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(57) ABSTRACT

A blue phase liquid crystal display device and a manufactur-
ing method thereof are provided. The blue phase liquid crystal
display device includes a plurality of pixel units arranged in a
matrix, the blue phase liquid crystal display device including:
a first substrate and a second substrate arranged opposite to
each other, and a blue phase liquid crystal layer arranged
between the first substrate and the second substrate. Each of
the pixel units includes: first protrusions located on the first
substrate; pixel electrodes covering the first protrusions; sec-
ond protrusions located on the second substrate; and common
electrodes covering the second protrusions.
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BLUE PHASE LIQUID CRYSTAL DISPLAY
DEVICE AND MANUFACTURING METHOD
THEREOF

TECHNICAL FIELD

[0001] Embodiments of the invention relate to a blue phase
liquid crystal display device and a manufacturing method
thereof.

BACKGROUND

[0002] Blue phase liquid crystal is a phase state with special
properties in liquid crystal. When not applied with voltage,
the blue phase liquid crystal has an isotropic refractive index,
and light cannot transmit through a display panel and forms a
dark field; when applied with voltage, the blue phase liquid
crystal has an anisotropic refractive index, birefringence
occurs, the light can transmit through the display panel and
light transmission is realized. In addition, anisotropy of the
refractive index of the blue phase liquid crystal changes with
applied voltage, and adjustment on light transmittance can be
realized by adjusting voltage. A display device adopting the
blue phase liquid crystal can greatly improve a response
speed without aligning treatment.

[0003] The blue phase liquid crystal display device usually
uses a horizontal electric field, which is formed by, for
example, structures such as an In-Plane Switching (IPS) type,
a Fringe Field Switching (FFS) type and an Advanced Super
Dimension Switch (ADS) type.

[0004] Since pixel electrodes and common electrodes
which are used for forming the horizontal electric field in the
blue phase liquid crystal display device are all located on an
array substrate, electric field lines formed between the pixel
electrodes and the common electrodes need to go through a
passivation layer, which plays a weakening effect on electric
field intensity. In addition, the pixel electrodes and the com-
mon electrodes are tiled on the array substrate, and a blue
phase liquid crystal layer also generates a weakening action
on the electric field intensity, such that the closer a position to
acolor filter substrate is, the weaker the electric field intensity
is, so a very high voltage is required for normally driving the
blue phase liquid crystal display device.

SUMMARY OF THE INVENTION

[0005] An embodiment of the invention provides A blue
phase liquid crystal display device, comprising a plurality of
pixel units arranged in a matrix, the blue phase liquid crystal
display device comprising: a first substrate and a second
substrate arranged opposite to each other, and a blue phase
liquid crystal layer arranged between the first substrate and
the second substrate; wherein, each of the pixel units
includes: first protrusions located on the first substrate, the
first protrusions being located on one side of the first substrate
facing the second substrate and protruding toward the second
substrate; pixel electrodes covering the first protrusions; sec-
ond protrusions located on the second substrate, the second
protrusions being located on one side of the second substrate
facing the first substrate and protruding toward the first sub-
strate; and common electrodes covering the second protru-
sions, wherein, as viewed in a plane view parallel with the first
substrate or the second substrate, the first protrusions and the
second protrusions are of strip shape extending along a first
direction, and the first protrusions and the second protrusions
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are arranged alternately at intervals in a second direction
perpendicular to the first direction.

[0006] Another embodiment of the invention provides a
manufacturing method of a blue phase liquid crystal display
device, the blue phase liquid crystal display device manufac-
tured comprising a plurality of pixel units arranged in a
matrix, the manufacturing method comprising: forming first
protrusions in a region corresponding to each of the pixel
units on a first substrate; forming pixel electrodes covering
the first protrusions; forming second protrusions in a region
corresponding to each of'the pixel units on a second substrate;
forming common electrodes covering the second protrusions;
and forming a blue phase liquid crystal layer between the first
substrate and the second substrate, and a side of the first
substrate on which the first protrusions are formed facing a
side of the second substrate on which the second protrusions
are formed, wherein, as viewed in a plane view parallel with
the first substrate or the second substrate, the first protrusions
and the second protrusions are of strip shape extending along
a first direction, and the first protrusions and the second
protrusions are arranged alternately at intervals in a second
direction perpendicular to the first direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Inorderto 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.

