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(57) ABSTRACT

Embodiments of the invention provide a LCD panel and a
display device, the LCD panel comprises an array substrate
and a color filter substrate, the array substrate comprises a
first transparent substrate, a data line and a pixel electrode
disposed on an inner side of the first transparent substrate, the
color filter substrate comprises a second transparent sub-
strate, a color resin, a first black matrix and a common elec-
trode overlaying the color resin and the first black matrix,
wherein the first black matrix comprising a flat bottom layer
and a protrusion formed on the flat bottom layer, the protru-
sion has slant surfaces near a boundary between the non-pixel
region and the pixel region of the second transparent sub-
strate.
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LIQUID CRYSTAL DISPLAY PANEL AND
DISPLAY DEVICE

[0001] Embodiments ofthe invention relate to the technical
field of liquid crystal displays (LCDs), more particularly, to a
LCD panel and a display device.

BACKGROUND

[0002] A Thin Film Transistor Liquid Crystal Display
(TFT-LCD) comprises an array substrate, a color filter sub-
strate and a liquid crystal layer disposed between the array
substrate and the color filter substrate. In the color filter
substrate, pixel regions comprising color resins of three col-
ors of red, green and blue and non-pixel regions comprising
black matrices formed at gaps between the color resins of the
three colors of red, green and blue are formed on the color
filter substrate, and common electrodes are formed on the
black matrices (non-pixel regions) and the color resins (pixel
regions).

[0003] FIGS. 1 and 2 show a LCD panel fabricated by
cell-assembling the color filter substrate and the array sub-
strate. In the LCD panel, the array substrate comprises: a first
transparent substrate 101, a light-shielding strip 104, a data
line 102, a gate line (not shown in the figure) and a pixel
electrode 103 formed on the first transparent substrate 101,
the color filter substrate comprises: a second transparent sub-
strate 201, a color resin 202, a black matrix 203 disposed at
gaps between color resins and a common electrode 204 over-
laying the color resin and the black matrix. Moreover, the
liquid crystal layer comprising liquid crystal molecules 30 is
disposed between the color filter substrate and the array sub-
strate.

[0004] With reference to FIG. 2, in the non-pixel region of
the LCD panel, there is a complicated electric field consisted
of electric fields generated between the common electrode
204 on the color filter substrate and the edge of the pixel
electrode 103 on the array substrate, between the common
electrode 204 on the color filter substrate and the data line 102
on the array substrate, between the edge of the pixel electrode
103 on the array substrate and the data line 102 on the array
substrate, between the common electrode 204 on the color
filter substrate and the light-shielding strip 104 on the color
filter substrate, which makes the orientation of the liquid
crystal molecules 30 in the non-pixel region abnormal. Dueto
the presence of the black matrix 203, the black matrix can
block the transmittance of the light even if the liquid crystal
molecules 30 are of abnormal orientations. However, when
the color filter substrate and the array substrate are mis-
aligned, the abnormally-oriented liquid crystal molecules 30
in the non-pixel region cause different light transmittance, as
aresult, the firstblack matrix 2034 parallel to the dataline 102
can not block the light from the abnormally-oriented liquid
crystal molecules in the non-pixel region, which may lead to
pixel light leakage and reduce the picture quality of the dis-
play device.

SUMMARY

[0005] Embodiments of the invention provide a LCD panel
and a display device which may solve the light leakage issue
caused by the misalignment between the color filter substrate
and the array substrate and improve the picture quality.
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[0006] To meet the above objectives, embodiments of the
invention employ the following technical solutions:

[0007] On one hand, the invention provides a LCD display
comprising:
[0008] anarray substrate which comprises: a first transpar-

ent substrate, a data line and a pixel electrode disposed on an
inner side of the first transparent substrate;

[0009] a color filter substrate which comprises: a second
transparent substrate comprising a pixel region and a non-
pixel region, a color resin disposed in the pixel region, a first
black matrix disposed in the non-pixel region and above the
data line; and a common electrode overlaying the color resin
and the first black matrix;

[0010] wherein the first black matrix comprises: a flat bot-
tom layer and a protrusion formed on the flat bottom layer, the
protrusion has slant surfaces near a boundary between the
non-pixel region and the pixel region, such that an electric
field for rotating liquid crystal molecules at edges of the first
black matrix is generated between the common electrode
overlaying the slant surfaces and the pixel electrode.

