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7) ABSTRACT

The invention provides a display substrate and a display
device, and can solve the problems that, in the existing display
technology, the driving voltage required for driving the blue-
phase liquid crystal is higher, and there is large difficulty for
manufacturing the wall-like electrodes and poor feasibility of
process if the wall-like electrodes are used for driving. A
display substrate of the invention comprises a base, and a first
electrode and a second electrode arranged on the base, the
first electrode having a closed ring shape, the second elec-
trode being arranged in the ring shape of the first electrode,
and a height of the second electrode being larger than that of
the first electrode. A display device of the invention com-
prises the above display substrate, a first substrate opposite to
the display substrate, and a blue-phase liquid crystal layer
between the first substrate and the display substrate.
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DISPLAY SUBSTRATE AND DISPLAY
DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates to the field of display
technology, and particularly to a display substrate and a dis-
play device.

BACKGROUND OF THE INVENTION

[0002] Liquid crystal display device is widely used for its
perfect characteristics. Its working principle is as follows.
Liquid crystal molecules are placed between two substrates,
and different electrical fields are applied at different locations
of the substrates so that the liquid crystal molecules are
rotated differently so as to control light from backlight to
deflect in different manners, which leads to different lumi-
nance of the emitted light, and thus image display is achieved.
[0003] Liquid crystal molecule as a display material is
closely related to display quality of the liquid crystal display
device. Blue phase (BP) is a phase state of liquid crystal
having special properties, within a narrow temperature range
(about 0.5 to 2 centigrade) between cholesteric phase and
isotropic phase, and the phase state is stable. Because liquid
crystal in this phase state usually appears blue, this phase state
of liquid crystal is called blue phase. Blue-phase liquid crys-
tal, as a promising liquid crystal display material, has the
following advantages: (1) quick response speed (less than 1
ms), which makes field sequential color display possible; (2)
capable of implementing display by directly using electric-
field-induced birefringence principle (i.e., Kerr effect) with-
outusing aalignment layer; (3) good isotropy of liquid crystal
when powered off, no light leakage in dark state, and good
visual angle.

[0004] Inadisplay device ofthe prior art, blue-phase liquid
crystal is usually driven by transverse electric field. In this
case, common electrodes and pixel electrodes are typically
arranged in two manners. In the first arrangement manner, as
shown in FIG. 1, common electrodes 3 and pixel electrodes 4
are only arranged on a lower substrate 101. In the second
arrangement manner, as shown in FIG. 2, in a case that the
common electrodes 3 and the pixel electrodes 4 are arranged
on the lower substrate 101, the common electrodes 3 and the
pixel electrodes 4 are also arranged on an upper substrate 102,
and positions of the same type of electrodes on the two sub-
strates are opposite to each other. In the above two manners
for arranging the electrodes, the common electrodes 3 and the
pixel electrodes 4 each are of bar shape, their numbers are
more than one respectively, and they are arranged alternately
and in parallel with each other. Electric field intensity of the
transverse electric field for driving liquid crystal generated by
the two types of electrodes as arranged in either of the above
two manners is relatively weak, thus only liquid crystal mol-
ecules which are located near the pixel electrodes 4 and the
common electrodes 3 in a same plane are driven to stretch to
exhibit anisotropy, while it is difficult to obtain a relative
uniform horizontal electric field in a large thickness range of
liquid crystal cell. Thus, higher driving voltage is necessary.
[0005] In the prior art, there is also disclosed a display
device in which blue-phase liquid crystal is driven by using
wall-like electrodes to generate transverse electric field. As
shown in FIGS. 3 and 4, wall-like electrodes are arranged on
the upper substrate 102 and the lower substrate 101, com-
prises the common electrodes 3 and the pixel electrodes 4,
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and has surfaces with wrinkles. Height of a wall-like elec-
trode is larger than that of a normal electrode, which can
achieve a relative uniform horizontal electric field in the large
range of thickness of liquid crystal cell. In addition, the
wrinkles can further enhance the electric field intensity,
which decreases required driving voltage for blue-phase lig-
uid crystal.