[0008] FIG. 1isaplane diagram ofa first substrate of a blue
phase liquid crystal display device provided by an embodi-
ment of the invention;

[0009] FIG.2isaplane diagram of asecond substrate of the
blue phase liquid crystal display device provided by an
embodiment of the invention;

[0010] FIG. 3 isa cross-sectional diagram of the blue phase
liquid crystal display device provided by an embodiment of
the invention along a second direction and perpendicular to
the first substrate; and

[0011] FIG. 4isa cross-sectional diagram of the blue phase
liquid crystal display device provided by some embodiments
of the invention along the second direction and perpendicular
to the first substrate.

DESCRIPTION OF THE EMBODIMENTS

[0012] In order to make objects, technical details and
advantages of the embodiments of the invention apparent, the
technical solutions of the embodiment will be described in a
clearly and fully understandable way in connection with the
drawings related to the embodiments of the invention. It is
obvious that 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.

First Embodiment

[0013] The embodiment provides a blue phase liquid crys-
tal display device, which comprises a plurality of pixel units
arranged in a matrix; as illustrated in FIGS. 1-3, the blue
phase liquid crystal display device comprises: a first substrate
114 and a second substrate 124 arranged opposite to each
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other; and a blue phase liquid crystal layer LC arranged
between the first substrate 114 and the second substrate 124;
each pixel unit includes: first protrusions 111 located on the
first substrate 114; pixel electrodes 112 covering the first
protrusions 111; second protrusions 121 located on the sec-
ond substrate 124; and common electrodes 122 covering the
second protrusions 121. For example, the first protrusions are
located on one side of the first substrate facing the second
substrate and protrude toward the second substrate; the sec-
ond protrusions are located on one side of the second sub-
strate facing the first substrate and protrude toward the first
substrate.

[0014] The first protrusions 111 extend along a first direc-
tion x1, the second protrusions 121 extend along a direction
opposite to the first direction x1, the first protrusions 111 and
the second protrusions 121 are arranged alternately in a sec-
ond direction x2, the first direction x1 and the second direc-
tion x2 are perpendicular to each other, and a plane deter-
mined by the first direction x1 and the second direction X2 is
parallel with the first substrate 114.

[0015] In the blue phase liquid crystal display device, the
first protrusions 111 extend along the first direction x1, the
second protrusions 121 extend along the direction opposite to
the first direction x1, and the first protrusions 111 and the
second protrusions 121 are arranged alternately in the second
direction x2, so the pixel electrodes 112 covering the first
protrusions 111 and the common electrodes 122 covering the
second protrusions 121 are arranged alternately, and on both
sides of a pixel electrode 112, there are common electrodes
122 opposite thereto, so a horizontal electric field is formed
between the pixel electrode 112 and the common electrodes
122.

[0016] In the prior art, pixel electrodes and common elec-
trodes which are used for forming the horizontal electric field
are arranged on an array substrate, so either the pixel elec-
trodes or the common electrodes are located below a passi-
vation layer, such that electric field lines need to penetrate
through the passivation layer, which generates a weakening
action on electric field intensity. In the blue phase liquid
crystal display device provided by the embodiment, the pixel
electrodes 112 are located on the first substrate 114, the
common electrodes 122 are located on the second substrate
124, so the electric field lines do no need to go through the
passivation layer, thereby preventing the passivation layer
from weakening the electric field intensity.

