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(57) ABSTRACT

Embodiments of the present invention provide a liquid crystal
display device and a fabricating method thereof, the display
device comprising: a liquid crystal cell, including a color
filter substrate and an array substrate provided opposite to
each other and liquid crystal material provided between the
two substrates; a lower polarizer, provided on a lower surface
of the liquid crystal cell, i.e. a light incident side; an upper
polarizer, provided on an upper surface of the liquid crystal
cell, i.e. alight exiting side; and a light shielding pattern layer,
including light shielding lines and being provided above the
upper polarizer, i.e., at a light exiting side of the upper polar-
izer, wherein the color filter substrate is formed with a black
matrix and a color filter thereon, and the array substrate is
formed with gate lines, data lines, and thin film transistors
thereon.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF FABRICATING THE SAME

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to a
liquid crystal display device and a method of fabricating the
same.

BACKGROUND

[0002] One of the primary reasons for a bad viewing angle
of a liquid crystal display device lies in that light is seriously
leaked from the liquid crystal display device in a non-axis
direction in a dark state. At present, there are two methods of
achieving a wide viewing angle liquid crystal display device:
one is to make compensation for light leakage in a dark state
utilizing an anisotropic compensation film additionally pro-
vided on an upper surface of the liquid crystal display device;
the other is to drive liquid crystal by adopting a in-plane
electric field technique, such as a FFS (Fringe Field Switch-
ing)-type display device and an IPS (In Plane Switch)-type
display device, however, to achieve a super wide viewing
angle, it is still necessary to additionally provide a compen-
sation film on the upper surface of the liquid crystal display
device.

[0003] Nevertheless, the compensation effect utilizing the
compensation film to achieve a wide viewing angle is limited,
e.g. the effect of compensation for light leakage in a dark state
is not ideal, etc.

SUMMARY

[0004] Embodiments of the present invention provides a
liquid crystal display device and a method of fabricating the
same, for reducing leakage of light from a liquid crystal
display device in a non-axis direction in a dark state.

[0005] In a first respect, an embodiment of the present
invention provides a liquid crystal display device, compris-
ing: a liquid crystal cell, including a color filter substrate and
an array substrate provided opposite to each other and liquid
crystal material provided between the color filter substrate
and the array substrate; a lower polarizer, provided on a lower
surface of the liquid crystal cell, i.e. a light incident side of the
liquid crystal cell; an upper polarizer, provided on an upper
surface of the liquid crystal cell, i.e. a light exiting side of the
liquid crystal cell; and a light shielding pattern layer, includ-
ing light shielding lines and being provided above the upper
polarizer, i.e., at a light exiting side of the upper polarizer,
wherein the color filter substrate is formed with a black matrix
and a color filter thereon, and the array substrate is formed
with gate lines, data lines, and thin film transistors thereon.
[0006] Alternatively, positions of the light shielding lines
correspond to opaque regions in pixel regions of the liquid
crystal cell.

[0007] Alternatively, the liquid crystal display device fur-
ther comprises a scattering film provided above the light
shielding pattern layer, i.e., at a light exiting side of the light
shielding pattern layer.

[0008] Alternatively, the liquid crystal display device fur-
ther comprises a transparent layer, wherein the transparent
layer covers the light shielding lines and regions between the
light shielding lines; or the transparent layer is merely filled in
the regions between the light shielding lines.

[0009] Alternatively, the transparent layer has a scattering
function.
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[0010] Alternatively, the transparent layer is doped with
scattering particles.

[0011] Alternatively, on the upper surface of the transpar-
ent layer, there is formed a concave convex structure.

[0012] In a second respect, another embodiment of the
present invention provides a fabricating method of the liquid
crystal display device mentioned above, comprising: fabri-
cating a liquid crystal cell; attaching an upper polarizer and a
lower polarizer onto an upper surface and a lower surface of
the liquid crystal cell, respectively; fabricating a light shield-
ing film on the upper polarizer of the liquid crystal display
device; and forming a light shielding pattern layer including
light shielding lines with a patterning process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] 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 limitative of
the invention.