[0011] On the other hand, the invention provides a display
device comprising the above LCD panel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Inorderto 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 imitative of the
invention.

[0013] FIG. 1 schematically illustrates a top view of a dis-
play panel after cell-assembling an array substrate and a color
filter substrate, in which the lower part of the figure illustrates
a cut-away configuration;

[0014] FIG. 2 schematically illustrate a cross section of a
display panel after cell-assembling an array substrate and a
color filter substrate;

[0015] FIG. 3 schematically illustrate a cross section of a
display panel after cell-assembling an array substrate and a
color filter substrate provided by a first embodiment of the
invention;

[0016] FIG. 4 schematically illustrate a cross section of a
display panel after cell-assembling an array substrate and a
color filter substrate provided by a second embodiment of the
invention;

[0017] FIG. 5 schematically illustrate a cross section of a
display panel after cell-assembling an array substrate and a
color filter substrate provided by a third embodiment of the
invention;

[0018] FIG. 6 schematically illustrate a cross section of a
display panel after cell-assembling an array substrate and a
color filter substrate provided by a fourth embodiment of the
invention; and

[0019] FIG. 7 schematically illustrate a cross section of a
display panel after cell-assembling an array substrate and a
color filter substrate provided by a fifth embodiment of the
invention.

DESCRIPTION OF THE REFERENCE
NUMERALS

[0020] 10: array substrate; 20: color filter substrate; 30:
liquid crystal molecules, 101: first transparent substrate; 102:
data line; 103: pixel electrode; 104: light-shielding strip; 201:
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second transparent substrate; 202: color resin; 203: black
matrix; 203a: first black matrix; 203a1: flat bottom layer;
203a: protrusion; 2034: second black matrix; 204: common
electrode.

DETAILED DESCRIPTION

[0021] In order to make objects, technical details and
advantages of the embodiments of the invention clear, the
technical solutions of the embodiment will be described in a
clearly and fully understandable way accompanying the
drawings related to the embodiments of the invention. It is
obvious that the described embodiments are merely 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.

[0022] All the drawings of the invention are schematic
views of the display and are used for the purpose of clearly
describing the structures related to the inventive features;
other structures irrelevant to the invention are not or only
partially illustrated in the drawings.

Embodiment 1

[0023] An embodiment of the invention provides a liquid
crystal display panel shown in FIG. 3 (which is across section
taken along the line A-A' in a way similar to FIG. 2), which
comprises: an array substrate 10 and a color filter substrate
20.

[0024] The array substrate 10 comprises: a first transparent
substrate 101; a data line 102 and a gate line (not shown in the
figure) disposed on an inner side of the first transparent sub-
strate 101. It may further comprises a pixel electrode 103
disposed on the inner side of the first transparent substrate
101. Moreover, it may further comprises a light-shielding
strip 104 disposed on the inner side of the first transparent
substrate 101. It is noted that the drawings only illustrate
spatial relationships between the afore-described patterns
disposed on the first transparent substrate 101 to show that the
patterns are made of different film layers and no electrical
connection exists between the different patterns, while pat-
terns or film layers irrelevant to the invention are not shown in
the drawings.

[0025] The color filter substrate 20 comprises: a second
transparent substrate 201 comprising a pixel region and a
non-pixel region; a color resin 202 disposed in the pixel
region; and a first black matrix 203a disposed in the non-pixel
region and above the data line 102. The color filter substrate
20 may further comprises a second black matrix 2035 (not
shown in FIG. 3) parallel to the gate line and a common
electrode 204 overlaying the color resin 202 as well as the first
and second black matrices 2034 and 203.

[0026] The first black matrix 203a comprises: a flat bottom
layer 20341 and a protrusion 20342 formed on the flat bottom
layer, wherein the protrusion 20342 has slant surfaces A1, A2
near the boundary between the non-pixel region and the pixel
region (i.e., the boundary between the first black matrix 203a
and the color resin 202).

