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(67)  Embodiments of the present invention provide
a fringe-field-switching mode liquid crystal display panel.
The liquid crystal display panel comprises: a first sub-
strate and a second substrate facing each other, and a
liquid crystal layer sandwiched between the first sub-
strate and the second substrate; a first lower electrode,
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a first insulating layer and a first upper electrode, which
are formed sequentially on a surface of the first substrate
facing the second substrate; and a second lower elec-
trode, a second insulating layer and a second upper elec-
trode, which are formed sequentially on a surface of the
second substrate facing the first substrate.
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Description
FIELD OF THE INVENTION

[0001] Embodiments of the present invention relate to
a fringe-field-switching mode liquid crystal display panel.

BACKGROUND OF THE INVENTION

[0002] Inrecentyears, liquid crystal display technology
has been developed very rapidly. In the prior art, there
have been developed various liquid crystal display pan-
els such as In-Plane-Switching (IPS) mode and Fringe-
Field-Switching (FFS) mode liquid crystal display panels.
[0003] FIG. 1illustrates a schematic structural diagram
of a FFS blue-phase liquid crystal display panel in the
prior art. It comprises in sequence from the top to the
bottom: an upper polarizer 101, an upper substrate 102,
a liquid crystal layer 103, a pixel electrode 104, an insu-
lating layer 105, a common electrode 106, a lower sub-
strate 107 and a lower polarizer 108. In FIG. 1, the lower
substrate is provided thereon with the common electrode
106 and the pixel electrode 104, and the pixel electrode
104 may be a comb-like electrode, comprising a plurality
of comb-teeth parts parallel to each other.

[0004] Parameters such as response time, driving volt-
age and light-transmittance and the like are important
factors affecting the performances of a liquid crystal dis-
play panel display. Therefore, it is always being con-
cerned in the industry on how to design a liquid crystal
display panel with a short response time, small driving
voltage and high light-transmittance.

SUMMARY OF THE INVENTION

[0005] An embodiment of the present invention pro-
vides a fringe-field-switching mode liquid crystal display
panel, comprising: a first substrate and a second sub-
strate facing each other, and a liquid crystal layer sand-
wiched between the first substrate and the second sub-
strate; a first lower electrode, a first insulating layer and
a first upper electrode, which are formed sequentially on
a surface of the first substrate facing the second sub-
strate; and a second lower electrode, a second insulating
layer and a second upper electrode, which are formed
sequentially on a surface of the second substrate facing
the first substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] In order to clearly illustrate the technical solu-
tions of the embodiments of the invention, the drawings
of the embodiments will be briefly described in the fol-
lowing; it is obvious that the described drawings are only
related to some embodiments of the invention and thus
are not limitative of the invention.

FIG. 1 is a schematic structural diagram of a FFS
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blue-phase liquid crystal display panel in the prior art;
FIG. 2 is a schematic structural diagram of a liquid
crystal display panel according to an embodiment of
the present invention;

FIG. 3 is a schematic structural diagram of another
liquid crystal display panel according to an embodi-
ment of the present invention;

FIG. 4 is a schematic structural diagram of yet an-
other liquid crystal display panel according to anem-
bodiment of the present invention;

FIG. 5 is a schematic structural diagram of a sup-
porting portion employed in an embodiment of the
present invention;

FIG. 6 is a schematic structural diagram of another
supporting portion employed in an embodiment of
the present invention;

FIG. 7 is a schematic structural diagram of yet an-
other supporting portion employed in an embodi-
ment of the present invention; and

FIG. 8 is a schematic diagram of the structural pa-
rameters of the liquid crystal display panel shown in
FIG. 3.

DETAILED DESCRIPTION

[0007] In order to make objects, technical details and
advantages of the embodiments of the invention appar-
ent, the technical solutions of the embodiments will be
described in a clearly and fully understandable way in
connection with the drawings related to the embodiments
of the invention. It is obvious that the described embod-
iments 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 embodi-
ment (s), without any inventive work, which should be
within the scope of the invention.

[0008] Based on a traditional FFS electrode structure,
the embodiments of the present invention are designed
to be a liquid crystal display panel having a double-sided
FFS electrode structure. The liquid crystal display panel
having such a structure can bring about an intenser ef-
fective transverse electric field, which can improve the
light-transmittance, reduce the driving voltage, and re-
duce the response time. Also, such a structure can au-
tomatically compensate for an optical path difference, so
that the display has a wider viewing angle. Hereinafter,
in connection with the accompanying drawings, the
present invention will be further explained by referring to
specific embodiments.