[0014] FIG. 1 is a schematic view illustrating a structure of
aliquid crystal display device according to an embodiment of
the present invention;

[0015] FIG. 2 is a schematic view illustrating a structure of
alight shielding pattern layer according to an embodiment of
the present invention;

[0016] FIG. 3 is a schematic view illustrating a structure of
another liquid crystal display device according to an embodi-
ment of the present invention;

DETAILED DESCRIPTION

[0017] In order to make objects, technical solutions and
advantages of the embodiments of the invention apparent, the
technical solutions of the embodiments 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.

[0018] Firstly, itis to be understood that in all embodiments
of the present invention, “upper” and “lower” are defined
according to the traveling direction of light from a backlight:
“lower” is where the light from the backlight passes through
first, and “upper” is where the light from the backlight passes
through later. For example, in the aforementioned liquid crys-
tal display device, the light from the backlight passes through
alower polarizer first and then passes through an upper polar-
izer. Exemplarily, a liquid crystal display device comprises a
color filter substrate and an array substrate which are cell-
assembled, and a liquid crystal layer provided between the
two substrates. In this case, an upper polarizer refers to the
polarizer attached to an upper surface of the color filter sub-
strate, i.e. the surface of the color filter substrate not facing the
array substrate; and an lower polarizer refers to the polarizer
attached to the lower surface of the array substrate, i.e. the
surface of the array substrate not facing the color filter sub-
strate.

[0019] One of the primary reasons for a bad viewing angle
of aliquid crystal display device lies in that light is seriously
leaked from the liquid crystal display device in a non-axis
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direction in a dark state. To explain the non-axis direction, an
axis direction needs to be introduced at first. The axis direc-
tion means a normal direction of a display panel, and corre-
spondingly, the so-called non-axis direction means a non-
normal direction.

[0020] When aliquid crystal display device is viewed along
anon-axis direction in a dark state, the light leakage is mainly
caused by the following: if the polarizing directions of the
upper and lower polarizers of the liquid crystal display device
are perpendicular to each other, when viewed along a non-
axis direction, the polarizing directions of the upper and
lower polarizers are no longer perpendicular and the direction
of an optical axis of the liquid crystal may be deflected to
some degree, such that the light entering from the lower
polarizer changes in its polarizing state after passing through
the liquid crystal cell, and can not be completely absorbed by
the upper polarizer, thereby resulting in the light leakage.
[0021] To reduce the light leakage from the liquid crystal
display device in the non-axis direction in a dark state, as
shown in FIG. 1, an embodiment of the present invention
provides a liquid crystal display device, the liquid crystal
display device comprising: a liquid crystal cell 11; a lower
polarizer 13, provided on a lower surface, i.e. a light incident
side, of the liquid crystal cell; and an upper polarizer 12,
provided on an upper surface, i.e. a light exiting side, of the
liquid crystal cell. Further, the liquid crystal display device
comprises a light shielding pattern layer 14 provided above
the upper polarizer, 1.e. a light exiting side of the upper polar-
izer, wherein the light shielding pattern layer 14 comprises
light shielding lines, which may be in any shapes.

[0022] It is to be understood that the liquid crystal cell
according to an embodiment of the present invention may
comprise a color filter substrate formed with a black matrix
and a color filter thereon, an array substrate disposed opposite
to the color filter substrate and formed with a thin film tran-
sistor, a gate line, a dataline and a pixel electrode thereon, and
a liquid crystal material interposed between the color filter
substrate and the array substrate. The specific structure of the
liquid crystal cell in the embodiment of the present invention
may be a conventional structure according to the type of the
used liquid crystal display device. Detailed description is
omitted for sake of brevity.

[0023] Alternatively, the material of the light shielding pat-
tern layer may be the same as that of the black matrix, such as
a black resin, and also may be any other opaque materials.
[0024] According to the liquid crystal display device pro-
vided by an embodiment of the present invention, a light
shielding pattern layer is additionally provided on an upper
surface, 1.e. a light exiting side, of the liquid crystal display
device, and the light emitting toward the light shielding lines
along the non-axis direction is absorbed by the light shielding
pattern layer, but the light in an axis direction may directly
pass through, thereby reducing leakage of light from the
liquid crystal display device in a non-axis direction in a dark
state.

