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LIQUID CRYSTAL DISPLAY AND DISPLAY
DEVICE

TECHNICAL FIELD

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

BACKGROUND

[0002] Quantum dots (QDs), also referred to as nanocrys-
tals, are nanoparticles composed of group II-VI element or
group I1I-V element. The particle size of the QDs is generally
between 1 and 20 nm. As electrons and holes are subjected to
quantum confinement, continuous energy band structures are
converted into discrete energy level structures, and hence the
QDs can emit fluorescent light after excitation.

[0003] The emission spectrum of QDs may be controlled
by the variation of the size of QDs. The emission spectrum of
QDs may cover the entire visible light spectrum by the varia-
tion of the size and the chemical composition of QDs. Taking
CdTe QDs as an example, when the particle size of the QDs is
increased from 2.5 nm to 4.0 nm, the emission wavelength of
the QDs can be changed from 510 nm to 660 nm.

[0004] Currently, the QDs may be used as molecular probes
and applied to fluorescent labels and also may be applied to
display devices by means of the emission characteristic of the
QDs. When monochromatic QDs are used fora light source of
a backlight module of an LCD, the monochromatic QDs are
excited by a blue-light light-emitting diode (LED) and emit
white ambient light formed by the mixture of monochromatic
light and blue light. The resultant light has a larger color
gamut, so that the image quality can be improved.

[0005] A current LCD has relatively low display brightness
in the situation of intense outdoor light when applied to out-
door display, and hence the viewing effect can be affected. In
general, the transflective display mode can be adopted to
brightenthe LCD. However, the aperture ratio of pixel units in
the LCD can be reduced when the transflective display mode
is adopted.

SUMMARY

[0006] Embodiments of the present invention provide an
LCD and a display device, which are configured to achieve
high-brightness outdoor display.

[0007] One embodiment of the present invention provides
an LCD, which comprises an opposing substrate, an array
substrate and a liquid crystal layer disposed between the
opposing substrate and the array substrate. The array sub-
strate is provided thereon with a plurality of pixel units; each
pixel unit comprises a plurality of sub-pixel units for display-
ing different colors; QD layers capable of allowing backlight
to run through are disposed at positions of the array substrate,
corresponding to the sub-pixel units of atleast one color of the
pixel units; the QD layers are excited by ultraviolet light in
sunlight and emit light which at least is of the color of the
corresponding sub-pixel units; the LCD is provided with
color filters corresponding to the sub-pixel units; and the
color filters are disposed between the QD layers and the
opposing substrate.

[0008] In the LCD provided by the embodiment of the
present invention, in the case of outdoor display, ultraviolet
light in sunlight will irradiate the QD layers which will emit
light after excited by the ultraviolet light. In this way, light
running through the color filters is the sum of the backlight
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and the light emitted by the QD layers after excitation. There-
fore, the display brightness of the LCD can be enhanced and
the outdoor viewability of the LCD can be improved.

[0009] For instance, in the LCD provided by the embodi-
ment of the present invention, the QD layers are excited by the
ultraviolet light in sunlight and emit monochromatic light of
the color of the corresponding sub-pixel units, so that the light
emitted by the QD layers after the excitation of the ultraviolet
light can be maximally utilized. For instance, the QD layers
are excited by the ultraviolet light in sunlight and emit white
light. Compared with the case that the QD layers are excited
to emit monochromatic light, the complexity of the prepara-
tion process can be reduced.

[0010] For instance, in the LCD provided by the embodi-
ment of the present invention, the QD layer comprises a high
molecular polymer network and QDs uniformly distributed in
the high molecular polymer network.

[0011] For instance, in the LCD provided by the embodi-
ment of the present invention, the QD layers are disposed on
one side of the array substrate facing towards the liquid crys-
tal layer or disposed on one side of the array substrate away
from the liquid crystal layer.

