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REFLECTIVE LIQUID CRYSTAL DISPLAY
DEVICE

[0001] This application claims the benefit of Korean
Patent Application No. 2001-25709 filed on May 11, 2001 in
Korea, which is hereby incorporated by reference as if fully
set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display (LCD) device and more particularly, to a reflective
LCD device having a cholesteric liquid crystal (CLC) color
filter layer.

[0004] 2. Discussion of the Related Art

[0005] Flat panel display devices, which have properties
of being thin and low weight and having low power con-
sumption, are in high demand in the display field as the
information age rapidly evolves.

[0006] The flat panel display device may be classified into
two types depending on whether it emits or receives light.
One type is a light-emitting type display device that emits
light to display images and the other type is a light-receiving
type display device that uses an external light source to
display images. Plasma display panels, field emission dis-
play devices and electro luminescence display devices are
examples of the light-emitting type display devices and
liquid crystal displays are examples of the light-receiving
type display device. The liquid crystal display device is
widely used for notebook computers and desktop monitors
because of its superiority in resolution, color image display
and quality of displayed images.

[0007] Generally, the liquid crystal display (LCD) device
has upper and lower substrates, which are spaced apart and
face each other. Each of the substrates includes an electrode
and the electrodes of each substrate face each other. Liquid
crystal is interposed between the upper substrate and the
lower substrate. Voltage is applied to the liquid crystal
through the electrodes of each substrate, thereby changing
an alignment of the liquid crystal molecules in accordance
with the applied voltage to display images. Because the
liquid crystal display device cannot emit light alone as
described before, it needs an additional light source to
display images. Accordingly, the liquid crystal display
device has a backlight device as a light source behind a
liquid crystal panel. An amount of incident light from the
backlight is controlled in accordance with the alignment of
the liquid crystal molecules to display images.

[0008] The electrodes of each substrate are formed of
transparent conductive material and the substrates must be
transparent. This type of liquid crystal display device is
called a transmissive LCD device. Because the transmissive
LCD device uses an artificial light source such as the
backlight device, it is possible to display a bright image
under dark conditions. However, the transmissive LCD
device has high power consumption.

[0009] A reflective LCD device has been suggested to
overcome the high power consumption problem of the
transmissive LCD device. In the reflective LCD device, an
opaque and reflective metallic material is used as a pixel
electrode instead of the transparent conductive material.

Nov. 14, 2002

Thus, the pixel electrode made of reflective material reflects
the light toward its incident direction to display images
depending on the alignment of the liquid crystal molecules,
and the reflective LCD device has a low power consumption
compared with the transmissive LCD device. Additionally,
an electrode of the upper substrate is formed of transparent
conductive material to transmit the incident light.

[0010] The conventional reflective .CD device will be
described hereinafter in more detail with reference to FIG.
1. FIG. 1 is a cross-sectional view of a conventional
reflective liquid crystal display device. In FIG. 1, a plurality
of switching elements (not shown) are disposed in the form
of an array matrix on a first substrate 1, and a plurality of
reflective electrodes 3 each of which is connected to each of
the switching element are formed on the first substrate 1. The
reflective electrode 3, which is formed of a conductive
material such as metal, serves as a pixel electrode to reflect
the incident light. A color filter 4 that includes sub-color-
filters red (R), green (G), and blue (B) in a repeated order is
formed on the rear surface of a second substrate 2 and
corresponds to the reflective electrode 3. A common elec-
trode 5 is formed of a transparent conductive material on the
color filter 4. A liquid crystal layer 6 is interposed between
the reflective electrode 3 and the common electrode 5 such
that an alignment of liquid crystal molecules changes when
a voltage is applied to the reflective electrode 3 and the
common electrode 5. Although not shown in FIG. 1, align-
ment films (not shown) may be formed on the reflective
electrode 3 and on the common electrode 5, respectively, to
align the liquid crystal molecules into a predetermined
direction.

