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(57) ABSTRACT

A liquid crystal display device, which comprises: a backlight
source (1); a first handedness cholesteric liquid crystal film
layer (2), located at an upper side of the backlight source (1)
as alight emitting surface; an array substrate (3), located at an
upper side of the first handedness cholesteric liquid crystal
film layer (2); a color filter substrate (5), located at an upper
side of the array substrate (3); and a second handedness
cholesteric liquid crystal layer (4), sandwiched between the
array substrate (3) and the color filter substrate (5), the first
handedness being opposite to the second handedness. The
liquid crystal display device greatly improves light efficiency
and transmittance of the display and saves the processing
steps and manufacturing costs.
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to a
liquid crystal display device.

BACKGROUND

[0002] Cholesteric liquid crystal comprises a plurality of
layers. Molecules are arranged along a same direction in each
of the layers, but the arrangement directions of molecules are
rotated by an angle of about 15 minutes between any two
adjacent layers, so that a spiral structure can be obtained in the
stacked layers. When the arrangement of the molecules of an
upper layer is rotated by 360 degrees with respect to a lower
layer, the distance between the upper layer and the lower layer
is a pitch p. According to the direction of the spiral structure,
the cholesteric liquid crystal is divided into left-handed cho-
lesteric liquid crystal and right-handed cholesteric liquid
crystal, which can respectively reflect left circularly polarized
light and right circularly polarized light. The reflection of the
cholesteric liquid crystal follows the Bragg law: A=n*p
(wherein n is average refractivity of the cholesteric liquid
crystal, and pis a pitch of the cholesteric liquid crystal). When
the cholesteric liquid crystal is a mixture of a series of liquid
crystals having different pitches, it may probably reflect the
whole wavelength band of the visible light. The cholesteric
liquid crystal may have bistable state characteristic, i.e., being
in a planar alignment (after application of a high voltage) or a
focal conic alignment (after application of a low voltage)
when no power is supplied, while being vertically arranged
when it is energized, and at this time, it become equivalent to
the normal VA (Vertical Alignment) mode liquid crystal. With
cholesteric liquid crystal’s reflection performance, choles-
teric liquid crystal may be used for manufacturing a reflective
polarizer; by making use of its bistable state characteristic,
cholesteric liquid crystal may realize reflective liquid crystal
display and transparent display.

SUMMARY

[0003] Embodiments of the present invention are intended
to provide a liquid crystal display device using cholesteric
liquid crystal.

[0004] Oneaspectofthe present invention provides a liquid
crystal display device, comprising: a backlight source; a first
handedness cholesteric liquid crystal film layer, located at an
upper side of the backlight source as a light emitting surface;
an array substrate, located at an upper side of the first hand-
edness cholesteric liquid crystal film layer; a color filter sub-
strate, located at an upper side of the array substrate; and a
second handedness cholesteric liquid crystal layer, sand-
wiched between the array substrate and the color filter sub-
strate, the first handedness being opposite to the second hand-
edness.

[0005] In the liquid crystal display device, for example, a
reflecting sheet, a reflecting surface of which faces toward the
first handedness cholesteric liquid crystal film layer, is dis-
posed at a lower side of the backlight source.

[0006] Inthe liquid crystal display device, for example, the
first handedness cholesteric liquid crystal film layer is a left-
handed cholesteric liquid crystal film layer; and the second
handedness cholesteric liquid crystal layer is a right-handed
cholesteric liquid crystal layer.
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[0007] Or, in the liquid crystal display device, for example,
the first handedness cholesteric liquid crystal film layer is a
right-handed cholesteric liquid crystal film layer; and the
second handedness cholesteric liquid crystal layer is a left
-handed cholesteric liquid crystal layer.

[0008] Inthe liquid crystal display device, for example, the
array substrate comprises: a lower substrate disposed adja-
cent to the first handedness cholesteric liquid crystal film
layer, and a pixel electrode layer on an upper surface of the
lower substrate.

