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(57) ABSTRACT

According to embodiments the invention, there are provided
a pixel unit, an array substrate and a liquid crystal display
device. The pixel unit comprises: a first electrode, an insulat-
ing layer located on the first electrode, and a second electrode
located on the insulating layer. The first electrode includes a
plurality of first electrode strips which are parallel to each
other and are spaced at an interval, the second electrode
includes a plurality of second electrode strips which are par-
allel to each other and are spaced at an interval; and an angle
between the first electrode strips and the second electrode
strips located above the first electrode strips is larger than 0
degree and smaller than or equal to 90 degrees.
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PIXEL UNIT, ARRAY SUBSTRATE AND
LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to a
pixel unit, an array substrate and a liquid crystal display
device.

BACKGROUND

[0002] Liquid crystal display (LCD) devices have become
the most important type of flat panel display devices at
present. The display of a liquid crystal display device is based
on pixels (or sub-pixels). A pixel electrode and a common
electrode are included in each pixel, and an electric field can
be generated between these two electrodes to drive liquid
crystals corresponding to the pixel to be twisted. Thus, the
amount of light transmitted through the pixel is changed, so
that required content is displayed on the liquid crystal display
device as a whole.

[0003] Advanced super dimension switch (ADS) mode lig-
uid crystal display devices belong to a kind of liquid crystal
display device, in which, a multi-dimensional electric field is
formed by an electric field produced at edges of slit electrodes
on a same plane and an electric field produced between the
layer of the slit electrodes and the layer of a plate-like elec-
trode, so as to allow liquid crystal molecules at all orientation
within a liquid crystal cell, which are located directly above
the electrode and between the slit electrodes, to be rotated,
and thereby work efficiency of liquid crystals can be
enhanced and transmissive efficiency is increased. The
advanced super dimension switch technology can improve
the picture quality of TFT-LCD (Thin Film Transistor-Liquid
Crystal Display) products, and has advantages such as high
resolution, high transmittance, low power consumption, wide
viewing angles, high aperture ratio, low chromatic aberration,
push Mura-free, etc.

[0004] FIG. 1 is a top view showing one pixel unit of an
array substrate of an existing ADS mode liquid crystal display
device. FIG. 2 is a schematic view showing a cross-section of
the one pixel unit of the array substrate of the existing ADS
mode liquid crystal display device taken along line A-A'.

[0005] As shown in FIG. 2, a common electrode 2 in the
shapeofaplate is located onan array substrate 9, the common
electrode 2 is covered by an insulating layer 7 (for example a
silicon dioxide layer), and on the insulating layer 7 there is
provided a pixel electrode 1. The pixel electrode 1 includes a
plurality of pixel electrode strips 11 which are spaced at an
interval. When voltage difference is applied across the pixel
electrode 1 and the common electrode 2, a multi-dimensional
electric field that can acts to drive liquid crystals to rotate can
be generated between the pixel electrode strips 11 and the
common electrode 2.

[0006] As shown in FIG. 1, in order to reduce color devia-
tion, the pixel electrode strips 11 of the pixel electrode 1 in
one pixel unit which has the profile of one rectangle can be
divided into two groups as a whole, which groups are respec-
tively located in the upper part and in the lower part as shown
in FIG. 1. The pixel electrode strips 11 in each group are
parallel to each other, while the extension lines of the two
groups of the pixel electrode strips 11 cross each other at a
certain angle, which design is also referred to as “a tapered
electrode”. Certainly, in a complete pixel unit, a thin film
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transistor and other structures should also be included, and
they will not be described here for the purpose of simplicity.
[0007] In the ADS mode liquid crystal display device,
because the common electrode 2 and the pixel electrode 1 are
apart from each other at a short distance and have a large
opposing area therebetween, the pixel unit has overlarge stor-
age capacitance (Cst). Storage capacitance is a feature nec-
essary for performing liquid crystal display, and is useful for
maintaining the electric field in the pixel unit when a voltage
is not applied to the pixel electrode, so that display pictures
can become stable. However, if storage capacitance is over-
large, then on one hand, it will lead to slow charging of a
storage capacitor, thereby resulting in a display error along
the line of A gate line (H-block, horizontal block), and on the
other hand, it will lead to slow discharging of the storage
capacitor, and afterimage phenomenon occurs (Line-IS, line
afterimage). When the display device has a relatively high
refresh frequency, these issues become more serious. Gener-
ally, as to some certain picture for detection, overlarge storage
capacitance is manifested with pictures of being greenish.
[0008] The pixel units of the existing advanced super
dimension switch mode liquid crystal display devices suffer
from such problems that the storage capacitance is overlarge
or unstable, and the requirement on production precision is
high.