[0011] A retardation layer 7 is formed on the front surface
of the second substrate 2. The retardation layer 7 herein has
a retardance of h/4 and is also called a quarter wave plate
(QWP). The quarter wave plate 7 converts a linearly polar-
ized light into a circularly polarized light and vice versa. A
polarizer 8, which changes ambient light into linearly polar-
ized light by way of transmitting only light components that
are parallel to the optical axis of the polarizer, is formed on
the quarter wave plate 7.

[0012] If the ambient light is irradiated on the reflective
liquid crystal display device when there is no voltage
applied, the incident light is changed into linearly polarized
light as it passes through the polarizer 8, and the linearly
polarized light is changed into circularly polarized light as it
passes through the quarter wave plate 7. The circularly
polarized light then passes through the second substrate 2,
the color filter 4 and the common electrode 5 in sequence
and without the polarization. The circularly polarized light
then passes through the liquid crystal layer 6. When the light
passes through the liquid crystal layer 6, the circularly
polarized light is converted into linearly polarized light if the
liquid crystal layer 6 has a phase difference of A/4. The
linearly polarized light is reflected on the reflective electrode
3 and then is changed into circularly polarized light as it
passes again through the liquid crystal layer 6. The circularly
polarized light is changed into linearly polarized light as it
passes again through the quarter wave plate 7 and then the
linearly polarized light passes through the polarizer 8. When
the light passes through the polarizer 8, if a polarizing
direction of the linearly polarized light is parallel to the
optical axis of the polarizer 8, all of the linearly polarized
light transmits through the polarizer 8, and if the polarizing
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direction of the linearly polarized light is perpendicular to
the optical axis of the polarizer 8, the linearly polarized light
cannot transmit through the polarizer 8.

[0013] Meanwhile, cholesteric liquid crystal (CLC) dis-
play devices, which use the cholesteric liquid crystal (CLC)
as a color filter to display color images, has been widely
researched and developed in the field of LCD devices. A
reflective CLC display device, which has a CLC color filter,
is known to have a superior color reproduction and contrast
ratio compared with a typical reflective LCD device that has
an absorption type color filter. The CLC color filter uses a
selective reflection property of the cholesteric liquid crystal.
Namely, the cholesteric liquid crystal (CLC) reflects light
having a certain wavelength in accordance with its helical
pitch, i.e., selective reflection. That is, when all helical axes
of the cholesteric liquid crystal (CLC) are aligned perpen-
dicular to the substrate, the cholesteric liquid crystal (CLC)
functions as a reflective mirror on which the incident light is
reflected in the way of making the equal incidence and
reflection angles with respect to a normal line to the specular
surface.

[0014] However, the cholesteric liquid crystal (CLC) does
not reflects all incident light but selectively reflects the
incident light of a particular wavelength according to its
helical pitch. Accordingly, if the helical pitch of the CLC is
fixed to correspond to the red, green or blue wavelength, the
CLC produces red, blue or green color. The cholesteric
liquid erystal (CLC) color filter also decides a polarization
state of the reflected light. If the liquid crystal molecules of
the CLC are twisted counterclockwise (i.e., left-handed
helical structure), the CLC reflects a left-handed circularly
polarized component derived from the incident light. These
characteristics distinguish the CLC from a dichroic mirror
that is a mirror simply reflecting a ray of a certain wave-
length and transmitting the rest of the other wavelengths
(e.g., featuring infrared light reflection and visible ray trans-
mission).

[0015] FIG. 2 is a cross-sectional view of a reflective
cholesteric liquid crystal (CLC) display device that has a
CLC color filter according to the related art. Because the
cholesteric liquid crystal (CLC) color filter serves not only
as a reflector but also as a color filter, an additional reflector
is not necessary.

[0016] In FIG. 2, an absorption layer 12 is formed on the
lower substrate 11 and a first alignment layer 13 is formed
on the absorption layer 12. A cholesteric liquid crystal
(CLCO) color filter layer 14 is formed on the first alignment
layer 13.

