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BLUE PHASE LIQUID CRYSTAL DISPLAY
PANEL AND METHOD FOR
MANUFACTURING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application claims benefit of Chinese
patent application CN 201510324333.4, entitled “Blue
Phase Liquid Crystal Display Panel and Method for Manu-
facturing the Same” and filed on Jun. 12, 2015, the entirety
of which is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present disclosure relates to the technical field
of liquid crystal display device. and particularly to a blue
phase liquid crystal display panel and a method for manu-
facturing the same.

BACKGROUND OF THE INVENTION

[0003] In recent years, with the in-depth research into
liquid crystal display technology, the advantages of blue
phase liquid crystal have obtained more and more acknowl-
edgements. Compared with the liquid crystal materials that
are widely used at present, the blue phase liquid crystal has
the prominent advantages of a fast response speed, a wide
viewing angle, and free of alignment treatment. At the same
time, however, the problem of over high driving voltage
faced by the blue phase liquid crystal has seriously restricted
its development. With respect to this problem, the driving
voltage of the blue phase liquid crystal is reduced through
improving the performance of the blue phase liquid crystal
material or optimizing the structure of the driving electrode
of the blue phase liquid crystal display device at present in
the industry.

[0004] The performance of the blue phase liquid crystal
material can be improved mainly through improving the
manufacturing procedure of the material, so that the blue
phase liquid crystal material with a large Kerr constant can
be obtained. However, since the process of synthesizing blue
phase liquid crystal material is rather complex, for example,
the factors of monomer, photoinitiator, synthesis condition,
etc should be taken into consideration when the blue phase
liquid crystal of stable polymer is manufactured, the
research and development cost thereof is very high.

[0005] The blue phase liquid crystal display device is
mainly driven in an In-Plane Switching (IPS) mode. There-
fore, optimizing the structure of the driving electrode mainly
refers to strengthening the electric field strength in horizon-
tal direction which is generated by the transparent insulation
electrodes that are in parallel with each other through
increasing the height of the electrode or changing the shape
of the electrode. For example, the electrode can be wedge-
shaped, wave-shaped, trapezoid-shaped, and so on. How-
ever, the manufacturing difficulty of the aforesaid electrodes
is rather high, and thus it is difficult to guarantee the quality
of the electrodes. Consequently, the qualified rate of the
product is reduced.

[0006] In aword, in order to solve the aforesaid technical
problem, a method through which the driving voltage of the
blue phase liquid crystal can be reduced effectively is
urgently needed.
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SUMMARY OF THE INVENTION

[0007] The present disclosure aims to provide a method
through which the driving voltage of the blue phase liquid
crystal can be reduced effectively.

[0008] In order to solve the aforesaid technical problem,
the embodiment of the present disclosure first provides a
blue phase liquid crystal display panel, comprising a lower
substrate and an upper substrate, wherein said lower sub-
strate is provided with a first common electrode and a first
pixel electrode, said first common electrode and said first
pixel electrode generating a distributed first fringe electric
field; wherein said upper substrate is provided with a second
common electrode and a second pixel electrode that are
arranged symmetrically with respect to said first common
electrode and said first pixel electrode respectively, said
second common electrode and said second pixel electrode
generating a distributed second fringe electric field; and
wherein the first fringe electric field and the second fringe
electric field are configured so that a vertical electric field
component of said first fringe electric field and that of said
second fringe electric field are mutually weakened, while a
horizontal electric field component of said first fringe elec-
tric field and that of said second fringe electric field are
mutually strengthened.

[0009] Preferably, the display panel further comprises a
substrate control module that is arranged on at least one of
the substrates and a signal synchronization module, wherein
said substrate control module is used for controlling a
loading of a driving voltage signal of a pixel electrode, and
said signal synchronization module is used for synchroniz-
ing said driving voltage signal.

[0010] Preferably, said signal synchronization module
comprises a plurality of connecting electrodes that are
arranged on said upper substrate and a plurality of extending
electrodes that are arranged on said lower substrate, each of
said connecting electrodes being connected with a corre-
sponding extending electrode.

[0011] Preferably, said extending electrodes are arranged
in a non-active area outside pixel units of said lower
substrate, and said connecting electrodes are arranged on
said upper substrate at positions corresponding to said
extending electrodes.

[0012] Preferably, a number of said extending electrodes
is equal to a number of the pixel units of the lower substrate.
[0013] Preferably, said connecting electrodes each com-
prise a core in form of a truncated cone, and a conductor
layer that is coated on an outer surface of said core.