[0017] Inthe priorart, the pixel electrodes and the common
electrodes which are used for forming the horizontal electric
field are structures tiled on the array substrate; in a direction
perpendicular to the array substrate, the operation of driving
the blue phase liquid crystal at a position farther away from
the array substrate (for example, a position close to a color
filter substrate) requires that the electric field lines go through
a thicker blue phase liquid crystal layer, such that the blue
phase liquid crystal layer generates a stronger weakening
action on the electric field intensity. In the blue phase liquid
crystal display device provided by the embodiment, since the
pixel electrodes 112 cover the first protrusions 111 and the
common electrodes 122 cover the second protrusions 121, the
pixel electrodes 112 and the common electrodes 122 can go
deep into the blue phase liquid crystal layer LC to form a
horizontal electric field, and the electric field lines do not need
to go through the thicker blue phase liquid crystal layer in the
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direction perpendicular to the first substrate 114, thereby
preventing the blue phase liquid crystal layer from weakening
the electric field intensity.

[0018] To sum up, since the blue phase liquid crystal dis-
play device provided by the embodiment can prevent the
passivation layer and the blue phase liquid crystal layer from
weakening the electric field intensity, under the condition of
the same electric field intensity required for normally driving
the blue phase liquid crystal display device, the blue phase
liquid crystal display device in the embodiment requires a
lower driving voltage compared with that in the prior art,
namely, the driving voltage of the blue phase liquid crystal
display device is reduced by the technical solution provided
by the embodiment.

[0019] In addition, since the pixel electrodes and the com-
mon electrodes in the prior art are structures tiled on the array
substrate, the electric field intensity of a horizontal electric
field formed from one side of the array substrate to one side of
a color filter substrate in the direction perpendicular to the
array substrate becomes weak gradually, uniformity of the
electric field intensity is poorer, and the electric field at a
position close to the color filter substrate is no longer a stan-
dard horizontal electric field, which causes an adverse effect
on deflection of blue phase liquid crystal and a lowered dis-
play quality. In the blue phase liquid crystal display device
provided by the embodiment, since the pixel electrodes 112
cover the first protrusions 111 and the common electrodes
122 cover the second protrusions 121, the pixel electrodes
112 and the common electrodes 122 can go deep into the blue
phase liquid crystal layer LC to form a horizontal electric
field, compared with the prior art, in the direction perpendicu-
lar to the first substrate 114, horizontal electric fields formed
atrespective positions comply with a standard, the uniformity
of the electric field intensity is improved and the display
quality is improved.

[0020] Inoneexample, the first direction x1 can be a trans-
verse direction (an extending direction of gate lines) and the
second direction x2 can be a longitudinal direction (an
extending direction of data lines).

[0021] In the embodiment, each pixel unit 1 may further
includes: a pixel voltage signal input line 113 located on the
first substrate 114, the pixel voltage signal input line 113
being electrically connected with the pixel electrodes 112;
and a common voltage signal input line 123 located on the
second substrate 124, the common voltage signal input line
123 being electrically connected with the common electrodes
122. The pixel voltage signal input line 113 and the common
voltage signal input line 123 extend along the second direc-
tion x2. In each pixel unit 1, respective pixel electrodes 112
are electrically connected with the pixel voltage signal input
line 113 respectively, so pixel voltage signals are applied to
the respective pixel electrodes 112, and respective common
electrodes 122 are electrically connected with the common
voltage signal input line 123 respectively, so common voltage
signals are applied to the respective common electrodes 122.
[0022] Opposite directions toward which the first protru-
sions and the second protrusions extend are directions extend-
ing from the pixel voltage signal input line 113 and the com-
mon voltage signal input line 123, respectively. However, in
combination with plane diagrams of FIG. 1 and FIG. 2, the
first protrusions and the second protrusions are strip-shaped
extending along the first direction. The first protrusions and
the second protrusions are arranged alternately at intervals in
the second direction perpendicular to the first direction.
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[0023] Based on the foregoing solution, the first substrate
114 of the blue phase liquid crystal display device provided
by the embodiment of the invention further includes: a plu-
rality of Gate lines along the second direction x2 and a plu-
rality of Data lines along the first direction x1, the Gate lines
and the Data lines are crossed with each other and define a
plurality of pixel unit regions, thin film transistors TFTs are
arranged at intersections of the Gate lines and the Data lines,
gate electrodes of the TFTs are electrically connected with the
Gate lines, and source electrodes of the TFTs are electrically
connected with the Data lines. After being electrically con-
nected with the respective pixel electrodes 112, the pixel
voltage signal input line 113 may be electrically connected to
drain electrodes of the TFTs, so the TFTs can be used to
control whether pixel voltage signals are input to the pixel
electrodes 112.