[0017] The cholesteric liquid crystal (CLC) color filter
layer 14 displays red, green or blue color by reflecting light
that has a wavelength corresponding to the red, green or blue
color. A first transparent electrode 15 is formed on the
cholesteric liquid crystal (CLC) color filter layer 14 and a
second alignment layer 16 is formed on the first transparent
electrode 15. Asecond transparent electrode 22 is formed on
the rear surface of an upper substrate 21 and a third
alignment layer 23 is subsequently formed on the second
transparent electrode 22. A retardation layer 41 that has a
retardance of A/4 is formed on the upper substrate 21 and a
polarizer 42 is formed on the retardation layer 41. A liquid
crystal layer 30 is interposed between the second alignment
layer 16 and the third alignment layer 23. The alignment of
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liquid crystal molecules changes in accordance with an
electric field generated between the first transparent elec-
trode 15 and the second transparent electrode 22.

[0018] An operating mechanism of the reflective choles-
teric liquid crystal (CLC) display device, which uses a
cholesteric liquid crystal (CLC) color filter, is as follows. A
phase difference occurs in the liquid crystal when the voltage
is applied to the transparent electrodes to generate the
electric field across the liquid crystal layer.

[0019] In the normally black mode, the reflective CLC
display device shows a black color when no electric field is
applied to the liquid crystal layer 30. Incident light is
linearly polarized as it passes through the polarizer 42 and
subsequently circularly polarized as it passes through the
retardation layer 41. The circularly polarized light passes
through the liquid crystal layer 30 without a phase retarda-
tion and then transmits through the cholesteric liquid crystal
(CLC) color filter layer 14 without a reflection, and finally
absorbed by the absorption layer 12. Accordingly, there is no
reflected light. Whereas when the electric field is applied to
the liquid crystal layer 30, incident light is linearly polarized
as it passes through the polarizer 42 and subsequently
circularly polarized as it passes through the retardation layer
31. When the circularly polarized light passes through the
liquid crystal layer 30, the polarization property of the
circularly polarized light is changed because of phase retar-
dation of the liquid crystal layer 30. Only the light compo-
nent of a particular wavelength derived from the light
transmitted through the liquid crystal layer 50 is reflected by
the cholesteric liquid crystal (CLC) color filter layer 14, and
the rest of the light transmits through the cholesteric liquid
crystal (CLC) color filter 14 and then is absorbed by the
absorption layer 12. The polarization property of the
reflected light is changed as it passes again through the
liquid crystal layer 30 and the reflected light is linearly
polarized as it passes through the retardation layer 41. The
linearly polarized light finally passes through the polarizer
42.

[0020] In the normally white mode, the reflective CLC
display device shows a white color when no electric field is
applied to the liquid crystal. Incident light is linearly polar-
ized as it passes through the polarizer 42 and subsequently
circularly polarized as it passes through the retardation layer
41. The circularly polarized light passes through the liquid
crystal layer 30 without phase retardation. Only the light
component of a particular wavelength derived from the light
transmitted through the liquid crystal layer 30 is reflected by
the cholesteric liquid crystal (CLC) color filter layer 14, and
the rest of the light transmits through the cholesteric liquid
crystal (CLC) color filter 14 and then is absorbed in the
absorption layer 12. The reflected light passes again through
the liquid crystal layer 30 without phase retardation and is
linearly polarized as it passes through the retardation layer
41. The linearly polarized light finally passes through the
polarizer 42.

[0021] When the voltage is applied to the liquid crystal,
incident light is linearly polarized as it passes through the
polarizer 42 and subsequently circularly polarized as it
passes through the retardation layer 41. When it passes
through the liquid crystal layer 30, the polarization property
of the circularly polarized light is changed because of the
phase retardation of the liquid crystal layer 30. All of the
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light transmitted through the liquid crystal layer 50 passes
through the cholesteric liquid crystal (CLC) color filter layer
14 without a reflection and then is absorbed in the absorption
layer 12. Accordingly, there is no reflected light.

[0022] Additionally, because the reflective liquid crystal
display device uses the external light source, an incidence
angle of the light varies according to a position of the light
source. As described before, since the cholesteric liquid
crystal (CLC) color filter creates a specular reflection, the
reflection angle of the light depends on the incidence angle
of the light. Whereas a luminance in a certain viewing angle
is very high, the luminance in the rest of viewing angle is
lowered.