[0014] Preferably, a material of said core comprises an
elastic material.
[0015] The embodiment of the present disclosure further

provides a method for manufacturing a blue phase liquid
crystal display panel, comprising the following steps: form-
ing a first common electrode on a prefabricated lower
substrate through patterning; coating said first common
electrode with a first insulation layer; and forming a first
pixel electrode on said first insulation layer through pattern-
ing, and synchronously forming extending electrodes in a
non-active area outside pixel units of said lower substrate
through patterning.

[0016] In another respect, the present disclosure further
provides a method for manufacturing a blue phase liquid
crystal display panel, comprising the following steps: form-
ing a second common electrode on a prefabricated upper
substrate through patterning; coating said second common
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electrode with a second insulation layer; forming a spacer on
said second insulation layer through patterning, and syn-
chronously forming cores of connecting electrodes at posi-
tions corresponding to extending electrodes through pattern-
ing; and forming a second pixel electrode on said second
insulation layer through patterning, and synchronously
forming conductor layers of the connecting electrodes at
outer surfaces of the cores of said connecting electrodes
through patterning.

[0017] Preferably, the step of forming a spacer on said
second insulation layer through patterning, and synchro-
nously forming cores of connecting electrodes at positions
corresponding to extending electrodes through patterning
further comprises the following sub-steps: coating the insu-
lation layer having been washed with a material layer that is
used for forming a primary spacer, a secondary spacer, and
connecting electrodes and a photoresist layer in sequence;
exposing and developing said photoresist layer with a triple
tone photomask; etching part of the material layer and
ashing part of the photoresist layer, so that the material layer
is bare in an area for forming the secondary spacer and areas
for forming the connecting electrodes; etching a bare mate-
rial layer so as to form a secondary spacer, and forming the
cores of the connecting electrodes that have a height of the
secondary spacer at the same time; and removing residual
photoresist and forming a primary spacer.

[0018] Compared with the prior art, one embodiment or a
plurality of embodiments according to the present disclosure
may have the following advantages or beneficial effects.
[0019] According to the present disclosure, through
arranging a pixel electrode and a common electrode on the
upper substrate and the lower substrate respectively, the
electric field in horizontal direction between the two sub-
strates can be strengthened, while the electric field in vertical
direction between the two substrates can be weakened, so
that the driving voltage of the blue phase liquid crystal can
be reduced.

[0020] Other advantages, objectives, and features of the
present disclosure will be further explained in the following
description, and partially become self-evident therefrom, or
be understood through the embodiments of the present
disclosure. The objectives and advantages of the present
disclosure will be achieved through the structure specifically
pointed out in the description, claims, and the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings provide further
understandings of the present disclosure or the prior art, and
constitute one part of the description. The drawings are used
for interpreting the present disclosure together with the
embodiments, not for limiting the present disclosure. In the
drawings:

[0022] FIG. 1(a) and FIG. 1(b) schematically show struc-
tures of a blue phase liquid crystal display panel according
to an embodiment of the present disclosure, wherein FIG.
1(a) is a front view of the blue phase liquid crystal display
panel, and FIG. 1(b) is a top view of an upper substrate and
a lower substrate of the blue phase liquid crystal display
panel;

[0023] FIG. 2 schematically shows an electric field distri-
bution between the two substrates of the blue phase liquid
crystal display panel according to the embodiment of the
present disclosure;
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[0024] FIG. 3 schematically shows the electrode arrange-
ment of the blue phase liquid crystal display panel according
to the embodiment of the present disclosure;

[0025] FIG. 4 is a top view of a blue phase liquid crystal
display panel according to another embodiment of the
present disclosure;

[0026] FIG. 51is a sectional view of a cell that is composed
of the upper substrate and the lower substrate as shown in
FIG. 4 along line I-I'; and

[0027] FIG. 6(a) and FIG. 6(b) are flow charts of methods
for manufacturing the blue phase liquid crystal display panel
according to the embodiment of the present disclosure,
wherein FIG. 6(a) is a flow chart of a method for manufac-
turing a lower substrate, and FIG. 6(b) is a flow chart of a
method for manufacturing an upper substrate.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0028] The present disclosure will be explained in details
with reference to the embodiments and the accompanying
drawings, whereby it can be fully understood how to solve
the technical problem by the technical means according to
the present disclosure and achieve the technical effects
thereof, and thus the technical solution according to the
present disclosure can be implemented. It should be noted
that, as long as there is no structural conflict, all the technical
features mentioned in all the embodiments may be combined
together in any manner, and the technical solutions obtained
in this manner all fall within the scope of the present
disclosure.

