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DISPLAY PANEL AND LIQUID CRYSTAL
DISPLAY DEVICE

BACKGROUND OF INVENTION

1. Field of Invention

[0001] The present invention relates to a technical field of
displays, and particularly to, a display panel and a liquid
crystal display device.

2. Related Art

[0002] Manufacturing processes of a liquid crystal display
panel includes an array substrate 91 (as shown in FIG. 1) and
a color filter substrate 92 fabricated in an array process at a
front stage, a cell-assembly process at an intermediate stage
to assemble the array substrate and the color filter substrate
so that liquid crystals (as shown in FIG. 1) can be injected
in between the two substrates, and a modular process at a
rear stage. A panel being completed is assembled with a
backlight module, panel driver circuits, and frames to be a
one integral piece.

[0003] Displayed images can only be controlled by liquid
crystals formed in an ordered alignment in the cell-assembly
process. The ordered alignment of the liquid crystals is
mainly realized by polyimide (PI) alignment film. In panel
production, PI liquid 93 is mainly applied to a surface of a
substrate by inkjet printing, and then PI is formed into an
alignment film by a heating and baking process. As shown
in FIG. 2, in a PI film fabrication process, PI droplets
dropped on the substrate will flow to peripheries until they
are fixed after the baking process is completed. In this
process, a PI film at an edge of the panel appears to be
different in thickness, that is, a film thickness gradient area
appears. Different thicknesses of the PI film have different
alignment forces on liquid crystals, and there appears to be
some film thickness gradient areas on edges of an active
area. An alignment force on liquid crystals in the film
thickness gradient areas is not consistent with an alignment
force on liquid crystals in an inner display area, resulting in
a situation that rotation degrees of liquid crystals at edges of
the panel are different than that of liquid crystals at inner part
of the panel when driving the panel, thereby causing differ-
ent brightness between the film thickness gradient areas at
the edges and normal areas at the inner part, and giving rise
to a problem of non-uniform brightness (i.e. mura) at
peripheries of the panel.

SUMMARY OF INVENTION

[0004] An object of the present invention is to provide a
display panel having improved edge portion structure to
avoid a situation that an organic film tends to form film
thickness gradient areas on peripheral regions of a display
area after film formation of an organic solution, thereby to
achieve an effect of uniform display brightness.

[0005] Inorderto achieve the above-mentioned object, the
present application provides a display panel, comprising a
display area and a non-display area surrounding the display
area, and a peripheral region defined on the display area
adjoining the non-display area, wherein the display panel
comprises: an array substrate comprising a functional film
layer disposed along the display area and the non-display
area; a color filter substrate disposed facing the array sub-
strate; an alignment film laminated on the functional film
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layer and a surface of the color filter substrate facing the
array substrate; a liquid crystal layer disposed between the
array substrate and the color filter substrate; and a bank
portion disposed on the peripheral region of the display area,
and comprising at least a first platform and at least a second
platform, wherein an edge of the alignment film adjoins the
bank portion, and the at least a first platform has a thickness
different than a thickness of the at least a second platform.
[0006] Further, the second platform adjoins the first plat-
form and is located away from the display area relative to the
first platform, wherein the thickness of the second platform
is less than that of the first platform.

[0007] Further, the bank portion further comprises a third
platform having a thickness the same as that of the first
platform, and the second platform is disposed between the
first platform and the third platform so that the bank portion
is concave-convex in shape.

[0008] Further, the second platform adjoins the first plat-
form, and the thickness of the second platform is greater
than that of the first platform, so that the bank portion is
stair-like in shape.

[0009] Further, a thickness difference between the first
platform and the second platform ranges from 0.01 microns
(um) to 3.5 um.

[0010] Further, a height of the alignment film in the
display area is coplanar with a height of the alignment film
in the peripheral region.

[0011] Further, the functional film layer comprises a first
electrode layer and a passivation layer each comprising the
bank portion disposed corresponding to each other.

[0012] Further, a side of the color filter substrate facing the
array substrate is provided with a black light shielding layer,
a color filter layer, and a second electrode layer, each
provided with the bank portion disposed corresponding to
each other.

