EP 2 775 345 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(11) EP 2 775 345 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication:
10.09.2014 Bulletin 2014/37
(21) Application number: 12780626.3

(22) Date of filing: 29.09.2012

(51) IntCL:

(86)

(87)

GO2F 111343 (2006.01) GO2F 1/1362(2006.07)

International application number:
PCT/CN2012/082446

International publication number:
WO 2013/060222 (02.05.2013 Gazette 2013/18)

(84) Designated Contracting States:

AL ATBE BG CH CY CZDE DKEE ES FI FRGB
GRHRHUIEISITLILT LULV MC MK MT NL NO

PL PT RO RS SE SI SK SM TR

(30) Priority: 24.10.2011 CN 201110327982

(71) Applicant: Beijing Boe Optoelectronics
Technology Co. Ltd.
Beijing 100176 (CN)

(72) Inventors:
e LI, Cheng
Beijing 100176 (CN)

(74)

* DONG, Xue
Beijing 100176 (CN)
* CHEN, Dong
Beijing 100176 (CN)
¢ MU, Suzhen
Beijing 100176 (CN)

Representative: Brotz, Helmut et al
Rieder & Partner

Patentanwilte - Rechtsanwalt
Corneliusstrasse 45

42329 Wuppertal (DE)

(54)
PREPARATION METHOD THEREOF

(57)  Anarray substrate (200) of a display device can
effectively suppress the interference to liquid crystal
modulation by the signals on a data line (1) and improve
the transmittance of light rays. The array substrate in-
cludes a pixel region defined by the crossing of a gate
line and the data line (1). The pixel region is provided
therein with a thin film transistor, a pixel electrode (3),
and a common electrode (2) cooperating with the pixel
electrode (3) to form a multidimensional electric field. The
pixel electrode (3) is a slit-shaped electrode and the com-
mon electrode (2) is a plate-shaped electrode, or, the
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pixel electrode (3) is a plate-shaped electrode and the
common electrode (2) is a slit-shaped electrode. A first
insulation layer (5) is provided between the common
electrode (2) and the pixel electrode (3). One end of the
plate-shaped electrode is covered above the data line
(1), and a second insulation layer (6) is provided between
the layer where the plate-shaped electrode is located and
the layer where the data line (1) is located. Also included
is a preparation method for an array substrate (200) of a
display device.
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Description
TECHNICAL FIELD

[0001] Embodiments of present invention relate to an array substrate and a color filter substrate of a liquid crystal
display (LCD) and a method for manufacturing the same.

BACKGROUND

[0002] In flat panel display technology, LCDs have the advantages such as small volume, low power consumption,
little radiation, lower costs, etc., and therefore have prevailed in the current flat panel display market.

[0003] In an Advanced-Super Dimensional Switching (ADS) technology, a multi-dimensional electric field is formed
with both an electric field produced at edges of slit electrodes on the same plane and an electric field produced between
a pixel electrode layer and a common electrode layer, so thatliquid crystal molecules at all orientations, which are located
directly above the electrodes and between the slit electrodes in a liquid crystal cell, can be rotated and aligned, which
enhances the work efficiency of planar-oriented liquid crystals and increases light transmittance. The Advanced-Super
Dimensional Switching technology can improve the picture quality of TFT-LCDs and has advantages such as high
transmissivity, wide viewing angles, high opening ratio, low chromatic aberration, low response time, no push Mura, etc.
[0004] Inthe existing ADS mode LCDs, common electrodes and pixel electrodes are made of a transparent conductor
so as to increase aperture ratio and transmittance. The space between the common electrodes and the pixel electrodes
is narrower than the space between an upper substrate and a lower substrate, so the multi-dimension electric field
formed between the common electrodes and the pixel electrodes make liquid crystal molecules rotated in a plane direction
paralleling to substrates, and thus the transmission efficiency is improved.

[0005] In order to prevent light blocking regions above data lines from reducing the aperture ratio and improve trans-
mittance, as shown in FIG.1, the prior art provides a pixel structure in which the light blocking region above the data line
1 is removed and the slit-shaped common electrode 2 is disposed in parallel with the data line 1. A portion of the slit-
shaped common electrode 2 is disposed above the pixel electrode 3, and the other portion of the slit-shaped common
electrode 2 covers the data line 1 and has a width larger than that of the data line 1. Since the common electrode 2 is
formed above the data line 1, the interference with the electric field for liquid crystal can be restrained, disadvantageous
effects such as light leakage and the like are prevented, and the transmittance of pixels are improved.

[0006] However, the inventors have noted that: in the above pixel structure, the wide common electrode above the
data line still causes transmittance loss at the location of the data line.

