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(57) ABSTRACT

The present invention provides a display device which
includes a first substrate, a second substrate, a third sub-
strate, and a fourth substrate. The first substrate and the
second substrate are arranged opposite to each other. The
third substrate and the fourth substrate are arranged opposite
to each other. A liquid crystal layer is located between the
first substrate and the second substrate. A bistable polymer
dispersed liquid crystal layer is located between the third
substrate and the fourth substrate. A band-pass filter is
located between the liquid crystal layer and the bistable
polymer dispersed liquid crystal layer. A backlight module is
located on one side of the fourth substrate away from the
third substrate.
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DISPLAY DEVICE

FIELD OF DISCLOSURE

[0001] The present invention relates to a field of display
devices and, in particular, to a display device.

DESCRIPTION OF RELATED ART

[0002] At present, liquid crystal display (LCD) display
technology is widely used in the market. Compared with
traditional displays, LCDs have many advantages such as
being light and thin, having no radiation, no flickering, and
having low power consumption. Transflective display tech-
nology has grown into a mature technology in the market. It
can display images in both reflective and transmissive
modes. It saves power by displaying images in the reflective
mode in a high-brightness environment, and can display
images through a normal display mode, i.e. the transmissive
mode, in a dark environment. However, the transflective
display device has a cell thickness that is twice as thick as
a thickness of a liquid crystal layer in manufacturing, where
transmittance and an aperture ratio in the transmissive mode
are also reduced, which is disadvantageous in achieving a
high-brightness display function. In addition, such display
devices also fails to provide a high-resolution display panel.

SUMMARY

[0003] Itis an objective of the present invention to provide
a display device which overcomes defects existing in con-
ventional technology. The present invention provides a
liquid crystal display device with a double cell thickness,
utilizing a bistable polymer dispersed liquid crystal (PDLC)
layer. According to different environments, the liquid crystal
display device works on a reflective mode in a high-
brightness environment by adjusting a driving voltage of the
display device, and the liquid crystal display device works
on a transmissive mode in a dark environment. The present
invention provides a transflective display function and also
improves transmittance of a display panel.

[0004] Accordingly, the present invention provides a solu-
tion as follows.
[0005] According to the first embodiment of the present

invention, a display device is provided, comprising:

[0006] a first substrate, a second substrate, a third sub-
strate, and a fourth substrate, the first substrate and the
second substrate being disposed opposite to each other, the
third substrate and the fourth substrate being disposed
opposite to each other;

[0007] a liquid crystal layer disposed between the first
substrate and the second substrate;

[0008] a bistable polymer dispersed liquid crystal layer
disposed between the third substrate and the fourth sub-
strate;

[0009] a band-pass filter disposed between the liquid crys-
tal layer and the bistable polymer dispersed liquid crystal
layer; and

[0010] a backlight module disposed on one side of the
fourth substrate away from the third substrate.

[0011] The first substrate is a color filter substrate com-
prising a built-in polarizer, a first common electrode and a
first indium tin oxide pixel electrode are sequentially dis-
posed on the second substrate, the first common electrode
and the first indium tin oxide pixel electrode control rotation
of a plurality of liquid crystals of the liquid crystal layer for
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light modulation, and an insulating layer is disposed
between the first common electrode and the first indium tin
oxide pixel electrode.

[0012] A thickness of a liquid crystal cell of the liquid
crystal layer satisfies And=A/4, wherein An is a reflective
index anisotropy of the plurality of liquid crystals, d is the
thickness of the liquid crystal cell, And is an optical path
difference, A is a wavelength of light, and a value of A is 380
nm to 780 nm.

[0013] A color filter photoresist film layer is disposed on
the first substrate, and a green pixel and a red pixel of the
color filter photoresist film layer are made of a quantum dot
color filter material, whereby a high color gamut is obtained
when blue light is used to excite the color filter photoresist
film layer.

[0014] The band-pass filter selectively transmits blue light
and also reflects red light and green light at a same time.
[0015] The third substrate is made of a black matrix and a
planarization layer.

[0016] A mass fraction of a plurality of liquid crystals in
the bistable polymer dispersed liquid crystal layer is 40%-
60%, the liquid crystals of the bistable polymer dispersed
liquid crystal layer are made of a material the same as a
plurality of liquid crystals of the liquid crystal layer, and a
thickness of a liquid crystal cell of the bistable polymer
dispersed liquid crystal layer satisfies And=\/4, wherein An
is refractive index anisotropy of the liquid crystals, d is the
thickness of the liquid crystal cell, And represents an optical
path difference, A is a wavelength of light, and a value of A
is 380 nm to 780 nm.

