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LIQUID CRYSTAL DISPLAY PANEL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 99119300, filed on Jun. 14, 2010.
The entirety of the above-mentioned patent application is
hereby incorporated by reference herein and made a part of
this specification.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates in general to a display panel
and in particular to a liquid crystal display (LCD) panel.

[0004] 2. Description of Related Art

[0005] The conventional LCD panel is formed by a color
filter substrate, a thin film transistor (TFT) array substrate,
and a liquid crystal layer sandwiched therebetween. Recently,
techniques of directly forming color filter on array (COA) and
forming black matrix on array (BOA) have been proposed.
Specifically, a COA substrate or a BOA substrate is
assembled to an opposite substrate, and liquid crystal mol-
ecules are then trapped between the two substrates to consti-
tute an LCD panel.

[0006] In general, the liquid crystal molecules can be intro-
duced between the two substrates by way of vacuum suction
or one drop fill (ODF). Since the dimension of the LCD panel
increases, it is rather time-consuming to introduce the liquid
crystal molecules between the two substrates by vacuum suc-
tion. Hence, in an assembly process of a large-size LCD
panel, the liquid crystal molecules are introduced between the
two substrates by way of ODF in most cases. In particular,
prior to the ODF, a sealant is formed at boundaries of a display
area of an active device array substrate, so as to define liquid
crystal accommodation space. The amount of the dropped
liquid crystal molecules is determined based on the dimen-
sion of the liquid crystal accommodation space and a cell gap
between the two substrates, such that the liquid crystal mol-
ecules with certain volume are dropped into the liquid crystal
accommodation space. The active device array substrate and
the color filter substrate are then aligned and assembled, and
the sealant is cured to trap the liquid crystal molecules
between the two substrates.

[0007] Nevertheless, when the liquid crystal molecules are
introduced between the two substrates by way of ODF, the
liquid crystal molecules are diffused to the periphery of the
sealant in a capillary manner. In the LCD panel having the
COA substrate or the BOA substrate, vias between pixel
electrodes and drain electrodes of active devices cannot be
fully filled with the liquid crystal molecules when the liquid
crystal molecules are diffused to the periphery of the sealant
due to the insufficient capillary force. Thereby, vacuum
bubbles are apt to be generated in the vias. The vacuum
bubbles result in reduced yield of the LCD panel. Besides, the
vacuum bubbles are located corresponding to the drain elec-
trodes and the vias, and therefore the vacuum bubbles are not
prone to be observed by naked eyes or image recognition
systems. Accordingly, test balls have been developed to
knock edge regions of the LCD (the periphery of the sealant),
so as to further determine whether a bubble issue exists.
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However, even though the bubble issue can be detected by
using the test balls, it is not likely to resolve the bubble issue
effectively.

SUMMARY OF THE INVENTION

[0008] Theinventionisdirectedto an LCD panel capable of
reducing air bubbles formed when a liquid crystal layer is
formed in the display panel.

[0009] The invention provides an LCD panel including an
active device array substrate, an opposite substrate, a sealant,
a liquid crystal layer, a black matrix, a plurality of first pro-
trusions, and a plurality of second protrusions. The opposite
substrate is disposed above the active device array substrate.
The sealant is disposed between the active device array sub-
strate and the opposite substrate. Here, the active device array
substrate has a display area and a peripheral area surrounding
the display area, and the sealant surrounds the peripheral area.
The liquid crystal layer is disposed between the active device
array substrate and the opposite substrate and surrounded by
the sealant. The black matrix is disposed between the active
device array substrate and the opposite substrate and distrib-
uted corresponding to the display area and the peripheral area.
The first protrusions are disposed between the active device
array substrate and the opposite substrate and distributed
corresponding to the display area. The second protrusions are
disposed between the active device array substrate and the
opposite substrate and distributed corresponding to the
peripheral area. Here, distribution density of the first protru-
sions is less than distribution density of the second protru-
sions.