[0027] As an example, the intersection positions where the
slant surfaces Al, A2 of the protrusion 20342 near the bound-
ary between the first black matrix 203¢ and the color resin 202
are conjoined with the flat bottom layer 20341 are defined as
first positions D1, D2, respectively. By this means, the slant
surface Al, A2 incline from the first positions D1, D2,
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towards a perpendicular bisection plane 7 of the first black
matrix 203a, wherein the perpendicular bisection plane Z
extends along the direction of the data line 102.

[0028] That is to say, the two outmost slant surfaces A1, A2
of the protrusion 20342 incline towards the perpendicular
bisection plane 7 from the first positions D1, D2 respectively,
thereby ensuring the common electrode 204 overlaying the
first black matrix is also inclined on the two outmost slant
surfaces Al, A2.

[0029] The misalignment between the color filter substrate
20 and the array substrate 10 normally causes a mismatch in
the vertical direction; therefore in the embodiment of the
invention, the first black matrix 203 is fabricated as the
protrusion 20342 comprising two slant surfaces Al, A2. A
distance between the two slant surfaces A1, A2 and the pixel
electrode 103 is relatively small, a strong electric field may be
generated between the common electrode 204 overlaying the
two slant surfaces A1, A2 and the pixel electrode 103 (that is,
astrong electric field is generated at the boundary between the
non-pixel region and the pixel region). Similar to the vertical
electric field in the pixel region, the strong electric field may
cause the liquid crystal molecules at the edges of the black
matrix in the non-pixel region to be in the same orientation as
the liquid crystal molecules in the pixel region, and suppress
the effect of other miscellaneous weak electric fields on the
liquid crystal molecules, thereby regulating the light passing
the liquid crystal molecules at the edges of the black matrix in
the non-pixel region, so as to decrease or avoid pixel light
leakage.

[0030] Inthe above embodiment, the array substrate 10, the
color resin 202 of the color filter substrate 20, and the second
black matrix 2035 parallel to the gate line may employ con-
ventional structures and materials in the field, which will not
be elaborated here. Furthermore, the perpendicular bisection
plane Z of the first black matrix 203a extending along the
direction of the data line 102 is indicated as a broken line in
FIGS. 3 to 7. Moreover, since the boundary between the first
black matrix 203a and the color resin 202 refers to two bound-
aries, the first positions in all the embodiments of the inven-
tion refer to the afore-described first positions D1, D2.
[0031] The protrusion 20342 of the first black matrix 203a
as provided by the embodiment of the invention may be a
protrusion of any shape (such as a triangle or a trapezoidal)
that comprises the two slant surfaces A1, A2 at the first posi-
tions D1, D2, aslongas the electric field between the common
electrode 204 overlaying the two slant surfaces A1, A2 of the
protrusion 203¢2 and the pixel electrode 103 can make the
liquid crystal molecules at the edges of the first black matrix
203a in the non-pixel region to be of a similar orientation as
the liquid crystal molecules in the pixel region.

[0032] In all embodiments of the invention, the slant sur-
faces at the first positions refer to the two slant surfaces A1,
A2 atthe first positions D1, D2 near the boundary between the
first black matrix 203« and the color resin 202, that is, the
slant surface A1 at the first position D1 and the slant surface
A2 at the first position D2. Moreover, the two slant surfaces
A1, A2 may have the same or different inclination angles. For
example, the example shown in FIGS. 3 and 4 has two slant
surfaces having different inclination angles.

[0033] Inall the embodiments ofthe invention, the inclina-
tion angle of the slant surfaces A1, A2 are not limited, as long
as the electric field between the common electrode 204 over-
laying the two slant surfaces Al, A2 of the protrusion 20342
and the pixel electrode 103 can make the liquid crystal mol-
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ecules at the edges of the first black matrix 203a in the
non-pixel region to be of a similar orientation as the liquid
crystal molecules in the pixel region.

[0034] As an example, distance L between the first position
D1, D2 and the boundary between the first black matrix 203a
and the color resin 202 may be 0.9 pm~1.1 um. For example,
the distances T between the first positions D1, D2 and the
boundary between the first black matrix 203a and the color
resin 202 are the same and may be any value between 0.9
um~1.1 um. Preferably, the distance L is 1 um.