[0017] The third substrate is a color filter substrate with a
second common electrode disposed thereunder, and the
fourth substrate is an array substrate on which a second
indium tin oxide pixel electrode is disposed, and the second
common electrode and the second indium tin oxide pixel
electrode control rotation of a plurality of liquid crystals of
the bistable polymer dispersed liquid crystal layer to switch
the bistable polymer dispersed liquid crystal layer between
a high mist scattering state and a transparent state.

[0018] The backlight module comprises one of a blue
backlight module, an edge-lit backlight module, or a mini
light emitting diode (mini-LED) backlight module.

[0019] The liquid crystal layer and the bistable polymer
dispersed liquid crystal layer are driven by a same integrated
circuit (IC) of a same drive circuit, and a maximum value of
a driving voltage of the IC is greater than a larger one of
threshold voltage values of the two liquid crystal layers.

Advantages of the Present Invention

[0020] The present invention provides a display device
having two liquid crystal layers. In a high-brightness envi-
ronment, the display device is driven by a low voltage and
works on a reflective display mode. In a dark environment,
the display device is driven by a high voltage and works on
a transmissive display mode, so that the bistable polymer
dispersed liquid crystal layer is in a transparent state. By
adjusting a driving voltage of liquid crystals of the bistable
polymer dispersed liquid crystal layer, light scattering and
transmission are controlled, and thereby screen brightness
and darkness are controlled. By using a quantum dot color
filter, the present invention provides a high color gamut.
Compared to conventional techniques, the transflective dis-
play device can provide a transflective display function and
also has high transmittance at the same time.
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BRIEF DESCRIPTION OF DRAWINGS

[0021] In order to more clearly illustrate the embodiments
of the present disclosure or related art, figures which will be
described in the embodiments are briefly introduced here-
inafter. It is obvious that the drawings are merely for the
purposes of illustrating some embodiments of the present
disclosure, and a person having ordinary skill in this field
can obtain other figures according to these figures without an
inventive work or paying the premise.

[0022] FIG. 1 is a schematic structural view illustrating a
display device according to one embodiment of the present
invention;

[0023] FIG. 2 is a schematic structural view illustrating
the display device according to another embodiment of the
present invention;

[0024] FIG. 3 is a schematic view illustrating that the
display device is driven according to one embodiment of the
present invention; and

[0025] FIG. 4 is a schematic view illustrating that the
display device is driven according to another embodiment of
the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0026] The technical solutions in the embodiments of the
present invention will be clearly and completely described in
the following with reference to the accompanying drawings.
It is apparent that the described embodiments are only a part
of the embodiments of the invention, and not all of the
embodiments. All other embodiments obtained by a person
skilled in the art based on the embodiments of the present
invention without creative efforts are within the scope of the
present invention.

[0027] It should be noted that in the drawings, the dimen-
sions of layers and regions may be exaggerated for clarity of
illustration. It should also be understood that when an
element or layer 1s referred to as “on” another element or
layer, it may be directly on the other element, or an inter-
mediate layer may be present. In addition, it should be
understood that when an element or layer is referred to as
“under” another element or layer, it may be directly under
the other element, or one or more than one intermediate
layer/element may be present. In addition, it should also be
understood that when a layer or element is referred to as
being “between” two layers or two elements, it can be a
single layer between the two layers or elements, or one or
more than one intermediate layer or element may be present.
The same reference numbers are used throughout the speci-
fication to refer to the same or similar parts.

[0028] Please refer to FIGS. 1 and 2. According to the first
embodiment of the present invention, a display device is
provided, comprising:

[0029] a first substrate 1, a second substrate 2, a third
substrate 3, and a fourth substrate 4, the first substrate 1 and
the second substrate 2 disposed opposite to each other, the
third substrate 3 and the fourth substrate 4 disposed opposite
to each other;

[0030] a liquid crystal layer 5 disposed between the first
substrate 1 and the second substrate 2;

[0031] a bistable polymer dispersed liquid crystal layer 6
disposed between the third substrate 3 and the fourth sub-
strate 4,
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[0032] a band-pass filter 7 disposed between the liquid
crystal layer 5 and the bistable polymer dispersed liquid
crystal layer 6; and

[0033] a backlight module 8 disposed on one side of the
fourth substrate 4 away from the third substrate 3.

[0034] The first substrate 1 is a color filter substrate
comprising a built-in polarizer, a first common electrode 21
and a first indium tin oxide pixel electrode 22 are sequen-
tially disposed on the second substrate 2, the first common
electrode 21 and the first indium tin oxide pixel electrode 22
control rotation of a plurality of liquid crystals of the liquid
crystal layer 5 for light modulation, and an insulating layer
23 is disposed between the first common electrode 21 and
the first indium tin oxide pixel electrode 22.