[0012] For instance, in the LCD provided by the embodi-
ment of the present invention, an electrode structure compris-
ing a common electrode and a pixel electrode which are
mutually insulated is disposed on one side of the array sub-
strate facing towards the liquid crystal layer; and the QD layer
is disposed on one side of the electrode structure facing
towards the liquid crystal layer.

[0013] For instance, in the LCD provided by the embodi-
ment of the present invention, a first planarization layer is
disposed between the electrode structures and the QD layers.
[0014] For instance, in the LCD provided by the embodi-
ment of the present invention, a quarter-wave optical retarda-
tion layer is disposed between the QD layers and the liquid
crystal layer. The quarter-wave optical retardation layer may
convert circularly polarized light emitted by the QD layers
after excitation into linearly polarized light, so that the light
emitted by the QD layers after excitation can be better uti-
lized.

[0015] For instance, in the LCD provided by the embodi-
ment of the present invention, a second planarization layer is
disposed on one side of the QD layer facing towards the liquid
crystal layer; and the quarter-wave optical retardation layer is
disposed on one side of the second planarization layer facing
towards the liquid crystal layer.

[0016] For instance, in the LCD provided by the embodi-
ment of the present invention, the color filters are disposed on
one side of the array substrate facing towards the liquid crys-
tal layer or disposed on one side of the opposing substrate
facing towards the liquid crystal layer.

[0017] Another embodiment of the present invention pro-
vides a display device, which comprises the LCD provided by
an embodiment of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Simple description will be given below to the
accompanying drawings of the embodiments to provide a
more clear understanding of the technical proposals of the
embodiments of the present invention. It will be obvious to
those skilled in the art that the drawings described below only
involve some embodiments of the present invention but are
not intended to limit the present invention.
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[0019] FIGS. 1a and 15 are respectively schematic struc-
tural views of an LCD provided by an embodiment of the
present invention;

[0020] FIGS. 2a and 25 are respectively schematic dia-
grams of the LCD provided by an embodiment of the present
invention in outdoor display and indoor display respectively;
[0021] FIGS. 3ato3m arerespectively schematic structural
views of the steps for manufacturing an array substrate in a
first embodiment; and

[0022] FIGS. 4a to 4¢ are respectively schematic structural
views of the steps for manufacturing an array substrate in a
second embodiment.

DETAILED DESCRIPTION

[0023] For more clear understanding of the objectives,
technical proposals and advantages of the embodiments ofthe
present invention, clear and complete description will be
given below to the technical proposals of the embodiments of
the present invention with reference to the accompanying
drawings of the embodiments of the present invention. It will
be obvious to those skilled in the art that the preferred
embodiments are only partial embodiments of the present
invention but not all the embodiments. All the other embodi-
ments obtained by those skilled in the art without creative
efforts on the basis of the embodiments of the present inven-
tion illustrated shall fall within the scope of protection of the
present invention.

[0024] The shape and size of film layers in the accompany-
ing drawings do not reflect the true scale of an array substrate
or an opposing substrate. The film layers are only partial
structures of the array substrate and only intended to illustrate
the content of the present invention.

[0025] Anembodiment of the present invention provides an
LCD. As illustrated in FIGS. 1a and 15, the LCD comprises
an opposing substrate 1, an array substrate 2 and a liquid
crystal layer 3 disposed between the opposing substrate 1 and
the array substrate 2. The array substrate 2 is provided thereon
with a plurality of pixel units that are arranged in an array, and
each pixel unit comprises a plurality of sub-pixel units (as
illustrated by a dotted line frame in the figure) for displaying
different colors.

[0026] Thearray substrate may be provided with a plurality
of gate lines and a plurality of data lines which are inter-
crossed to define the pixel units arranged in a matrix. Each
pixel unit comprises a thin-film transistor (TFT) functioning
as aswitch element and a pixel electrode configured to control
the arrangement of liquid crystals, and may further include a
common electrode as desired. For instance, a gate electrode of
the TFT of each pixel is electrically connected or integrally
formed with a corresponding gate line; a source electrode is
electrically connected or integrally formed with a corre-
sponding data line; and a drain electrode is electrically con-
nected or integrally formed with corresponding pixel elec-
trode.