[0029] According to an embodiment of the present disclo-
sure, electrodes are arranged on a lower substrate 11 and an
upper substrate 12 of a liquid crystal display panel in a
mirror symmetrical manner, as shown in FIG. 1(a), which is
a front view of the blue phase liquid crystal display panel.
The lower substrate 11 is provided with a first common
electrode 111 and a first pixel electrode 112, and the upper
substrate 12 is provided with a second common electrode
121 and a second pixel electrode 122. The common elec-
trodes 111 and 121 as well as the pixel electrodes 112 and
122 are all arranged in parallel with the substrate. In
addition, an insulation layer 113 is arranged between the first
common electrode 111 and the first pixel electrode 112, and
an insulation layer 123 is arranged between the second
common electrode 121 and the second pixel electrode 122.
Reference number 3 in FIG. 1(e) represents blue phase
liquid crystal molecules filled between the two substrates.
The lower substrate 11 in FIG. 1(a) corresponds to an array
substrate of a Liquid Crystal Display (LCD), and the upper
substrate 12 corresponds to a color filter substrate of a LCD.
In general, the color filter substrate is provided with a black
matrix, a color filter array, a transparent electrode (a com-
mon electrode), etc. The above structures would not have
effect on the specific implementations of the present disclo-
sure, and thus the structures are not shown in FIG. 1(a).
[0030] Further, according to the embodiment of the pres-
ent disclosure, in order to drive the pixel electrodes that are
arranged on the upper substrate and the lower substrate
respectively, the upper substrate and the lower substrate are
provided with a group of substrate control modules respec-
tively, as shown in FIG. 1(b). FIG. 1(b) is a top view of the
upper substrate and the lower substrate of the blue phase
liquid crystal display panel. The lower substrate 11 is
provided with a lower substrate control module (which
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mainly comprises a plurality of data lines 114, a plurality of
scanning lines 115, and a plurality of switching elements 116
that are arranged in a plurality of pixel units formed by the
data lines and scanning lines which are configured orthogo-
nally to each other), and the upper substrate 12 is provided
with an upper substrate control module (which mainly
comprises a plurality of data lines 124, a plurality of
scanning lines 125, and a plurality of switching elements
126 that are arranged in a plurality of pixel units formed by
the data lines and scanning lines which are configured
orthogonally to each other). The upper substrate control
module and the lower substrate control module are used for
controlling a loading of a driving voltage signal of a pixel
electrode of the upper substrate and a loading of a driving
voltage signal of a pixel electrode of the lower substrate
respectively. In addition, the display panel is further pro-
vided with a signal synchronization module which is used
for synchronizing driving voltage signals of the pixel elec-
trodes of the upper substrate and the lower substrate. The
signal synchronization module is not shown in FIG. 1(5).

[0031] A first fringe electric field can be generated and
distributed between the first common electrode 111 and the
first pixel electrode 112 under the common effect of the
upper substrate control module, the lower substrate control
module, and the signal synchronization module. Similarly, a
second fringe electric field can be generated and distributed
between the second common electrode 121 and the second
pixel electrode 122 since the same arrangement therebe-
tween. The blue phase liquid crystal molecules near the pixel
electrodes can be rotated by the fringe electric fields, and
thus the penetration of the liquid crystal display panel and
the viewing angle thereof can both be improved.

