid crystal composition is cured with
UV rays by irradiating UV rays toward the upper surface of
the second substrate 520. In alternative example embodi-
ments, the green liquid crystal composition may be cured by
moving the first mask and irradiating UV rays toward an
upper surface of the second substrate 520. Thus, the green
micro-liquid crystal layers 531G are randomly formed in the
green liquid crystal composition by curing the optically poly-
merizable polymer.

[0161] A blue liquid crystal composition is then formed by
increasing a temperature of the uncured green liquid crystal
composition.
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[0162] A third mask is then formed on an upper surface of
the second substrate 520. The third mask has a random pattern
such that different random portions of the upper surface of the
second substrate 520 are exposed. The blue liquid crystal
composition is cured with UV rays by irradiating UV rays
toward an upper surface of the second substrate 520. Thus, the
blue micro-liquid crystal layers 531B are randomly formed in
the blue liquid crystal composition by curing the optically
polymerizable polymer. In alternative example embodi-
ments, the blue liquid crystal composition may be cured with
UV rays by moving the first mask and irradiating UV rays
toward the upper surface of the second substrate 520.

[0163] According to the above-described method, the cho-
lesteric liquid crystal layer 531 including the red, green, and
blue micro-liquid crystal layers 531R, 531G, and 531B cor-
responding to the red, green, and blue subpixels S50R, 550G,
and 550B, respectively, is formed between the first substrate
510 and the second substrate 520.

[0164] Although the red, green, and blue micro-liquid crys-
tal layers 531R, 531G, and 531B are described as being
formed by increasing the temperature, at least one of the red,
green, and blue micro-liquid crystal layers 531R, 531G, and
531B may be formed by applying a voltage thereto in addition
to the increase in the temperature as described above.
[0165] An example embodiment of a method of sequen-
tially forming the micro-liquid crystal layers from shorter
wavelength reflection bands to longer wavelength reflection
bands by sequentially reducing a temperature of a liquid
crystal composition will now be described.

[0166] The first substrate 510 and the second substrate 520
are spaced apart from each other. The first electrodes 512 are
formed on the upper surface of the first substrate 510. The
second electrodes 522 are formed on the lower surface of the
second substrate 520. The red, green, and blue color filter
layers 540R, 540G, and 540B corresponding to the red, green,
and blue subpixels 550R, 550G, and 5508 are disposed onthe
lower surface of the second substrate 520.

[0167] A cholesteric liquid crystal composition is then
injected between the first substrate 510 and the second sub-
strate 520. The cholesteric liquid crystal composition is a
mixture of liquid crystal molecules, a chiral dopant, and an
optically polymerizable polymer.

[0168] A blue liquid crystal composition is formed by
adjusting a temperature of the cholesteric liquid crystal com-
position.

[0169] A first mask is then formed on an upper surface of
the second substrate 520. The first mask has a random pattern
such that random portions of the upper surface of the second
substrate 520 are exposed. The blue liquid crystal composi-
tion is then cured with UV rays by irradiating UV rays toward
an upper surface of the second substrate 520. Thus, the blue
micro-liquid crystal layers 531B are randomly formed in the
blue liquid crystal composition by curing an optically poly-
merizable polymer.

[0170] Thereafter, a green liquid crystal composition is
formed by reducing a temperature of the uncured blue liquid
crystal composition.

[0171] A second maskis then formed on an upper surface of
the second substrate 520. The second mask has another ran-
dom pattern such that different random portions of the upper
surface of the second substrate 520 are exposed. The green
liquid crystal composition is then cured with UV rays by
irradiating UV rays toward an upper surface of the second
substrate 520. Thus, the green micro-liquid crystal layers
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531G are randomly formed in the green liquid crystal com-
position by curing the optically polymerizable polymer.
[0172] In an alternative example embodiment, the green
liquid crystal composition may be cured with UV rays by
moving the first mask and irradiating UV rays toward an
upper surface of the second substrate 520.

[0173] Thereafter, a red liquid crystal composition is
formed by reducing a temperature of the uncured green liquid
crystal composition.

[0174] A third mask is then formed on an upper surface of
the second substrate 520. The third mask has another random
pattern such that different random portions of the upper sur-
face of the second substrate 520 are exposed. The red liquid
crystal composition is cured with UV rays by irradiating UV
rays toward an upper surface of the second substrate 520.
Thus, the red micro-liquid crystal layers 531R are randomly
formed in the red liquid crystal composition by curing the
optically polymerizable polymer.

[0175] In an alternative example embodiment, the red lig-
uid crystal composition may be cured by moving the first
mask and irradiating UV rays toward an upper surface of the
second substrate 520.