[0027] QD layers 01 capable of allowing backlight to pass
through are disposed at positions of the array substrate 2
corresponding to the sub-pixel unit of at least one color in the
pixel units. The QD layers 01 are excited by ultraviolet light
in sunlight and emit light which at least is of the color of
corresponding sub-pixel units.

[0028] The LCD is provided with color filters 02 corre-
sponding to the sub-pixel units. The color filters 02 are dis-
posed between the QD layers 01 and the opposing substrate 1,
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for instance, may be disposed on the opposing substrate 1 (as
illustrated in F1G. 1a) or disposed on the array substrate 2 (as
illustrated in FIG. 15).

[0029] It should be noted that the QD layers may be only
disposed in a display area of the LCD or a QD layer may be
formed in the whole layer as long as the backlight from the
backlight module can transmit through the QD layer(s) and be
used for display under the modulation of the liquid crystal
layer because the QD layers are light-transparent in the cor-
responding display area of the LCD.

[0030] In the LCD provided by the embodiment of the
present invention, as illustrated in FIG. 2a. in the case of
outdoor display, the ultraviolet light in the sunlight will irra-
diate the QD layers 01 which will emit light after excited by
the ultraviolet light, and the light can be emitted to the outside
of the LCD again. In this way, the light running through the
color filters 02 is the sum of the backlight from the backlight
module 100 and the light emitted by the QD layers 01 after
excitation, and hence the display brightness of the LCD can
be enhanced and the outdoor viewability of the LCD can be
improved. In the LCD provided by the embodiment of the
present invention, as illustrated in FIG. 25, in the case of
indoor display, as the light intensity of indoor ultraviolet light
1s relatively weak, the QD layers 01 do not emit light. There-
fore, the light running through the color filters 02 is only the
backlight from the backlight module 100, and the LCD can
still display normally.

[0031] Moreover, in a specific example, the QD layers 01
may be disposed at positions of the array substrate 2, corre-
sponding to portion of the sub-pixel units, according to actual
brightness requirements of different sub-pixel units. Of
course, the QD layers 01 may also be disposed at positions of
the array substrate 2, corresponding to all the sub-pixel units.
No limitation will be given here.

[0032] In a specific example, the LCD provided by the
embodiment of the present invention may have the following
structure that: the color filters 02 are disposed on the opposing
substrate 1, namely a color filter substrate. As illustrated in
FIG. 1a, the color filters 02 are disposed on one side of the
opposing substrate 1 facing towards the liquid crystal layer 3.
In the LCD, the light emitted by the QD layers 01 after
excitation and the backlight from the backlight module will
be used for display through the light filtering of the color
filters 02 after being modulated by the liquid crystal layer 3.
[0033] Ofcourse, the LCD provided by the embodiment of
the present invention may also have the following structure
that: the color filters 02 are disposed on the array substrate 2,
namely the structure of Color-Filter-on-Array (COA). As
illustrated in FIG. 15, the color filters 02 are disposed on one
side of the array substrate 2 facing towards the liquid crystal
layer 3. In the LCD, the light emitted by the QD layers after
excitation and the backlight from the backlight module will
be used for display by means of the modulation of the liquid
crystal layer 3 after being subjected to the light filtering of the
color filters 02.

[0034] For instance, in the LCD provided by the embodi-
ment of the present invention, the QD layers can emit mono-
chromatic light of the color of corresponding sub-pixel units
after excited by the ultraviolet light in the sunlight, and hence
the display brightness of the LCD under the sunlight environ-
ment can be maximally improved.