[0010] The invention provides an LCD panel including an
active device array substrate, an opposite substrate, a sealant,
a liquid crystal layer, a plurality of first black matrices sepa-
rated from one another, a second black matrix, a plurality of
first protrusions, and a plurality of second protrusions. The
opposite substrate is disposed above the active device array
substrate. The sealant is disposed between the active device
array substrate and the opposite substrate. Here, the active
device array substrate has a display area and a peripheral area
surrounding the display area, and the sealant surrounds the
peripheral area. The liquid crystal layer is disposed between
the active device array substrate and the opposite substrate
and surrounded by the sealant. The first black matrices sepa-
rated from one another are disposed between the active device
array substrate and the opposite substrate and distributed
corresponding to the display area. The second black matrix is
disposed between the active device array substrate and the
opposite substrate and distributed corresponding to the
peripheral area. Here, the second black matrix surrounds the
first black matrices. Each of the first protrusions is disposed
on one of the first black matrices. The second protrusions are
disposed on the second black matrix.

[0011] The invention provides an LCD panel including an
active device array substrate, an opposite substrate, a sealant,
a liquid crystal layer, a black matrix, and a plurality of rough
structures. The opposite substrate is disposed above the active
device array substrate. The sealant is disposed between the
active device array substrate and the opposite substrate. Here,
the active device array substrate has a display area and a
peripheral area surrounding the display area, and the sealant
surrounds the peripheral area. The liquid crystal layer is dis-
posed between the active device array substrate and the oppo-
site substrate and surrounded by the sealant. The black matrix
is disposed between the active device array substrate and the
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opposite substrate and distributed corresponding to the dis-
play area and the peripheral area. The rough structures are
disposed on a portion of the black matrix and distributed
corresponding to the peripheral area. Surface roughness of
the rough structures is greater than surface roughness of the
black matrix distributed corresponding to the display area.
[0012] Based onthe above, the black matrix corresponding
to the peripheral area of the LCD panel includes the protru-
sions or the rough structures as described in the embodiments
of the invention, so as to reduce the air bubbles generated
when the liquid crystal layer is formed in the display panel.
[0013] Itistobeunderstood that both the foregoing general
descriptions and the following detailed embodiments are
exemplary and are, together with the accompanying draw-
ings, intended to provide further explanation of technical
features and advantages of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention.

[0015] FIG. 1is a schematic top view illustrating an LCD
panel according to an embodiment of the invention.

[0016] FIG. 2 is a schematic cross-sectional view taken
along a cross-section C-C' depicted in FIG. 1.

[0017] FIG. 3 is a schematic cross-sectional view illustrat-
ing the LCD panel that undergoes reliability test.

[0018] FIG. 4 is a schematic top view illustrating an LCD
panel according to an embodiment of the invention.

[0019] FIG. § is a schematic cross-sectional view taken
along a cross-section D-D' depicted in FIG. 4.

[0020] FIG. 6 illustrates one pixel unit in the display area
AA depicted in F1G. 4.

[0021] FIG. 7(a)~FIG. 7(c) illustrate the configuration of
the black matrix distributed corresponding to the peripheral
area depicted in FIG. 5 and the second protrusions made of
different materials.

[0022] FIG. 8 is a schematic cross-sectional view taken
along the cross-section D-D' depicted in FIG. 4 according to
another embodiment of the invention.

[0023] FIG. 9(a)~FIG. 9(f) illustrate the configuration of
the black matrix corresponding to the peripheral area
depicted in FIG. 8 and the second protrusions made of differ-
ent materials.

[0024] FIG. 10 is a schematic cross-sectional view taken
along the cross-section D-D' depicted in FIG. 4 according to
another embodiment of the invention.

[0025] FIG. 11 is a schematic cross-sectional view taken
along the cross-section D-D' depicted in FIG. 4 according to
another embodiment of the invention.