[0023] In addition, since a length of the helical pitch of the
cholesteric liquid crystal (CLC) helix, which the incident
light experiences, is variable in accordance with the inci-
dence angle of the incident light, the wavelength of the
reflected light is changed. Accordingly, a color of the
reflected light varies depending on the incidence angle of the
incident light and a color change of the reflected light
becomes greater as the incidence angle becomes larger.

[0024] These problems can be overcome by way of scat-
tering the reflected light using a diffusion film over the liquid
crystal panel, such that the uniform luminance in a main
viewing angle range may be obtained. However, though an
introduction of the diffusion film may overcome the lumi-
nance problem, there still exists a color change problem
according to the incidence angle.

SUMMARY OF THE INVENTION

[0025] Accordingly, the present invention is directed to a
reflective liquid crystal display device having a cholesteric
liquid crystal (CLC) color filter which substantially obviates
one or more of problems due to limitations and disadvan-
tages of the related art.

[0026] An advantage of the present invention is to provide
a reflective liquid crystal display (LCD) device having a
cholesteric liquid crystal (CLC) color filter, which increases
a luminance of displayed images.

[0027] Another advantage of the present invention is to
provide a reflective liquid crystal display (LCD) device
having a cholesteric liquid crystal (CLC) color filter, that
implements a uniform luminance and uniform color within
a main viewing angle range.

[0028] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. The objectives and
other advantages of the invention will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0029] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, a reflective liquid crystal
display device includes a first substrate; an absorption layer
on the first substrate; a cholesteric liquid crystal (CLC) color
filter on the absorption layer; a first electrode on the cho-
lesteric liquid crystal (CLC) color filter; a second substrate
spaced apart from the first substrate; a second electrode on
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the rear surface of the second substrate; a retardation layer
on the front surface of the second substrate; a polarizer on
the retardation layer; a holographic film on the polarizer, the
holographic film reducing an angle of light incident to the
polarizer; and a liquid crystal layer between the first elec-
trode and the second electrode.

[0030] The above-mentioned device further includes a
diffusion film on the holographic film. The holographic film
diffracts the incident light to have an incident angle of less
than about 20 degrees. The second substrate includes a thin
film transistor that applies a signal to the second electrode,
or the first substrate includes a thin film transistor that
applies a signal to the first electrode.

[0031] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0033]

[0034] FIG. 1 is a cross-sectional view of a conventional
reflective liquid crystal display device;

[0035] FIG. 2 is a cross-sectional view of a reflective
liquid crystal display device having a cholesteric liquid
crystal (CLC) color filter according to the related art.

[0036] FIG. 3 is a cross-sectional view of a reflective
liquid crystal display device that has a cholesteric liquid
crystal (CLC) color filter according to a first embodiment of
the present invention;

[0037] FIG. 4A is a graph showing a distribution of a
radiation intensity with respect to the angle of incident light
to the holographic film;

[0038] FIG. 4B is a graph showing a distribution of a
radiation intensity with respect to the angle of incident light
to the polarizer,

[0039] FIG. 5 is a cross-sectional view of a reflective
liquid crystal display device that has a cholesteric liquid
crystal (CLC) color filter according to a second embodiment
of the present invention,

[0040] FIG. 6A is a graph showing a distribution of a
radiation intensity with respect to the angle of incident lLight
to the diffusion film;

[0041] FIG. 6B a graph showing a distribution of a
radiation intensity with respect to the angle of incident light
to the holographic film; and

[0042] FIG. 6C is a graph showing a distribution of a
radiation intensity with respect to the angle of incident light
to the polarizer.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0043] Reference will now be made in detail to embodi-
ments of the present invention, which is illustrated in the
accompanying drawings.

In the drawings:
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[0044] FIG. 3 is a cross-sectional view of a reflective
liquid crystal display device that has a cholesteric liquid
crystal (CLC) color filter according to a first embodiment of
the present invention.