[0035] Or, for instance, in the LCD provided by the
embodiment of the present invention, the QD layers may emit
white light after excited by the ultraviolet light in the sunlight.
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Compared with the case that the QD layers emit monochro-
matic light after excitation, although one part of light will
lose, the QD layers in the sub-pixel units may be prepared by
a same material, and hence the complexity of the preparation
process can be reduced. In the case that the QD layers emit the
white light after excited by the ultraviolet light in the sunlight,
QDs of various sizes may be mixed to form the QD layers. For
instance, QDs for generating red, green, and blue (RGB) light
after excitation correspondingly are mixed to form the QD
layers. Light of various colors generated by the QD layers
after the excitation of the ultraviolet light is mixed to produce
white light.

[0036] For instance, for the convenience of implementa-
tion, in the LCD provided by the embodiment of the present
invention, the QD layer may be formed of a high molecular
polymer network and QDs uniformly distributed in the high
molecular polymer network.

[0037] Moreover, for instance, the high molecular polymer
network may be formed from the polymerization reaction of
polymerizable monomers having double-bonds and organic
modifiers, containing hydroxyl functional groups and sulthy-
dryl bonds, provided on surfaces of the QDs, and may also be
formed from the polymerization of a mixture of phenolic
resin derivatives and diazo naphthol derivatives after the irra-
diation of ultraviolet light under the action of a photoinitiator.
Both the high molecular polymer networks produced by the
two ways allow the QDs to be uniformly distributed in the
high molecular polymer networks, so that the aggregation of
the QDs can be prevented and the QD yield can be increased.
Moreover, the high molecular polymer network cam isolate
the QDs from the atmosphere and prevent the QDs from
contacting oxygern, and hence the service life of the QDs can
be prolonged. Of course, the high molecular polymer network
may also be made of other materials. No limitation will be
given here.

[0038] Moreover, as the emission wavelength of the QDs is
relevant to the particle size of the QDs and the material(s) of
the QDs. Taking zinc sulfide (ZnS) QDs as an example, QDs
with the size of9 to 10 nm mainly emit red light; QDs with the
size of 8 nm emit yellow light; and QDs with the size of 7 nm
emit green light. Therefore, the QDs distributed in the high
molecular polymer network may comprise QDs of the same
material and the same size or may comprise QDs made of
different materials, as long as the size of the QDs among the
QDs made of the materials can be controlled in such a way
that the QDs can emit monochromatic light of the color of
corresponding sub-pixel units after excited by the ultraviolet
light. No limitation will be given here. Or, the QDs distributed
in the high molecular polymer network may comprise QDs
with different sizes and may also comprise QDs made of
different materials, as long as the QDs can emit white light
after excited by the ultraviolet light. No limitation will be
given here.

[0039] Of course, the materials of the QDs include, but are
not limited to, the above-mentioned substances. Other mate-
rials which are the same as or similar to the above substances
in characteristics are also applicable. For instance, the QDs in
the embodiment may be made of at least one material selected
from the group consisting of ZnS, zinc oxide (Zn0), gallium
nitride (G N), zinc selenide (ZnSe), cadmium sulfide (CdS),
gallium selenide (GaSe), cadmium selenide (CdSe), zinc tel-
luride (ZnTe), cadmium telluride (CdTe), gallium arsenide
(GaAs), indium phosphide (InP), and lead telluride (PbTe).
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[0040] The LCD provided by the embodiments of the
present invention may be applied in various modes, for
instance, may be applied to advanced super dimension switch
(ADSDS) mode LCD and may also be applied to the tradi-
tional twisted nematic (TN) mode or vertical alignment (VA)
mode LCD. No limitation will be given here. For instance, as
for the TN mode LCD, a common electrode may be formed on
an opposing substrate as required and configured to cooperate
with pixel electrodes on an array substrate to form electric
fields for driving liquid crystal materials.

[0041] All the LCDs provided by the embodiments of the
present invention are illustrated by taking the ADSDS mode
LCD as an example.