[0024] Generally, common voltage signals applied to
respective common electrodes 122 are the same, so common
voltage signal input lines 123 in respective pixel units 1 of the
same line are electrically connected in sequence to form a
whole common voltage signal input line 123, so as to uni-
formly apply the common voltage signals to the common
electrodes 122 in respective pixel units 1 of the same line,
thereby saving wires and material, and simplifying the struc-
ture of the second substrate 124.

[0025] Inorder to obtain pixel voltage signals and common
voltage signals from a driving circuit outside a liquid crystal
cell assembled by the first substrate 114 and the second sub-
strate 124, each pixel unit of the blue phase liquid crystal
display device provided by the embodiment of the invention
may further include: a pixel voltage signal periphery line (not
illustrated) electrically connected with the pixel voltage sig-
nal input line 113, for transmitting an external pixel voltage
signal to the pixel voltage signal input line 113; and a com-
mon voltage signal periphery line (not illustrated) electrically
connected with the common voltage signal input line 123, for
transmitting an external common voltage signal to the com-
mon voltage signal input line 123.

[0026] Based on the foregoing solution, the mode of pro-
viding the pixel voltage signals and the common voltage
signals can be further selected according to actual situation.
[0027] In some examples, the pixel voltage signal periph-
ery line and the common voltage signal periphery line can be
arranged on a frame region of the first substrate 114, and are
then electrically connected with an external driving circuit, so
the pixel voltage signals and the common voltage signals can
be supplied only from the side of the first substrate 114, such
that binding regions where the pixel voltage signal periphery
line and the common voltage signal periphery line are respec-
tively electrically connected with the external driving circuit
are concentrated on the same substrate, saving a binding
procedure.

[0028] Inotherexamples, the pixel voltage signal periphery
line can be arranged on the frame region of the first substrate
114, the common voltage signal periphery line can be
arranged on a frame region of the second substrate 124, then
the pixel voltage signal periphery line and the common volt-
age signal periphery line are electrically connected with the
external driving circuit respectively, realizing that the pixel
voltage signals are supplied from the side of the first substrate
114 and the common voltage signals are supplied from the
side of the second substrate 124, and the common voltage
signal periphery line is moved from the first substrate 114 to
the second substrate 124, which reduces a wiring area on the
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first substrate 114, facilitates narrowing a frame of the blue
phaseliquid crystal display device, and is conducive to reduc-
ing crosstalk between the pixel voltage signal periphery line
and the common voltage signal periphery line.

[0029] Inotherexamples, the pixel voltage signal periphery
line and the common voltage signal periphery line can be
arranged on the frame region of the second substrate 124, and
are then electrically connected with the external driving cir-
cuit, so the pixel voltage signals and the common voltage
signals can be only supplied from the side of the second
substrate 124, such that binding regions where the pixel volt-
age signal periphery line and the common voltage signal
periphery line are respectively electrically connected with the
external driving circuit are concentrated on the same sub-
strate, saving a binding procedure, and greatly reducing a
wiring area on the first substrate 114.