[0009] With reference to FIG. 2, it shows a fringe-field-
switching mode liquid crystal display panel according to
an embodiment of the present invention, which compris-
es:

[0010] An upper substrate 202, a lower substrate 210,
and a liquid crystal layer 206 sandwiched between the
upper substrate 202 and the lower substrate 210.
[0011] On alower surface of the upper substrate 202,
there are formed sequentially from top to bottom with a
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first common electrode 203, a first insulating layer 204
and a first pixel electrode; on an upper surface of the
lower substrate 210, there are formed sequentially from
bottom to top with a second common electrode 209, a
second insulating layer 208 and a second pixel electrode.
[0012] Inthis embodiment, both the first pixel electrode
and the second pixel electrode may be comb-like elec-
trodes, each comprising a plurality of comb-teeth parts
parallel to each other. The first pixel electrode comprises
a plurality of strip-like comb-teeth-shaped first sub-elec-
trodes 241, 242, 243 parallel to each other, and the sec-
ond pixel electrode also comprises a plurality of strip-like
comb-teeth-shaped second sub-electrodes 251, 252,
253 parallel to each other. The specific structures of the
first pixel electrode and the second pixel electrode may
the same as the structure of a pixel electrode of a fringe-
field-switching mode liquid crystal display panel in the
prior art. Certainly, in FIG. 2, it may also comprise an
upper polarizer 201 provided above the upper substrate
202 and a lower polarizer 211 provided below the lower
substrate 210 as in the prior art.

[0013] Asitcanbe seen, theliquid crystal display panel
in this embodiment has both the upper and the lower
substrates provided thereon with a pixel electrode and a
common electrode, and the pixel electrode and the com-
mon electrode are separated by an insulating layer.
Through simulation, it can be found that, after both the
upper and the lower substrates are provided with the pixel
electrode and the common electrode, an intenser effec-
tive transverse electric field can be formed between the
pixel electrode and the common electrode on each sub-
strate, so that the liquid crystal are more prone to a trans-
versal deflection, thus a rapid deflection of the liquid crys-
tal can be achieved in the case of a relatively low driving
voltage, and therefore can improve the light-transmit-
tance, reduce the driving voltage, and also can reduce
the response time of the liquid crystal display panel.
Meanwhile, such a vertically symmetrical structure can
automatically compensate for an optical path difference,
so that a wider viewing angle of the liquid crystal display
panel can be obtained.

[0014] Inrecentyears, in order to enhance the display
quality of a liquid crystal display, and to achieve a higher
contrast, a faster response time and a wider viewing an-
gle, a blue-phase liquid crystal material with a fast re-
sponse characteristic is gradually gaining more attention.
The blue phase is a liquid crystal phase between an iso-
tropic phase and a cholesteric phase, which exists in a
very narrow range of temperature, only a temperature
zone of about 1°C. However, in recent years, it is found
that the temperature range in which the blue-phase liquid
crystal can exist will be greatly broadened after polymer-
stabilization, which can basically meet the temperature
range for being used as a liquid crystal display material.
The blue-phase liquid crystal display device as the most
potential next-generation display, has the following rev-
olutionary characteristics: (1) in the case that no voltage
is applied, the blue-phase liquid crystal is isotropic, and
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a blue-phase liquid crystal display has features such as
a wide viewing angle and a good dark-state; (2) the the-
oretical response time of the blue-phase liquid crystal
display can reach to below milliseconds, thus the re-
sponse time is greatly improved; (3) because of the sta-
bility of the blue-phase liquid crystal polymer, which is
isotropic in the case that no voltage is applied, it does
not require an alignmentlayer which is necessary in other
various liquid crystal display modes, therefore the man-
ufacturing cost is reduced, and the manufacturing proc-
ess is simplified.

[0015] In the structure shown in FIG. 1, if the blue-
phase liquid crystal is used as a liquid crystal layer, the
blue-phase liquid crystal layer will be in an isotropic state
when no power is supplied, and when power is supplied,
there will be an electric field with the intensity gradually
reduced from the lower substrate to the upper substrate;
therefore, the blue-phase liquid crystal close to the lower
substrate will have a significant change in the effect of
the electric field, while the blue-phase liquid crystal close
to the upper substrate are less affected by the electric
field and do no change significantly. Therefore, the struc-
ture shown in FIG. 1 has a low light efficiency, and thus
a drive voltage is required to be enhanced for improving
the light efficiency, thereby increasing the power con-
sumption of the panel. As it can be seen, the existing
blue-phase liquid crystal display panel has two difficult
technical problems: a high driving voltage and a low light
efficiency. At present, in producing processes, a conven-
tional IPS pixel driving mode is employed to drive the
blue-phase liquid crystal display panel, and a method of
improving the Kerr constant of the blue-phase liquid crys-
tal material is commonly used to reduce the driving volt-
age, which however has a high demand on the material.
[0016] As for the present embodiment on the basis of
the above-described structure, since itis capable of form-
ing an intenser and more uniform effective transverse
electric field when the material of the liquid crystal layer
207 is the blue-phase liquid crystal, so that the blue-
phase liquid crystal are more prone to a transverse de-
flection, thus a rapid deflection of the blue-phase liquid
crystal can be achieved in the case of a relatively low
driving voltage. Therefore, the structure according to the
embodiment of the present invention can improve the
light-transmittance, reduce the driving voltage, and can
also reduce the response time of the blue-phase liquid
crystal display panel, and thus can excellently improve
the drawbacks of the blue-phase liquid crystal display
panel in the prior art.