[0006] The inventor has found that at least following prob-
lems exist in the prior art: for the current driving manners for
blue-phase liquid crystal, on one hand, higher driving voltage
is needed when using a manner of normal transverse electric
field; on the other hand, when using the wall-like electrodes to
drive, since the wall-like electrodes have complex shapes, it is
difficult to manufacture, and feasibility of process is poor.

SUMMARY OF THE INVENTION

[0007] The technical problems to be solved by the present
invention includes: in the existing display technology, the
driving voltage required for driving the blue-phase liquid
crystal is higher, and there is large difficulty for manufactur-
ing the wall-like electrodes and poor feasibility of process if
the wall-like electrodes are used for driving. In view of the
above problems, the present invention provides a display
substrate and a display device, which can decrease the driving
voltage for blue-phase liquid crystal, and simpler fabricating
process is required.

[0008] A technical solution used for solving the above tech-
nical problems is a display substrate comprising a base, and at
least one first electrode and at least one second electrode
arranged on the base, wherein, the first electrode has a closed
ring shape in a top view, the second electrode is arranged
within the ring shape of the first electrode, and a height of the
second electrode is larger than that of the first electrode.
[0009] Preferably, the closed ring shape is circular shape,
oval shape, or rectangular shape.

[0010] Preferably, number of the second electrode disposed
within the ring shape of each first electrode is 1.

[0011] Preferably, a central axis in a direction of the height
of the second electrode is vertical to the base, and is located at
the center of the ring shape.

[0012] Preferably, the second electrode has a pillar shape.
[0013] Preferably, the first electrode is a common elec-
trode, and the second electrode is a pixel electrode; or the first
electrode is a pixel electrode, and the second electrode is a
common electrode.

[0014] When powered on, the first electrode and the second
electrode of the display substrate of the present invention can
generate a transverse electric field with larger electrical field
intensity and larger range, and thus lower driving voltage is
needed for driving liquid crystal in the display substrate of the
invention. In addition, the electrodes in the present invention
have simple structure and good feasibility of process.

[0015] A technical solution for solving the above technical
problems is a display device comprising a first substrate and
a blue-phase liquid crystal layer, and further comprising the
above display substrate, the first substrate being arranged
opposite to the display substrate, and the blue-phase liquid
crystal layer being arranged between the first substrate and
the display substrate.

[0016] Preferably, a third electrode is arranged on a side of
the first substrate near the display substrate, the third elec-
trode is arranged opposite to the first electrode, and both the
third electrode and the first electrode are pixel electrodes or
common electrodes.
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[0017] Preferably, the height of the second electrode is less
than or equal to vertical distance between the first substrate
and the display substrate.

[0018] Preferably, the display device further comprises a
first circular polarizer arranged on a side of the first substrate
away from the display substrate; and a second circular polar-
izer arranged on a side of the display substrate away from the
first substrate.

[0019] Since the display device of the present invention
comprises the above display substrate, display quality of the
display device is further improved, fabricating procedure is
simplified, and fabricating cost is further decreased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a schematic diagram of structure of a
display device in the prior art in which blue-phase liquid
crystal is driven by transverse electric field;

[0021] FIG.2isaschematic diagram of structure of another
display device in the prior art in which blue-phase liquid
crystal is driven by transverse electric field;

[0022] FIG. 3 is a schematic diagram of structure of a
display device in the prior art in which blue-phase liquid
crystal is driven by transverse electric field generated by
wall-like electrodes;

[0023] FIG.4isaschematic diagram of structure of another
display device in the prior art in which blue-phase liquid
crystal is driven by transverse electric field generated by
wall-like electrodes;

[0024] FIG. 5 is a schematic diagram of structure of a
display substrate according to an embodiment of the present
invention;