[0030] Itshould benoted that when the pixel voltage signal
periphery line and the common voltage signal periphery line
are both located on the first substrate 114, the common volt-
age signal input line 123 is located on the second substrate
124, so the common voltage signal periphery line and the
common voltage signal input line 123 are located on different
substrates, and a conductive golden ball can be arranged
between the first substrate 114 and the second substrate 124,
with one end of the conductive golden ball electrically con-
nected with the common voltage signal periphery line on the
first substrate 114, and the other end of the conductive golden
ball electrically connected with the common voltage signal
input line 123 on the second substrate 124, so as to realize an
electric connection between the common voltage signal
periphery line and the common voltage signal input line 123.
[0031] FIG. 4 is a schematic diagram of a display device
according to some embodiments of the invention. In a struc-
ture as illustrated in FIG. 4, it illustrates that the pixel voltage
signal periphery line 201 and the common voltage signal
periphery line 202 are arranged on the first substrate 114. The
pixel voltage signal periphery line 201 is connected with the
pixel voltage signal input line 113. The common voltage
signal periphery line 202 is electrically connected with the
common voltage signal input line 123 on the second substrate
by the golden ball in sealant.

[0032] Both FIG. 3 and FIG. 4 schematically illustrate the
pixel voltage signal input line 113 and the common voltage
signal input line 123. However, such diagrams are only given
for convenience, and do not represent that the pixel voltage
signalinput line 113 and the common voltage signal input line
123 are in the same cross-section. In combination with FIG. 1
and FIG. 2, the pixel voltage signal input line 113 and the
common voltage signal input line 123 can be at opposite sides
of the first protrusions or the second protrusions in the first
direction.

[0033] As illustrated by FIG. 3 and FIG. 4, the pixel elec-
trodes are located on top and side surfaces of the first protru-
sions, and the common electrodes are located on top and side
surfaces ofthe second protrusions. However, the embodiment
of the invention is not limited thereto.

[0034] When the pixel voltage signal periphery line and the
common voltage signal periphery line are located on the
second substrate 124, the pixel voltage signal input line 113 is
located on the first substrate 114, so the pixel voltage signal
periphery line and the pixel voltage signal input line 113 are
located on different substrates, and a conductive golden ball
can be arranged between the first substrate 114 and the second
substrate 124, with one end of the conductive golden ball
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electrically connected with the pixel voltage signal input line
113 on the first substrate 114, and the other end of the con-
ductive golden ball electrically connected with the pixel volt-
age signal periphery line on the second substrate 124, so as to
realize an electric connection between the pixel voltage signal
periphery line and the pixel voltage signal input line 113.
[0035] In order to prevent the arranged conductive golden
ball from affecting light transmittance of the pixel units, the
conductive golden ball can be arranged in sealant between the
first substrate 114 and the second substrate 124.

[0036] In the embodiment, materials for forming the first
protrusions 111 and the second protrusions 121 can both be an
organic transparent dielectric material, so light transmittance
of the pixel units will not be affected; besides, a film formed
by the organic transparent dielectric material is hard, so
desired heights of the first protrusions 111 and the second
protrusions 121 can be ensured.

[0037] Insome examples, the height of the first protrusions
111 and the height of the second protrusions 121 can be both
less than or equal to a thickness of the blue phase liquid
crystal layer L.C.

[0038] Theheight of the first protrusions 111 and the height
of the second protrusions 121 are equal to the thickness of the
blue phase liquid crystal layer LC, the first protrusions 111
and the second protrusions 121 penetrate through the whole
blue phase liquid crystal layer LC in a direction perpendicular
to the first substrate 114, namely, the pixel electrodes 112 and
the common electrodes 122 penetrate through the whole blue
phase liquid crystal layer L.C in the direction perpendicular to
the first substrate 114, so a horizontal electric field exists at
respective positions of the blue phase liquid crystal layer LC
in the direction perpendicular to the first substrate 114 and
electric field intensity is uniform.

[0039] Considering that the blue phase liquid crystal dis-
play device is squeezed by stress in an actual use process, if
the height of the first protrusions 111 and the height of the
second protrusions 121 are equal to the thickness of the blue
phase liquid crystal layer LC, the first protrusions 111 and the
second protrusions 121 will be squeezed too, and may be
damaged due to squeeze of the stress, and an adverse effect is
generated to the horizontal electric field formed by the pixel
electrodes 112 covering the first protrusions 111 and the
common electrodes 122 covering the second protrusions 121,
which results in a lowered display quality, so the in the
embodiment, preferably, the height of the first protrusions
111 and the height of the second protrusions 121 are both less
than the thickness of the blue phase liquid crystal layer LC, so
as to provide certain space for deformation of the blue phase
liquid crystal display device due to stress squeezing, thereby
protecting the first protrusions 111 and the second protrusions
121.