[0017] Here, materials that can be employed in the lig-
uid crystal display panel of the embodiment will be ex-
plained with examples. The materials and their parame-
ters as below are merely employed for one of the em-
bodiments of the present invention, but not for limiting
the present invention: the first pixel electrode, the first
common electrode 203, the second common electrode
209, and the second pixel electrode all may be made
from a material of indium tin oxide (ITO); the first insulat-
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ing layer 204 and the second insulating layer 208 may
be made from a material for an insulating layer or a pas-
sivation layer; and a set of parameters of the blue-phase
liquid crystal material are as follows: the horizontal die-
lectric constant g =37, the perpendicular dielectric con-
stant &) =4, the refractive index of a fast axis n,=1.4744,
the refractive index of a slow axis n,=1.7744, the Kerr
constant K=1.268nm/V2 (A=550nm) (where, V is a volt-
age unit volt, and A is a wavelength).

[0018] In one embodiment, the first pixel electrode
comprises a plurality of first sub-electrodes parallel to
each other, and the first sub-electrodes may be strip-like
electrodes; the second pixel electrode comprises a plu-
rality of second sub-electrodes parallel to each other, and
the second sub-electrodes may be strip-like electrodes.
[0019] In one embodiment, the extending direction of
the first sub-electrodes on the upper substrate is the
same as the extending direction of the second sub-elec-
trodes on the lower substrate.

[0020] In one embodiment, the strip-like first sub-elec-
trodes on the upper substrate are provided opposed to
the strip-like second sub-electrodes on the lower sub-
strate, respectively.

[0021] In order to further improve the display perform-
ance of the liquid crystal display panel, in this embodi-
ment, the lower surface of the upper substrate may be
provided with a plurality of first supporting portions par-
allel to each other and protruding downwardly, with first
upwardly-concave grooves being constituted between
the adjacent first supporting portions; alternatively, the
upper surface of the lower substrate may be provided
with a plurality of second supporting portions parallel to
each other and protruding upwardly, with a second down-
wardly-concave groove being constituted between the
adjacent second supporting portions. Certainly, this em-
bodiment may also have both the upper and the lower
substrates simultaneously provided with the above-de-
scribed first supporting portions and second supporting
portions, respectively. Here, both the first supporting por-
tions and the second supporting portions may be made
of an organic resin material.

[0022] After the upper substrate is provided thereon
with the first supporting portions, in this embodiment, the
lower surface of the upper substrate comprising the first
supporting portions may be formed thereon sequentially
with the first common electrode, the first insulating layer
and the first pixel electrode. That is, the first supporting
portions are provided between the first substrate and the
first common electrode. The first sub-electrodes are pro-
vided at intervals below the first supporting portions, that
is, provided corresponding to the first supporting por-
tions. Certainly, as another alternative implementation,
the first sub-electrodes may be provided at intervals be-
low the first grooves, that is, provided corresponding to
the first grooves.

[0023] After the lower substrate is provided thereon
with the second supporting portions, in this embodiment,
the upper surface of the lower substrate comprising the
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second supporting portions may be formed thereon se-
quentially with the second common electrode, the second
insulating layer and the second pixel electrode. That is,
the second supporting portions are provided between the
second substrate and the second common electrode.
The second sub-electrodes are provided at intervals
above the second supporting portions, that is, provided
corresponding to the second supporting portions. Cer-
tainly, as another alternative implementation, the second
sub-electrodes may be provided at intervals above the
second grooves, that is, provided corresponding to the
second grooves.

[0024] Inthis embodiment, the first supporting portions
and the second supporting portions all may be strip-like
supporting portions, for example, the extending direction
of the strip-like supporting portions may be the same as
the extending direction of the above-described strip-like
sub-electrodes. The first supporting portions and the sec-
ond supporting portions may have a cross-section in a
rectangular, trapezoidal, semicircular, triangular or semi-
elliptical or other shape. Preferably, the second support-
ing portions may have the same cross-sectional shape
as the first supporting portions.