[0035] A thickness of a liquid crystal cell of the liquid
crystal layer satisfies And=A/4, wherein An is a reflective
index anisotropy of the plurality of liquid crystals, d is the
thickness of the liquid crystal cell, And is an optical path
difference, A is a wavelength of light, a value of A is 380 nm
to 780 nm, and the value of A is preferably 550 nm.
[0036] A color filter photoresist film layer is disposed on
the first substrate 1, and a green pixel and a red pixel of the
color filter photoresist film layer are made of a quantum dot
color filter (abbreviated as QD Color Filter or QDCF)
material, whereby a high color gamut is obtained when blue
light is used to excite the color filter photoresist film layer.
[0037] The bistable polymer dispersed liquid crystal layer
6 selectively transmits blue light and also reflects red light
and green light at a same time. The bistable polymer
dispersed liquid crystal layer 6 selectively transmits blue
light and also reflects red light and green light at a same
time, and provides good performance for selectively trans-
mitting blue light and reflecting red light and green light.
[0038] The third substrate 3 is made of a black matrix and
a planarization layer.

[0039] A mass fraction of a plurality of liquid crystals in
the bistable polymer dispersed liquid crystal layer 6 is
40%-60%, the liquid crystals of the bistable polymer dis-
persed liquid crystal layer 6 are made of a material the same
as a the liquid crystals of the liquid crystal layer 5, and a
thickness of a liquid crystal cell of the bistable polymer
dispersed liquid crystal layer 6 satisfies And=)\/4, wherein
An is refractive index anisotropy of the liquid crystals, d is
the thickness of the liquid crystal cell, And represents an
optical path difference, A is a wavelength of light, a value of
. 1s 380 nm to 780 nm, and the value of A is preferably 550
nm.

[0040] The third substrate 3 is a color filter substrate with
a second common electrode 31 disposed thereunder, and the
fourth substrate 4 is an array substrate on which a second
indium tin oxide pixel electrode 41 is disposed, and the
second common electrode 31 and the second indium tin
oxide pixel electrode 41 control rotation of the liquid
crystals of the bistable polymer dispersed liquid crystal layer
6 to switch the bistable polymer dispersed liquid crystal
layer 6 between a high mist scattering state and a transparent
state.

[0041] The backlight module 8 comprises one of a blue
backlight module, an edge-lit backlight module, or a mini
light emitting diode (mini-LED) backlight module.

[0042] The display device works on display modes as
follows:
[0043] Referring to FIG. 3, in a high-brightness environ-

ment, driven with a low voltage, the liquid crystals of the
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liquid crystal layer 5 are rotated at the low driving voltage
for light modulation, and the display mode is a fringe field
switching (FFS) mode, and the liquid crystals of the bistable
polymer dispersed liquid crystal layer 6 cannot be rotated
because they require a high driving voltage. At this point, the
bistable polymer dispersed liquid crystal layer 6 is in a high
mist scattering state, and when ambient light passes through
the band-pass filter, red and green light is reflected (as
indicated by arrows in the drawing), whereby a reflective
display mode is realized. Light is scattered when passing
through the bistable polymer dispersed liquid crystal layer 6,
and a backlight 8 is turned off at this time, thereby achieving
power saving.

[0044] Referring to FIG. 4, in a dark environment, the
driving voltage is increased, the liquid crystals of the liquid
crystal layer are rotated for light modulation, and the liquid
crystals of the bistable polymer dispersed liquid crystal layer
6 can also be rotated for light modulation at a high driving
voltage. At this point, the bistable polymer dispersed liquid
crystal layer 6 is in a transparent state, and the two liquid
crystal layers have a cell thickness substantially equivalent
to a thickness of a transmissive liquid crystal cell, so the
display device has high transmittance. At this time, the
backlight module 8 is turned on, and when blue light passes
through the two liquid crystal layers, the blue light excites
the quantum dot color filter material to provide a high color
gamut (as indicated by arrows in the drawing), and thereby
the display device works on a transmissive mode. By
adjusting the driving voltage of the liquid crystals in the
bistable polymer dispersed liquid crystal layer 6, the liquid
crystals can be switched between the high mist scattering
state and the transparent state for controlling brightness and
darkness of a screen.

[0045] It should be noted that the liquid crystal layer 5 and
the bistable polymer dispersed liquid crystal layer 6 are
driven by a same integrated circuit (IC) of a same driving
circuit, and a maximum driving voltage of the IC is greater
than a larger one of threshold voltage values of the two
liquid crystal layers, so the driving voltage can be con-
trolled. Since the driving voltage of the liquid crystals in the
bistable polymer dispersed liquid crystal layer 6 needs to be
20 V or more, and the driving voltage of the liquid crystals
in the liquid crystal layer 5 only needs to be about 5 V.
Therefore, when the driving voltage output from the IC is
controlled to be only 5V, only the liquid crystals of the liquid
crystal layer 5 are driven to realize the reflective mode.
When the output voltage is 20V, two liquid crystal cells, 1.e.
the liquid crystal layer 5 and the bistable polymer dispersed
liquid crystal layer 6, are driven together for realizing the
transmissive mode.