[0176] According to the above-described method, the cho-
lesteric liquid crystal layer 531 including the red, green, and
blue micro-liquid crystal layers 531R, 531G, and 531B cor-
responding to the red, green, and blue subpixels 550R, 550G,
and 550B, respectively, is formed between the first substrate
510 and the second substrate 520.

[0177] Although the red, green, and blue micro-liquid crys-
tal layers 531R, 531G, and 531B are discussed as being
formed by reducing the temperature, at least one of the red,
green, and blue micro-liquid crystal layers 531R, 531G, and
531B may be formed by applying a voltage thereto, in addi-
tion to reducing the temperature as described.

[0178] According to example embodiments described
herein, a cholesteric liquid crystal display device may be
manufactured as a single-layer cholesteric liquid crystal dis-
play device, thereby realizing a display device having a rela-
tively simple structure, while suppressing deterioration of
optical characteristics. Further, a reduction in manufacturing
costs and/or simplification of process may enable mass pro-
duction of the cholesteric liquid crystal display device, and a
color image of relatively high resolution and/or relatively
high purity may be realized.

[0179] It should be understood that the example embodi-
ments described therein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or aspects
in other embodiments.

What is claimed is:
1. A method of manufacturing a pixel unit of a cholesteric
liquid crystal display device, the pixel unit including a plu-
rality of subpixels, the method comprising:
forming a cholesteric phase liquid crystal composition
between a first substrate and a second substrate; and

forming a plurality of liquid crystal layers between the first
substrate and the second substrate by sequentially
adjusting a temperature of the cholesteric phase liquid
crystal composition and performing a plurality of optical
curing processes on the cholesteric phase liquid crystal
composition, each ofthe plurality of liquid crystal layers
corresponding to one of the plurality of subpixels;
wherein
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avoltage is applied to the cholesteric phase liquid crystal
composition when forming at least one of the plurality
of liquid crystal layers.

2. The method of claim 1, wherein the cholesteric phase
liquid crystal composition includes liquid crystal molecules,
an optically polymerizable polymer and a chiral dopant.

3. The method of claim 1, wherein each of the plurality of
liquid crystal layers is formed by adjusting a pitch of the
cholesteric phase liquid crystal composition, the pitch of the
cholesteric phase liquid crystal composition being adjusted
by at least one of varying the temperature of the cholesteric
phase liquid crystal composition and applying the voltage to
the cholesteric phase liquid crystal composition.

4. The method of claim 1, wherein the voltage is applied to
the cholesteric phase liquid crystal composition when form-
ing the liquid crystal layer having a shortest wavelength
reflection band.

5. The method of claim 1, wherein the sequentially adjust-
ing the temperature of the cholesteric phase liquid crystal
composition comprises:

sequentially increasing the temperature of the cholesteric

phase liquid crystal composition such that the plurality
of liquid crystal layers are sequentially formed accord-
ing to decreasing wavelength reflection bands.

6. The method of claim 1, wherein the sequentially adjust-
ing the temperature of the cholesteric phase liquid crystal
composition comprises:

sequentially decreasing the temperature of the cholesteric

phase liquid crystal composition such that the plurality
of liquid crystal layers are sequentially formed accord-
ing to increasing wavelength reflection bands.

7. The method of claim 1, wherein the plurality of liquid
crystal layers include red, green, and blue liquid crystal lay-
ers.

8. The method of claim 1, wherein the plurality of liquid
crystal layers include cyan, magenta, and yellow liquid crys-
tal layers.

9. The method of claim 1, further comprising:

forming a plurality of first electrodes on the first substrate;

and

forming a plurality of second electrodes on the second

substrate.

10. The method of claim 9, wherein the plurality of first
electrodes are formed to correspond to the plurality of liquid
crystal layers, and the plurality of second electrodes are inte-
grally formed as a common electrode.

11. The method of claim 9, wherein the plurality of first
electrodes and the plurality of second electrodes are stripe-
shaped and cross each other.

12. The method of claim 1, further comprising:

forming a color filter layer corresponding to each of the

plurality of subpixels on the second substrate; wherein
each color filter layer corresponds to a different color.

13. The method of claim 12, wherein the cholesteric phase
liquid crystal composition includes liquid crystal molecules,
an optically polymerizable polymer, and a chiral dopant.

14. The method of claim 12, wherein the voltage is applied
to the cholesteric phase liquid crystal composition when
forming the liquid crystal layer having a shortest wavelength
reflection band.

15. The method of claim 12, wherein the sequentially
adjusting the temperature of the cholesteric phase liquid crys-
tal composition comprises:
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sequentially increasing the temperature of the cholesteric
phase liquid crystal composition such that the plurality
of liquid crystal layers are sequentially formed accord-
ing to decreasing wavelength reflection bands.