[0025] Inone embodiment, the size and the interval of
the first supporting portions are equal to the size and the
interval of the second supporting portions, respectively.
[0026] In one embodiment, the second supporting por-
tions and the first supporting portions are provided op-
positely, or the second supporting portions are provided
opposite to the first grooves. Here, the second supporting
portions and the first supporting portions being provided
oppositely means that, the second supporting portions
are located directly below the first supporting portions;
the second supporting portions and the first grooves be-
ing provided oppositely means that, the second support-
ing portions are located directly below the first grooves.
[0027] Inone embodiment, the first common electrode
has a uniform layer thickness, the first insulating layer
also has a uniform layer thickness, the first pixel electrode
also has a uniform layer thickness, the second common
electrode also has a uniform layer thickness, moreover,
the second insulating layer also has a uniform layer thick-
ness, and the second pixel electrode also has a uniform
layer thickness.

[0028] It can be seen from the above that, in this em-
bodiment, by providing the upper substrate and/or the
lower substrate with supporting portions protruding to-
ward the liquid crystal layer, it makes the common elec-
trode and the insulating layer which are formed sequen-
tially on the supporting portions protrude toward the liquid
crystal layer, and then a pixel electrode is further formed
on the protruding insulating layer or a pixel electrode is
formed in grooves between the protruding insulating lay-
er. Such a structure can reduce the distance from the
pixel electrode to the common electrode between the up-
per and the lower substrates, so that the electric field
lines between the upper and the lower substrates are
denser (the electric field are intenser), thus a deflection
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of the liquid crystal can be achieved with a small driving
voltage being applied, thereby it can further reduce the
driving voltage of the liquid crystal display panel, improve
its response speed, and improve the light-transmittance,
and furthermore improve the display performance of the
liquid crystal display panel.

[0029] Finally, with two specific structural diagrams of
FIGs. 3 to 4, the liquid crystal display panel having the
first supporting portions and the second supporting por-
tions provided in the embodiment of the present invention
will be explained in more detail.

[0030] Withreference to the liquid crystal display panel
shown in FIG. 3, the liquid crystal display panel compris-
es:

[0031] An upper substrate 302, a lower substrate 312,
and a liquid crystal layer 307 sandwiched between the
upper substrate 302 and the lower substrate 312; in FIG.
3, it may also comprise an upper polarizer 301 and a
lower polarizer 313.

[0032] In FIG. 3, on a lower surface of the upper sub-
strate 302, there are provided with a plurality of first sup-
porting portions 321, 322, 323, 324, and 325 parallel to
each other and protruding downwardly, with first upward-
ly-concave grooves being constituted between the adja-
cent first supporting portions. These first supporting por-
tions may be in an elongate strip shape and parallel to
each other. In FIG. 3, the first supporting portions 321,
322, 323, 324, and 325 all have a cross-section in a top-
wide-and-bottom-narrow trapezoidal shape.

[0033] The lower surface of the upper substrate 302
comprising the first supporting portions is formed thereon
sequentially with a first common electrode 304, a first
insulating layer 305 and a first pixel electrode. The first
pixel electrode comprises a plurality of first sub-elec-
trodes parallel to each other, and only the first sub-elec-
trodes 341 and 342 are illustrated in FIG. 3. The first sub-
electrodes may be strip-like electrodes, and the first sub-
electrode 341 is provided below the first supporting por-
tion 322, while the first sub-electrode 342 is provided
below the first supporting portion 324. As it can be seen,
the first sub-electrodes are provided at intervals below
thefirst supporting portions. Preferably, the firstsub-elec-
trodes are provided at intervals directly below the first
supporting portions. Certainly, as another alternative im-
plementation, the first sub-electrodes may also be pro-
vided at intervals below (or directly below) the first
grooves.

[0034] InFIG. 3, onthe upper surface of the lower sub-
strate 312, there are provided with a plurality of second
supporting portions 331, 332, 333, 334, and 335 parallel
to each other and protruding upwardly, and these second
supporting portions may be in an elongate strip shape
and parallel to each other. A second downwardly-con-
cave groove is constituted between the adjacent second
supporting portions. In FIG. 3, the second supporting por-
tions 331, 332, 333, 334, and 335 all have a cross-section
in a bottom-wide-and-top-narrow trapezoidal shape.
[0035] The upper surface of the lower substrate 312
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comprising the second supporting portions is formed
thereon sequentially with a second common electrode
310, a second insulating layer 309 and a second pixel
electrode. The second pixel electrode comprises a plu-
rality of second sub-electrodes parallel to each other, and
only the second sub-electrode 351 and 352 are shown
in FIG. 3. The second sub-electrodes may be strip-like
electrodes, and the second sub-electrodes 351 is pro-
vided above the second supporting portion 332, while
the second sub-electrode 352 is provided above the sec-
ond supporting portion 334. As it can be seen, the second
sub-electrodes are provided at intervals above the sec-
ond supporting portions. Preferably, the second sub-
electrodes are provided at intervals directly above the
second supporting portions. Certainly, as another alter-
native implementation, the second sub-electrodes may
also be provided at intervals above (or directly above)
the second grooves.