[0025] FIG. 6 is a schematic diagram of structure of a
display device according to the embodiment of the present
invention;

[0026] FIG. 7 is a schematic top view of electrodes in the
display device according to the embodiment of the present
invention and deflection of liquid crystal under the influence
of an electric field;

[0027] FIG. 8 is a schematic diagram of optical path of the
display device according to the embodiment of the present
invention; and

[0028] FIG. 9 is a schematic comparison diagram of V-T
curves obtained by driving blue-phase liquid crystal using
electrodes in an IPS mode of the prior art and electrodes in the
display device according to the embodiment of the present
invention respectively.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0029] 1In order that a person skilled in the art may fully
understand the technical solutions of the invention, the inven-
tion will be described below in detail in conjunction with the
accompanying drawings as well as specific embodiments.

[0030] As shown in FIGS. § and 7, a display substrate
according to an embodiment of the present invention com-
prises a base 8, and a first electrode 5 and a second electrode
6 arranged on the base 8. Although only one first electrode 5
and one second electrode 6 are illustrated on the base 8 in
FIGS. 5 to 7, it can be understood that it is a schematic
example for convenience. In other embodiments, a plurality
of first electrodes and second electrodes can be provided on
the base of the display substrate. In the top view, the first
electrode 5 has a closed ring shape (see FIG. 7), and in a

Jan. 28,2016

stereogram, the first electrode 5 has a shape of a hollow pillar
with small height. The second electrode 6 is arranged within
the ring shape ofthe first electrode 5, i.e., is surrounded by the
hollow pillar. Height of the second electrode 6 is larger than
that of the first electrode 5. The heights of the first electrode 5
and the second electrode 6 determine distribution of electric
field when electric power is supplied. In practical applica-
tions, the heights of the electrodes may be adjusted according
to specific situations to generate required electric field. It can
be understood that, “height” of an electrode as mentioned
here means the length of the electrode in a direction vertical to
a plane in which the base 8 is located, i.e., the length of the
electrode in thickness direction ofa liquid crystal cell after the
liquid crystal cell is formed using the display substrate 2.
[0031] Compared with the prior art, transverse electric field
generated by the firstelectrode 5 and the second electrode 6 of
the display substrate of the present invention when electric
power is supplied thereto has stronger intensity and larger
range, so that lower driving voltage is required by the display
device of the present invention for driving liquid crystal. In
addition, the electrodes in the display substrate of the present
invention have simple electrode structure and good feasibility
of process.

[0032] Preferably, the closed ring shape of the first elec-
trode 5 is rectangular shape. In the embodiment shown in
FIG. 7, the shape of the first electrode 5 is illustrated as a
square; however, the shape of the first electrode 5 is not
limited to this. The planar shape of the first electrode 5 may be
any suitable shape, for example, a circle. In the present inven-
tion, the ring shape means a pattern with closed circumfer-
ence. Such ring shape may be above-mentioned circle, oval,
rectangle or square. In addition, outer profile and inner profile
of the first electrode 5 in the top view are preferably two
concentric pattern with same shapes but different sizes, such
as two squares having different side lengths or two circles
having different radiuses, so as to generate an electric field
with good symmetry; however, the outer profile and the inner
profile may be different patterns, or there may be slight devia-
tion between their centers.

[0033] Further preferably, central axis of the second elec-
trode 6 in the height direction is vertical to the base, and
located at the center of the ring shape of the first electrode 5,
that is, the second electrode 6 is arranged at intersection point
of the two diagonals of the small square shown in FIG. 7. In
this way, when electric power is supplied, the electric field
generated by the quadrate first electrode 5 and the pillared
second electrode 6 has a centrally symmetrical distribution
with the pillared second electrode 6 as a center.

[0034] Preferably, the second electrode 6 has a pillar shape.
It can be understood that, the shape of the second electrode 6
may be considered as a pillar as long as the height of the
second electrode 6 is larger than the distance between two
most remote points on its cross sections. Shape of a cross
section of the second electrode may be circle, rectangle, or
hexagon or other shape, but preferably circle.