[0045] In FIG. 3, a first substrate 110 and a second
substrate 210 are spaced apart from each other. The second
substrate 210 is formed of transparent insulating material,
whereas the first substrate 110 may be formed of transparent
material or opaque material. An absorption layer 120 is
formed on the first substrate 110 to absorb light. A first
alignment layer 130 made of polymer is formed on the
absorption layer 120. A polyimide is usually selected for an
alignment layer material because it exhibits good alignment
characteristics with various liquid crystal materials. A cho-
lesteric liquid crystal (CLC) color filter layer 140, which
reflects a light of particular wavelength, is formed on the
alignment layer 130. The first alignment layer 130 aligns
liquid crystal molecules of the cholesteric liquid crystal
(CLQ) color filter layer 140 in one direction. The cholesteric
liquid crystal (CLC) color filter layer 140 selectively reflects
incident light and the reflected light shows a red (R), green
(G) or blue (B) color in each pixel region. At this time, the
reflected light reflected by the cholesteric liquid crystal
(CLQ) color filter layer 140 does not exactly have a single
wavelength but has a certain wavelength range on the basis
of the main wavelength. A first electrode 150 is formed on
the cholesteric liquid crystal (CLC) color filter layer 140
using transparent conductive material. A second alignment
layer 160 is formed on the first electrode 150 using a
material such as polyimide.

[0046] On the rear surface of the second substrate 210, a
second electrode 220 is formed using the transparent con-
ductive material and a third alignment layer 230 is formed
on the second electrode 220 using material such as polyim-
ide, for example. A liquid crystal layer 300 is interposed
between the second alignment layer 160 and the third
alignment layer 230. An alignment of liquid crystal mol-
ecules is changed in accordance with an electric field
generated between the first electrode 150 and the second
electrode 220. A retardation layer 410 and a polarizer 420
are subsequently formed on the front surface of the second
substrate 210. The retardation layer 410 has the phase
difference value of h/4 and thus converts a linearly polarized
light into a circularly polarized light or vice versa. The
polarizer 420 transmits only the light that is parallel to its
optical axis.

[0047] Aholographic film 500 is disposed on the polarizer
420 according to the first embodiment of the present inven-
tion. The holographic film 500 diffracts light to reduce the
incident angle of the incident light. Namely, the light inci-
dent to the polarizer 420 approaches to the vertical direction
to the polarizer 420 due to the diffraction by the holographic
film 500. On the other side, the reflected light having a small
reflection angle after reflected by the CLC color filter layer
140 is diffused when it comes out of the holographic film
500.

[0048] As described hereinbefore, the cholesteric liquid
crystal (CLC) color filter 140 selectively reflects the incident
light. For example, a right-handed helical CLC reflects a
right-handed circularly polarized component derived from
the incident light that has a wavelength corresponding to the
pitch of the right-handed helical CLC. Therefore, the cho-
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lesteric liquid crystal (CLC) color filter layer 140 in each
pixel reflects incident light so as to make the reflected light
show a red (R), green (G) or blue (B) color in each pixel
region.

[0049] 1In general, since a thin film transistor serving as a
switching element and a pixel electrode connected to the
thin film transistor are usually formed on an upper substrate
according to a conventional LCD device that has the cho-
lesteric liquid crystal (CLC) color filter, the second electrode
220 serves as such a pixel electrode. The second electrode
220 connected to the thin film transistor corresponds to each
pixel region for each color red, green or blue color. On the
other hand, the thin film transistor (not shown) may alter-
natively be formed on the first substrate 110. If the thin film
transistor is formed on the first substrate 110, the first
electrode 150 serves as a pixel electrode and corresponds to
each pixel region for the red, green or blue color. Thus, the
first electrode 150 corresponding to each pixel region is
respectively comnected to the thin film transistor (not
shown).

[0050] FIG. 4A is a graph showing a distribution of a
radiation intensity with respect to the angle of incident light
to the holographic film, and FIG. 4B is a graph showing a
distribution of a radiation intensity with respect to the angle
of incident light to the polarizer.