[0036] In FIG. 3, the first insulating layer 305 on the
lower surface of the upper substrate 302 may cover on
the first common electrode 304, and the second insulat-
ing layer 309 on the upper surface of the lower substrate
312 may cover on the second common electrode 310. In
one embodiment, the first common electrode 304 and
the first insulating layer 305 are conformally formed on
the upper substrate 302 having the first supporting por-
tions; the second common electrode 310 and the second
insulating layer 309 are conformally formed on the lower
substrate 312 having the second supporting portions.
[0037] InFIG. 3, the first supporting portions 321, 322,
323, 324, and 325 are provided opposite to the second
supporting portions 331, 332, 333, 334, and 335, respec-
tively; that is, the first supporting portions 321, 322, 323,
324,and 325 are provided directly above the second sup-
porting portions 331, 332, 333, 334, and 335, respective-
ly. Inthis case, the first sub-electrode 341 and the second
sub-electrode 351 are provided oppositely, meanwhile,
the first sub-electrode 342 and the second sub-electrode
352 are provided oppositely; that is, the first sub-elec-
trodes 341 and 342 are provided directly above the sec-
ond sub-electrodes 351 and 352, respectively.

[0038] In FIG. 3, the upper and the lower substrates
are adhesively bonded together by sealant, and the em-
ployed polarizer and polarization analyzer are the same
type of polarizer.

[0039] Inthe liquid crystal display panel shown in FIG.
4, the first supporting portions and the second supporting
portions are disposed in a stagger manner, with specific
reference to FIG. 4, and the liquid crystal display panel
comprises:

[0040] An upper substrate 402, a lower substrate 412,
and a liquid crystal layer 407 sandwiched between the
upper substrate 402 and the lower substrate 412; in FIG.
4, it may also comprise an upper polarizer 401 and a
lower polarizer 413.

[0041] InFIG. 4, on a lower surface of the upper sub-
strate 402, there are provided with a plurality of first sup-
porting portions 421, 422, 423, and 424 parallel to each
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other and protruding downwardly, with first upwardly-
concave grooves being constituted between the adjacent
first supporting portions. These first supporting portions
may be in an elongate strip shape and parallel to each
other. In FIG. 4, the first supporting portions 421, 422,
423, and 424 all have a cross-section in a top-wide-and-
bottom-narrow trapezoidal shape.

[0042] The lower surface of the upper substrate 402
comprising the first supporting portions is formed thereon
sequentially with a first common electrode 404, a first
insulating layer 405 and a first pixel electrode. The first
pixel electrode comprises a plurality of first sub-elec-
trodes parallel to each other, and only the first sub-elec-
trodes 441 and 442 are shown in FIG. 4. The first sub-
electrodes may be strip-like electrodes, and the first sub-
electrode 441 is provided below the first grooves, while
the first sub-electrode 442 is provided at aninterval below
another first groove. As it can be seen, the first sub-elec-
trodes are provided at intervals below the first grooves.
Preferably, the first sub-electrodes are provided at inter-
vals directly below the first grooves. Certainly, as another
alternative implementation, the first sub-electrodes may
also be provided at intervals below (or directly below) the
first supporting portions.

[0043] InFIG. 4, on an upper surface of the lower sub-
strate 412, there are provided with a plurality of second
supporting portions 431, 432, 433, and 434 parallel to
each other and protruding upwardly, and these second
supporting portions may be in an elongate strip shape
and parallel to each other. A downwardly-concave sec-
ond groove is constituted between the adjacent second
supporting portions. In FIG. 4, the second supporting por-
tions 431, 432, 433, and 434 all have a cross-section in
a bottom-wide-and-top-narrow trapezoidal shape.
[0044] The upper surface of the lower substrate 412
comprising the second supporting portions is formed
thereon sequentially with a second common electrode
410, a second insulating layer 409 and a second pixel
electrode. The second pixel electrode comprises a plu-
rality of second sub-electrodes parallel to each other, and
only the second sub-electrodes 451 and 452 are shown
in FIG. 4; the second sub-electrodes may be strip-like
electrodes, and the second sub-electrode 451 is provided
above the second supporting portion 432, while the sec-
ond sub-electrode 452 is provided above the second sup-
porting portion 434. As it can be seen, the second sub-
electrodes are provided at intervals above the second
supporting portions. Preferably, the second sub-elec-
trodes are provided at intervals directly above the second
supporting portions. Certainly, as another alternative im-
plementation, the second sub-electrodes may also be
provided at intervals above (or directly above) the second
grooves.