[0042] For instance, in the LCD provided by an embodi-
ment of the present invention, the QD layers 01 may be
disposed on one side of the array substrate 2 facing towards
the liquid crystal layer 3. Of course, the QD layers 01 may
also be disposed on one side of the array substrate 2 away
from the liquid crystal layer 3. No limitation will be given
here.

[0043] Moreover, for instance, in the LCD provided by an
embodiment of the present invention, as illustrated in FIGS.
la and b, a electrode structure 03 formed by common elec-
trodes 031 and pixel electrodes 032 which are mutually insu-
lated are disposed on one side of the array substrate 2 facing
towards the liquid crystal layer 3; and the QD layer 01 may be
disposed on one side of the electrode structure 03 facing
towards the liquid crystal layer 3. Of course, the QD layers 01
may also be disposed between other film layers in the array
substrate 2 according to the requirement of the preparation
process. No limitation will be given here. In addition, the
common electrodes 031 and the pixel electrodes 032 of the
electrode structure 03 may be as illustrated in FIGS. 1a and
1b: the common electrodes 031 are disposed above the pixel
electrodes 032. The common electrodes 031 may also be
disposed below the pixel electrodes 032. No limitation will be
given here.

[0044] For instance, in the LCD provided by the embodi-
ment of the present invention, for the convenience of arrang-
ing the QD layers 01, a first planarization layer 04 may further
be disposed between the electrode structures 03 and the QD
layers 01, as illustrated in FIGS. 1a and 1.

[0045] 1In the LCD provided by an embodiment of the
present invention, as the QD layers 01 may emit circularly
polarized light in part after excited by the ultraviolet light, and
the circularly polarized light cannot be modulated by liquid
crystals. Therefore, in order to maximally utilize the light
emitted by the QD layers after excitation, as illustrated in
FIGS. 1a and 15, in one example, a quarter-wave optical
retardation layer 05 may further be disposed between the QD
layers 01 and the liquid crystal layer 3 and can convert the
circularly polarized light emitted by the QD layers 01 after
excitation into linearly polarized light.

[0046] For instance, in the LCD provided by an embodi-
ment of the present invention, for the convenience of arrang-
ing the quarter-wave optical retardation layer 05, a second
planarization layer 06 may further be disposed on one side of
the QD layer 01 facing towards the liquid crystal layer 3, and
the quarter-wave optical retardation layer 05 is disposed on
one side of the second planarization layer 06 facing towards
the liquid crystal layer 3. For instance, the quarter-wave opti-
cal retardation layer 05 may be directly disposed on the sec-
ond planarization layer 06, as illustrated in FIGS. 1a and 15.
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[0047] Detailed description will be given below to the
manufacturing process of the array substrate 2, in which the
QD layers 01 are disposed on one side of the array substrate
2 facing towards the liquid crystal layer 3.

EXAMPLE 1

[0048] The color filters 02 in the LCD are disposed on the
opposing substrate 1. The manufacturing process of the cor-
responding array substrate 2 comprises the following steps:
[0049] (1) forming patterns comprising gate lines (not
shown) and gate electrodes 07 on the array substrate 2, as
illustrated in FIG. 3a;

[0050] (2) forming a gate insulating layer 08 on the patterns
ofthe gate electrodes 07, as illustrated in FIG. 35, in which the
gate insulating layer 08 covers the gate lines and the gate
electrodes 07,

[0051] (3) forming a pattern comprising active layers 09 on
the gate insulating layer 08 in which the active layers 09 are
disposed over the gate electrodes 07 as illustrated in FIG. 3¢;
[0052] (4) forming patterns comprising data lines (not
shown) and source/drain electrodes 10 on the pattern of the
active layers 09, as illustrated in FIG. 3d;