[0035] As an example, the height of the slant surfaces A1,
A2 along the direction vertical to the flat bottom layer 20341
of the first black matrix 2034, that is, the distance from the
apex of the slant surfaces Al, A2 to the flat bottom layer
20341, may be 0.9 pm~1.1 um. For example, the height of the
slant surface A1 along the direction vertical to the flat bottom
layer 203a1 of the first black matrix 203a is h1, the height of
the slant surface A2 along the direction vertical to the flat
bottom layer 203al of the first black matrix 203a is h2, both
hl and h2 may have a value between 0.9 u~1.1 um but dif-
ferent from each other. In this case, the height of the protru-
sion 20342 can not exceed the maximum height ofhl andh2.
Preferably, h1=h1=1 um.

[0036] In the embodiment of the invention, the contact
surface of the protrusion 20342 and the common electrode
204, which locates between the slant surfaces A1, A2, may be
slant or flat, as long as the process requirements can be met.
For example, in FIG. 3 the contact surface is a slant surface,
while in FIG. § it is a flat surface.

Embodiment 2

[0037] With reference to FIG. 4, the embodiment differs
from the LCD panel of embodiment 1 in that the protrusion of
the first black matrix 203a of this embodiment comprises
three trapezoidal sub-protrusions, and the sizes of the three
sub-protrusions are different from each other.

Embodiment 3

[0038] With reference to FIG. 5, the embodiment differs
from the LCD panel of embodiment 1 in that the protrusion
20342 of this embodiment comprises one trapezoidal sub-
protrusion. Preferably, the trapezoidal sub-protrusion is sym-
metrical about the perpendicular bisection plane Z of the first
black matrix 203a extending along the direction of data line.
That is to say, the slant surfaces A1, A2 are symmetrical about
the perpendicular bisection plane Z. Moreover, the bottom
surface of the flat bottom layer 20341 is also symmetrical
about the perpendicular bisection plane Z. Meanwhile, the
contact surface of the trapezoidal sub-protrusion and the
common electrode 204, which locates between the slant sur-
faces Al and A2, is a flat plane and parallel to the flat bottom
layer 203al. The contact portion, where the contact surface
locates, is also symmetrical about the perpendicular bisection
plane Z of the first black matrix 203a extending along the
direction of the data line 102.

Embodiment 4

[0039] With reference to FIG. 6, the embodiment differs
from the LCD panel of embodiment 1 in that the protrusion
20342 of the embodiment comprises at least two trapezoidal
sub-protrusions (such as four). Preferably, two of the four
trapezoidal sub-protrusions that are closer to the boundary
between the first black matrix 203a and the color resin 202 are
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symmetrical about the perpendicular bisection plane Z of the
first black matrix 2034 extending along the direction of the
data line 102.

[0040] The two trapezoidal sub-protrusions that are closer
to the boundary between the first black matrix 203q and the
color resin 202 are the two trapezoidal sub-protrusions
respectively comprising the two slant surfaces A1, A2 at the
first positions D1, D2, and the two slant surfaces Al, A2 are
the slant surfaces of the protrusion 20342 that are closest to
the boundary between the first black matrix 203a and the
color resin 202.

[0041] As an example, a width L' of the contact region
where the trapezoidal sub-protrusions that are closer to the
boundary between the first black matrix 203a and the color
resin 202 contacts with the flat bottom layer is preferably 0.9
um~1.1 um (the width used herein refers to a width of the
contact region in the gate line-parallel direction of the array
substrate 10), such that an electric field similar to those in the
pixel region is effectively formed in the region near the slant
surfaces to avoid light leakage.

Embodiment 5

[0042] With reference to FIG. 7, the embodiment differs
from the LCD panel of embodiment 1 in that the protrusion
20342 of the embodiment comprises two trapezoidal sub-
protrusions. In this case, the two trapezoidal sub-protrusions
respectively comprise the two slant surfaces A1, A2 at the first
positions D1, D2, and the two slant surfaces A1, A2 are the
slant surfaces of the protrusion 20342 that are closest to the
boundary between the first black matrix 203a and the color
resin 202. Meanwhile, the two trapezoidal sub-protrusions
are symmetrical about the perpendicular bisection plane 7 of
the first black matrix 203« extending along the direction of
the data line.

[0043] Preferably, asillustrated in FIG. 7, the two trapezoi-
dal sub-protrusions respectively comprising the slant sur-
faces Al, A2 are both isosceles trapezoidal sub-protrusions.