[0026] FIG.12(a)~FIG. 12(c)illustrate the configuration of
the black matrix corresponding to the peripheral area
depicted in FIG. 10 and FIG. 11 and rough structures made of
different materials.

DESCRIPTION OF EMBODIMENTS

[0027] FIG. 1is a schematic top view illustrating an LCD
panel according to an embodiment of the invention. FIG. 2 is
a schematic cross-sectional view taken along a cross-section
C-C' depicted in FIG. 1. With reference to FIG. 1 and FIG. 2,
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an LCD panel 100 of this embodiment includes an active
device array substrate 102, an opposite substrate 104, a liquid
crystal layer 106, a sealant 108, and a black matrix 110. The
opposite substrate 104 is disposed above the active device
array substrate 102. The sealant 108 is disposed between the
active device array substrate 102 and the opposite substrate
104. Here, the active device array substrate 102 has a display
area AA and a peripheral area BF surrounding the display area
AA, and the sealant 108 surrounds the peripheral area BF. The
liquid crystal layer 106 is disposed between the active device
array substrate 102 and the opposite substrate 104 and sur-
rounded by the sealant 108. The black matrix 110 is disposed
between the active device array substrate 102 and the opposite
substrate 104 and distributed corresponding to the peripheral
area BF.

[0028] In this embodiment, the active device array sub-
strate 102 includes a plurality of active devices T and a color
filter layer 112. The color filter layer 112 is placed on the
active device array to form the COA substrate. The active
device array substrate 102 can be any kind of COA substrate,
and the invention poses no limitation to the type of the active
device array substrate 102. On the other hand, a black matrix
114 of this embodiment is formed on the opposite substrate
104, and the black matrix 114 and the black matrix 110 are
located on the same side of the opposite substrate 104.
[0029] In other embodiments of the invention, the black
matrix 114 can also be placed on the active device array to
form the COA substrate and the BOA substrate. Namely, the
black matrix 114 and the black matrix 110 can be formed on
different sides, and the invention poses no limitation to the
location of the black matrix 114.

[0030] When the liquid crystal layer 106 is formed by way
of ODF, liquid crystal molecules are diffused to the periphery
of the sealant 108 by means of capillary action, and the
capillary force AP can be represented by the following equa-
tion:

AP= ( 0 dAg [ﬂAw]
=V ey, Ty,

[0031] Here, the parameter dA_; refers to changes in the
contact area between the diffusing liquid crystal molecules
and the solid components (i.e. the active device array sub-
strate 102 and the opposite substrate 104). The parameter
dA,, refers to changes in the contact area between the diffus-
ing liquid crystal molecules and accommodation space S
excluding the contact area between the diffusing liquid crys-
tal molecules and the solid components.

[0032] Accordingly, in the process of diffusion, the capil-
lary force alters together with different locations of the liquid
crystal molecules. For instance, when the liquid crystal mol-
ecules are diffused from the location L to the location L', the
parameter dA , basically remains unchanged. However, when
the liquid crystal molecules are diffused to the peripheral area
BF, the parameter dA; drastically increases, such that the
capillary force AP decreases. The parameter dA ; drastically
increases mainly because a gap between the opposite sub-
strate 104 and the COA substrate or the BOA substrate in the
peripheral area BF is relatively large. Therefore, with the
insufficient capillary force AP, the vias H and the accommo-
dation space S corresponding to the peripheral area BF cannot
be fully filled with liquid crystal molecules, and thereby
vacuum bubbles are prone to be generated in the vias H.
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[0033] FIG. 3 is a schematic cross-sectional view illustrat-
ing the LCD panel that undergoes reliability test. As indicated
in FIG. 3, when the test ball 310 falls, the bubbles 320 formed
in the vias H are pushed out and can then be observed at edge
regions of the T.CD panel 100.

[0034] To lower the probability for generating the bubbles
320, the invention provides an LCD parel.