16. The method of claim 12, wherein the sequentially
adjusting the temperature of the cholesteric phase liquid crys-
tal composition comprises:

sequentially decreasing the temperature of the cholesteric
phase liquid crystal composition such that the plurality
of liquid crystal layers are sequentially formed accord-
ing to increasing wavelength reflection bands.

17. The method of claim 12, wherein the plurality of liquid
crystal layers include red, green, and blue liquid crystal lay-
ers.

18. The method of claim 12, wherein the plurality of liquid
crystal layers include cyan, magenta, and yellow liquid crys-
tal layers.

19. The method of claim 12, further comprising:

forming a plurality of first electrodes on the first substrate;
and

forming a plurality of second electrodes on the second
substrate.

20. A pixel unit of a cholesteric liquid crystal display
device, the pixel unit having a plurality of subpixels and
comprising:

a first substrate and a second substrate spaced apart from

each other;

a plurality of color filter layers formed on the second sub-
strate, each of the plurality of color filter layers corre-
sponding to adifferent color and corresponding to one of
the plurality of subpixels; and

a cholesteric phase liquid crystal layer disposed between
the first substrate and the second substrate; wherein
the cholesteric phase liquid crystal layer includes a plu-

rality of different color micro-liquid crystal layers
corresponding to each of the plurality of subpixels.

21. The cholesteric liquid crystal display of claim 20,
wherein the plurality of color filter layers include red, green,
and blue color filter layers, and the plurality of different color
micro-liquid crystal layers include red, green, and blue
micro-liquid crystal layers.

22. The cholesteric liquid crystal display of claim 20,
wherein the plurality of color filter layers include cyan,
magenta, and yellow color filter layers, and the plurality of
different color micro-liquid crystal layers include cyan,
magenta, and yellow micro-liquid crystal layers.

23. The cholesteric liquid crystal display of claim 20, fur-
ther comprising:

a plurality of first electrodes formed on the first substrate;

and

a plurality of second electrodes formed on the second sub-
strate.

24. The cholesteric liquid crystal display of claim 23,
wherein the plurality of first electrodes are formed to corre-
spond to the plurality of subpixels, and the plurality of second
electrodes are formed as a common electrode.

25. The cholesteric liquid crystal display of claim 23,
wherein the plurality of first electrodes and the plurality of
second electrodes are stripe-shaped and cross each other.

26. A method of manufacturing a pixel unit of a cholesteric
liquid crystal display device, the pixel unit including a plu-
rality of subpixels, the method comprising:

preparing a first and a second substrate;



US 2012/0081644 Al

forming a plurality of different color filter layers on the
second substrate, each different color filter layer corre-
sponding to one of the plurality of subpixels;

forming a cholesteric phase liquid crystal composition

between the first substrate and the second substrate; and
forming a plurality of different color micro-liquid crystal
layers corresponding to each of the plurality of subpixels
by sequentially adjusting a temperature of the choles-
teric phase liquid crystal composition and sequentially
performing a plurality of optical curing processes.

27. The method of claim 26, wherein a voltage is applied to
the cholesteric phase liquid crystal composition when form-
ing at least one of the plurality of micro-liquid crystal layers.

28. The method of claim 26, wherein the cholesteric phase
liquid crystal composition includes liquid crystal molecules,
an optically polymerizable polymer, and a chiral dopant.

29. The method of claim 26, wherein the sequentially
adjusting the temperature of the cholesteric phase liquid crys-
tal composition comprises:

sequentially increasing the temperature of the cholesteric

phase liquid crystal composition such that the plurality
of micro-liquid crystal layers are sequentially formed
according to decreasing wavelength reflection bands.
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30. The method of claim 26, wherein the sequentially
adjusting the temperature of the cholesteric phase liquid crys-
tal composition comprises:

sequentially decreasing the temperature of the cholesteric

phase liquid crystal composition such that the plurality
of micro-liquid crystal layers are sequentially formed
according to increasing wavelength reflection bands.

31. The method of claim 26, wherein the plurality of color
filter layers include red, green, and blue color filter layers, and
the plurality of micro-liquid crystal layers include red, green,
and blue micro-liquid crystal layers.

32. The method of claim 26, wherein the plurality of color
filter layers include cyan, magenta, and yellow color filter
layers, and the plurality of micro-liquid crystal layers include
cyan, magenta, and yellow micro-liquid crystal layers.

33. The method of claim 26, further comprising:

forming a plurality of first electrodes on the first substrate;
and

forming a plurality of second electrodes on the second
substrate.
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