[0032] According to the embodiment of the present dis-
closure, the vertical electric field component between the
two substrates can be weakened, while the horizontal elec-
tric field component between the two substrates can be
strengthened by the electrode arrangement mode, as shown
in FIG. 2. FIG. 2 schematically shows an electric field
distribution between the two substrates of the blue phase
liquid crystal display panel according to the embodiment of
the present disclosure. Since the first common electrode and
the second common electrode are arranged mirror symmetri-
cally, and the first pixel electrode and the second pixel
electrode are arranged mirror symmetrically, the horizontal
electric field component of the distributed first fringe electric
field that is generated by the first common electrode and the
first pixel electrode and the horizontal electric field compo-
nent of the distributed second fringe electric field that is
generated by the second common electrode and the second
pixel electrode are the same as each other in magnitude and
in direction. Therefore, the horizontal electric field compo-
nent between the two substrates can be strengthened when
the aforesaid two horizontal electric field components are
superposed with each other in space, as shown by the
electric field lines represented by the solid lines in FIG. 2.
The vertical electric field component between the two sub-
strates is composed of two parts, wherein one part is the
vertical electric field component of the distributed fringe
electric field generated by the first (the second) common
electrode and the first (the second) pixel electrode, and the
other part is the vertical electric field component of the
electric field generated by the first (the second) common
electrode and the second (the first) pixel electrode. The
vertical electric field component between the two substrates
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can be weakened after the aforesaid vertical electric field
components are superposed with one another in space.
[0033] Therefore, the electric field in vertical direction
between the two substrates can be weakened, while the
electric field in horizontal direction between the two sub-
strates can be strengthened by the superposition of the first
fringe electric field and the second fringe electric field,
wherein the superposition of the vertical electric field com-
ponents further comprises the superposition of the vertical
electric field component of the electric field generated by the
first (the second) common electrode and the second (the
first) pixel electrode). Tus the driving voltage of the blue
phase liquid crystal display panel can be reduced.

[0034] It should be noted that, according to the embodi-
ment of the present disclosure, the specific structures of the
common electrode and the pixel electrode are not restricted,
as long as an effective fringe electric field can be generated
between the common electrode and the pixel electrode. For
example, when the pixel electrode has a comb shape, the
common electrode can also have a corresponding comb
shape. In this case, the electric fields in vertical direction
between the first (the second) pixel electrode and the first
(the second) common electrode as well as between the first
(the second) pixel electrode and the second (the first)
common electrode can be weakened, and thus the efficiency
of the liquid crystal can be improved. The details of which
are no longer repeated here.

[0035] Further, the electrodes on the upper substrate and
the lower substrate each can be arranged to be an IPS
electrode, as shown in FIG. 3. FIG. 3 schematically shows
the electrode arrangement of the blue phase liquid crystal
display panel according to the embodiment of the present
disclosure, wherein reference number 31 indicates a pixel
electrode (or common electrode), and reference number 32
indicates a corresponding common electrode (or pixel elec-
trode). The pixel electrodes and the common electrodes are
applied with different driving signals respectively, and there-
fore the electric fields which are mutually strengthened in
horizontal direction while mutually weakened in vertical
direction can be generated between the upper substrate and
the lower substrate. In this case, the driving voltage of the
blue phase liquid crystal display panel can be reduced.
[0036] According to another embodiment of the present
disclosure, the signal synchronization module is configured
to comprise a plurality of connecting units. Each connecting
unit is composed of a connecting electrode and an extending
electrode, and is used for connecting the second pixel
electrode of the upper substrate and the first pixel electrode
of the lower substrate. In this case, the pixel electrodes of the
upper substrate and the lower substrate can be controlled by
the switching element that is arranged on one of the two
substrates, so that the first pixel electrode and the second
pixel electrode can be driven synchronously. Therefore, not
only the driving voltage of the blue phase liquid crystal can
be reduced, but also one substrate control module can be
saved and the manufacturing procedures thereof can be
simplified. The details thereof will be illustrated below with
reference to FIG. 4 and FIG. 5.

[0037] FIG. 4 is a top view of a blue phase liquid crystal
display panel according to another embodiment of the
present disclosure. Specifically, reference number 42 indi-
cates an upper substrate, which corresponds to a color filter
substrate, and reference number 41 indicates a lower sub-
strate, which corresponds to an array substrate. The arrange-
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ment of pixel electrodes and common electrodes of the
upper substrate and the lower substrate is the same as that of
the previous embodiment. The display panel comprises a
first common electrode 411, a first pixel electrode 412, a
second common electrode 421, a second pixel electrode 422,
and a data line 414, a scanning line 415, and a switching
element 416 that are arranged on the lower substrate, and the
details of which are no longer repeated here. It can be further
seen from FIG. 4 that, the upper substrate 42 is not provided
with an upper substrate control module that is composed of
data line, scanning line, switching element, etc. At the same
time, part of a signal synchronization module 47 is arranged
on the upper substrate in an area corresponding to a pixel
unit of the lower substrate (i.e., the area surrounded by the
rectangular dotted line box as shown in FIG. 4). The
complete structure of the signal synchronization module is
shown in FIG. 5.