SUMMARY

[0009] In an aspect of the invention, there is provided a
pixel unit, comprising: a first electrode, an insulating layer
located on the first electrode, and a second electrode located
on the insulating layer; the first electrode includes a plurality
of first electrode strips which are parallel to each other and are
spaced at an interval, the second electrode includes a plurality
of second electrode strips which are parallel to each other and
are spaced at an interval, and the angle between the first
electrode strips and the second electrode strips located above
the first electrode strips is larger than 0 degree and smaller
than or equal to 90 degrees.

[0010] As to the pixel unit, for example, the angle between
the first electrode strips and the second electrode strips
located above the first electrode strips is larger than 10
degrees and smaller than or equal to 90 degrees.

[0011] As to the pixel unit, for example, the first electrode
is a common electrode, and the second electrode is a pixel
electrode.

[0012] For example, widths of all the first electrode strips
are equal.
[0013] For example, intervals between adjacent first elec-

trode strips among the first electrode strips are equal.

[0014] As to the pixel unit, for example, among the first
electrode strips, a sum of a width of one first electrode strip
and an interval of the one first electrode to an adjacent first
electrode strip ranges between 5 um and 7 um.

[0015] As to the pixel unit, for example, the first electrode
is a pixel electrode, and the second electrode is a common
electrode.

[0016] For example, widths of all the second electrode
strips are equal.
[0017] For example, intervals between adjacent second

electrode strips among the second electrode strips are equal.
[0018] As to the pixel unit, for example, among the second
electrode strips, a sum of'a width of one second electrode strip
and an interval of the one second electrode to an adjacent
second electrode strip ranges between 5 um and 10 um.
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[0019] As to the pixel unit, for example, the plurality of first
electrode strips are divided into two groups, which are located
on two sides of a central line of the pixel unit, respectively,
and are symmetric to each other.

[0020] As to the pixel unit, for example, the plurality of
second electrode strips are divided into two groups, which are
located on two sides of a central line of the pixel unit, respec-
tively, and are symmetric to each other.

[0021] In another aspect of the invention, there is provided
an array substrate, comprising any one of the above-men-
tioned pixel unit.

[0022] Instill another aspect of the invention, there is pro-
vided a liquid crystal display device, comprising the above
array substrate.

[0023] In view of the above array substrate, as the liquid
crystal display device includes the above array substrate,
storage capacitance is low and stable, and the requirement on
production precision is not high.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a schematically top view showing the
structure of an existing pixel unit;

[0025] FIG. 2 is a structurally schematic view showing a
cross-section of the pixel unitin FIG. 1 along the line of A-A";
[0026] FIG.3isaschematically cross-sectional view show-
ing the structure of a pixel unit;

[0027] FIG. 4 is a schematically top view showing a partial
structure of a pixel unit according to Embodiment 2 of the
invention;

[0028] FIG. 5 is a structurally schematic view showing a
cross-section of the pixel unit in FIG. 4 along the line of A-A";
[0029] FIG. 6 is schematically top view showing a partial
structure of another pixel unit according to Embodiment 2 of
the invention; and

[0030] FIG.7isaschematically cross-sectional view show-
ing a liquid crystal display device provided by an embodi-
ment of the invention.

REFERENCE NUMERALS

[0031] 1: pixel electrode; 11: pixel electrode strip; 2:
common electrode;

[0032] 21:common electrode strip; 7: insulating layer; 9:
array substrate.

DETAILED DESCRIPTION

[0033] In order to make the technical solutions of the
present invention be understood better by those skilled in the
art, hereinafter, the invention will be described in detail in
combination with accompanied drawings and specific
embodiments.