[0035] FIG. 4 is a schematic top view illustrating an LCD
panel according to an embodiment of the invention. FIG. 5 is
a schematic cross-sectional view taken along a cross-section
D-D' depicted in FIG. 4. With reference to FI1G. 4 and FIG. 5,
an LCD panel 400 of this embodiment includes an active
device array substrate 402, an opposite substrate 404, a seal-
ant 408, a liquid crystal layer 406, black matrices 410a and
4104, a plurality of first protrusions 410', and a plurality of
second protrusions 410". In this embodiment, the black matri-
ces 410¢ and 4105 are disposed between the active device
array substrate 402 and the opposite substrate 404 and respec-
tively distributed corresponding to the display area AA and
the peripheral area BF. The first protrusions 410" are disposed
between the active device array substrate 402 and the opposite
substrate 404 and distributed corresponding to the display
area AA. The second protrusions 410" are disposed between
the active device array substrate 402 and the opposite sub-
strate 404 and distributed corresponding to the peripheral
area BF.

[0036] In this embodiment, the active device array sub-
strate 402 includes a plurality of active devices T and a color
filter layer 412, i.e. the active device array substrate 402 is the
COA substrate. According to other embodiments of the
invention, the color filter layer can also be formed below the
active device array to form an array on color filter (AOC)
substrate.

[0037] On the other hand, the black matrices 410a of this
embodiment are formed on the opposite substrate 404, and
the black matrices 410a and 4105 are located on the same side
of the opposite substrate 404. In other embodiments of the
invention, the black matrices 410a can also be formed on the
active device array. Namely, the black matrices 410a and
4104 can be formed on different sides, and the invention poses
no limitation to the location of the black matrices 410q.
[0038] Besides, in this embodiment, the first protrusions
410, for instance, are photo spacers (PS) disposed between
the active device array substrate 402 and the opposite sub-
strate 404 and distributed corresponding to the display area
AA. The second protrusions 410" are located on the black
matrix 4105 and distributed corresponding to the peripheral
area BF. The second protrusions 410" protrude toward the
active device array substrate 402, as indicated in FIG. 5.
[0039] Note that distribution density of the first protrusions
410' is less than distribution density of the second protrusions
410" according to this embodiment. Specifically, the first
protrusions 410, e.g. the PS, are distributed corresponding to
the display area AA, and the distribution density of the first
protrusions 410' can be defined by dividing the number of the
PS distributed corresponding to the display area AA by the
measure of the display area AA. Similarly, the distribution
density of the second protrusions 410" can be exemplarily
defined by dividing the number of the second protrusions
410" distributed corresponding to the peripheral area BF by
the measure of the peripheral area BF. Based on the definition
of the distribution density as stated above, the distribution
density of the first protrusions 410 is less than the distribution
density of the second protrusions 410" in this embodiment.
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[0040] From another aspect, please refer to FIG. 6 illustrat-
ing one pixel unit in the display area AA depicted in FIG. 4.
With reference to FIG. 4~FIG. 6, in this embodiment, each
pixel unit includes a red sub-pixel, a green sub-pixel, and a
blue sub-pixel, for example. The corresponding color filter
patterns 412(R), 412(G), and 412(B) are depicted in FIG. 6.
[0041] Note that the black matrices 410q distributed corre-
sponding to the display area AA are separated from one
another, and the black matrix 4105 distributed corresponding
to the peripheral area BF surrounds the black matrices 410a
distributed corresponding to the display area AA. Specifi-
cally, in the display area AA, the black matrices 410a are
distributed corresponding to the active devices, the scan lines,
the data lines, and the storage capacitors, for instance. In this
embodiment, the black matrix 4105 shown in the drawings
entirely surrounds the display area AA, which should not be
construed as a limitation to this invention. Namely, the black
matrix 4105 can also be arranged in an island-like manner or
in a block-like manner based on designers” demands.