[0038] FIG.51is a sectional view of a cell that is composed
of the upper substrate and the lower substrate as shown in
FIG. 4 along line I-I'. Specifically, the signal synchroniza-
tion module 47 comprises a plurality of connecting elec-
trodes 472 that are arranged on the upper substrate and a
plurality of extending electrodes 471 that are arranged on the
lower substrate. It can be seen from FIG. 5 that, the
connecting electrode 472 and the extending electrode 471
can be connected with each other after the upper substrate
and the lower substrate are assembled into a liquid crystal
cell. Thus the pixel electrodes of the two substrates can be
controlled simultaneously by the switching element that is
arranged on one of the two substrates (according to the
embodiment of the present disclosure, the switching element
is arranged on the lower substrate). Further, the connecting
electrode 472 comprises a core 4721 and a conductor layer
4722 that is coated on an outer surface of the core.

[0039] As shown in FIG. 5, the core 4721 is shaped as a
truncated cone, which would facilitate the coating of the
conductor layer 4722 thereon. The material of the core is
generally selected to be an elastic material, such as ultra-
violet (UV) hardened acrylic resin. The material of the
conductor layer can be the same as that of the pixel elec-
trode, such as Indium Tin Oxide (ITO). The structure with
an elastic core therein enables the connecting electrode to
have certain compressibility, so that the pixel electrodes of
the two substrates can be connected effectively through the
connecting electrodes and the extending electrodes.

[0040] It should be noted that, a plurality of spacers which
can play the role of supporting are arranged between the
upper substrate and the lower substrate of the liquid crystal
display panel, comprising primary spacers and secondary
spacers. The primary spacers play the main role of support-
ing so as to maintain a gap between the two substrates, i.e.,
maintain the thickness of the liquid crystal cell. The sec-
ondary spacers play the auxiliary role of supporting so as to
prevent the liquid crystal panel from being destroyed by
outside pressing. In general, a height of the primary spacer
is larger than a height of the secondary spacer. In addition,
the primary spacer has a relatively small density, while the
secondary spacer has a relatively large density. According to
the embodiment of the present disclosure, the connecting
electrodes are distributed among the primary spacers and the
secondary spacers, and a height of the connecting electrode
(the height of the connecting electrode referred to hereinaf-
ter means a total height including a thickness of the extend-
ing electrode) is larger than the height of the secondary
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spacer while less than the height of the primary spacer.
Moreover, a total size of the connecting electrode is less than
a size of the primary spacer, so that a density of the
connecting electrode can be reduced, and a performance of
the primary spacer would not be affected. The total size of
the connecting electrode mainly refers to a height of the
column and a diameter of the top surface (or bottom surface)
of the column.

[0041] Meanwhile, in order to guarantee that the connect-
ing electrode can abut against the substrate on the opposite
side after the display panel is assembled, the connecting
electrode should have a certain compression amount. The
compression amount is preferably ranges from 0.01 um to
0.5 um, or from 0.01 um to 0.2 um. For example, if the
height of the primary spacer is designed to be 3 um, and the
height of the secondary spacer is designed to be 2.6 um, the
height of the connecting electrode can be arranged in a range
from 2.5 um (i.e., 3 um-0.5 um) to 2.99 um (i.e., 3 um-0.01
{m).

[0042] Further, the number of the connecting units incor-
porated in the signal synchronization module is equal to the
number of the pixel units of the lower substrate, and the
signal synchronization module is arranged in a non-active
area outside the pixel units of the lower substrate. Specifi-
cally, each pixel unit is provided with a connecting unit. The
extending electrodes can be arranged on data lines or
scanning lines of the lower substrate, can be arranged at
intersection positions of data lines and scanning lines of the
lower substrate (as shown in FIG. 4), or can be arranged at
positions corresponding to black matrixes of the upper
substrate, and the connecting electrodes are arranged on the
upper substrate at positions corresponding to the extending
electrodes. Since the signal synchronization module does
not occupy an active area of the pixel unit, the signal
synchronization module would not influence the display
effect of the liquid crystal display panel.

[0043] Of course, the position of the connecting electrode
and the position of the extending electrode can be inter-
changed with each other, i.e., the connecting electrode can
be arranged on the lower substrate, and the extending
electrode arranged on the upper substrate. The embodiment
of the present disclosure can also be realized in this manner.
[0044] In the signal synchronization module according to
the embodiment of the present disclosure, the pixel elec-
trodes of the two substrates can be connected through the
cooperation of the connecting electrodes and the extending
electrodes, so that the pixel electrodes of the two substrates
can be controlled synchronously by the switching element
that is arranged on one of the two substrates. In this manner,
the substrate control module can be arranged only on one of
the two substrates, and thus the manufacturing procedure of
the other substrate can be simplified. At the same time, the
connecting electrodes can play the role of supporting, so that
the assembled liquid crystal display panel can have a higher
mechanical strength.