[0013] Further, each of a side of the array substrate and a
side of the color filter substrate is provided with a polarizer,
and the alignment film is made of polyimide, wherein the
bank portion is formed through a photolithography process
using a halftone mask.

[0014] The present application further provides a liquid
crystal display device, comprising a backlight module and
the display panel of the above-mentioned embodiment.

[0015] The present application further provides a display
panel, comprising a display areca and a non-display area
surrounding the display area, and a peripheral region defined
on the display area adjoining the non-display area, wherein
the display panel comprises an array substrate comprising a
functional film layer disposed along the display area and the
non-display area; a color filter substrate disposed facing the
array substrate; an alignment film laminated on the func-
tional film layer and a surface of the color filter substrate
facing the array substrate; a liquid crystal layer disposed
between the array substrate and the color filter substrate; and
a bank portion disposed on the peripheral region of the
display area, and comprising at least a first platform and at
least a second platform, wherein an edge of the alignment
film adjoins the bank portion, and the at least a first platform
has a thickness different than a thickness of the at least a
second platform; wherein a height of the alignment film in
the display area is coplanar with a height of the alignment
film in the peripheral region, and the functional film layer is
provided with the bank portion.
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[0016] Based on the display panel and the liquid crystal
display device of the present application, by using the
thickness variation structure of the concave-convex bank
portion or the stair-like bank portion disposed on the display
area, the rapid movement of the PI liquid can be effectively
hindered, thereby rendering accumulation of the PI liquid
and causing the PI liquid to flow back, so that thicknesses of
the alignment film 10 in middle and peripheral areas of the
display panel 100 are substantially the same. In this manner,
the present application effectively overcomes drawbacks
that conventional alignment films are likely to form film
thickness gradient areas in peripheral regions of display
areas, resulting in non-uniform film thickness of the align-
ment films, affecting liquid crystals rotation, and further
causing different brightness between middle and peripheral
areas of the display panel.

BRIEF DESCRIPTION OF DRAWINGS

[0017] FIG. 1 is a schematic view of liquid crystal align-
ment of a conventional display panel.

[0018] FIG. 2 is a schematic view of a film thickness
variation area of a conventional polyimide film layer.
[0019] FIG. 3 is a schematic structural view of a display
panel in accordance with an embodiment of the present
application.

[0020] FIG. 4 is a schematic partial enlarged view of the
display panel of FIG. 3.

[0021] FIG. 5 is a schematic structural view of a display
panel in accordance with another embodiment of the present
application.

[0022] FIG. 6 is a schematic partial enlarged view of the
display panel of FIG. 5.

[0023] FIG. 7 is a schematic structural view of a liquid
crystal display device in accordance with an embodiment of
the present application.

DESCRIPTION OF PREFERRED
EMBODIMENTS

[0024] The following embodiments are referring to the
accompanying drawings for exemplifying specific imple-
mentable embodiments of the present invention. Directional
terms described by the present invention, such as upper,
lower, front, back, left, right, inner, outer, side, etc., are only
directions by referring to the accompanying drawings, and
thus the used directional terms are used to describe and
understand the present invention, but the present invention
is not limited thereto.