[0045] InFIG. 4, the first supporting portions 421, 422,
423, and 424 are not provided opposite to the second
supporting portions 431, 432, 433, and 434, respectively;
instead, they are provided opposite to the four second
grooves that are constituted by the adjacent two second
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supporting portions among the second supporting por-
tions 431, 432, 433, 434, and 435. In this case, the first
sub-electrode 441 and the second sub-electrode 451 are
provided oppositely, the first sub-electrode 442 and the
second sub-electrode 452 are provided oppositely; that
is, the first sub-electrodes 441 and 442 are provided di-
rectly above the second sub-electrodes 451 and 452,
respectively. In FIG. 4, the first supporting portions 421,
422, 423, and 424 are provided diagonally with respect
to the second supporting portions 431,432,433, and 434.
[0046] The structures showninFIGs. 3 and 4 canmake
the transverse electric field between the pixel electrode
and the common electrode more dense, thereby improv-
ing the display performance of the liquid crystal display
panel.

[0047] Next, with reference to FIGs. 5-7, the figures
respectively illustrate different structures of the support-
ing portions, and for simplicity, only the supporting por-
tions and the pixel electrode are shown. In these figures,
the supporting portions of the upper and the lower sub-
strates are provided symmetrically, and certainly, in this
embodiment, the supporting portions of the upper and
the lower substrates may also be provided diagonally
with respect to each other.

[0048] InFIG.5,the supporting portions 521,522,523,
524 have a cross-section in a rectangular shape, and on
these supporting portions, there are provided at intervals
with sub-electrodes 541, 542 of a pixel electrode (for sim-
plicity, some layer structures such as the common elec-
trode and the insulating layer are not shown in the figure).
[0049] InFIG.6,the supporting portions 621, 622, 623,
624 have a cross-section in a semi-elliptical shape, and
on these supporting portions, there are provided at inter-
vals with sub-electrodes 641, 642 of a pixel electrode (for
simplicity, some layer structures such as the common
electrode and the insulating layer are not shown in the
figure).

[0050] InFIG. 7, the supporting portion 721, 722, 723,
724 have a cross-section in a triangular shape, and on
these supporting portions, there are provided at intervals
with sub-electrodes 741,742 of a pixel electrode (for sim-
plicity, some layer structures such as the common elec-
trode and the insulating layer are not shown in the figure).
[0051] Inthis embodiment, each layer of the upper and
the lower substrates has a uniform layer thickness. Here,
an optional parametric range of individual layer thickness
will be given. The first common electrode and second
common electrode have a thickness in a range of: 300
angstroms to 2500 angstroms; the first insulating layer
and the second insulating layer have a layer thickness
in a range of: 5000 to 10000 angstroms; the first pixel
electrode (comprising the first sub-electrodes) and the
second pixel electrode (comprising the second sub-elec-
trodes) have a layer thickness in a range of: 300 ang-
stroms to 2500 angstroms; the liquid crystal layer have
a layer thickness in a selectable range of: d=5-20 pm
[0052] Finally, withreferenceto FIG. 8, itillustrates pre-
ferred structural parameters that may be employed in the
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embodiment shown in FIG. 3. For simplicity, in FIG. 8,
some layer structures are omitted. FIG. 8 gives a descrip-
tion with the supporting portions in a trapezoidal struc-
ture.

[0053] The base width of the trapezoidal supporting
portions, the spacing between the adjacent trapezoidal
supporting portions, the height of the trapezoidal sup-
porting portions, the inclination angle of the legs of the
trapezoidal supporting portions for the interior surface
(i.e. the lower surface) of the upper substrate, are re-
spectively set equally to the base width of the trapezoidal
supporting portions, the spacing between the adjacent
trapezoidal supporting portions, the height of the trape-
zoidal supporting portions, the inclination angle of the
legs of the trapezoidal supporting portions for the interior
surface (i.e. the upper surface) of the lower substrate.
Here, the "base" refers to the wider one of the upper base
and the lower base in the trapezoidal cross-section of
the trapezoidal supporting portions. The base has a
width, for example, in a range of: w=1-4 um; the spacing
between the adjacent trapezoidal supporting portions is,
for example, in a range of: L=1-6 um; the height of the
trapezoidal supporting portion is, for example, in a range
of: h=0.5-1 um; the inclination angle a of the legs of the
trapezoidal supporting portions is, forexample, inarange
of: 0=40-50°. A thickness of a preferred layer structure
provided by his embodiment is as follows: the thickness
of the blue-phase liquid crystal layer is, for example, in
arange of d=5-20 um. The blue-phase liquid crystal ma-
terial in the blue-phase liquid crystal layer is, forexample,
a blue-phase liquid crystal polymer.