[0045] The embodiment of the present disclosure further
provides a method for manufacturing the aforesaid liquid
crystal display panel, as shown in FIGS. 6(a) and 6(5). FIG.
6(a) and FIG. 6()) are flow charts of methods for manufac-
turing the blue phase liquid crystal display panel according
to the embodiment of the present disclosure, wherein FIG.
6(a) is a flow chart of a method for manufacturing a lower
substrate, and FIG. 6(b) is a flow chart of a method for
manufacturing an upper substrate.
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[0046] As shown in FIG. 6(a), the method for manufac-
turing the lower substrate comprises the following steps. In
step S611, a first common electrode is formed on a prefab-
ricated lower substrate through patterning. In step S612, the
first common electrode is coated with a first insulation layer.
And in step S613, a first pixel electrode is formed on the first
insulation layer through patterning, and synchronously
extending electrodes are formed in a non-active area outside
pixel units of the lower substrate through patterning.
[0047] Specifically, the prefabricated lower substrate gen-
erally refers to an array substrate on which a gate of a Thin
Film Transistor (TFT), a scanning line, and a common line
are formed. Since the above structures can all be manufac-
tured through known procedures, and the manufacturing
procedures would not affect the specific implementations of
the embodiment of the present disclosure, the details of
which are no longer repeated here.

[0048] The first common electrode is connected with the
common line. The step of forming a first common electrode
on a prefabricated lower substrate through patterning can
further comprise the sub steps of sputtering, photolithogra-
phy, etc according to the structure of the first common
electrode. For example, if the first common electrode is an
integral planar electrode, it can be formed through sputtering
deposition procedure. If the first common electrode has a
specific shape, such as a comb shape, the pattern of the first
common electrode should be formed through photolithog-
raphy treatment after the deposition procedure. The pattern-
ing procedure specifically comprises the steps of washing,
filming, photoresist coating, exposing, developing, etching,
photoresist stripping, and so on, and the above steps can all
be performed according to the method for manufacturing the
substrate in the prior art.

[0049] The first insulation layer is made at the same time
as a gate insulation layer of the TFT. The insulation layer can
be made of SiNx through Chemical Vapor Deposition
(CVD) technology.

[0050] Then, a semiconductor layer, a source, and a drain
of the TFT, as well as a passivation layer which covers the
TFT are manufactured in sequence according to known
procedures. Next, the first pixel electrode and the extending
electrode are formed through patterning synchronously. The
extending electrodes are arranged in a non-active area
outside the pixel units of the lower substrate. The extending
electrodes can be formed on data lines or scanning lines, at
intersection positions of data lines and scanning lines, or at
positions corresponding to black matrixes of the upper
substrate by photomasks with different shapes.

[0051] As shown in FIG. 6(b), the method for manufac-
turing the upper substrate comprises the following steps. In
step S621, a second common electrode is formed on a
prefabricated upper substrate through patterning. In step
S622, the second common electrode is coated with a second
insulation layer. In step S623, a spacer is formed on the
second insulation layer through patterning, and synchro-
nously cores of connecting electrodes are formed at posi-
tions corresponding to extending electrodes through pattern-
ing. And in step S624, a second pixel electrode is formed on
the second insulation layer through patterning, and synchro-
nously conductor layers of the connecting electrodes are
formed at outer surfaces of the cores of the connecting
electrodes through patterning.

[0052] Specifically, the prefabricated upper substrate gen-
erally refers to a color filter substrate on which a black
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matrix layer and a color resistance layer are formed. Simi-
larly, since the above structures can all be manufactured
through known procedures, and the manufacturing proce-
dures would not affect the specific implementations of the
embodiment of the present disclosure, the details of which
are no longer repeated here.

[0053] The second common electrode is connected with
the common line. This procedure is roughly the same as the
procedure of forming the first common electrode through
patterning, which comprises the steps of washing, filming,
photoresist coating, exposing, developing, etching, photo-
resist stripping, and so on. The above steps can all be
performed according to the method for manufacturing the
substrate already known in the prior art, and the details of
which are no longer repeated here.