[0035] Next, fabricating process of the second electrode 6
will be described by an example in which the cross section of
the second electrode 6 is a circle. Material of the second
electrode 6 is Indium Tin Oxide (ITO), metal, or photoresist.
When the second electrode 6 is made of photoresist material,
at first, a cylindrical structure is formed by photolithography
process, and then conductive material is applied on circum-
ference surface of the cylindrical structure to form the second
electrode 6. During the photolithography process, different
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amounts of exposure at two ends of the cylindrical structure
may bring a result that one end of the second electrode 6 is
thinner while the other end is thicker. When the second elec-
trode 6 is made of Indium Tin Oxide (ITO) or metal, the case
that one end of the second electrode 6 is thinner while the
other end is thicker may also occur due to process reasons.
Obviously, if the two ends of the second electrode 6 have the
same thickness as the process is improved, the electric field
generated when electric power is supplied may be more sym-
metric.

[0036] Preferably, one second electrode 6 is arranged in
each first electrode 5. The electric field generated by one first
electrode 5 and one second electrode 6 when electric power is
supplied is symmetrically distributed with the second elec-
trode 6 as the center and is uniform. However, the object of the
invention may also be achieved in a case that two or more
(e.g., two) second electrodes 6 are arranged within the ring
shape of each first electrode 5, though display quality of the
display device may be degraded to some degree.

[0037] Preferably, the first electrode 5 is a common elec-
trode, and the second electrode 6 is a pixel electrode; or the
first electrode 5 is a pixel electrode, and the second electrode
6 is a common electrode. That is, the object of the invention
may also be achieved even when the electrode types of the
first electrode 5 and the second electrode 6 are interchanged.
[0038] AsshowninFIGS. 6109, adisplay device according
to an embodiment of the present invention comprises the
display substrate 2 according to the embodiment of the
present invention, a first substrate 9 opposite to the display
substrate 2, and a blue-phase liquid crystal layer arranged
between the first substrate 9 and the display substrate 2.
[0039] Preferably, a third electrode 7 is arranged on a side
of the first substrate 9 near the display substrate 2, opposite to
the first electrode 5, and has the same type as the first elec-
trode 5.

[0040] That isto say, a third electrode 7 which has the same
pattern as the first electrode 5 is formed on the first substrate
9, and is the same type as the first electrode 5 (for example,
they are both pixel electrode, or both common electrode). In
this way, an electric field may also be generated between the
third electrode 7 and the second electrode 6, and thus driving
effect is improved.

[0041] Preferably, height of the second electrode 6 is less
than or equal to a vertical distance between the first substrate
9 and the display substrate 2. However, it is most preferably
that the height of the second electrode 6 is equal to the vertical
distance between the first substrate 9 and the display substrate
2.

[0042] That is to say, when the second electrode 6 “reaches
to” the surface of the first substrate 6, as shown in F1G. 6, an
electric field generated by the first electrode 5, the second
electrode 6 and the third electrode 7 when electric power is
supplied may be more uniform.

[0043] Preferably, the display device of this embodiment
further comprises:

[0044] afirstcircular polarizer arranged on a side of the first
substrate 9 away from the display substrate 2; and

[0045] asecond circular polarizer arranged on a side of the
display substrate 2 away from the first substrate 9.

[0046] The circular polarizer is an optical element consists
of a linear polarizer and a quarter-wave retardation plate. It
transforms incident natural light into circularly polarized
light which travels along optical axis and changes its direction

Jan. 28,2016

spirally. In addition, the circular polarizer has characteristics
of high thermal resistance, reusability, and long life.