[0009] Inthe liquid crystal display device, for example, the
color filter substrate comprises: an upper substrate, and a
color filter layer and a common electrode layer sequentially
manufactured on a lower surface of the upper substrate.
[0010] The liquid crystal display device with the reflective
performance and bistable state performance of cholesteric
liquid crystal in an embodiment of the present invention has
the following advantages: the transmittance of the display is
greatly improved; with the provision of a reflective sheet, the
light source efficiency is greatly improved, the panel has great
brightness, and the energy can be saved; the processing steps
and manufacturing costs are reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] TInorderto clearly illustrate the technical solution of
the embodiments of the invention, the drawings of the
embodiments will be briefly described in the following; it is
obvious that the described drawings are only related to some
embodiments of the invention and thus are not limitative of
the invention.

[0012] FIG. 1isaschematic view of a liquid crystal display
of the present invention in a dark state;

[0013] FIG. 2 is a schematic view of the liquid crystal
display of the present invention in a bright state;

REFERENCE SIGNS

[0014] 1 backlight source; 2 left-handed cholesteric liquid
crystal film layer; 3 array substrate; 31 lower substrate; 32
pixel electrode layer; 4 right-handed cholesteric liquid crystal
layer; 5 color filter substrate; 51 common electrode layer; 52
color filter layer; 53 upper substrate; 6 reflective sheet.

DETAILED DESCRIPTION

[0015] In order to make objects, technical details and
advantages of the embodiments of the invention apparent, the
technical solutions of the embodiments will be described in a
clearly and fully understandable way in connection with the
drawings related to the embodiments of the invention. Appar-
ently, the described embodiments are just a part but not all of
the embodiments of the invention. Based on the described
embodiments herein, those skilled in the art can obtain other
embodiment(s), without any inventive work, which should be
within the scope of the invention.

[0016] Unless otherwise defined, the technical or scientific
terms used herein shall have the general meanings under-
standable for those ordinarily skilled in the field of the present
invention. The words such as “first”, “second” or similar used
in the description and claims of the present application shall
not represent any order, number or importance, but are used
for distinguishing between similar elements. The words such
as “a”, “an”, “the” or the like shall not represent limitation of
numbers, but mean existence of at least one. The words

CEINY]

“include”, “comprise” or similar intend to mean the elements
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or objects before such words cover or are equivalent to the
elements or objects listed after such words, but other elements
or objects are not exclusive. The words “joint”, “connect” or
similar are not limited to physical or chemical connection, but
also include electrical connection, no matter directly or indi-
rectly. The words “upper”, “lower”, “left”, “right” and etc.
shall be used only to represent relative positions, and when
the absolute position of the described object is changed, the
relative positions may be changed accordingly.

[0017] The array substrate in an embodiment of the present
invention comprises a plurality of gate lines and a plurality of
data lines which intersect each other to define a plurality of
pixel units arranged in a matrix, each of the pixel units com-
prising a thin film transistor (TFT) as a switching element and
a pixel electrode for controlling the arrangement of liquid
crystal. For example, in each pixel, the gate electrode of the
thin film transistor is electrically connected to or integrally
formed with a corresponding gate line, a source electrode is
electrically connected to or integrally formed with a corre-
sponding data line, and a drain electrode is electrically con-
nected to or integrally formed with a corresponding pixel
electrode.

[0018] The color filter substrate for example comprises a
black matrix and a plurality of color filters in the plurality of
pixel units defined by the black matrix. These color filters of
the pixel units for example comprise red, green and blue
(RGB) filters, and these red, green and blue pixel units are
arranged in such a way as to correspond to the pixel units on
the array substrate. White light transmits through these color
filters and then become corresponding these kinds of color
light for color display. The color filter substrate may further
comprise a common electrode for cooperating with the pixel
electrodes in the pixel units on the array substrate so as to
apply an electric field to the liquid crystal.

[0019] Although a single pixel unit is described herein,
other pixel units may operate similarly.

[0020] As showninFIGS. 1 and 2, the present embodiment
discloses aliquid crystal display device, comprising;: a back-
light source 1; a first handedness cholesteric liquid crystal
film layer 2, located at a side of a light emitting surface of the
backlight source; a TFT substrate 3, located at an upper side
of the first handedness cholesteric liquid crystal film layer 2;
a color filter substrate 5, located at an upper side of the TFT
substrate 3; and a second handedness cholesteric liquid crys-
tal layer 4, sandwiched between the TFT substrate 3 and the
color filter substrate 5. The TFT substrate 3 is an example of
the array substrate.