[0025] Alternatively, to absorb the leaked light in any non-
axis direction as much as possible, the light shielding lines
form a plurality of enclosed regions. The enclosed regions
may be in any shapes, e.g. rectangle, circle, ellipse, hexagon,
etc.

[0026] Exemplarily, as shown in FIG. 2, the light shielding
pattern layer 14 comprises a plurality of first light shielding
lines 141 arranged in parallel and a plurality of second light
shielding lines 142 arranged in parallel, the first light shield-
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ing lines and the second light shielding lines being in parallel
with the gate lines and data lines in the liquid crystal display
device, respectively. Generally speaking, the extending direc-
tions of the gate lines and the data lines in the liquid crystal
display device are perpendicular to each other. In this case,
the first light shielding lines 141 and second light shielding
lines 142 that the light shielding pattern layer 14 comprises
are perpendicular to each other, as shown in FIG. 2, thereby
forming a plurality of rectangular enclosed regions.

[0027] Further, as for distribution of the light shielding
lines, positions of the light shielding lines correspond to the
opaque regions in the pixels of the liquid crystal display
device. In particular, the light shielding lines may merely
correspond to partial opaque regions in the pixel regions, and
the light shielding lines may also correspond to all the opaque
regions in the pixel regions of course.

[0028] Exemplarily, the opaque regions corresponding to
the light shielding lines in the pixel regions may be the regions
where the gate lines and the data lines are located. The light
shielding lines are in the following positional relationship
with the gate lines and the data lines: as shown in FIG. 2,
positions of the first light shielding lines 141 and the second
light shielding lines 142 of the light shielding pattern layer
directly correspond to positions of the gate lines and the data
lines in the liquid crystal display device, respectively. It is to
be understood that “directly correspond” herein means that
from a top view, each of the first light shielding lines is in a
region where one gate line (or one data line) 1s provided, and
each of the second light shielding lines is in a region where
one date line (or one gate line) is provided. In this case, the
light shielding lines may absorb the light travelling along the
non-axis direction in the liquid crystal display device, without
occupying the light transmitting regions in the pixel regions
of the liquid crystal display device.

[0029] Further, as shown in FIG. 2, positions of the first
light shielding lines and second light shielding lines of the
light shielding pattern layer respectively correspond to those
of the gate lines and the data lines in the liquid crystal display
device in a one-to-one manner. It is to be understood that
based on the positional relationship between the light shield-
ing lines and the gate lines and the data lines, “correspond to
. . in a one-to-one manner” herein means as follow: the
number of'the first light shielding lines is equal to the number
of the gate lines (or the data lines), and from a top view, the
number of the second light shielding lines is equal to the
number of the data lines (or the gate lines); each of the first
light shielding lines is provided in the region where its cor-
responding gate line (or data line) is located and each of the
second light shielding lines is provided in the region where its
corresponding data line (or gate line) is located.

[0030] Exemplarily, the opaque regions in the pixel regions
corresponding to the light shielding lines are regions provided
withablack matrix, and all the light shielding lines of the light
shielding pattern layer correspond to the regions with a black
matrix. The light shielding lines may correspond to partial
black matrix regions, and may also correspond to all the black
matrix regions. When the light shielding lines correspond to
all the black matrix regions, patterns of the light shielding
pattern layer are consistent with the black matrix patterns
provided on the color filter substrate of the liquid crystal
display device. In this case, when the light shielding pattern
layer is fabricated, mask which have been used to fabricate
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the black matrix patterns may be adopted, thereby reducing
the number of the mask used in the fabricating process of the
display device.

[0031] For further increasing a viewing angle of the liquid
crystal display device, as shown in FI1G. 3, based on the above
liquid crystal display device formed with the light shielding
pattern layer 14, the liquid crystal display device further
comprises a scattering film 15 provided above the light
shielding pattern layer 14.

[0032] Alternatively, the scattering film may be directly
attached onto the light shielding pattern layer 14. At this time,
the regions between the light shielding lines may not be filled
with anything (vacuum) or may be filled with air.