[0047] Specifically, as shown in FIG. 8, the first circular
polarizer consists of a first linear polarizer 11 and a first
quarter-wave retardation plate 12, and the second circular
polarizer consists of a second linear polarizer 13 and a second
quarter-wave retardation plate 14. Optical path of incident
light passing through the first circular polarizer and the sec-
ond circular polarizer is as follows. The incident light
becomes 0° linear polarized light after passing through the
first linear polarizer 11 (e.g., polarized direction is 0°, i.e., is
in the horizontal direction). The linear polarized light
becomes right polarized light after passing through the first
quarter-wave retardation plate 12 which is arranged at an
angle 0f45° withrespect to the polarizing direction of the first
linear polarizer 11.

[0048] If electric power is not supplied, the blue-phase
liquid crystal molecules 10 are isotropic, thus polarization
state of the right polarized light will not be changed when the
right polarized light passes through the blue-phase liquid
crystal layer, and then will become 0° linear polarized light
when it passes through the second quarter-wave retardation
plate which is arranged at an angle of 135° with respect to the
polarizing direction of the first linear polarizer 11. This 0°
linear polarized light is blocked by the second linear polarizer
13 which is arranged at an angle of 90° with respect to the
polarizing direction of the first linear polarizer 11. Thus the
display device is in a dark state.

[0049] Asshown in FIG. 7, when electric power is supplied,
the blue-phase liquid crystal molecules 10 are stretched due
to its anisotropy appearing under the influence of an electric
field. Because the electric field is symmetrically distributed
with the second electrode 6 as a center, the blue-phase liquid
crystal molecules 10 are distributed as a flower, so that the
blue-phase liquid crystal molecules in various azimuth angles
has a same optical delay. Value of the optical delay is a
product of An and thickness d of the liquid crystal cell, i.e.,
And. According to Kerr effect, An=AKE?, wherein A is wave-
length of incident light, K is Kerr constant, and E is electric
field intensity at corresponding position. When And=A/2, the
above right polarized light becomes left polarized light, and
then becomes 90° linear polarized light after passing through
the second quarter-wave retardation plate which is arranged
at an angle of 135° with respect to the polarizing direction of
the first linear polarizer 11. This 90° linear polarized light can
pass through the second linear polarizer which is arranged at
an angle of 90° with respect to the polarizing direction of the
first linear polarizer 11. Thus the display device is in bright
state.

[0050] FIG. 9 is a schematic comparison diagram of V-T
curves obtained by driving blue-phase liquid crystal using
electrodes in an IPS (InPlane Switching) mode of the prior art
and the electrodes in the display device according to the
embodiment of the present invention respectively, in which V
is indicative of scan voltage, and T is indicative of optical
transmittance. This graph is obtained by simulation using
TECHWIZ software.

[0051] It is assumed that wavelength of the incident light
2=550 nm, maximum birefringence is 0.2, Kerr coefficient
K=12.6 nm/V"2 (V is indicative of voltage), the thickness of
the liquid crystal cell is 10 um, and voltage on the common
electrode Vecom=0. In addition, voltage on the pixel electrode
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Vpix is set as the scan voltage, and, in a range of 0 to 25V, is
increased by 0.5V every 1 second from OV until it reaches to
25V.

[0052] Referring to FIG. 9, in a case that the blue-phase
liquid crystal is driven by the electrodes in the embodiment of
the invention, V-T curve obtained is L1. According to the
curve L1, when the scan voltage is 20V, the value of the
optical transmittance arrives at its saturation value. In a case
that the blue-phase liquid crystal is driven by the electrodes in
IPS mode in the prior art, V-T curve obtained is L2. According
to the curve .2, even when the scan voltage is 25V, the value
of the optical transmittance does not arrive at its saturation
value, and is far below the value of the optical transmittance
in the case that the blue-phase liquid crystal is driven by the
electrodes in the embodiment of the invention using the same
voltage.