[0051] Referring to the graph of FIG. 4A, the ambient
light incident to the holographic film 500 of FIG. 3 uni-
formly distributes within the incident angle range. Since the
holographic film 300 reduces the angle of the incident light
using the diffraction, the light transmitted through the holo-
graphic film 500 is directed at the polarizer 420 with the
incident angle of less than about 20 degrees. Therefore, the
light incident to the CLC color filter layer 140 also has a
small incident angle. Since the incident light is reflected by
the CLC color filter 140 that induces a specular reflection,
the angle of the reflected light consequently becomes
smaller. The reflected light exits through the holographic
film 500 and is diffused by the holographic film 500.

[0052] Accordingly, since the incident light having a small
incident angle has a small wavelength variation when it is
reflected and exits, the variation of chromaticity decreases.
As a result of the diffusion of the reflected light when it exits
through the holographic film 500, the uniform luminance is
obtained within a main viewing angle region.

[0053] However, since the reflective LCD device uses the
ambient light as a light source to display images, the light
may be incident on the LCD panel from one direction. In this
case, a diffusion film may be required to diffuse the incident
light as shown in FIG. 5. FIG. 5 is a cross-sectional view
of a reflective liquid crystal display device that has a
cholesteric liquid crystal (CLC) color filter according to a
second embodiment of the present invention.

[0054] The second embodiment shown in FIG. 5 has the
same structure and configuration as the first embodiment
shown in FIG. 3 except for a diffusion film 600. In FIG. 5,
a first substrate 110 and a second substrate 210 are spaced
apart from each other. The second substrate 210 is formed of
transparent insulating material, whereas the first substrate
110 may be formed of transparent material or opaque
material. An absorption layer 120 is formed on the first
substrate 110 to absorb light. A first alignment layer 130
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made of polymer is formed on the absorption layer 120. A
polyimide is usually selected for an alignment layer material
because it exhibits good alignment characteristics with vari-
ous liquid crystal materials. A cholesteric liquid crystal
(CLCO) color filter layer 140, which reflects a light of
particular wavelength, is formed on the alignment layer 130.
The first alignment layer 130 aligns liquid crystal molecules
of the cholesteric liquid crystal (CLC) color filter layer 140
in one direction. The cholesteric liquid crystal (CLC) color
filter layer 140 selectively reflects incident light and the
reflected light shows a red (R), green (G) or blue (B) color
in each pixel region. At this time, the reflected light reflected
by the cholesteric liquid crystal (CL.C) color filter layer 140
does not exactly have a single wavelength but has a certain
wavelength range on the basis of main wavelength. A first
electrode 150 is formed on the cholesteric liquid crystal
(CLC) color filter layer 140 using transparent conductive
material. A second alignment layer 160 is formed on the first
electrode 150 using a material such as polyimide.

[0055] On the rear surface of the second substrate 210, a
second electrode 220 is formed using the transparent con-
ductive material and a third alignment layer 230 is formed
on the second electrode 220 using material such as polyim-
ide, for example. A liquid crystal layer 300 is interposed
between the second alignment layer 160 and the third
alignment layer 230. An alignment of liquid crystal mol-
ecules is changed in accordance with an electric field
generated between the first electrode 150 and the second
electrode 220. A retardation layer 410 and a polarizer 420
are subsequently formed on the front surface of the second
substrate 210. The retardation layer 410 has the phase
difference value of h/4 and thus converts a linearly polarized
light into a circularly polarized light or vice versa. The
polarizer 420 transmits only the light that is parallel to its
optical axis.

[0056] A holographic film 500 is disposed on the polarizer
420. The holographic film 500 diffracts light to reduce the
incident angle of the incident light. Namely, the light inci-
dent to the polarizer 420 approaches the direction vertical to
the polarizer 420 due to the diffraction by the holographic
film 500. On the other side, the reflected light having a small
reflection angle after being reflected by the CLC color filter
layer 140 is diffused when it comes out of the holographic
film 500.

[0057] A diffusion film 600 is formed on the holographic
film 500. The diffusion film 600 serves to diffuse the light
that is incident from one side direction.