[0033] Further, in an embodiment of the present invention,
to stabilize and protect the structure of the light shielding
pattern layer, the liquid crystal display device further com-
prises a transparent layer (not shown in the drawings); the
transparent layer covering the light shielding lines and the
region between the light shielding lines. In other words, the
transparent layer covers the light shielding lines while it fills
the region between the light shielding lines; or the transparent
layer is merely filled in the region between the light shielding
lines, wherein the region between the light shielding lines
means the regions in which no the light shielding lines are
formed.

[0034] Exemplarily, the transparent layer covers the light
shielding lines and the regions between the light shielding
lines as shown in FIG. 2, i.e. the transparent layer is not only
filled in the regions surrounded by the first light shielding
lines and the second light shielding lines, but also covers the
light shielding lines of the light shielding pattern layer. The
transparent layer is merely filled in the regions between the
light shielding lines, i.e. the transparent layer is merely filled
in the regions surrounded by the first light shielding lines and
the second light shielding lines

[0035] At this time, the scattering film 15 may be provided
on the upper surface of the liquid crystal display device
formed with the transparent layer. Further, to facilitate attach-
ing the scattering film, the surface of the liquid crystal display
device formed with the transparent layer is a flat surface
before the scattering film is attached. Exemplarily, as shown
in FIG. 2, if the transparent layer covers the light shielding
lines of the light shielding pattern layer and the regions sut-
rounded by the first light shielding lines and the second light
shielding lines, the surface of the transparent layer is a flat
surface; if the transparent layer is merely filled in the regions
surrounded by the first light shielding lines and the second
light shielding lines, the thickness of the transparent layer is
equal to that of the light shielding pattern layer, that is to say,
the transparent material fills and levels up the regions sur-
rounded by the first light shielding lines and the second light
shielding lines.

[0036] It is to be understood that the material of the trans-
parent layer may be a transparent resin, and may be any other
transparent materials of course.

[0037] Based on the above liquid crystal display device
formed with the light shielding pattern layer, the viewing
angle of the liquid crystal display device may be further
increased in other manners other than attachment of the scat-
tering film. Alternatively, a transparent layer having a scatter-
ing function may be provided on the liquid crystal display
device formed with the light shielding pattern layer. As such,
the transparent layer having the scattering function may cover
the light shielding lines and the regions between the light
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shielding lines; or it may merely fill the regions between the
light shielding lines. In this way, a sepatate scattering film is
omitted, the object of further increasing the viewing angle is
achieved, and the fabricating process becomes simpler.
[0038] To allow the transparent layer to have the scattering
function, the transparent layer having a scattering structure
may be fabricated. Exemplarily, the transparent layer may
have the scattering structure by a processing treatment. In
particular, a transparent layer having a special exterior shape
may be fabricated, e.g. an upper surface of the transparent
layer may be fabricated to be a surface with a concave convex
structure, which has a function of scattering light; a transpar-
ent layer having a special interior structure may be fabricated,
e.g. the transparent layer may be doped with scattering par-
ticles. Of course, the above object may be reached as well by
fabricating the transparent layer with a material which itself
has a scattering function.

[0039] Another embodiment of the present invention pro-
vides a method of fabricating a liquid crystal display device,
the method particularly comprising:

[0040] S401, fabricating a liquid crystal cell;

[0041] S402, attaching an upper polarizer and a lower
polarizer onto an upper surface and a lower surface of the
liquid crystal cell, respectively;

[0042] S403, fabricating a light shielding film on the upper
polarizer of the liquid crystal display device, for example, by
a film deposition process in particular. It is to be understood
that the light shielding film may be fabricated by other tech-
niques, not limited to the film deposition process.

[0043] S404, treating the light shielding film with a pattern-
ing process, such that a light shielding pattern layer compris-
ing the light shielding lines is formed, wherein the light
shielding lines may be in any shapes.

[0044] Exemplarily, step S404 may comprise the following
steps in particular:

[0045] (1) coating a photoresist on a surface of the light
shielding film;
[0046] (2) retaining the photoresist corresponding to the

patterns of the light shielding pattern layer to be formed by
means of exposure and development processes;

[0047] (3) etching a portion of the light shielding film not
protected by the photoresist to remove the portion of the light
shielding film not protected by photoresist, and forming the
light shielding pattern layer;

[0048] (4) removing the remaining photoresist.