[0053] Thedisplay device of the embodiment of the present
invention comprises the above display substrate 2, wherein,
when incident light passes through the circular polarizer, all
the anisotropic blue-phase liquid crystal molecules 10 con-
tributes to changes of polarization state of the incident light.
Thus, utilization ratio of the liquid crystal is high, driving
voltage is reduced, and display quality of the display device is
further improved; in addition, fabricating process is simpli-
fied, and fabricating cost of the display device is reduced.
[0054] It should be noted that, in the display device of the
present embodiment, the first electrode 5 and the second
electrode 6 are both arranged on the display substrate. Obvi-
ously, the first electrode 5 may be arranged on a side of the
display substrate 2 near the first substrate 9, while the second
electrode 6 may be arranged on a side of the first substrate 9
near the display substrate 2. Such arrangement can also
achieve the object of the invention, and details will not be
described here.

[0055] The display device of the present invention may be
any product or component having display function, such as
liquid crystal display device, mobile telephone, tablet com-
puter, television, notebook PC, digital album, navigator, and
S0 on.

[0056] Itcanbeunderstood thatthe above embodiments are
only exemplary embodiments for illustrating the principle of
the present invention; however, the present invention is not
limited thereto. As for a person skilled in the art, various
variations and improvements can be made without departing
from the spirit and essence of the present invention, and these
variations and improvements should be considered to be
fallen within the protection scope of the present invention.

1. A display substrate, comprising a base, and at least one
first electrode and at least one second electrode arranged on
the base, wherein the first electrode has a closed ring shape in
a top view, the second electrode is arranged within the ring
shape of the first electrode, and a height of the second elec-
trode is larger than that of the first electrode.

2. The display substrate of claim 1, wherein the closed ring
shape is a circular shape, an oval shape, or a rectangular
shape.

3. The display substrate of claim 1, wherein the number of
the second electrode disposed within the ring shape of each
first electrode is 1.
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4. The display substrate of claim 3, wherein a central axis
in a direction of the height of the second electrode is vertical
to the base, and is located at the center of the ring shape.

5-10. (canceled)

11. The display substrate of claim 1, wherein the second
electrode has a pillar shape.

12. The display substrate of claim 2, wherein the second
electrode has a pillar shape.

13. The display substrate of claim 3, wherein the second
electrode has a pillar shape.

14. The display substrate of claim 4, wherein the second
electrode has a pillar shape.

15. The display substrate of claim 1, wherein

the first electrode is a common electrode, and the second

electrode is a pixel electrode; or

the first electrode is a pixel electrode, and the second elec-

trode is a common electrode.

16. A display device, comprising a first substrate and a
blue-phase liquid crystal layer, wherein the display device
further comprises the display substrate of claim 1, the first
substrate being arranged opposite to the display substrate, and
the blue-phase liquid crystal layer being arranged between
the first substrate and the display substrate.

17. The display device of claim 16, wherein the closed ring
shape is a circular shape, an oval shape, or a rectangular
shape.

18. The display device of claim 16, wherein the number of
the second electrode disposed within the ring shape of each
first electrode is 1.

19. The display device of claim 18, wherein a central axis
in a direction of the height of the second electrode is vertical
to the base, and is located at the center of the ring shape.

20. The display device of claim 16, wherein the second
electrode has a pillar shape.

21. The display device of claim 17, wherein the second
electrode has a pillar shape.

22. The display device of claim 18, wherein the second
electrode has a pillar shape.

23. The display device of claim 16, wherein

the first electrode is a common electrode, and the second

electrode is a pixel electrode; or

the first electrode is a pixel electrode, and the second elec-

trode is a common electrode.

24. The display device of claim 16, wherein a third elec-
trode is arranged on a side of the first substrate near the
display substrate, the third electrode being opposite to the first
electrode, and both the third electrode and the first electrode
are pixel electrodes or common electrodes.

25. The display device of claim 24, wherein the height of
the second electrode is less than or equal to vertical distance
between the first substrate and the display substrate.

26. The display device of claim 10, wherein the display
device further comprises:

a first circular polarizer arranged on a side of the first

substrate away from the display substrate; and
asecond circular polarizer arranged on a side of the display
substrate away from the first substrate.
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