Embodiment 6

[0044] This embodiment provides a display device com-
prising any of the afore-mentioned L.CD panel.

[0045] As an example, the above display device may fur-
ther comprise a backlight source disposed at an outside of the
array substrate of the display panel.

[0046] The display device may be a LCD monitor, a LCD
TV, a digital photoframe, a mobile phone, a tablet PC and any
product or part having a display function.

[0047] Inthe LCD panel and the display device provided by
the above embodiments, when the color filter substrate and
the array substrate are misaligned, a strong electric field is
generated between the common electrode overlaying the two
slant surfaces of the first black matrix of the color filter
substrate and the array substrate. The strong electric field is
similar to the vertical electric field in the pixel region, and
may cause the liquid crystal molecules at the edges of the
black matrix in the non-pixel region to be in the same orien-
tation as the liquid crystal molecules in the pixel region, such
that light passing through the liquid crystal molecules at the
edge of first black matrix in the non-pixel region is regulated,
so as to overcome the light leakage issue caused by the mis-
alignment between the color filter substrate and the array
substrate, and improve the picture quality. Meanwhile, the
amount of material of the black matrix is reduced.
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[0048] What are described above is related to the illustra-
tive embodiments of the disclosure only and not limitative to
the scope of the disclosure; the scopes of the disclosure are
defined by the accompanying claims.

What is claimed is:

1. A LCD panel comprising:

an array substrate which comprises: a first transparent sub-

strate, a data line and a pixel electrode disposed on an
inner side of the first transparent substrate;

acolor filter substrate which comprises: a second transpat-

ent substrate comprising a pixel region and a non-pixel
region, a color resin disposed in the pixel region, a first
black matrix disposed in the non-pixel region and above
the data line; and a common electrode overlaying the
color resin and the first black matrix;

wherein the first black matrix comprises: a flat bottom

layer and a protrusion formed on the flat bottom layer,
the protrusion has slant surfaces near a boundary
between the non-pixel region and the pixel region, such
that an electric field for rotating liquid crystal molecules
at edges of'the first black matrix is generated between the
common electrode overlaying the slant surfaces and the
pixel electrode.

2. The LCD panel of claim 1, wherein the boundary
between the non-pixel region and the pixel region is a bound-
ary between the first black matrix and the color resin.

3. The LCD panel of claim 2, wherein the slant surfaces of
the protrusions near the boundary between the first black
matrix and the color resin are conjoined with the flat bottom
layer at first positions, the slant surfaces incline, from the first
positions, towards a perpendicular bisection plane of the first
black matrix extending along the direction of the data line.

4. The LCD panel of claim 3, wherein distance between the
first position and the boundary between the first black matrix
and the color resin is 0.9 um~1.1 um.
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5. The LCD panel of claim 1, wherein a height of the slant
surface is 0.9 pm~1.1 pm.

6. The LCD panel of claim 1, wherein the protrusion com-
prises at least one trapezoidal sub-protrusion.

7. The LCD panel of claim 6, wherein the protrusion com-
prises one trapezoidal sub-protrusion and the trapezoidal sub-
protrusion is symmetrical about the perpendicular bisection
plane of'the first black matrix extending along the direction of
the data line.

8. The LCD panel of claim 6, wherein the protrusion com-
prises four trapezoidal sub-protrusions, and two of the four
trapezoidal sub-protrusions that are closer to the boundary
between the first black matrix and the color resin are sym-
metrical about the perpendicular bisection plane of the first
black matrix extending along the direction of the data line.

9. The LCD panel of claim 8, wherein a width of the contact
region where the two trapezoidal sub-protrusions that are
closer to the boundary between the first black matrix and the
color resin contacts with the flat bottom layer is 0.9 pm~1.1
pm.

10. The LCD panel of claim 6, wherein the protrusion
comprises two trapezoidal sub-protrusions and the two trap-
ezoidal sub-protrusions are symmetrical about the perpen-
dicular bisection plane of the first black matrix extending
along the direction of the data line.

11. The LCD panel of claim 10, wherein the trapezoidal
sub-protrusions are isosceles trapezoidal sub-protrusions.

12. A display device comprising the LCD panel of claim 1.

13. The display device of claim 12, further comprising a

backlight source disposed at an outside of the array substrate
of the LCD panel.
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