[0054] The above embodiments are used to explain
the technical solutions according to the presentinvention;
however, the presentinvention is not limited to the above-
described specific structures. For example, the words
"upper substrate", "lower substrate", "protruding upward-
ly", and "protruding downwardly" as above-described, all
represent a relative positional relationship. For example,
when the structure according to an embodiment of the
present invention is rotated as a whole in a certain direc-
tion, the above-mentioned words which represent a rel-
ative positional relationship also should be altered cor-
respondingly. Forexample, in the two electrodes on each
substrate, the one close to the substrate is used as a
common electrode, and the one away from the substrate
is used as a pixel electrode. However, it is also possible
that, the electrode close to the substrate is used as the
pixel electrode, while the electrode away from the sub-
strate is used as a common electrode. Further, in the
above description and the drawings, it only illustrates the
case that the strip-like sub-electrodes on the upper sub-
strate and the lower substrate are provided oppositely;
however, the strip-like sub-electrodes on the upper and
the lower substrates may also be in a stagger manner
along the arrangement direction of the strip-like sub-elec-
trodes.

[0055] Based on the above description of the embod-
iments, the embodiments of the present invention can
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provide at least the following structures:

(1). A fringe-field-switching mode liquid crystal dis-
play panel, comprising:

a first substrate and a second substrate facing
each other, and a liquid crystal layer sandwiched
between the first substrate and the second sub-
strate;

afirstlower electrode, a first insulating layer and
a first upper electrode, which are formed se-
quentially on a surface of the first substrate fac-
ing the second substrate; and

a second lower electrode, a second insulating
layer and a second upper electrode, which are
formed sequentially on a surface of the second
substrate facing the first substrate.

(2). The liquid crystal display panel according to (1),
wherein,

thefirst upper electrode comprises a plurality of strip-
like first sub-electrodes parallel to each other and
spaced from each other, and the second upper elec-
trode comprises a plurality of strip-like second sub-
electrodes parallel to each other and spaced from
each other.

(3). The liquid crystal display panel according to (2),
wherein,

the extending direction of the first sub-electrodes on
the first substrate is the same as the extending di-
rection of the second sub-electrodes on the second
substrate.

(4). The liquid crystal display panel according to any
one of (1) - (3), wherein,

the first lower electrode and the second lower elec-
trode are common electrodes; and the first upper
electrode and the second upper electrode are pixel
electrodes.

(5). The liquid crystal display panel according to any
one of (2) - (4), wherein,

on the surface of the first substrate facing the second
substrate, there are provided with a plurality of first
supporting portions parallel to each other and pro-
truding toward the second substrate, with first
grooves being constituted between the adjacent first
supporting portions; and

the first supporting portions are provided between
the first substrate and the first lower electrode.

(6). The liquid crystal display panel according to (5),
wherein,

the first sub-electrodes are provided corresponding
to the first supporting portions; or, the first sub-elec-
trodes are provided corresponding to the first
grooves.

(7). The liquid crystal display panel according to any
one of (2) - (4), wherein,

on the surface of the second substrate facing the
first substrate, there are provided with a plurality of
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second supporting portions parallel to each other
and protruding toward the first substrate, with a sec-
ond groove being constituted between the adjacent
second supporting portions; and

the second supporting portions are provided be-
tween the second substrate and the second lower
electrode.

(8). The liquid crystal display panel according to (7),
wherein,

the second sub-electrodes are provided correspond-
ing to the second supporting portions; or, the second
sub-electrodes are provided corresponding to the
second grooves.

(9). The liquid crystal display panel according to (5)
or (6), wherein,

on the surface of the second substrate facing the
first substrate, there are provided with a plurality of
second supporting portions parallel to each other
and protruding toward the first substrate, with a sec-
ond groove being constituted between the adjacent
second supporting portions; and

the second supporting portions are provided be-
tween the second substrate and the second lower
electrode.

(10). The liquid crystal display panel according to
(9), wherein,

the second sub-electrodes are provided correspond-
ing to the second supporting portions; or, the second
sub-electrodes are provided corresponding to the
second grooves.

(11). The liquid crystal display panel according to (9)
or (10), wherein,

the first supporting portions have a cross-section in
arectangular, trapezoidal, semicircular, triangular or
semi-elliptical shape, and the second supporting
portions have the same cross-sectional shape as the
first supporting portions; and

the second supporting portions are provided oppo-
site to the first supporting portions, or, the second
supporting portions are provided opposite to the first
grooves.

(12). The liquid crystal display panel according to
any one of (1) - (11), wherein, the first lower elec-
trode, the firstinsulating layer, the second lower elec-
trode and the second insulating layer each has a
uniform layer thickness.