[0049] By the above steps, the light shielding pattern layer
is fabricated on the upper polarizer of the liquid crystal dis-
play device, such that after the light of a backlight passes
through the liquid crystal display device, the light travelling
along the non-axis direction in the liquid crystal display
device is absorbed by the light shielding pattern layer and the
light leakage is reduced.

[0050] The above fabricating method may further com-
prise:
[0051] S405, on the liquid crystal display device formed

with the light shielding pattern layer, filling a transparent
material merely in regions between the light shielding lines to
form a transparent layer, or covering the light shielding lines
and the regions between the light shielding lines with the
transparent material to form a transparent layer.

[0052] Alternatively, the surface of the liquid crystal dis-
play device formed with the transparent layer is a flat surface,
such that it is convenient to attach a scattering film during
performing step S406.
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[0053] The above fabricating method may further com-
prise:
[0054] S406, providing a scattering film on the liquid crys-

tal display device formed with the light shielding pattern
layer.

[0055] In this case, because of the effect of the scattering
film, after the light travelling along an axial direction in the
liquid crystal display device is scattered by the scattering
film, a range of the viewing angle will be increased.

[0056] It is to be understood that step S406 may be per-
formed following step S405. Of course, the scattering film
may be directly attached onto the light shielding pattern layer
without performing step S405. At this time, the regions
between the light shielding lines may not be filled with any-
thing (vacuum), or may be filled with air.

[0057] Alternatively, step S405 further comprises:

[0058] S4051, doping the transparent layer with scattering
particles. In particular, the scattering particles may be added
when the transparent material is in a molten state, and then the
transparent material doped with the scattering particles is
filled in the regions between the light shielding lines or is
coated on the surface of the light shielding pattern layer.
[0059] S4052, forming a concave convex structure on an
upper surface of the transparent layer. In particular, after the
transparent material in a molten state is filled in the light
shielding pattern layer, before the transparent material is
completely cured, the surface of the transparent layer formed
after curing of the transparent material is made to have the
concave convex structure through a processing treatment.
[0060] Tt is to be understood that steps S4051 and S4052
may be performed in a alternative manner. If one of the steps
is selected, the step of attaching the scattering film, i.e. step
S406, may be omitted. Accordingly, processes may be sim-
plified and production efficiency may be improved.

[0061] The method of fabricating the liquid crystal display
device provided by an embodiment of the present invention
includes the steps of: fabricating a light shielding film on an
upper surface of the liquid crystal display device, forming a
light shielding pattern layer with a patterning process, and
thus, the light shielding pattern layer can be utilized to absorb
the light travelling along a non-axis direction, thereby reduc-
ing leakage of light from the liquid crystal display device in
the non-axis direction in a dark state; further by providing a
transparent layer and/or a scattering film on the liquid crystal
display device formed with the light shielding pattern layer,
the scattering effect on the light can be enhanced, thereby
increasing a viewing angle of the liquid crystal display
device.

[0062] The liquid crystal display device according to an
embodiment of the present invention can be served as a dis-
play of any product or component having a display function,
such as, a liquid crystal television, a digital camera, a mobile
phone, a tablet PC, etc.

[0063] With the liquid crystal display device and the
method of fabricating the same provided by the embodiments
of the present invention, a light shielding film is fabricated on
an upper surface of the liquid crystal display device; the light
emitting toward the light shielding lines along a non-axis
direction can be absorbed by the light shielding pattern layer,
while the light emitting toward the light shielding lines along
an axial direction can pass through directly, thereby reducing
leakage of light from the liquid crystal display device in a
non-axis direction in a dark state; the viewing angle of the
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display device may be further increased by utilizing the scat-
tering effect of the transparent layer and/or the scattering film
on light.

[0064] The above descriptions are merely modes of carry-
ing out the present invention, but the scope of the present
invention is not limited to them. Any alternations or substitu-
tions that those skilled in the art shall readily envisage within
the technical scope disclosed by the present invention should
be covered within the scope of the present invention. Accord-
ingly, the scope of the present invention should be subject to
the scope of the appended claims.