[0025] The present application relates to a display panel,
and particularly to a display panel adapted for a liquid
crystal display. Please refer to FIG. 3. FIG. 3 is a schematic
structural view of a display panel in accordance with an
embodiment of the present application. The present appli-
cation provides a display panel 100 divided into a display
area 101 and a non-display area 102 surrounding the display
area 101 (as shown in FIG. 7) according to areas for
displaying images, wherein a peripheral region 101a is
defined on the display area 101 adjoining the non-display
area 102. As shown in FIG. 3, the display panel 100 includes
an array substrate 1, a color filter substrate 2 disposed facing
the array substrate 1, and a liquid crystal layer 4 disposed
between the array substrate 1 and the color filter substrate 2.
The array substrate 1 includes a base substrate 11, a func-
tional film layer 12 disposed along the display area 101 and
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the non-display area 102, and an alignment film 10 lami-
nated on the functional film layer 12. The liquid crystal layer
4 includes liquid crystal molecules disposed in a space
formed by a plurality of photo spacers 41 disposed between
the array substrate 1 and the color filter substrate 2. Fur-
thermore, the functional film layer 12 includes a passivation
layer 13 and a first electrode layer 14 disposed on the
passivation layer 13. The first electrode layer 14 is a pixel
electrode layer provided with the alignment film 10 on the
first electrode layer 14. It should be noted that most of the
structure of the display panel of the present application is the
same as that of a general liquid crystal display panel. That
is, the functional film layer may include a buffer layer and
a plurality of thin-film transistors (not shown) arranged in an
array all laminated in turn. Other structure relates to con-
ventional liquid crystal display panels is not described in
detail here.

[0026] Please continue referring to FIG. 3. Particularly, in
the present application, the array substrate 1 is provided with
a bank portion 3 disposed on the peripheral region 101a of
the display area 101. That is, the passivation layer 13 and the
first electrode layer 14 of the functional film layer 12, or
other film layers included in the functional film layer 12 may
be provided with the bank portion 3, respectively. In other
words, the bank portions 3 included in each of the layers are
disposed corresponding to each other and are laminated to
one another. As shown in FIG. 3, in this embodiment, the
bank portion 3 includes a first platform 31, a second plat-
form 32, and a third platform 33. An edge of the alignment
film 10 adjoins the bank portion 3. Particularly, one end of
the second platform 32 adjoins the first platform 31 and is
located away from the display area 101 relative to the first
platform 31, and another end of the second platform 32
adjoins the third platform 33. Specifically, the second plat-
form 32 has a thickness t2 less than a thickness t1 of the first
plat form 31, and the third platform 33 has a thickness the
same as that of the first platform 31. That is, the second
platform 32 is disposed between the first platform 31 and the
third platform 33 to enable the bank portion 3 to be concave-
convex in shape. The concave-convex bank portion 3 is
formed through a photolithography process using a halftone
mask, wherein the photolithography process includes expo-
sure, development, and etching processes.

[0027] In a process of manufacturing a panel, polyimide
(PD) liquid is applied to a surface of a substrate by inkjet
printing, and then the PI liquid is formed into an alignment
film by a heating and baking process, wherein PI droplets
dropped on the substrate are flowing toward peripheries until
they are fixed after the baking process is completed. Because
the PI liquid will continue to flow toward the peripheries
during printing, a film thickness variation area is therefore
produced on the peripheries. That is, the film thickness
variation area is formed on a peripheral region of the display
area and the non-display area, causing brightness of the film
thickness variation area to be different than brightness of a
normal area in inner part of the display panel.

[0028] Please refer to FIG. 4 in combination with FIG. 3.
FIG. 4 is a schematic partial enlarged view of the display
panel of FIG. 3, taking the bank portion 3 provided on the
passivation layer 13 as an example. As shown in FIG. 4, the
present application provides the bank portion 3 to form a
film thickness variation structure, so that rapid movement of
the PI liquid can be effectively hindered when the PI liquid
is flowing to the first platform 31, the second platform 32,
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and the third platform 33, thereby rendering accumulation of
the PI liquid and causing the PI liquid to flow back. As a
result, a peripheral region originally formed with a thin
thickness may be covered by the PI liquid flowing back as
replenishment of the PI liquid, and the alignment film 10 can
be formed after curing. Furthermore, thicknesses of the
alignment film 10 in middle and peripheral areas of the
display panel 100 are substantially the same. That is, a
height of the alignment film 10 in a middle of the display
area 101 is coplanar with a height of the alignment film 10
in the peripheral region 10la. Specifically, a thickness
difference between the first platform 31 and the second
platform 32, or between the third platform 33 and the second
platform 32 ranges from 0.01 microns (um) to 3.5 um (i.e.
a difference between the thickness t1 and t2). Preferably, the
thickness difference should not be too large so that a back
flowing effect of the PI liquid will not be affected.