[0053] (5) forming a first insulating (PVX) layer 11 on the
patterns of the source/drain electrodes 10 and the gate insu-
lating layer 08, in which through holes 110 are formed in the
first insulating layers 11, as illustrated in FIG. 3e;

[0054] (6) forming pixel electrodes 032 on the first insulat-
ing (PVX) layer 11, in which the pixel electrodes 032 are
connected with drain electrodes of the source/drain elec-
trodes 10 via the through holes 110 in the firstinsulating layer
11 as illustrated in FIG. 3f;

[0055] (7) forming a second insulating (PVX) layer 12 on
the pixel electrode 032, as illustrated in FIG. 3g;

[0056] (8) forming common electrodes 031 on the second
insulating (PVX) layer 12, as illustrated in FIG. 34;

[0057] (9) forming a first planarization layer 04 on the
common electrodes 031, as illustrated in FIG. 3/, for instance,
the first planarization layer 04 may be made of a resin mate-
rial;

[0058] (10) preparing QD layers 01 on the first planariza-
tion layer 04, as illustrated in FIG. 3j;

[0059] (11) forming a second planarization layer 06 on the
QD layers 01, as illustrated in FIG. 3%, for instance, the
second planarization layer 06 comprising a resin material;
[0060] (12) forming a quarter-wave optical retardation
layer 05 on the second planarization layer 06, as illustrated in
FIG. 31; and

[0061] (13) forming a resin layer 13 on the quarter-wave
optical retardation layer 05, as illustrated in FIG. 3m.

EXAMPLE 2

[0062] The color filters 02 in the LCD are disposed on the
array substrate 2. The manufacturing process of the corre-
sponding array substrate 2 further comprises the following
steps apart from comprising the steps (1) to (13) in the
example 1:

[0063] (14)forming a black matrix 14 on the resin layer 13,
as illustrated in FIG. 4a;

[0064] (15) forming color filters 02 on the resin layer 13, as
illustrated in FIGS. 45; and

[0065] (16) forming a protective layer 15 on the black
matrix 14 and the color filters 02, as illustrated in FIG. 4c.

Apr. 23, 2015

[0066] Another embodiment of the present invention pro-
vides a display device, which comprises the LCD provided by
an embodiment of the present invention and a backlight mod-
ule. As the principle of the device in solving the problem is
similar to that of the foregoing LCD, the implementation of
the device may refer to the implementation of the LCD. No
further description will be given here.

[0067] In the LCD and the display device provided by the
embodiments of the present invention, the QD layers capable
of allowing the backlight to run through are disposed at the
positions of the array substrate, corresponding to the sub-
pixel units of at least one color of the pixel units; the QD
layers are excited by the ultraviolet light in the sunlight and
emit the light which at least is of the color of the correspond-
ing sub-pixel units; the LCD is provided with the color filters
corresponding to the sub-pixel units; and the color filters are
disposed between the QD layers and the opposing substrate.
When the LCD is applied to outdoor display, the ultraviolet
light in the sunlight will irradiate the QD layers which will
emit light after excited by the ultraviolet light. Therefore, the
light running through the color filters is the sum of the back-
light and the light emitted by the QD layers after excitation,
and hence the display brightness of the LCD can be enhanced
and the outdoor viewability of the LCD can be improved.
[0068] The foregoing is only the preferred embodiments of
the present invention and not intended to limit the scope of
protection of the present invention. The scope of protection of
the present invention should be defined by the appended
claims.

1. A liquid crystal display (LCD), comprising an opposing
substrate, an array substrate and a liquid crystal layer dis-
posed between the opposing substrate and the array substrate,
wherein

the array substrate is provided thereon with a plurality of

pixel units; each pixel unit comptrises a plurality of sub-
pixel units for displaying different colors;

quantum dot (QD) layers capable of allowing backlight to

run through are disposed at positions of the array sub-
strate, corresponding to the sub-pixel units ofat least one
color of the pixel units;

the QD layers are excited by ultraviolet light in sunlight

and emit light which at least is of the color of the corre-
sponding sub-pixel units; and

the LCD 1s provided with color filters corresponding to the

sub-pixel units; and the color filters are disposed
between the QD layers and the opposing substrate.