SUMMARY OF THE INVENTION

[0007] One of the problems to be solved by the present invention is to provide an array substrate and a color filter
substrate of a display device and a method for manufacturing the same, for effectively restraining signals over data lines
from interfering with modulation by liquid crystal thereon and improving light transmittance.

[0008] Anaspectofthe presentinvention provides an array substrate comprising: a base substrate, a gate line disposed
on the base substrate, a data line disposed perpendicular to the gate line, and a pixel region defined by the gate line
intersecting the data line, in which a thin film transistor, a pixel electrode, and a common electrode which cooperates
with the pixel electrodes to form a multi-dimension electric field are disposed, wherein the pixel electrode is a slit-shaped
electrode and the common electrode is a plate-shaped electrode, or the pixel electrode is a plate-shaped electrode and
the common electrode is a slit-shaped electrode, and a first insulating layer is disposed between the common electrode
and the pixel electrode, and wherein an end of the plate-shaped electrode covers the data line, and a second insulating
layer is disposed between a layer of the plate-shaped electrode and a layer of the data line.

[0009] For example, the second insulating layer is a resin layer.

[0010] For example, the slit-shaped electrode comprises slits arranged in a constant interval.

[0011] Another aspect of the present invention provides a method for manufacturing an array substrate, comprising:

forming a gate line, a date line, and a thin film transistor on a base substrate, a gate electrode of the thin film transistor
being connected to the gate line, and source electrodes being connected to the data line;

forming a second insulating layer on the base substrate on which the gate line, the data line, and the thin film
transistor are formed;

forming a plate-shaped electrode on the base substrate on which the second insulating layer is formed; and
forming a slit-shaped electrode on the base substrate on which the plate-shaped electrode is formed, the slit-shaped
electrode cooperating with the plate-shaped electrode to form a multi-dimension electric field, a first insulating layer
being disposed between the slit-shaped electrode and the plate-shaped electrode;
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wherein the slit-shaped electrode is a pixel electrode and the plate-shaped electrode is a common electrode, or the
plate-shaped electrode is a pixel electrode and the slit-shaped electrode is a common electrode, and an end of the
plate-shaped electrode covers the data line.

[0012] For example, the second insulating layer is a resin layer.

[0013] For example, the slit-shaped electrode comprises slits arranged in a constant interval.

[0014] Another aspect of the present invention provides a color filter substrate comprising: a base substrate, black
matrixes and color resin formed between the black matrixes, on the base substrate, the black matrixes are disposed
corresponding to the gate lines, the thin film transistors, and regions where the data lines are not formed and between
adjacent pixels, of the array substrate.

[0015] Another aspect of the present invention provides a display device comprising the above array substrate.
[0016] In the technical solutions of embodiments of the present invention, an end of the plate-shaped electrode is
located above and covers the data line, and a second insulating layer is disposed between a layer of the plate-shaped
electrode and a layer of the data line for insulation and protection. The solutions of the present embodiments not only
restrain the interference by the data lines with the modulation conducted by the liquid crystal thereon, but also increase
the area of the multi-dimension electric field, increase the modulation range of the liquid crystal in pixels, and improve
transmittance.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] In order to clearly illustrate the technical solution of the embodiments of the invention, the drawings of the
embodiments will be briefly described in the following; it is obvious that the described drawings are only related to some
embodiments of the invention and thus are not limitative of the invention.

Fig. 1 is a schematic cross-sectional view of an array substrate in prior art;

Fig.2 is a schematic cross-sectional view of an array substrate in an embodiment of the present invention; and
Fig.3 is a schematic cross-sectional view of a liquid crystal panel in an embodiment of the present invention.

Reference Number

1-data line; 2-common electrode; 3-pixel electrode;

4-base substrate; 5-first insulating layer;  6-second insulating layer;
7-base substrate; 8-black matrix; 9-color resin sheet;
10-liquid crystal layer;  21-slit; 100-color filter substrate;

200-array substrate.

DESCRIPTION OF THE EMBODIMENTS

[0018] In order to make objects, technical details and advantages of the embodiments of the invention apparent, the
technical solutions of the embodiment will be described in a clearly and fully understandable way in connection with the
drawings related to the embodiments of the invention. It is obvious that the described embodiments are just a part but
not all of the embodiments of the invention. Based on the described embodiments herein, those skilled in the art can
obtain other embodiment(s), without any inventive work, which should be within the scope of the invention.

[0019] Embodiments of the present invention provide an array substrate and a color filter substrate of a display device,
and a method for manufacturing the same, for effectively restraining the interference by signals over data lines with the
modulation conducted by liquid crystal thereon and improving light transmittance.