[0029] Please continue referring to FIG. 3. A side of the
color filter substrate 2 facing the array substrate 1 of the
present application is provided with a glass substrate 21, a
functional film layer 22, and an alignment film 20 disposed
on a side of the functional film layer 22. The functional film
layer 22 may include a black light shielding layer 25, a color
filter layer 23, and a second electrode layer 24, each may be
provided with the bank portion 3 disposed corresponding to
each other, wherein the second electrode layer 24 is a
common electrode layer. Liquid crystal molecules rotate as
desired through the alignment films 10 and 20 under a
voltage applied. It should be noted that most of the structure
of'the color filter substrate 2 of the present application is the
same as a color filter substrate of a general liquid crystal
display panel. That is, the functional film layer 22 may
further include other metal film layers or polymer film
layers, which will not be described in detail here.

[0030] Please refer to FIG. 5. FIG. 5 is a schematic
structural view of a display panel in accordance with another
embodiment of the present application. A display panel of
this embodiment is different from the embodiment of FIG.
4 in that a structure of a bank portion, while structures of
other components are the same, and the same structures will
not be reiterated in this embodiment. As shown in FIG. 5, a
display panel 100 includes a bank portion 3 disposed on the
peripheral region 101a of the display area 101. The bank
portion 3 includes a first platform 31 and a second platform
32. Specifically, a thickness t2 of the second platform 32 is
greater than a thickness t1 of the first platform 31, so that the
bank portion 3 has a stair-like structure, wherein a thickness
difference between the first platform 31 and the second
platform 32 ranges from 0.01 um to 3.5 um. In this embodi-
ment, the second platform 32 further adjoins a plurality of
the third platforms 33 each having a thickness greater than
that of the second platform 32, and each of the thicknesses
of' the third platforms 33 increasingly increases such that the
bank portion 3 forms the stair-like configuration of a plu-
rality of steps extending upward.

[0031] Please refer to FIG. 6. FIG. 6 is a schematic partial
enlarged view of the display panel of FIG. 5, taking the bank
portion 3 provided on the passivation layer 13 as an
example. The bank portion 3 of this embodiment can
achieve an effect the same as that of the bank portion as
shown in FIG. 4. That is, by using a thickness variation
structure, the stair-like bank portion 3 can effectively hinder
rapid movement of the PI liquid, thereby rendering accu-
mulation of the PI liquid and causing the PI liquid to flow
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back. In this manner, thicknesses of the alignment film 10 in
middle and peripheral areas of the display panel 100 are
substantially the same.

[0032] FIG. 7 is a schematic structural view of a liquid
crystal display device in accordance with an embodiment of
the present application. As shown in FIG. 7, the liquid
crystal display dive 110 of the present application includes
the display panel 100 of the aforementioned embodiments,
and a backlight module 5 disposed on a side of the display
panel 100. Specifically, sides of the array substrate 1 and the
color filter substrate 2 are provided with polarizers 15 and
25, respectively. Opposite sides of the polarizers 15 and 25
are provided with the backlight module 5 and a cover 6,
respectively, and the liquid crystal layer 4 is encapsulated by
a sealant 42 to complete the assembly.

[0033] Based on the display panel and the liquid crystal
display device of the present application, by using the
thickness variation structure of the concave-convex bank
portion or the stair-like bank portion disposed on the display
area, the rapid movement of the PI liquid can be effectively
hindered, thereby rendering accumulation of the PI liquid
and causing the PI liquid to flow back, so that thicknesses of
the alignment film 10 in middle and peripheral areas of the
display panel 100 are substantially the same. In this manner,
the present application effectively overcomes drawbacks
that conventional alignment films are likely to form film
thickness gradient areas in peripheral regions of display
areas, resulting in non-uniform film thickness of the align-
ment films, affecting liquid crystals rotation, and further
causing different brightness between middle and peripheral
areas of the display panel.