(13). The liquid crystal display panel according to
any one of (1) - (12), wherein,

the first insulating layer and the second insulating
layerhave alayerthicknessinarange of 5000-10000
angstroms;

the first upper electrode and the second upper elec-
trode have a layer thickness in a range of 300-2500
angstroms;

the liquid crystal layer has a layer thickness in a
range of 5-20 microns.

(14). The liquid crystal display panel according to
any one of (1) - (13), further comprising:

10

15

20

25

30

35

40

45

50

55

a first polarizer provided on the first substrate; and
a second polarizer provided on the second substrate.
(15). The liquid crystal display panel according to
any one of (1) - (14), wherein, the material of the
liquid crystal layer is a blue-phase liquid crystal pol-
ymer.

Claims

A fringe-field-switching mode liquid crystal display
panel, comprising:

a first substrate and a second substrate facing
each other, and a liquid crystal layer sandwiched
between the first substrate and the second sub-
strate;

afirstlower electrode, a first insulating layer and
a first upper electrode, which are formed se-
quentially on a surface of the first substrate fac-
ing the second substrate; and

a second lower electrode, a second insulating
layer and a second upper electrode, which are
formed sequentially on a surface of the second
substrate facing the first substrate.

The liquid crystal display panel according to Claim
1, wherein,

thefirst upper electrode comprises a plurality of strip-
like first sub-electrodes parallel to each other and
spaced from each other, and the second upper elec-
trode comprises a plurality of strip-like second sub-
electrodes parallel to each other and spaced from
each other.

The liquid crystal display panel according to Claim
2, wherein,

the extending direction of the first sub-electrodes on
the first substrate is the same as the extending di-
rection of the second sub-electrodes on the second
substrate.

The liquid crystal display panel according to any one
of Claims 1-3, wherein,

the first lower electrode and the second lower elec-
trode are common electrodes, and the first upper
electrode and the second upper electrode are pixel
electrodes.

The liquid crystal display panel according to any one
of Claims 2-4, wherein,

on the surface of the first substrate facing the second
substrate, there are provided with a plurality of first
supporting portions parallel to each other and pro-
truding toward the second substrate, with first
grooves being constituted between the adjacent first
supporting portions; and

the first supporting portions are provided between
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the first substrate and the first lower electrode.

The liquid crystal display panel according to Claim
5, wherein,

the first sub-electrodes are provided corresponding
to the first supporting portions; or, the first sub-elec-
trodes are provided corresponding to the first
grooves.

The liquid crystal display panel according to any one
of Claims 2-4, wherein,

on the surface of the second substrate facing the
first substrate, there are provided with a plurality of
second supporting portions parallel to each other
and protruding toward the first substrate, with a sec-
ond groove being constituted between the adjacent
second supporting portions; and

the second supporting portions are provided be-
tween the second substrate and the second lower
electrode.

The liquid crystal display panel according to Claim
7, wherein,

the second sub-electrodes are provided correspond-
ing to the second supporting portions; or, the second
sub-electrodes are provided corresponding to the
second grooves.

The liquid crystal display panel according to Claim
5 or 6, wherein,

on the surface of the second substrate facing the
first substrate, there are provided with a plurality of
second supporting portions parallel to each other
and protruding toward the first substrate, with a sec-
ond groove being constituted between the adjacent
second supporting portions; and

the second supporting portions are provided be-
tween the second substrate and the second lower
electrode.

The liquid crystal display panel according to Claim
9, wherein,

the second sub-electrodes are provided correspond-
ing to the second supporting portions; or, the second
sub-electrodes are provided corresponding to the
second grooves.

The liquid crystal display panel according to Claim
9 or 10, wherein,

the first supporting portions have a cross-section in
arectangular, trapezoidal, semicircular, triangular or
semi-elliptical shape, and the second supporting
portions have the same cross-sectional shape as the
first supporting portions; and

the second supporting portions are provided oppo-
site to the first supporting portions, or, the second
supporting portions are provided opposite to the first
grooves.

10

15

20

25

30

35

40

45

50

55

12.

13.

14.

15.

The liquid crystal display panel according to any one
of Claims 1-1l, wherein, the first lower electrode, the
first insulating layer, the second lower electrode and
the second insulating layer each has a uniform layer
thickness.

The liquid crystal display panel according to any one
of Claims 1-12, wherein,

the first insulating layer and the second insulating
layer have alayer thicknessin a range of 5000-10000
angstroms;

the first upper electrode and the second upper elec-
trode have a layer thickness in a range of 300-2500
angstroms;

the liquid crystal layer has a layer thickness in a
range of 5-20 microns.

The liquid crystal display panel according to any one
of Claims 1-13, further comprising:

a first polarizer provided on the first substrate;
and

a second polarizer provided on the second sub-
strate.

The liquid crystal display panel according to any one
of Claims 1-14, wherein, the material of the liquid
crystal layer is a blue-phase liquid crystal polymer.
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