[0020] The array substrate of the embodiment of the present invention includes a plurality of gate lines and a plurality
of data lines which intersect each other to define pixel regions arranged in a matrix, each pixel region comprising a thin
film transistor as a switch element, and a pixel electrode and a common electrode for controlling orientation of liquid
crystal. A gate electrode of the thin film transistor in each pixel is electrically connected to or integrally formed with a
corresponding gate line, a source electrode thereof is connected to or integrally formed with a corresponding data line,
and a drain electrode thereof is connected to or integrally formed with a corresponding pixel electrode. The following
description is mainly connected with one or more pixel regions, but other pixel regions can be formed similarly.

First Embodiment

[0021] The first embodiment of the present invention provides an array substrate, as shown in FIG.2. The array
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substrate 100 includes a base substrate 4, gate lines (not shown in drawings) disposed on the base substrate 4, and
data lines 1 perpendicular to the gate lines. The gate lines intersect the data lines 1 to define a plurality of pixel regions.
A thin film transistor (not shown), a pixel electrode 3, and a common electrode 2 for cooperating with the pixel electrode
3 to generate a multi-dimension electric field are disposed in each pixel region. In the embodiment, the pixel electrode
3 is a plate-shaped electrode without slits, and the common electrode 2 is a slit-shaped electrode in which a plurality of
slits 21 are formed. A first insulating layer 5 is disposed between the common electrode 2 and the pixel electrode 3. An
end of the plate-shaped pixel electrode 3 is located above and covers the data line 1, and a second insulating layer 6
is disposed between a layer of the pixel electrode 3 and a layer of the data line 1.

[0022] In a conventional pixel structure, the pixel electrode does not overlap the data line. Because, in an overlapping
design in which the pixel electrode overlaps the data line, the data line interferes with the pixel electrode to a large extent.
Thus, if the overlapping design is adopted, to avoid the interference of the data line with the pixel electrode, an insulating
layer of resin material is generally used, that is, a resin layer is disposed between a layer of the pixel electrode 3 and a
layer of the data line 1 so as to isolate them from each other.

[0023] Since the common electrode entirely covers the data line so that the common electrode occupies a wide area
over the data line in the prior art scheme as shown in FIG.1, this structure causes transmittance loss at the location of
the data line. In contrast, in the array substrate of the present embodiment, an end of the pixel electrode is located above
and covers the data line (the common electrode is also above the data line), and an insulating layer is disposed between
the layer of the pixel electrode and the layer of the data line for insulation and protection. In this way, the interference
by the data lines with the modulation by the liquid crystal thereon is restrained, the area of the multi-dimension electric
field is also increased, the modulation range of the liquid crystal in pixels is increased, and transmittance is further
improved.

[0024] Further, the secondinsulating layer 6 is, for example, aresinlayer, formed to prevent the data line from interfering
with the pixel electrode, that is, a resin layer is disposed between the layer of the pixel electrode 3 and the layer of the
data line 1. For example, the common electrodes 2 are arranged in a constant interval, and within pixels, the slit-shaped
or plate-shaped common electrode has an arrangement of a constant interval. It should be noted that: since the pixel
electrode covers the data line, the loads over the data line will not be affected no matter whether the common electrode
overlaps the data line or not. The effect by the loads over the data line is mainly resulted from a capacitor formed between
the data line and the pixel electrode, which can be alleviated by a thicker resin material layer as the insulating layer. In
the solution of the present invention, a multi-dimension electric field is formed by the plate-shaped pixel electrode at a
lower side and the slit-shaped common electrode at the upper side, and the upper common electrode is isolated from
the lower pixel electrode by the insulating layer, that is, the first insulating layer; an end of the pixel electrode covers the
data line, and a resin layer, i.e., the second insulating layer is disposed between the layer of the pixel electrode and the
layer of the data line, for insulation and protection. The solution of the present embodiment not only restrains the data
lines from interfering with the modulation by the liquid crystal thereon, but also increases the area of the multi-dimension
electric field, increases the modulation range of the liquid crystal within pixels, and further improves transmittance.

Second Embodiment

[0025] The second embodiment is different from the first embodiment in that: the common electrode is a plate-shaped
electrode, and the pixel electrode is a slit-shaped electrode; an end of the plate-shaped common electrode is located
above and covers the data line, and the second insulating layer is disposed between the common electrode and the
data line; the slit-shaped pixel electrode is formed on the common electrode, and the first insulating layer is disposed
between the pixel electrode and the common electrode.