[0046] The present invention provides a display device
having two liquid crystal layers. In a high-brightness envi-
ronment, a driving voltage is low to realize a reflective
mode, and in a dark environment, a driving voltage is high
to switch a bistable polymer dispersed liquid layer to a
transparent state to realize a transmissive mode. By adjust-
ing the driving voltage of the liquid crystals in the bistable
polymer dispersed liquid crystal layer, light scattering and
transmission are controlled, thereby brightness and darkness
variations are controlled, and a high color gamut is obtained
using the bistable polymer dispersed liquid crystal layer.
Compared with conventional transflective display devices,
the display device of the present invention provides a
transflective display function, and also has high transmit-
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tance and overcomes a problem of low transmittance of a
conventional transflective display device.

[0047] The display device of the present invention can be
used in various occasions, and can be combined with various
devices and structures to form a display panel or other
devices with a display function, such as a tablet computer,
a television, and a display window. It should be understood
that in order to provide functionality, the display device of
the present invention includes components, structures, and
so on which are not shown in this specification.

[0048] It is to be understood that the above descriptions
are merely the preferable embodiments of the present inven-
tion and are not intended to limit the scope of the present
invention. Equivalent changes and modifications made in
the spirit of the present invention are regarded as falling
within the scope of the present invention.

What is claimed is:

1. A display device, comprising:

a first substrate, a second substrate, a third substrate, and
a fourth substrate, the first substrate and the second
substrate disposed opposite to each other, the third
substrate and the fourth substrate disposed opposite to
each other;

a liquid crystal layer disposed between the first substrate
and the second substrate;

a bistable polymer dispersed liquid crystal layer disposed
between the third substrate and the fourth substrate;

a band-pass filter disposed between the liquid crystal layer
and the bistable polymer dispersed liquid crystal layer;
and

a backlight module disposed on one side of the fourth
substrate away from the third substrate.

2. The display device according to claim 1, wherein the
first substrate is a color filter substrate comprising a built-in
polarizer, a first common electrode, and a first indium tin
oxide pixel electrode sequentially disposed on the second
substrate; the first common electrode and the first indium tin
oxide pixel electrode control rotation of a plurality of liquid
crystals of the liquid crystal layer for light modulation, and
an insulating layer is disposed between the first common
electrode and the first indium tin oxide pixel electrode.

3. The display device according to claim 1, wherein a
thickness of a liquid crystal cell of the liquid crystal layer
satisfies And=A4, wherein An is a reflective index anisot-
ropy of the plurality of liquid crystals, d is thickness of the
liquid crystal cell, And is an optical path difference, A is a
wavelength of light, and a value of A 1s 380 nm to 780 nm.

4. The display device according to claim 1, wherein a
color filter photoresist film layer is disposed on the first
substrate, and a green pixel and a red pixel of the color filter
photoresist film layer are made of a quantum dot color filter
material, whereby a high color gamut is obtained when blue
light is used to excite the color filter photoresist film layer.

5. The display device according to claim 1, wherein the
band-pass filter selectively transmits blue light and also
reflects red light and green light at a same time.

6. The display device according to claim 1, wherein the
third substrate is made of a black matrix and a planarization
layer.

7. The display device according to claim 1, wherein a
mass fraction of a plurality of liquid crystals in the bistable
polymer dispersed liquid crystal layer is 40%-60%, the
liquid crystals of the bistable polymer dispersed liquid
crystal layer are made of a material the same as a plurality
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of liquid crystals of the liquid crystal layer, and a thickness
of a liquid crystal cell of the bistable polymer dispersed
liquid crystal layer satisfies And=A/4, wherein An is refrac-
tive index anisotropy of the liquid crystals, d is the thickness
of the liquid crystal cell, And represents an optical path
difference, A is a wavelength of light, and a value of A is 380
nm to 780 nm.

8. The display device according to claim 1, wherein the
third substrate is a color filter substrate with a second
common electrode disposed thereunder, and the fourth sub-
strate is an array substrate on which a second indium tin
oxide pixel electrode is disposed, and the second common
electrode and the second indium tin oxide pixel electrode
control rotation of a plurality of liquid crystals of the bistable
polymer dispersed liquid crystal layer to switch the bistable
polymer dispersed liquid crystal layer between a high mist
scattering state and a transparent state.

9. The display device according to claim 1, wherein the
backlight module comprises one of a blue backlight module,
an edge-lit backlight module, or a mini light emitting diode
backlight module.

10. The display device according to claim 1, wherein the
liquid crystal layer and the bistable polymer dispersed liquid
crystal layer are driven by a same integrated circuit (IC) of
a same drive circuit, and a maximum value of a driving
voltage of the IC is greater than a larger one of threshold
voltage values of the two liquid crystal layers.
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