[0040] Furthermore, a spacer 125 between the first sub-
strate 114 and the second substrate 124 of the blue phase
liquid crystal display device generally includes two kinds: a
main spacer and an auxiliary spacer (the spacer 125 as illus-
trated in FIG. 3 is an auxiliary spacer), the height of the main
spacer is equal to the thickness of the blue phase liquid crystal
layer LC, and mainly plays a supporting role. The height of
the main spacer is greater than that of the auxiliary spacer and
the auxiliary spacer is used for keeping the thickness of the
blue phase liquid crystal layer L.C in a certain scope when the
blue phase liquid crystal display device is deformed by stress.
The height of the first protrusions 111 and the height of the
second protrusions 121 can be less than or equal to the height
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of the auxiliary spacer so as to better protect the first protru-
sions 111 and the second protrusions 121.

[0041] More particularly, a ratio of the height of the first
protrusions 111 to the thickness of the blue phase liquid
crystal layer LC ranges within 1:2-4:5, and a ratio of the
height of the second protrusions 121 to the thickness of the
blue phase liquid crystal layer LC ranges within 1:2-4:5, thus
not only ensuring that the horizontal electric field formed by
the pixel electrodes 112 covering the first protrusions 111 and
the common electrodes 122 covering the second protrusions
121 has higher uniformity, but also ensuring that the first
protrusions 111 and the second protrusions 121 are not
stressed when the blue phase liquid crystal display device is
stressed, so as to better protect the first protrusions 111 and
the second protrusions 121.

[0042] In the embodiment, in each pixel unit 1, intervals
between the first protrusions and the second protrusions 121
adjacent to the first protrusions along a plane direction of the
substrate are called as preset intervals, and in order to ensure
the uniformity of the horizontal electric field at respective
positions of the blue phase liquid crystal layer LC in a direc-
tion parallel with the first substrate 114, for example, respec-
tive preset intervals can be equal.

[0043] Amounts of the first protrusions 111 and the second
protrusions 121 in each pixel unit 1 can be designed according
to the size of the pixel unit 1, in some examples, each pixel
unit 1 includes 2-4 first protrusions 111, and 2-4 second
protrusions 121, namely, 2-4 pixel electrodes and 2-4 com-
mon electrodes.

[0044] It should be noted that in the embodiment, the first
substrate 114 can be a base substrate of the array substrate,
and the second substrate 124 can be a base substrate of the
color filter substrate. The first substrate 114 may further
include: a gate insulation layer 115 covering a film layer
where the gate electrodes of the TFTs and the Gate lines are
located; an active layer formed on the gate insulation layer
115; and a passivation layer 116 covering a film layer where
the data lines and source electrodes and drain electrodes of the
TFTs are located. The second substrate 124 further includes:
a black matrix BM, wherein the black matrix BM is of a grid
structure, and grid regions defined by the black matrix BM
correspond to pixel unit regions defined by the Gate lines and
the Data lines on the first substrate 114; and color filters CF in
the grid region defined by the black matrix BM.

[0045] In addition, the blue phase liquid crystal display
device provided by the embodiment can be any product or
part with a display function, such as a liquid crystal panel,
electronic paper, a mobile phone, a tablet computer, a televi-
sion, a monitor, a laptop computer, a digital photo frame and
a navigator, etc.