[0026] Therefore, in the array substrate of the present embodiment, an end of the common electrode is located above
and covers the data line (the pixel electrode is also above the data line), and an insulating layer is disposed between
the common electrode and the data line for insulation and protection. In this way, the interference by the data lines with
the modulation by the liquid crystal thereon is restrained, the area of the multi-dimension electric field is increased, the
modulation range of the liquid crystal in pixels is also increased, and transmittance is further improved.

Third Embodiment

[0027] The embodiment of the present invention also provides a liquid crystal panel. As shown in FIG.3, a liquid crystal
panel according to an example of the embodiment includes a color filter substrate 100, the array substrate 200 of the
first embodiment, and a liquid crystal layer 10 between the array substrate 200 and the color filter substrate 100.

[0028] The color filter substrate 100 includes: a base substrate 7, black matrixes 8 formed on the base substrate 7,
and color resin sheets 9 formed between the black matrixes 8, the black matrixes 8 are disposed at positions corresponding
to gate lines, thin film transistors, and a region without data lines and between adjacent pixels on the array substrate
200. The black matrixes 8 of the color filter substrate define a plurality of sub-pixel regions, each sub-pixel region includes
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a color resin sheet 9 such as a red, green, and blue resin sheet, and therefore red, green, and blue (RGB) sub-pixels
are formed. The sub-pixel regions of the color filter substrate 100 correspond to the sub-pixel regions of the array
substrate 200.

[0029] The array substrate 200 is disposed to face the color filter substrate so as to form a liquid crystal cell together.
The liquid crystal cell is filled with liquid crystal material to form a liquid crystal layer 10. Thus, a liquid crystal panel is
obtained. The pixel electrode and the common electrode of each pixel region apply an electric field to the liquid crystal
material to control the degree of rotation of the liquid crystal, thereby performing displaying operation. In some examples,
the liquid crystal display further includes a backlight source for supplying light to the liquid crystal panel.

[0030] Inthe array substrate as shown in FIG.1, the common electrode in a wider structure is disposed above the data
line 1, thus the region covered by the common electrode does not transmit light. However, in the array substrate 200 of
the present embodiment, since the pixel electrode 3 is disposed above and covers the data line 1, only the region that
is immediately above the data line 1 does not transmit light. In this way, the interference by signals of the data line 1
with the electric field for liquid crystal can be eliminated, and the range of liquid crystal modulation is increased. Meanwhile,
since the liquid crystal corresponding to the portion of the pixel electrode 3 that is overlapped with the data line 1 can
be driven normally, it is unnecessary to dispose black matrixes 8 on the color filter substrate at positions corresponding
to the data lines 1. In this case, the black matrixes 8 are only disposed between adjacent pixels, so the area of the black
matrixes 8 is reduced, the modulation range of liquid crystal is increased, and transmittance is improved.

[0031] A liquid crystal panel according to another example of the present embodiment includes a color filter substrate,
the array substrate of the second embodiment, and a liquid crystal layer between the color filter substrate and the array
substrate.

Fourth Embodiment

[0032] The present embodiment of the present invention provides a method for manufacturing the array substrate as
described above. The method comprises the following steps:

Step 101, forming a gate line, a data line, a thin film transistor on a base substrate, a gate electrode of the thin film
transistor being connected to the gate line and a source electrode being connected to the data line;

Step 102, forming a second insulating layer on the base substrate on which the gate line, the data line, and the thin
film transistor are formed;

Step 103, forming a plate-shaped electrode on the base substrate on which the second insulating layer is formed; and
Step 104, forming a slit-shaped electrode on the base substrate on which the plate-shaped electrode is formed, the
slit-shaped electrode cooperating with the plate-shaped electrode to form a multi-dimension electric field, wherein
a first insulating layer is disposed between the slit-shaped electrode and the plate-shaped electrode.

[0033] The slit-shaped electrode is a pixel electrode, and the plate-shaped electrode is a common electrode; or the
plate-shaped electrode is a pixel electrode, and the slit-shaped electrode is a common electrode. An end of the plate-
shaped electrode covers the data line.

[0034] For example, the slit-shaped electrode comprises slits arranged in a constant interval.

[0035] The embodiment of the present invention further provides a method for manufacturing a color filter substrate.
The method comprises the following step:

Step 201, forming black matrixes and color resin sheets on a base substrate, the black matrixes are disposed
corresponding to the gate lines, the thin film transistors, and regions where the data lines are not formed and between
adjacent pixels, of the array substrate.