[0054] The second insulation layer is formed on the sec-
ond common electrode, and can be made of SiNx through
CVD technology.

[0055] The cores of the connecting electrodes, the primary
spacers, and the secondary spacers are formed synchro-
nously. The SiNx insulation layer that is washed is coated
with a material that is used for forming the primary spacer,
the secondary spacer, and the connecting electrodes, and a
photoresist material in sequence, and the material layer of
the spacers and the photoresist layer can be formed after the
treatments of drying, pre-baking, and cooling.

[0056] A height of a primary spacer area, a height of a
secondary spacer area, and a height of a connecting elec-
trode area can be formed by a triple tone photomask. The
triple tone photomask includes three areas with different
values of transmissivity, wherein an area with a transmis-
sivity of 100% is the area without a light shielding film, an
area with a transmissivity of 0 is the area with a light
shielding film, and an area with a transmissivity between 0
and 100% is the gray-scale area. The photoresist layer is
exposed and developed in sequence with the triple tone
photomask, and the photoresist layer after the above treat-
ments comprises three areas.

[0057] The photoresist material of the first area is reserved
completely and is used for forming the primary spacers. The
photoresist material of the second area is reserved partly and
is used for forming the secondary spacers and the connecting
electrodes. The photoresist material of the third area is
removed completely. Then, the residual photoresist material
and the material layer of the spacers of the third area are
removed through etching, and thus the pattern of each spacer
area is formed initially.

[0058] The photoresist layer of other two areas is ashed,
and the photoresist material of the second area is removed
completely, so that the material layer which is used for
forming the secondary spacer area and the connecting elec-
trode layer is bare. The pattern of the secondary spacer area
is further formed through etching. The height of the con-
necting electrodes arranged in the connecting electrode area
is the same as the height of the secondary spacers arranged
in the secondary spacer area.

[0059] The residual photoresist of the first area is
removed, so that the pattern of the primary spacer area can
be formed.

[0060] It should be noted that, according to the embodi-
ment of the present disclosure, the connecting electrode is
made of material the same as the material of the primary
spacer and the secondary spacer. In general, resin material
with elasticity is used, and the expansion coefficient of the
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material should be close to that of the blue phase liquid
crystal. In this case, during the manufacturing of the display
panel, the volumes of the connecting electrodes and the
primary spacers can change with the liquid crystal within a
certain range, and thus the qualified rate of the product can
be improved. At the same time, the quality of the image of
the LCD would not be affected when the display panel
expands or shrinks under a high or a low temperature.
[0061] The second pixel electrode and the conductor layer
of the connecting electrode can be formed synchronously,
and the specific procedure is the same as the step of forming
the second common electrode through patterning. The
details of which are no longer repeated here. Since the
connecting electrode has an inclining surface, during the
sputtering deposition process, a metal layer (i.e., ITO layer)
is formed uniformly on the inclining lateral surface of the
connecting electrode, and is used for forming a channel
between the first pixel electrode and the second pixel
electrode. In general, the thickness of the pixel electrode
ranges from 400 A to 1500 A. The thickness of the conduc-
tor layer that is formed on the core of the connecting
electrode, plus the thickness of the extending electrode
(which is equal to the thickness of the pixel electrode), and
plus the height of the core of the spacer enables the height
of the connecting electrode formed therein to be larger than
the height of the secondary spacer while less than the height
of the primary spacer.
[0062] According to the embodiment of the present dis-
closure, the connecting electrodes and the extending elec-
trodes can be manufactured through changing part of the
procedures based on the known manufacturing procedures,
and the procedures are not increased to a large extent. The
production line does not need to be rearranged, which would
facilitate the saving of the production cost, the application
popularization, and the quality control thereof.
[0063] The above embodiments are described only for
better understanding, rather than restricting, the present
disclosure. Any person skilled in the art can make amend-
ments to the implementing forms or details without depart-
ing from the spirit and scope of the present disclosure. The
protection scope of the present disclosure shall be deter-
mined by the scope as defined in the claims.
1. A blue phase liquid crystal display panel, comprising a
lower substrate and an upper substrate,
wherein said lower substrate is provided with a first
common electrode and a first pixel electrode, said first
common electrode and said first pixel electrode gener-
ating a distributed first fringe electric field,
wherein said upper substrate is provided with a second
common electrode and a second pixel electrode that are
arranged symmetrically with respect to said first com-
mon electrode and said first pixel electrode respec-
tively, said second common electrode and said second
pixel electrode generating a distributed second fringe
electric field; and
wherein the first fringe electric field and the second fringe
electric field are configured so that a vertical electric
field component of said first fringe electric field and
that of said second fringe electric field are mutually
weakened, while a horizontal electric field component
of said first fringe electric field and that of said second
fringe electric field are mutually strengthened.
2. The blue phase liquid crystal display panel according to
claim 1, further comprising a substrate control module that
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is arranged on at least one of the substrates and a signal
synchronization module, wherein said substrate control
module is used for controlling a loading of a driving voltage
signal of a pixel electrode, and said signal synchronization
module is used for synchronizing said driving voltage sig-
nal.