[0034] Unless otherwise defined, the technical or scientific
terminology used herein should have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. “First”, “second” and the like
used in specification and claims of the patent application of
the invention do not show any order, number or importance,
but are only used to distinguish different constituent parts.
Likewise, the wording such as “a,” “an,” “the” or the like does
notindicate limitation in number, but specifies the presence of
at least one. The term such as “comprises,” “comprising,”
“includes,” “including™, “contains” or the like means that an
element or article ahead of this term encompasses element(s)

or article(s) listed behind this term and its (their) equivalents,
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but does not preclude the presence of other elements or
articles. The term such as “connection,” “connected,” or the
like is not limited to physical or mechanical connection, but
can include electrical connection, whether directly or indi-
rectly. “Upper,” “lower,” “left,” “right” or the like is only used
to describe a relative positional relationship, and when an
absolute position of the described object is changed, the rela-
tive positional relationship might also be changed accord-
ingly.

[0035] FIG. 3is aschematically cross-sectional view show-
ing a pixel unit of an array substrate of an ADS mode liquid
crystal display device.

[0036] AsshowninFIG. 3, for solving the problem that the
storage capacitance is overlarge, in the pixel unit of the ADS
mode liquid crystal display device shown in FIG. 3, the com-
mon electrode 2 also comprises a plurality of common elec-
trode strips 21 which are spaced at an interval. The common
electrode strips 21 are parallel to the corresponding pixel
electrode strips 11 (in other words, the pixel electrode strips
11 located above them), and distributed immediately at the
gaps of the pixel electrode strips 11. With this design, storage
capacitance is reduced because the opposing area of the pixel
electrode 1 and the common electrode 2 is reduced. However,
this kind of pixel unit places a very high demand on the
production precision (which mainly refers to an alignment
precision during photolithography) when it is manufactured.
If there is slight deviation in the relative position between the
pixel electrode 1 and the common electrode 2, then the elec-
tric field distribution and the opposing area between the pixel
electrode 1 and the common electrode 2 may be changed
remarkably. Thus, this brings about such problem that the
storage capacitance is unstable, the electric field distribution
is non-uniform, and so on.

[0037] An array substrate according to an embodiment of
the invention includes a plurality of gate lines and a plurality
of data lines, and these gate lines and data lines cross over
each other to define pixel units arranged in a matrix form,
each of which includes a thin film transistor functioning as a
switch element and a pixel electrode and a common electrode
which are used to control arrangement of liquid crystals. For
example, for the thin film transistor of each pixel, its gate
electrode is electrically connected to or integrally formed
with a corresponding gate line, its source electrode is electri-
cally connected to or integrally formed with a corresponding
data line, and its drain electrode is electrically connected to or
integrally formed with a corresponding pixel electrode. The
following description will be made on a single pixel unit or a
plurality of pixel units, but other pixel unit(s) can be formed
in the same way. In an array substrate according to an embodi-
ment of the invention, a common electrode line may be fur-
ther included, and common electrodes in pixel units may be
connected to the common electrode line.

Embodiment 1

[0038] The embodiment provides a pixel unit of an array
substrate, comprising: a first electrode, an insulating layer
located on the first electrode, and a second electrode located
on the insulating layer. For example, the insulating layer
covers the first electrode. The first electrode and the second
electrode are electrically insulated from each other by the
insulating layer. The first electrode includes at least one set of
first electrode strips (a plurality of first electrode strips) which
are parallel to each other and are spaced at an interval, the
second electrode includes at least one set of second electrode
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strips (a plurality of second electrode strips) which are paral-
lel to each other and are spaced at an interval, and the angle
between the first electrode strips and the second electrode
strips located above the first electrode strips is larger than 0
degree and smaller than or equal to 90 degrees.

[0039] Because the first electrode strips and the second
electrode strips are located on different layers, the angle
between the first electrode strips and the second electrode
strips is, for example, the angle between the vertical projec-
tion of the first electrode strips on the second electrode strips
and the second electrode strips.