[0058] FIG. 6A is a graph showing a distribution of a
radiation intensity with respect to the angle of incident light
to the diffusion film, FIG. 6B a graph showing a distribution
of a radiation intensity with respect to the angle of incident
light to the holographic film, and FIG. 6C is a graph
showing a distribution of a radiation intensity with respect to
the angle of incident light to the polarizer.

[0059] Referring to the graph of FIG. 6A, the light is
incident to the diffusion film 600 of FIG. 5 from the negative
direction. After passing through the diffusion film 600, the
incident light can have both negative and positive incident
direction as shown in FIG. 6B because of the diffusion by
the diffusion film 600. Thereafter, the incident light is
diffracted by the holographic film 500 and then incident to
the polarizer with the incident angle of less than about 20
degrees.
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[0060] Therefore, as described in the first embodiment, the
incident angle to the CLC color filter as well as the reflected
angle of the light reflected by the CLC color filter is small.
As a result, the wavelength variation of the light reflected by
the CLC color filter decreases, thereby decreasing the varia-
tion of chromaticity. Furthermore, since the diffusion film
600 is on the holographic film 500, the light exiting from the
holographic film 500 is further diffused by the diffusion film
600, thereby increasing the uniform luminance.

[0061] According to the principles of the present inven-
tion, the reflective LCD device having the CLC color filter
includes a holographic film to increase the luminance and
viewing angle. Due to the holographic film, the light inci-
dent to the CLC film has not only a small incident angle but
also a small reflection angle. Therefore, the wavelength
variation decreases. Further, since the holographic film
diffuses the reflected light, the chromaticity variation also
decreases. Since the reflective LCD device of the present
invention further includes the diffusion film on the holo-
graphic film, the incident light has a wide range of incident
angles and the reflected light can be further diffused.

[0062] Tt will be apparent to those skilled in the art that
various modifications and variation can be made in the
fabrication and application of the present invention without
departing from the spirit or scope of the invention. Thus, it
is intended that the present invention cover the modifications
and variations of this invention provided they come within
the scope of the appended claims and their equivalents.

What is claimed is:
1. A reflective cholesteric liquid crystal (CLC) display
device, comprising:

a first substrate;
an absorption layer on the first substrate;

a cholesteric liquid crystal (CLC) color filter on the
absorption layer;

a first electrode on the cholesteric liquid crystal (CLC)
color filter;

a second substrate spaced apart from the first substrate;

a second electrode on the rear surface of the second
substrate;

a retardation layer on the front surface of the second
substrate;

a polarizer on the retardation layer;

a holographic film on the polarizer, the holographic film
reducing an angle of light incident to the polarizer; and

a liquid crystal layer between the first electrode and the

second electrode.

2. The device according to claim 1, wherein the holo-
graphic film diffracts the incident light to have an incident
angle of less than about 20 degrees.

3. The device according to claim 1, further comprising a
diffusion film on the holographic film.

4. The device according to claim 1, wherein the second
substrate includes a thin film transistor that applies a signal
to the second electrode.

5. The device according to claim 1, wherein the first
substrate includes a thin film transistor that applies a signal
to the first electrode.
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6. The device according to claim 1, wherein the second
substrate includes a transparent insulating material.

7. The device according to claim 1, wherein the first
substrate includes a transparent material.

8. The device according to claim 1, wherein the first
substrate includes an opaque material.

9. The device according to claim 1, wherein the first
alignment layer includes a polymer.

10. The device according to claim 1, wherein the reflected
light from the cholesteric liquid crystal color filter layer one
of shows red, green, and blue in each pixel region.

11. The device according to claim 1, wherein the first
electrode includes a transparent conductive material.

12. The device according to claim 1, wherein the second
electrode includes a transparent conductive material.

13. A reflective cholesteric liquid crystal (CLC) display
device, comprising:

a first substrate;

a second substrate;

an absorption layer formed on the first substrate;

a first alignment layer formed on the absorption layer;

a cholesteric liquid crystal color filter layer formed on the
first alignment layer;,

a first electrode formed on the cholesteric liquid crystal
color filter layer;

a second alignment layer formed on the first electrode;
a second clectrode formed on the second substrate;
a third alignment layer formed on the second electrode;

a liquid crystal layer interposed between the second
alignment layer and the third alignment layer;

a retardation layer formed on the second substrate;
a polarizer formed on the retardation layer;
a holographic film disposed on the polarizer; and

a diffusion film formed on the holographic film.