[0036] It should be noted that, in the embodiment of the present invention, the method for manufacturing the above
described color filter substrate has various examples, e.g., by first forming the color resin sheets and then forming the
black matrixes, or first forming the black matrixes and then forming the color resin sheets. The present embodiment is
not limited thereto.

[0037] The black matrixes of the color filter substrate define a plurality of sub-pixel regions, and each sub-pixel region
includes a color resin sheet such as a red, green, and blue resin sheet, and thereby obtaining red, green, and blue (RGB)
sub-pixels, respectively. The sub-pixel regions of the color filter substrate correspond to the sub-pixel regions of the
array substrate.

[0038] The array substrate is disposed to face the color filter substrate so as to form a liquid crystal cell together. The
liquid crystal cell is filled with liquid crystal material, so as to obtain a liquid crystal panel. In some examples, the liquid
crystal display further includes a backlight source for supplying light to the liquid crystal panel.

[0039] Various modifications can be made for the embodiments of the present invention; for example, the plate-shaped
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electrodes may be common electrodes and the slit-shaped electrodes may be pixel electrodes, as long as a multi-
dimension field is formed therebetween. Further, alternatively, the electrodes covering the data lines may not be formed
after the gate lines, the gate electrodes and the thin film transistors are formed, and for example, the gate lines and the
gate electrodes are formed finally in a top-gate thin film transistor, as long as the thin film transistors can be driven
normally, the data lines are protected by an insulating material, and the multi-dimension electric field can be formed.
[0040] An embodiment of the present invention further provides a display device, such as, liquid crystal display, liquid
crystal TV, electronic paper, digital photo frame, etc., which comprises any one of the array substrates described in the
above embodiments. When the display device is for example a liquid crystal display, it includes a liquid crystal panel
including an array substrate, a color filter substrate, and a liquid crystal layer between the array substrate and the color
filter substrate.

[0041] It should be noted that the above description is only for the purpose of explaining the solution of the invention
but not for a limitation, although the invention has been described in detail with reference to the preferred embodiments,
those skilled in the art should understand that change and alternation can be made in the solutions of the invention
without depart from the spirit and scope of the invention.

Claims
1. An array substrate, comprising:

a base substrate,

a gate line disposed on the base substrate,

a data line disposed perpendicular to the gate line, and

a pixel region defined by the gate line intersecting the data line, in which a thin film transistor, a pixel electrode,
and a common electrode which cooperates with the pixel electrodes to form a multi-dimension electric field are
disposed,

wherein the pixel electrode is a slit-shaped electrode and the common electrode is a plate-shaped electrode,
or the pixel electrode is a plate-shaped electrode and the common electrode is a slit-shaped electrode, and a
first insulating layer is disposed between the common electrode and the pixel electrode, and

wherein an end of the plate-shaped electrode covers the data line, and a second insulating layer is disposed
between a layer of the plate-shaped electrode and a layer of the data line.

2. The array substrate according to claim 1, wherein the second insulating layer is a resin layer.

3. Thearray substrate according to claim 1 or 2, wherein the slit-shaped electrode comprises slits arranged in a constant
interval.

4. A method for manufacturing an array substrate, comprising:

forming a gate line, a date line, and a thin film transistor on a base substrate, a gate electrode of the thin film
transistor being connected to the gate line, and source electrodes being connected to the data line;

forming a second insulating layer on the base substrate on which the gate line, the data line, and the thin film
transistor are formed;

forming a plate-shaped electrode on the base substrate on which the second insulating layer is formed; and
forming a slit-shaped electrode on the base substrate on which the plate-shaped electrode is formed, the slit-
shaped electrode cooperating with the plate-shaped electrode to form a multi-dimension electric field, a first
insulating layer being disposed between the slit-shaped electrode and the plate-shaped electrode;

wherein the slit-shaped electrode is a pixel electrode and the plate-shaped electrode is a common electrode,
or the plate-shaped electrode is a pixel electrode and the slit-shaped electrode is a common electrode, and an
end of the plate-shaped electrode covers the data line.

5. The method according to claim 4, wherein the second insulating layer is a resin layer.

6. Thearray substrate according to claim 4 or 5, wherein the slit-shaped electrode comprises slits arranged in a constant
interval.

7. Adisplay device, comprising the array substrate of any one of claims 1-3.
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8. The display device of claim 7, wherein the display device is a liquid crystal display, and further comprises a color
filter substrate.

9. The display device of claim 8, wherein the color filter substrate comprises black matrixes and color resin sheet
formed between the black matrixes, on the base substrate, the black matrixes are disposed corresponding to the
gate line, the thin film transistor, and regions where the data line is not formed and between adjacent pixels, of the
array substrate.
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