[0040] The plurality of first electrode strips may have an
equal width, or have different widths, for example, the widths
of the first electrode strips are gradually increased based on a
certain rule; and the interval between every two adjacent first
electrode strips may be equal or unequal. The plurality of
second electrode strips may have an equal width, or have
different widths, for example, the widths of the second elec-
trode strips are gradually increased based on a certain rule;
and the interval between every two adjacent second electrode
strips may be equal or unequal.

[0041] Certainly, in a complete pixel unit, a thin film tran-
sistor and other structures should also be included, and they
will not be described in detail for simplicity.

[0042] 1In the pixel unit according to the embodiment,
because the common electrode and the pixel electrode each
take the form of “electrode strips”, the opposing area between
the common electrode and the pixel electrode is relatively
small. Thus, storage capacitance of the pixel unit is also
relatively small, and thereby, drawbacks such as H-block,
Line-IS, Greenish, etc. can be avoided. Furthermore, there is
an angle between the common electrode strips and the pixel
electrode strips (in other words, they are slanted toward each
other), so when the production precision is relatively low,
relationship between the common electrode strip and the
pixel electrode strip has only a relative position shift, but the
total opposing area, the electric field distribution and so on
between the electrodes will not change substantially. There-
fore, as to this kind of pixel unit, the storage capacitance is
stable, and the electric field distribution is uniform.

Embodiment 2

[0043] FIG. 4 is a schematically top view showing a partial
structure of a pixel unit of an array substrate according to
Embodiment 2 of the invention; and FIG. 5 is a structurally
schematic view showing a cross-section of the pixel unit in
FIG. 4 taken along the line of A-A". As shown in FIG. 4 to FIG.
5, the embodiment provides a pixel unit of an array substrate,
which comprises a common electrode 2, an insulating layer 7
and a pixel electrode 1.

[0044] In this embodiment, the common electrode 2 as an
example of the first electrode is located on an array substrate
9, and can be made from a transparent conductive material
such as indium tin oxide (ITO), etc. For example, it may be
connected to a common electrode line (not shown in the
drawing) and acts to apply a common voltage (Vcom) to the
pixel unit when the liquid crystal display is in operation. For
example, the substrate 9 includes an array layer, in which, a
thin film transistor, a gate line, a data line and other structures
are formed, and a common electrode line may further be
formed therein. The thin film transistor, the gate line, the data
line, the common electrode line and so on may employ known
connection manner and driving manner, and the present
invention is not limited thereto.
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[0045] The insulating layer 7 is formed on the common
electrode 2, can be made from an insulating material such as
silicon dioxide, etc., and acts to separate the common elec-
trode 2 from the pixel electrode 1. For example, the insulating
layer 7 covers the common electrode 2.

[0046] The pixel electrode 1 as an example of the second
electrode is located on the insulating layer 7, and can be made
from a transparent conductive material such as indium tin
oxide (ITO), etc. For example, the pixel electrode 1 is con-
nected to the drain electrode of the thin film transistor (not
shown in the drawing) of the pixel unit, while the source
electrode and the gate electrode of the thin film transistor are
connected to a data line and a gate line, respectively. Upon
display, a voltage signal for generating grayscale in the pixel
unit is applied to the pixel electrode 1 through the thin film
transistor, so that an electric field is generated between the
common electrode 2 and the pixel electrode 1 and a liquid
crystal material is driven by the electrode field.

[0047] As shown in FIG. 4 and FIG. 5, the common elec-
trode 2 comprises at least one set of common electrode strips
21 (i.e., the first electrode strips, and broken-lines indicate
that the common electrode strips 21 are located below the
insulating layer 7), and the plurality of common electrode
strips 21 in each set are parallel to each other and are spaced
at an interval. The pixel electrode 2 then comprises at least
one set of pixel electrode strips 11 (i.e., the second electrode
strips), and the plurality of common electrode strips 11 in
each set are parallel to each other and are spaced at aninterval.
The angle between the common electrode strips 21 and the
pixel electrode strips 11 located above the common electrode
strips 21 is larger than 0 degree and smaller than or equal to 90
degrees.

[0048] FIG. 6 is a schematically top view showing a partial
structure of another pixel unit according to Embodiment 2 of
the invention, and a cross-section of the pixel unit is similar to
that shown in FIG. 5.