1. A liquid crystal display device, comprising:

aliquid crystal cell, including a color filter substrate and an

array substrate provided opposite to each other and lig-
uid crystal material provided between the color filter
substrate and the array substrate;

a lower polarizer, provided on a light incident side of the

liquid erystal cell;

an upper polarizer, provided on a light exiting side of the

liquid crystal cell; and

a light shielding pattern layer, including light shielding

lines and being provided at a light exiting side of the
upper polarizer,

wherein the color filter substrate is formed with a black

matrix and a color filter thereon, and the array substrate
1s formed with gate lines, data lines, and thin film tran-
sistors thereon.

2. The liquid crystal display device according to claim 1,
wherein the liquid crystal display device further comprises a
scattering film provided at a light exiting side of the light
shielding pattern layer.

3. The liquid crystal display device according to claim 1,
wherein positions of the light shielding lines correspond to
opaque regions in pixel regions of the liquid crystal cell.

4. The liquid crystal display device according to claim 3,
wherein the positions of the light shielding lines correspond
to regions of the liquid crystal display device formed with a
black matrix therein.

5. The liquid crystal display device according to claim 3,
wherein the positions of the light shielding lines correspond
to regions where the gate lines and the data lines of the liquid
crystal cell are located.

6. The liquid crystal display device according to claim 1,
further comprising: a transparent layer, wherein the transpar-
ent layer covers the light shielding lines and regions between
the light shielding lines; or the transparent layer is merely
filled in the regions between the light shielding lines.

7. The liquid crystal display device according to claim 6,
wherein the transparent layer has a scattering function.

8. The liquid crystal display device according to claim 7,
wherein the transparent layer is doped with scattering par-
ticles.

9. The liquid crystal display device according to claim 7,
wherein on the upper surface of the transparent layer, there is
formed a concave convex structure.

10. The liquid crystal display device according to claim 1,
wherein the light shielding lines of the light shielding pattern
layer form enclosed regions.

11. The liquid crystal display device according to claim 10,
wherein the enclosed regions is in a rectangular, circular,
elliptical, or hexagonal shape.

12. A fabricating method of the liquid crystal display
device according to claim 1, comprising:
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fabricating a liquid crystal cell;

attaching an upper polarizer and a lower polarizer onto an
upper surface and a lower surface of the liquid crystal
cell, respectively;

fabricating a light shielding film on the upper polarizer of

the liquid crystal display device; and

forming a light shielding pattern layer including light

shielding lines with a patterning process.

13. The fabricating method according to claim 12, wherein
the forming the light shielding pattern layer by using the
patterning process comprises:

coating a photoresist on a surface of the light shielding

film;
retaining the photoresist corresponding to the light shield-
ing lines of the light shielding pattern layer to be formed
by means of exposure and development processes;

removing a portion of the light shielding film not protected
by the photoresist to form the light shielding lines of the
light shielding pattern layer; and

removing the remaining photoresist.

14. The fabricating method according to claim 12, further
comprising: on the liquid crystal display device formed with
the light shielding pattern layer, filling transparent material
merely in regions between the light shielding lines to form a
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transparent layer, or covering the light shielding lines and the
regions between the light shielding lines with the transparent
material to form a transparent layer.

15. The fabricating method according to claim 12, further
comprising: providing a scattering film on the liquid crystal
display device formed with the light shielding pattern layer.

16. The fabricating method according to claim 15, further
comprising: doping the transparent layer with scattering pat-
ticles.

17. The fabricating method according to claim 15, further
comprising: forming a concave convex structure on an upper
surface of the transparent layer.

18. The fabricating method according to claim 12, wherein
positions of the light shielding lines correspond to opaque
regions in pixel regions of the liquid crystal display device.

19. The liquid crystal display device according to claim 18,
wherein the positions of the light shielding lines correspond
to regions of the liquid crystal cell formed with a black matrix
therein.

20. The liquid crystal display device according to claim 18,
wherein the positions of the light shielding lines correspond
to regions where gate lines and data lines of the liquid crystal
cell are located.
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