[0021] In the present embodiment, “upper side” refers to
the side toward the viewing face of the liquid crystal display
device, and “lower side” refers to the side away from the
liquid crystal display device, as shown in FIGS. 1 and 2.
[0022] In the present embodiment, a reflective sheet 6, a
reflecting surface of which faces toward the first handedness
cholesteric liquid crystal film layer 2, is disposed at a lower
side of the backlight source 1. That is, the backlight source 1
is sandwiched between the first handedness cholesteric liquid
crystal film layer 2 and the reflective sheet 6, which are
opposite to each other. In another embodiment of the present
invention, the lower side of the backlight source 1 may not be
provided with a reflective sheet, although the embodiment
without a reflective sheet may have a lowered utilization
efficiency of the light source. The reflective sheet 6, for
example, may be a metal sheet or a plastic sheet plated with a
metal reflective layer on the surface.
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[0023] 1In the present embodiment, the first handedness
cholesteric liquid crystal film layer 2 is a left-handed choles-
teric liquid crystal film layer; the second handedness choles-
teric liquid crystal layer 4 is a right-handed cholesteric liquid
crystal layer. In another embodiment of the present invention,
the first handedness cholesteric liquid crystal film layer 2 may
be a right-handed cholesteric liquid crystal film layer; the
second handedness cholesteric liquid crystal layer 4 may be a
left-handed cholesteric liquid crystal layer. For example,
these left-handed and right-handed cholesteric liquid crystals
each may be made of known liquid crystal materials in the
relevant technical field, and no more details are described
herein for simplicity.

[0024] Thebacklight source 1 may be a direct lighting type
or an edge lighting type backlight source, and, for example, it
may adopt a cold cathode fluorescent lamp (CCFL) or light
emitting diodes (LEDs) as a light source.

[0025] During operation, the light emitted from the back-
light source 1 includes left-handed polarized light and right-
handed polarized light. According to the reflective character-
istics of the cholesteric liquid crystal, the left-handed
cholesteric liquid crystal film reflects left-handed polarized
light and transmits right-handed polarized light therethrough;
the right-handed cholesteric liquid crystal film reflects right-
handed polarized light and transmits left-handed polarized
light therethrough. As a result, for the embodiment shown in
FIG. 1, only the right-handed light among the light emitted
from the backlight source 1 is transmitted through the left-
handed cholesteric liquid crystal film layer 2, while the lefi-
handed polarized light are reflected. That is, only a half ofthe
light is transmitted through and the other half is reflected by
the left-handed cholesteric liquid crystal film layer 2. The
reflected left-handed polarized light return to the left-handed
cholesteric liquid crystal film layer 2 after being reflected at
the reflective sheet 6. Since the left-handed polarized light is
changed into right-handed polarized light after being
reflected and can be transmitted through the left-handed cho-
lesteric liquid crystal film layer 2. Therefore, where the
reflective sheet 6 is provided, all the light emitted from the
backlight source 1 may pass through the left-handed choles-
teric liquid crystal film layer 2 in the form of right-handed
polarized light.

[0026] An illustrative diagram of the liquid crystal display
device in a dark state of the present embodiment is shown in
FIG. 1.

[0027] Inthe dark state, the right-handed cholesteric liquid
crystal layer 4 corresponding to a pixel unit is in planar
alignment of the bistable state and will reflect the right-
handed polarized light. As stated before, all of the light emit-
ted from the backlight source 1 is changed into right-handed
polarized light after passing through the left-handed choles-
teric liquid crystal film layer 2, so all the light (right-handed
polarized light) is reflected by the right-handed cholesteric
liquid crystal layer and can not be transmitted therethrough,
whereby the liquid crystal display device presents the dark
state.

[0028] An illustrative diagram of the liquid crystal display
device in a bright state of the present embodiment is shown in
FIG. 2.

[0029] In the bright state, when the right-handed choles-
teric liquid crystal layer 4 corresponding to a pixel unit is
energized through for example the pixel electrode and the
common electrode, the right-handed cholesteric liquid crystal
is changed into vertical alignment, which is equivalent to the
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arrangement of the VA mode. As stated before, all of the light
emitted from the backlight source 1 is changed into right-
handed polarized light after passing through the left-handed
cholesteric liquid crystal film layer 2, so all of the right-
handed polarized light can be transmitted through the right-
handed cholesteric liquid crystal layer 4, whereby the bright
state is presented.