[0049] FIG. 4 and FIG. 6 show such examples in which the
angle between the common electrode strips 21 and the pixel
electrode strips 11 is equal to 90 degrees and 45 degrees,
respectively; but it should be understood that, the angle may
also be equal to 10 degrees, 15 degrees, 30 degrees, 45
degrees, 60 degrees, 90 degrees or any other suitable degrees.

[0050] Likewise, because the first electrode strips 21 and
the second electrode strips 11 are located on different layers,
the angle between the first electrode strips 21 and the second
electrode strips 11 is, for example, the angle between the
vertical projection of the first electrode strips 21 on the second
electrode strips 11 and the second electrode strips 21. The
plurality of first electrode strips 21 may have the same width,
or have different widths, such as, the widths that are increased
gradually based on a certain rule; and the interval between
every two adjacent first electrode strips 21 may be equal or
unequal. The plurality of second electrode strips 11 may have
the same width, or have different widths, such as, widths that
are increased gradually based on a certain rule; and the inter-
val between every two adjacent second electrode strips 11
may be equal or unequal.

[0051] Each of the width of an electrode strip and the dis-
tance between adjacent electrode strips is a value measured in
the direction perpendicular to the length direction of the elec-
trode strips.
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[0052] Certainly, the electrodes in the pixel unit according
to the embodiment may be in the form which is similar to “the
tapered electrode” as shown in FIG. 1; that is, the pixel
electrode 1 may comprise two sets of pixel electrode strips 11,
and the extension lines of the two sets of pixel electrode strips
11 cross each other at a certain angle; correspondingly, the
common electrode 2 comprises two sets of common electrode
strips 11, and each set of common electrode strips 21 make a
certain angle with the pixel electrode strips 11 located over
them. The two sets of pixel electrode strips 11 are distributed
for example on two sides of the central line of the pixel unit so
as to be symmetric to each other; likewise, the two sets of
common electrode strips 21 are distributed for example on
two sides of the central line of the pixel unit so as to be
symmetric to each other.

[0053] Because the common electrode and the pixel elec-
trode each take the form of “electrode strips”, the opposing
area between the two is relatively low, and in turn, storage
capacitance produced between the electrodes is also rela-
tively small. Furthermore, as shown in FIG. 5, the common
electrode strips 21 are not parallel to the pixel electrode strips
11 located over them, and therefore, even if change in relative
position happens to the common electrode strips 21 and the
pixel electrode strips 11 due to insufficient production preci-
sion, the total opposing area, the electric field distribution and
so on between the two electrodes will not change substan-
tially. Therefore, as to the pixel unit according to the embodi-
ment, the storage capacitance is stable, the electric field dis-
tribution is uniforn, and the requirement on production
precision is not high.

[0054] For example, the angle between the common elec-
trode strips 21 and the pixel electrode strips 11 located over
the common electrodes 21 is larger than or equal to 10 degrees
and smaller than or equal to 90 degrees, and further, for
example, the angle is in the range of 30 degrees to 60 degrees.
When the above-mentioned angle is too small, the relation-
ship between the pixel electrode strip 11 and the common
electrode strip 21 still quite approximates a parallel state, and
advantages of the pixel unit according to the embodiment are
not obvious. After analysis, it is found that, when the angle is
larger than or equal to 10 degrees, the merits of the pixel unit
according to the embodiment can become more noticeable.

[0055] For example, the width of each of the common elec-
trode strips 21 is equal, and interval between adjacent com-
mon electrode strips 21 of the common electrode strips is
equal. That is, the common electrode strips 21 are periodi-
cally distributed with regularity, and this is helpful to ensure
the uniform distribution of electric fields within the pixel unit.
For example, in this case, the width of each of the pixel
electrode strips 11 may also be equal, and the interval
between adjacent pixel electrode strips 11 of the pixel elec-
trode strips 11 may also be equal, so that the pixel electrode
strips 21 are periodically distributed with regularity.