Second Embodiment

[0046] The embodiment provides a manufacturing method
of a blue phase liquid crystal display device, the blue phase
liquid crystal display device manufactured comprises a plu-
rality of pixel units arranged in a matrix, as illustrated in FIG.
3, and the manufacturing method comprises steps of: forming
first protrusions 111 in a region corresponding to each pixel
unit on a first substrate 114; forming pixel electrodes 112
covering the first protrusions 111; forming second protru-
sions 121 in a region corresponding to each pixel unit on a
second substrate 124; forming common electrodes 122 cov-
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ering the second protrusions 121; and forming a blue phase
liquid crystal layer LC between the first substrate 114 and the
second substrate 124.

[0047] The first protrusions 111 extend along a first direc-
tion x1, the second protrusions 121 extend along a direction
opposite to the first direction x1, the first protrusions 111 and
the second protrusions 121 are arranged alternately in a sec-
ond direction x2, the first direction x1 and the second direc-
tion x2 are perpendicular to each other, and a plane deter-
mined by the first direction x1 and the second direction x2 is
parallel with the first substrate 114.

[0048] The blue phase liquid crystal display device manu-
factured by the manufacturing method provided by the
embodiment can prevent the passivation layer and the blue
phase liquid crystal layer from weakening the electric field
intensity, so under the condition of the same electric field
intensity required for normally driving the blue phase liquid
crystal display device, the blue phase liquid crystal display
device manufactured by the manufacturing method in the
embodiment requires a lower driving voltage compared with
that in the prior art, namely, the driving voltage of the blue
phase liquid crystal display device is reduced by the manu-
facturing method provided by the embodiment.

[0049] Particularly, a process of forming the first protru-
sions can be: adopting an organic transparent dielectric mate-
rial to form a material layer, and exposing and developing the
material layer to form a pattern including the first protrusions
111. Similarly, the second protrusions 121 can be formed by
adopting a similar process.

[0050] The foregoing embodiments merely are exemplary
embodiments of the invention, and not intended to define the
scope of the invention, and the scope of the invention is
determined by the appended claims.

[0051] The present application claims priority of Chinese
Patent Application No. 201510148186 X filed on Mar. 31,
2015, the disclosure of which is incorporated herein by ref-
erence in its entirety as part of the present application.

What is claimed is:

1. A blue phase liquid crystal display device, comprising a
first substrate and a second substrate arranged opposite to
each other, and a blue phase liquid crystal layer arranged
between the first substrate and the second substrate, wherein,
the blue phase liquid crystal display device comprises a plu-
rality of pixel units arranged in a matrix, and each of the pixel
units includes:

first protrusions located on the first substrate, the first pro-

trusions being located on one side of the first substrate
facing the second substrate and protruding toward the
second substrate;

pixel electrodes covering the first protrusions;

second protrusions located on the second substrate, the

second protrusions being located on one side of the
second substrate facing the first substrate and protruding
toward the first substrate; and

common electrodes covering the second protrusions,

wherein, as viewed in a plane view parallel with the first

substrate or the second substrate, the first protrusions
and the second protrusions are of strip shape extending
along a first direction, and the first protrusions and the
second protrusions are arranged alternately at intervals
in a second direction perpendicular to the first direction.

2. The blue phase liquid crystal display device according to

claim 1, wherein, each of the pixel units further includes:
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a pixel voltage signal input line located on the first sub-
strate, the pixel voltage signal input line being electri-
cally connected with the pixel electrodes; and

a common voltage signal input line located on the second
substrate, the common voltage signal input line being
electrically connected with the common electrodes,

wherein the pixel voltage signal input line and the common
voltage signal input line extend along the second direc-
tion.

3. The blue phase liquid crystal display device according to

claim 2, further comprising:

a pixel voltage signal periphery line electrically connected
with the pixel voltage signal input line, for transmitting
an external pixel voltage signal to the pixel voltage sig-
nal input line; and

a common voltage signal periphery line electrically con-
nected with the common voltage signal input line, for
transmitting an external common voltage signal to the
common voltage signal input line,

wherein, the pixel voltage signal periphery line and the
common voltage signal periphery line are both located
on a frame region of the first substrate; or the pixel
voltage signal periphery line is located on the frame
region of the first substrate, and the common voltage
signal periphery line is located on a frame region of the
second substrate; or the pixel voltage signal periphery
line and the common voltage signal periphery line are
both located on the frame region of the second substrate.