2. The LCD according to claim 1, wherein the QD layers
are excited by the ultraviolet light in the sunlight and emit
white light or monochromatic light of the color of the corre-
sponding sub-pixel units.

3. The LCD according to claim 1, wherein the QD layer
comprise a high molecular polymer network and QDs uni-
formly distributed in the high molecular polymer network.

4. The LCD according to claim 1, wherein the QD layers
are disposed on one side of the array substrate facing towards
the liquid crystal layer or disposed on one side of the array
substrate away from the liquid crystal layer.

5. The LCD according to claim 1, wherein an electrode
structure formed by a common electrode and a pixel electrode
which are mutually insulated is disposed on one side of the
array substrate facing towards the liquid crystal layer; and the
QD layer is disposed on one side of the electrode structure
facing towards the liquid crystal layer.
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6. The LCD according to claim 5, wherein a first planariza-
tion layer is disposed between the electrode structures and the
QD layers.

7. The LCD according to claim 1, wherein a quarter-wave
optical retardation layer is disposed between the QD layers
and the liquid crystal layer.

8. The LCD according to claim 7, wherein a second pla-
narization layer is disposed on one side of the QD layer facing
towards the liquid crystal layer; and the quarter-wave optical
retardation layer is disposed on one side of the second pla-
narization layer facing towards the liquid crystal layer.

9. The LCD according to claim 1, wherein the color filters
are disposed on one side of the array substrate facing towards
the liquid crystal layer or disposed on one side of the opposing
substrate facing towards the liquid crystal layer.

10. A display device, comprising the LCD according to
claim 1.

11. The LCD according to claim 2, wherein the QD layer
comprise a high molecular polymer network and QDs uni-
formly distributed in the high molecular polymer network.

12. The LCD according to claim 2, wherein the QD layers
are disposed on one side of the array substrate facing towards
the liquid crystal layer or disposed on one side of the array
substrate away from the liquid crystal layer.

13. The LCD according to claim 2, wherein an electrode
structure formed by a common electrode and a pixel electrode
which are mutually insulated is disposed on one side of the
array substrate facing towards the liquid crystal layer; and the
QD layer is disposed on one side of the electrode structure
facing towards the liquid crystal layer.

Apr. 23, 2015

14. The LCD according to claim 2, wherein a quarter-wave
optical retardation layer is disposed between the QD layers
and the liquid crystal layer.

15. The LCD according to claim 2, wherein the color filters
are disposed on one side of the array substrate facing towards
the liquid crystal layer or disposed on one side of the opposing
substrate facing towards the liquid crystal layer.

16. The LCD according to claim 3, wherein the QD layers
are disposed on one side of the array substrate facing towards
the liquid crystal layer or disposed on one side of the array
substrate away from the liquid crystal layer.

17. The LCD according to claim 3, wherein an electrode
structure formed by acommon electrode and a pixel electrode
which are mutually insulated is disposed on one side of the
array substrate facing towards the liquid crystal layer; and the
QD layer is disposed on one side of the electrode structure
facing towards the liquid crystal layer.

18. The LCD according to claim 3, wherein a quarter-wave
optical retardation layer is disposed between the QD layers
and the liquid crystal layer.

19. The LCD according to claim 18, wherein a second
planarization layer is disposed on one side of the QD layer
facing towards the liquid crystal layer; and the quarter-wave
optical retardation layer is disposed on one side of the second
planarization layer facing towards the liquid crystal layer.

20. The LCDaccording to claim 3, wherein the color filters
are disposed on one side of the array substrate facing towards
the liquid crystal layer or disposed on one side of the opposing
substrate facing towards the liquid crystal layer.
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