[0056] Preferably, in the same set, the sum R1 (as shown in
FIGS. 4 and 6) of the width of one common electrode strip 21
and the distance from between two adjacent common elec-
trode strip 21 ranges between 5 pm and 7 pm. That is, the
value of the sum of the strip width and the interval between
the common electrode strips 21 is preferably in the range of 5
um to 7 pm.
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[0057] As shown in the following table 1 to table 3, when
the common electrode strips 21 and the pixel electrode strips
11 are disposed to be slanted toward each other, the impact of
a specific tilt angle (an intersecting angle) on the storage
capacitance is smaller than the impact of the value of the strip
width plus the interval between the common electrode strips
21 on the storage capacitance; with a simulation test, it is
found that, with the value of the sum of a strip width and an
interval between the common electrode strips 21 within the
above range, on one hand, a relatively suitable value of stor-
age capacitance can be guaranteed, and moreover, it also can
be ensured that the electric field distribution in the pixel unit
does not have too great difference with that in an existing
advanced super dimension switch mode liquid crystal display
device, so that display will not be affected. In the event that
the value of the sum of a strip width and an interval between
the common electrode strips 21 is determined, specific values
of strip width and interval can be adjusted by those skilled in
the art according to requirements. For example, the strip
width of the common electrode strips 21 are usually in the
range of 2 pum to 5 um, and interval is in the range of 2 um to
5 um.

[0058] Of course, change in the form of the common elec-
trode strips 21 will make certain impact on the electric field
distribution in the pixel unit, and therefore after certain elec-
trode parameters (for example, strip width, interval, intersect-
ing angle, etc.) are selected, what display effect can be
achieved by them can be confirmed, for example, by means of
simulation computation.

[0059] It is preferable that the value of the sum of a strip
width and an interval between the common electrode strips 21
is defined, but the value of the sum of a strip width and an
interval between the pixel electrode strips 11 is not defined.
The reason is that, the voltage applied to the common elec-
trode is relatively constant, while the voltage applied to the
pixel electrode varies within a relatively large range. Thus,
parameters of the pixel electrode strips 11 are not changed
preferably. Generally, in the same set, the widths of the pixel
electrode strips 11 may be selected to be in the range of 2 pm
to 8 um as desired, and interval is in the range of 2 um to 8 pm.

[0060] Table 1 to table 3 illustrate properties of the pixel
units which are obtained by simulation computations when
the value of the sum of a strip width and an interval between
adjacent common electrode strips 21 in the same set are 5 pum,
6 um and 7 um, respectively. Here, for the sake of convenient
comparison, the widths of pixel electrode strips 11 in the
same set are uniformed to be 2.6 pm, and the interval is 5.4
pm. “Reduction in storage capacitance” refers to a ratio by
which the storage capacitance of the pixel unit according to
the embodiment is reduced relative to the storage capacitance
of an existing pixel unit, namely, “reduction in storage capaci-
tance=(the storage capacitance of the existing pixel unit-the
storage capacitance of the pixel unit according to the inven-
tion)/the storage capacitance of the existing pixel unit. The
existing pixel unit for comparison is the pixel unit which
adopts the plate-like common electrode shown in FIG. 1, and
the widths of pixel electrode strips 11 in the pixel electrode
are uniformed to be 2.6 um, and the interval is 5.4 pm. In the
existing pixel unit shown in FIG. 1, the operation voltage that
causes the pixel unit to work is 8.2V and the response time of
the pixel unit is 28.2 ms.
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TABLE 1

Properties of pixel unit when the sum of strip width
plus interval between common electrode strips is 5 um

Angle between common electrode strips
and pixel electrode strips (degrees)

15 30 45 90
Strip width of common 2.5125 2.512.5 2525  25/25
electrode (um)/Interval
of common electrode
strips (pm)
Reduction in storage 22.2 22.0 224 21.0
capacitance (%)
Operation voltage (V) 8.4 8.4 8.4 8.8
Response time (s) 28.9 289 28.7 27.8
TABLE 2

Properties of pixel unit when the sum of strip width
plus interval between common electrode strips is 6 pum

Angle between common electrode strips
and pixel electrode strips (degrees)

15 30 45 90
Strip width of common 35725 35/2.5 3525 35/25
electrode (um)/Interval
of common electrode
strips (um)
Reduction in storage 321 327 332 315
capacitance (%)
Operation voltage (V) 9.2 9.2 9.2 9.6
Response time (s) 29.6 29.0 29.0 284
TABLE 3