4. The blue phase liquid crystal display device according to
claim 1, wherein materials for forming the first protrusions
and the second protrusions are both an organic transparent
dielectric material.

5. The blue phase liquid crystal display device according to
claim 1, wherein a height of the first protrusions and a height
of the second protrusions are both less than or equal to a
thickness of the blue phase liquid crystal layer.

6. The blue phase liquid crystal display device according to
claim 5, wherein, the blue phase liquid crystal display device
further comprises: a main spacer and an auxiliary spacer
which are arranged between the first substrate and the second
substrate, a height of the main spacer being equal to the
thickness of the blue phase liquid crystal layer, and the height
of the main spacer being greater than a height of the auxiliary
spacer;

the height of the first protrusions and the height of the
second protrusions are both less than or equal to the
height of the auxiliary spacer.

7. The blue phase liquid crystal display device according to
claim 5, wherein, a ratio of the height of the first protrusions
to the thickness of the blue phase liquid crystal layer ranges
within 1:2-4:5, and a ratio of the height of the second protru-
sions to the thickness of the blue phase liquid crystal layer
ranges within 1:2-4:5.

8. The blue phase liquid crystal display device according to
claim 1, wherein, in each of the pixel units, intervals between
the first protrusions and the second protrusions adjacent to the
first protrusions along a plane direction of the first substrate or
second substrate are preset intervals, and respective preset
intervals are equal.

9. The blue phase liquid crystal display device according to
claim 1, wherein, each of the pixel units includes 2-4 first
protrusions and 2-4 second protrusions.

10. The blue phase liquid crystal display device according
to claim 1, wherein, the pixel voltage signal input line and the
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common voltage signal input line are located on opposite
sides of the first protrusions or the second protrusions in the
first direction.

11. The blue phase liquid crystal display device according
to claim 1, wherein, the pixel electrodes are located on top and
side surfaces of the first protrusions; and the common elec-
trodes are located on top and side surfaces of the second
protrusions.

12. A manufacturing method of a blue phase liquid crystal
display device, the blue phase liquid crystal display device
manufactured comprising a plurality of pixel units arranged
in a matrix, the manufacturing method comprising:

forming first protrusions in a region corresponding to each

of the pixel units on a first substrate;

forming pixel electrodes covering the first protrusions;

forming second protrusions in a region corresponding to

each of the pixel units on a second substrate;

forming common electrodes covering the second protru-

sions; and

forming a blue phase liquid crystal layer between the first

substrate and the second substrate, and a side of the first
substrate on which the first protrusions are formed fac-
ing a side of the second substrate on which the second
protrusions are formed,

wherein, as viewed in a plane view parallel with the first

substrate or the second substrate, the first protrusions
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and the second protrusions are of strip shape extending
along a first direction, and the first protrusions and the
second protrusions are arranged alternately at intervals
in a second direction perpendicular to the first direction.

13. The method according to claim 12, wherein materials
for forming the first protrusions and the second protrusions
are both an organic transparent dielectric material.

14. The method according to claim 12, wherein a height of
the first protrusions and a height of the second protrusions are
both less than or equal to a thickness of the blue phase liquid
crystal layer.

15. The method according to claim 12, wherein, a ratio of
the height of the first protrusions to the thickness of the blue
phase liquid crystal layer ranges within 1:2-4:5, and a ratio of
the height of the second protrusions to the thickness of the
blue phase liquid crystal layer ranges within 1:2-4:5.

16. The method according to claim 12, wherein, in each of
the pixel units, intervals between the first protrusions and the
second protrusions adjacent to the first protrusions along a
plane direction of the first substrate or second substrate are
preset intervals, and respective preset intervals are equal.

17. The method according to claim 12, wherein, each ofthe
pixel units includes 2-4 first protrusions and 2-4 second pro-
trusions.
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