[0030] Inthe presentembodiment, as shown in FIGS.1and
2, the TFT substrate 3 may comprise: a lower substrate 31
disposed adjacent to the first handedness cholesteric liquid
crystal film layer 2, and a pixel electrode layer 32 on an upper
surface of the lower substrate 31.

[0031] The color filter substrate 5 may comprise: an upper
substrate 53, and a color filter layer 52 and a common elec-
trode layer 51 sequentially manufactured on a lower surface
of the upper substrate 53.

[0032] Inthepresentembodiment, “upper surface” refers to
the surface of the side toward the viewing face of the liquid
crystal display device, and “lower surface” refers to the sur-
face of the side away from the liquid crystal display device, as
shown in FIGS. 1 and 2.

[0033] Inotherembodiment of the present invention, a film
layer or structure having other function, e.g. an antireflection
film and etc., may be added to the liquid crystal display device
according to requirements.

[0034] The liquid crystal display devices in the above
embodiments of the present invention do not need polarizers
for display so that the transmittance of the display device is
greatly improved. At the same time, with provision of the
reflective sheet, the light emitted from the backlight source 1
may be reused after being reflected, so that the light source
efficiency is greatly improved, the panel has great brightness,
and the energy can be saved. During the process of manufac-
turing the liquid crystal display devices in the embodiments
of the present invention, since there is no need of any align-
ment film or orientation process, the processing steps and
manufacturing costs are reduced.

[0035] Theabove embodiments of the present invention are
given by way of illustration only and thus are not limitative of
the protection scope of the present invention, which is deter-
mined by the attached claims.

1. A liquid crystal display device, comprising:

a backlight source;

a first handedness cholesteric liquid crystal film layer,
located at an upper side of the backlight source as a light
emitting surface;

an array substrate, located at an upper side of the first
handedness cholesteric liquid crystal film layer;

a color filter substrate, located at an upper side of the array
substrate; and
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a second handedness cholesteric liquid crystal layer, sand-
wiched between the array substrate and the color filter
substrate, the first handedness being opposite to the sec-
ond handedness.

2. The liquid crystal display device according to claim 1,
wherein a reflecting sheet, a reflecting surface of which faces
toward the first handedness cholesteric liquid crystal film
layer, is disposed at a lower side of the backlight source.

3. The liquid crystal display device according to claim 1,
wherein the first handedness cholesteric liquid crystal film
layer is a left-handed cholesteric liquid crystal film layer; and
the second handedness cholesteric liquid crystal layer is a
right-handed cholesteric liquid crystal layer.

4. The liquid crystal display device according to claim 1,
wherein the first handedness cholesteric liquid crystal film
layer is a right-handed cholesteric liquid crystal film layer;
and the second handedness cholesteric liquid crystal layer is
a left-handed cholesteric liquid crystal layer.

5. The liquid crystal display device according to claim 1,
wherein the array substrate comprises a lower substrate dis-
posed adjacent to the first handedness cholesteric liquid crys-
tal film layer, and a pixel electrode layer on an upper surface
of the lower substrate.

6. The liquid crystal display device according to claim 1,
wherein the color filter substrate comprises: an upper sub-
strate, and a color filter layer and a common electrode layer
sequentially manufactured on a lower surface of the upper
substrate

7. The liquid crystal display device according to claim 2,
wherein the first handedness cholesteric liquid crystal film
layer is a left-handed cholesteric liquid crystal film layer; and
the second handedness cholesteric liquid crystal layer is a
right-handed cholesteric liquid crystal layer.

8. The liquid crystal display device according to claim 2,
wherein the first handedness cholesteric liquid crystal film
layer is a right-handed cholesteric liquid crystal film layer;
and the second handedness cholesteric liquid crystal layer is
a left-handed cholesteric liquid crystal layer.

9. The liquid crystal display device according to claim 2,
wherein the array substrate comprises a lower substrate dis-
posed adjacent to the first handedness cholesteric liquid crys-
tal film layer, and a pixel electrode layer on an upper surface
of the lower substrate.

10. The liquid crystal display device according to claim 2,
wherein the color filter substrate comprises: an upper sub-
strate, and a color filter layer and a common electrode layer
sequentially manufactured on a lower surface of the upper
substrate.
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