Properties of pixel unit when the sum of strip width
plus interval between common electrode strips is 7 um

Angle between common electrode strips
and pixel electrode strips (degrees)

15 30 45 90
Strip width of common 4.5/2.5 4.5/2.5 4.5/2.5 4525
electrode (um)/Interval
of common electrode
strips (pm)
Reduction in storage 40.0 404 404 42.3
capacitance (%)
Operation voltage (V) 10.0 104 10.2 10.6
Response time (s) 31.2 31.2 315 303
[0061] As can be seen from the above tables, the common

electrode in a pixel unit is in the form of common electrode
strips, and a certain angle be formed between the common
electrode strips and the pixel electrode strips, the storage
capacitance of the pixel unit can be reduced considerably;
while the reduced value of the storage capacitance has a close
relationship with the value of the sum of a strip width and an
interval between the common electrode strips, and has a rela-
tively small relationship with the above-mentioned angle.
Furthermore, as compared to the existing pixel unit, for pixel
units in the tables, the operation voltage and the response time
each have no obvious change, and this shows that the structure
according to the embodiment brings no disadvantageous
effect on other main properties of the pixel units.
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[0062] It should be noted that the above mentioned values
of the width and interval of the electrode strips are optional
and not of limitation to the protection scope of the invention.
For example, the width and the interval of pixel electrode
strips are not limited to 2.6 um and 5.4 pwm respectively and
can be modified as desired. Similarly, the width of common
electrode strips is not limited to the values of 2.5 um, 3.5 pm
and 4.5 pm list in the aforesaid tables; and the interval
between common electrode strips is not limited to 2.5 um. For
example, if there is a specific requirement on the electric field
to be formed, the interval between common electrode strips
can be set to be any value in a range of 0~4 um or even in a
narrower range. Also, the sum of the strip width and the
interval between adjacent common electrode strips is not to
the values of 5 pm, 6 um and 7 pm list above. These adjust-
ment and modification for the embodiment of the invention
do not influence resolving of the technical problem and still
can obtain the desired technical effect.

Embodiment 3

[0063] This embodiment provides a pixel unit of an array
substrate, which has a structure similar to that of the pixel unit
according to Embodiment 2.

[0064] The difference between this embodiment and
embodiment 2 lies in that, in the pixel unit according to the
present embodiment, the relative position of a common elec-
trode with respect to a pixel electrode is opposite to that to the
pixel unit according to embodiment 2. That s, in the pixel unit
according to the present embodiment, the pixel electrode is
located on an array substrate and is an example of the first
electrode, with an insulating layer formed thereon (for
example, the insulating layer covering the pixel electrode);
the common electrode is disposed on the insulating layer and
is an example of the second electrode. That is, in this case, the
pixel electrode is the first electrode, while the common elec-
trode is the second electrode, both being disposed on the same
array substrate.

[0065] Each of the common electrode and the pixel elec-
trode in the embodiment comprises common electrode strips,
and therefore, whichever between the two electrodes is
located on the insulating layer and whichever is located under
the insulating layer have no effect on the distribution of elec-
tric fields in the pixel unit actually. So, the position of the two
electrodes is interchangeable.

Embodiment 4

[0066] This embodiment provides an array substrate, com-
prising a plurality of pixel units which, for example, are
arranged in a matrix form, and each of the pixel units, for
example, adopts the structure of the pixel unit according to
any of the above embodiments.

[0067] As the array substrate according to the embodiment
employs the above pixel unit, its storage capacitance is rela-
tively low and stable, and the requirement on production
precision is not high.

[0068] Certainly, in the array substrate according to the
embodiment, a gate line and a data line for driving pixel units
on the array substrate, driving circuits connected to the gate
line and the data line, and so on may also further included.
Further, the array substrate may include an alignment layer
and other structures. These structures can be implemented in
away which is known or will be developed in the future, and
the invention is not limited thereto.



US 2014/0070260 A1

Embodiment 5

[0069] This embodiment provides a liquid crystal display
device, comprising the array substrate according to the above
Embodiment 4.