[0034] Accordingly, although the present invention has
been disclosed as a preferred embodiment, it is not intended
to limit the present invention. Those skilled in the art without
departing from the scope of the present invention may make
various changes or modifications, and thus the scope of the
present invention should be after the appended claims and
their equivalents.

What is claimed is:

1. A display panel, comprising:

a display area and a non-display area surrounding the
display area, and a peripheral region defined on the
display area adjoining the non-display area, wherein
the display panel comprises:

an array substrate comprising a functional film layer
disposed along the display area and the non-display
area;

a color filter substrate disposed facing the array substrate;

an alignment film laminated on the functional film layer
and a surface of the color filter substrate facing the
array substrate;

a liquid crystal layer disposed between the array substrate
and the color filter substrate; and

at least a bank portion disposed on the peripheral region
of the display area, and comprising at least a first
platform and at least a second platform, wherein an
edge of the alignment film adjoins the bank portion, and
the at least a first platform has a thickness different than
a thickness of the at least a second platform.

2. The display panel of claim 1, wherein the second
platform adjoins the first platform and is located away from
the display area relative to the first platform, wherein the
thickness of the second platform is less than that of the first
platform.
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3. The display panel of claim 2, wherein the bank portion
further comprises a third platform having a thickness the
same as that of the first platform, and the second platform is
disposed between the first platform and the third platform so
that the bank portion is concave-convex in shape.

4. The display panel of claim 1, wherein the second
platform adjoins the first platform, and the thickness of the
second platform is greater than that of the first platform, so
that the bank portion is stair-like in shape.

5. The display panel of claim 1, wherein a thickness
difference between the first platform and the second plat-
form ranges from 0.01 microns (um) to 3.5 um.

6. The display panel of claim 1, wherein a height of the
alignment film in the display area is coplanar with a height
of the alignment film in the peripheral region.

7. The display panel of claim 1, wherein the functional
film layer comprises a first electrode layer and a passivation
layer each comprising the bank portion disposed corre-
sponding to each other.

8. The display panel of claim 1, wherein a side of the color
filter substrate facing the array substrate is provided with a
black light shielding layer, a color filter layer, and a second
electrode layer, each provided with the bank portion dis-
posed corresponding to each other.

9. The display panel of claim 1, wherein each of a side of
the array substrate and a side of the color filter substrate is
provided with a polarizer, and the alignment film is made of
polyimide, wherein the bank portion is formed through a
photolithography process using a halftone mask.

10. A liquid crystal display device, comprising a backlight
module and the display panel of claim 1.

11. A display panel, comprising:

a display area and a non-display area surrounding the
display area, and a peripheral region defined on the
display area adjoining the non-display area, wherein
the display panel comprises:
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an array substrate comprising a functional film layer dis-
posed along the display area and the non-display area;

a color filter substrate disposed facing the array substrate;
an alignment film laminated on the functional film layer and
a surface of the color filter substrate facing the array
substrate;

a liquid crystal layer disposed between the array substrate
and the color filter substrate; and

at least a bank portion disposed on the peripheral region of
the display area, and comprising at least a first platform and
at least a second platform, wherein an edge of the alignment
film adjoins the bank portion, and the at least a first platform
has a thickness different than a thickness of the at least a
second platform;

wherein a height of the alignment film in the display area

is coplanar with a height of the alignment film in the
peripheral region, and the functional film layer is
provided with the bank portion.

12. The display panel of claim 11, wherein the second
platform adjoins the first platform and is located away from
the display area relative to the first platform, wherein the
thickness of the second platform is less than that of the first
platform.

13. The display panel of claim 11, wherein the bank
portion further comprises a third platform having a thickness
the same as that of the first platform, and the second platform
is disposed between the first platform and the third platform
so that the bank portion is concave-convex in shape.

14. The display panel of claim 11, wherein the second
platform adjoins the first platform, and the thickness of the
second platform is greater than that of the first platform, so
that the bank portion is stair-like in shape.

15. The display panel of claim 11, wherein the functional
film layer comprises a first electrode layer and a passivation
layer each comprising the bank portion disposed corre-
sponding to each other.
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