14. The device according to claim 13, wherein the holo-
graphic film diffracts the incident light to have an incident
angle of less than about 20 degrees.

15. The device according to claim 13, wherein the second
substrate includes a thin film transistor that applies a signal
to the second electrode.

16. The device according to claim 13, wherein the first
substrate includes a thin film transistor that applies a signal
to the first electrode.

17. The device according to claim 13, wherein the second
substrate includes a transparent insulating material.

18. The device according to claim 13, wherein the first
substrate includes a transparent material.

19. The device according to claim 13, wherein the first
substrate includes an opaque material.

20. The device according to claim 13, wherein the first
alignment layer includes a polymer.
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21. The device according to claim 13, wherein the
reflected light from the cholesteric liquid crystal color filter
layer one of shows red, green, and blue in each pixel region.

22. The device according to claim 13, wherein the first
electrode includes a transparent conductive material.

23. The device according to claim 13, wherein the second
electrode includes a transparent conductive material.

24. A method of manufacturing a cholesteric liquid crystal
(CLC) display device, comprising:

forming a first substrate;
forming an absorption layer on the first substrate;

forming a cholesteric liquid crystal (CLC) color filter on
the absorption layer;

forming a first electrode on the cholesteric liquid crystal
(CLC) color filter;

forming a second substrate spaced apart from the first
substrate;

forming a second electrode on the rear surface of the
second substrate;

forming a retardation layer on the front surface of the
second substrate;

forming a polarizer on the retardation layer;

forming a holographic film on the polarizer, the holo-
graphic film reducing an angle of light incident to the
polarizer; and

forming a liquid crystal layer between the first electrode
and the second electrode.
25. A method of manufacturing a reflective cholesteric
liquid crystal (CLC) display device, comprising;

forming a first substrate;

forming a second substrate;

forming an absorption layer on the first substrate;
forming a first alignment layer on the absorption layer;

forming a cholesteric liquid crystal color filter layer on the
first alignment layer;

forming a first electrode on the cholesteric liquid crystal
color filter layer;

forming a second alignment layer on the first electrode;
forming a second electrode on the second substrate;
forming a third alignment layer on the second electrode;

forming a liquid crystal layer interposed between the
second alignment layer and the third alignment layer;

forming a retardation layer on the second substrate;
forming a polarizer on the retardation layer;
forming a holographic film disposed on the polarizer; and

forming a diffusion film on the holographic film.

® 0k ok k%



RiES

PRI E (R FIR) A (R

HiE

HAT R E (TR AGE)

FRI& B A
RAAN

IPCH %S
CPCH¥S
L A
HAth 22 FF SRRk
N3

BEX)

(BFR)A(E)

RAXBRETRE

US20020167628A1

US10/026483

) YOON SUNGHOE

YOON SUNGHOE

YOON SUNGHOE

YOON SUNGHOE

YOON, SUNGHOE

GO02F1/1335

G02F1/133504 G02F2203/02 G02F1/133514

1020010025709 2001-05-11 KR

US7023506

Espacenet USPTO

BAECLCHRESNRSELCDRERELEBRAEMEENNA. B
F2EEE  AFECLCEENATNEE I AFAMEES MK

SA. Bt REELRD,

TR,

iR, BEASATAERTEENASA | FERS XA

5%,

o AT£ERBHRIN , RLeEE
HTARANRFELCORELEL BER L OFBHE

—458

patsnap

2002-11-14

2001-12-27

T

R TRE

SRR IR

S A O T R T A R



https://share-analytics.zhihuiya.com/view/3c801bef-9f80-4ddc-847a-4b63590acb43
https://worldwide.espacenet.com/patent/search/family/019709343/publication/US2002167628A1?q=US2002167628A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220020167628%22.PGNR.&OS=DN/20020167628&RS=DN/20020167628