3. The blue phase liquid crystal display panel according to
claim 2, wherein said signal synchronization module com-
prises a plurality of connecting electrodes that are arranged
on said upper substrate and a plurality of extending elec-
trodes that are arranged on said lower substrate, each of said
connecting electrodes being connected with a corresponding
extending electrode.

4. The blue phase liquid crystal display panel according to
claim 3, wherein said extending electrodes are arranged in a
non-active area outside pixel units of said lower substrate,
and said connecting electrodes are arranged on said upper
substrate at positions corresponding to said extending elec-
trodes.

5. The blue phase liquid crystal display panel according to
claim 4, wherein said extending electrodes are arranged on
data lines or scanning lines of said lower substrate, and said
connecting electrodes are arranged on said upper substrate at
positions corresponding to said extending electrodes.

6. The blue phase liquid crystal display panel according to
claim 4, wherein said extending electrodes are arranged at
intersection positions of data lines and scanning lines of said
lower substrate, and said connecting electrodes are arranged
on said upper substrate at positions corresponding to said
extending electrodes.

7. The blue phase liquid crystal display panel according to
claim 4, wherein said extending electrodes are arranged at
positions corresponding to black matrixes of said upper
substrate, and said connecting electrodes are arranged on
said upper substrate at positions corresponding to said
extending electrodes.

8. The blue phase liquid crystal display panel according to
claim 4, wherein a number of said extending electrodes is
equal to a number of the pixel units of the lower substrate.

9. The blue phase liquid crystal display panel according to
claim 8, wherein said connecting electrodes each comprise
a core in form of a truncated cone, and a conductor layer that
is coated on an outer surface of said core.

10. The blue phase liquid crystal display panel according
to claim 9, wherein a material of said core comprises an
elastic material.

11. The blue phase liquid crystal display panel according
to claim 10, wherein a compression amount of said con-
necting electrodes ranges from 0.01 pm to 0.5 pm, or from
0.01 pm to 0.2 pum.

12. A method for manufacturing a blue phase liquid
crystal display panel, comprising the following steps:

forming a first common electrode on a prefabricated lower

substrate through patterning;

coating said first common electrode with a first insulation

layer; and

forming a first pixel electrode on said first insulation layer

through patterning, and synchronously forming extend-
ing electrodes in a non-active area outside pixel units of
said lower substrate through patterning.

13. A method for manufacturing a blue phase liquid
crystal display panel, comprising the following steps:

forming a second common electrode on a prefabricated

upper substrate through patterning;
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coating said second common electrode with a second

insulation layer;

forming a spacer on said second insulation layer through

patterning, and synchronously forming cores of con-
necting electrodes at positions corresponding to
extending electrodes through patterning; and

forming a second pixel electrode on said second insula-

tion layer through patterning, and synchronously form-
ing conductor layers of the connecting electrodes at
outer surfaces of the cores of said connecting electrodes
through patterning.

14. The method according to claim 13, wherein the step
of forming a spacer on said second insulation layer through
patterning, and synchronously forming cores of connecting
electrodes at positions corresponding to extending elec-
trodes through patterning further comprises the following
sub-steps:
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coating the insulation layer having been washed with a
material layer that is used for forming a primary spacer,
a secondary spacer, and connecting electrodes and a
photoresist layer in sequence;

exposing and developing said photoresist layer with a
triple tone photomask:

etching part of the material layer and ashing part of the
photoresist layer, so that the material layer is bare in an
area for forming the secondary spacer and areas for
forming the connecting electrodes;

etching a bare material layer so as to form a secondary
spacer, and forming the cores of the connecting elec-
trodes that have a height of the secondary spacer at the
same time; and

removing residual photoresist and forming a primary
spacer.
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