[0070] AsshowninFIG.7, the display device 10 comprises
a counter substrate 300 and an array substrate 200 according
to any of the above embodiments which are provided by
cell-assembling. The counter substrate 300 includes a black
matrix corresponding to pixel units of the array substrate 200.
The array substrate 200 and the counter substrate 300 are
disposed opposite each other so as to form a liquid crystal
cell, and the liquid crystal cell with a liquid crystal material
400 filled therein is sealed by sealant 350. The counter sub-
strate 300 is for example a color filter substrate, and the black
matrix on the color filter substrate defines pixel units corre-
sponding to the pixel units on the array substrate 200, and in
each of the pixel units of the color filter substrate, there is
formed a color filter such as one of RGB filter.

[0071] Insome examples, the liquid crystal display device
10 may further include a backlight source 500 for providing
backlight for display, for example, which is located below the
array substrate 300.

[0072] As theliquid crystal display device according to the
embodiment employs any one of the above-mentioned pixel
units, storage capacitance is relatively low and stable, and the
requirement on production precision is not high.

[0073] For example, the liquid crystal display device may
be embodied as a liquid crystal panel, an electronic paper, a
cell phone, a tablet computer, a television, a display, a note-
book computer, a digital photo frame, a navigator, or any
product or component having a display function.

[0074] It can be understood that, the foregoing embodi-
ments are merely exemplary embodiments which are used to
explain the principle of the invention, but the invention is not
limited thereto. For those ordinarily skilled in the art, various
variances and improvements can be made by them without
departing from the spirit and essence of the invention, and
these variances and improvements should also been deemed
within the protection scope of the invention.

1. A pixel unit, comprising: a first electrode, an insulating
layer located on the first electrode, and a second electrode
located on the insulating layer;

wherein the first electrode includes a plurality of first elec-

trode strips which are parallel to each other and are
spaced at an interval, the second electrode includes a
plurality of second electrode strips which are parallel to
each other and are spaced at an interval, and

an angle between the first electrode strips and the second

electrode strips located above the first electrode strips is
larger than O degree and smaller than or equal to 90
degrees.
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2. The pixel unit claimed as claim 1, wherein the angle
between the first electrode strips and the second electrode
strips located above the first electrode strips is larger than 10
degrees and smaller than or equal to 90 degrees.

3. The pixel unit claimed as claim 1, wherein the first
electrode is a common electrode, and the second electrode is
a pixel electrode.

4. The pixel unit claimed as claim 3, wherein widths of all
the first electrode strips are equal.

5. The pixel unit claimed as claim 3, wherein intervals
between adjacent first electrode strips among the first elec-
trode strips are equal.

6. The pixel unit claimed as claim 4, wherein intervals
between adjacent first electrode strips among the first elec-
trode strips are equal.

7. The pixel unit claimed as claim 3, wherein among the
first electrode strips, a sum of a width of one first electrode
strip and an interval of the one first electrode to an adjacent
first electrode strip ranges between 5 um and 7 pm.

8. The pixel unit claimed as claim 1, wherein the first
electrode is a pixel electrode, and the second electrode is a
common electrode.

9. The pixel unit claimed as claim 8, wherein widths of all
the second electrode strips are equal.

10. The pixel unit claimed as claim 8, wherein intervals
between adjacent second electrode strips among the second
electrode strips are equal.

11. The pixel unit claimed as claim 9, wherein intervals
between adjacent second electrode strips among the second
electrode strips are equal.

12. The pixel unit claimed as claim 7, wherein among the
second electrode strips, a sum of a width of one second
electrode strip and an interval of the one second electrode to
an adjacent second electrode strip ranges between 5 pm and
10 um.

13. The pixel unit claimed as claim 1, wherein the plurality
of first electrode strips are divided into two groups, which are
located on two sides of a central line of the pixel unit, respec-
tively, and are symmetric to each other.

14. The pixel unit claimed as claim 13, wherein the plural-
ity of second electrode strips are divided into two groups,
which are located on two sides of a central line of the pixel
unit, respectively, and are symmetric to each other.

15. An array substrate, comprising the pixel unitclaimed as
claim 1.

16. A liquid crystal display device, comprising the array
substrate claimed as claim 15.
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