[0042] Inthis embodiment, each of the black matrices 410a
in the display area AA has one of the first protrusions 410’
disposed thereon (i.e. the one-to-one configuration). That is to
say, each of the first protrusions 410" is respectively disposed
on one of the black matrices 410a. A plurality of second
protrusions 410" are disposed on the black matrix 4105 in the
peripheral area BF (i.e. the one-to-many configuration). In
other words, the black matrix 4105 has a plurality of second
protrusions 410" disposed thereon.

[0043] In this embodiment, the black matrix 4105 in the
peripheral area BF of the LCD panel 400 includes the second
protrusions 410". Hence, when the liquid crystal molecules
are diffused to the peripheral area BF, the parameter dA,, is
changed to a significant less extent, such that the peripheral
area BF and the liquid crystal layer around the peripheral area
BF can supply an enhanced capillary force AP. Thereby, the
bubbles formed when the liquid crystal layer is formed in the
display panel 400 can be reduced, and the display quality can
be improved.

[0044] On the other hand, the first protrusions 410" of this
embodiment, for example, are PS, which should however not
be construed as a limitation to this invention. In other embodi-
ments, the first protrusions 410' can also be the same material
of the black matrices 410a corresponding to the display area
AA, for instance.

[0045] FIG. 7(a)~FIG. 7(c) illustrate the configuration of
the black matrix 4105 corresponding to the peripheral area
depicted in FIG. 5 and the second protrusions 410" made of
different materials. Please refer to FIG. 5 and FIG. 7(a)~FIG.
7(c). The second protrusions 410" depicted in FIG. 7(a) are
made of substantially the same material as that of the first
protrusions 410' depicted in FIG. 5. Namely, the material of
the second protrusions 410" is substantially the same as the
material of the PS. In FIG. 7(a), the second protrusions 410"
marked as PS indicate that the material of the second protru-
sions 410" is substantially the same as the material of the PS.
[0046] Besides, the second protrusions 410" depicted in
FIG. 7(b) are made of substantially the same material as that
of the black matrices 410a or the black matrix 4105 as
depicted in FI1G. 5. In FIG. 7(b), the second protrusions 410"
marked as BM indicate that the material of the second pro-
trusions 410" is substantially the same as the material of the
black matrices 4104 or the black matrix 4105.

[0047] Alternatively, in FIG. 7(c), some of the second pro-
trusions 410" are made of substantially the same material as
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that of the black matrices 410a or the black matrix 4105 as
depicted in FIG. 5, while the other second protrusions 410"
are made of substantially the same material as that of the PS.
Note that the second protrusions 410" are alternately made of
the material of the black matrices and the material of the PS,
which should however not be construed as a limitation to this
invention.

[0048] FIG. 8 is a schematic cross-sectional view taken
along the cross-section D-D' depicted in FIG. 4 according to
another embodiment of the invention. With reference to FIG.
8,an LCD panel 800 of this embodiment is similar to the LCD
panel 500 in the previous embodiment depicted in FIG. 5,
while the main difference therebetween lies in that the black
matrix 8105 of this embodiment is disposed on the active
device array substrate 402, and that the second protrusions
810" are located on the black matrix 8105 and protrude
toward the opposite substrate 404. On the other hand, the
black matrices 410a of this embodiment are formed on the
active device array, and the black matrices 410a and 8105 are
located on the same side of the active device array substrate
402.

[0049] In other embodiments of the invention, the black
matrices 410a can also be formed on the opposite substrate
404. Namely, the black matrices 410a and 8105 can be
formed on different sides, and the invention poses no limita-
tion to the location of the black matrices 410a.

[0050] FIG. 9(a)~FIG. 9(f) illustrate the configuration of
the black matrix 8105 corresponding to the peripheral area
depicted in FIG. 8 and the second protrusions 810" made of
different materials. Please refer to FIG. 8 and FIG. 9(a)~FIG.
9(f). Similar to FIG. 7(a)~FIG. 7(¢), in FIG. 9(a)~FIG. 9(f),
the second protrusions 810" are made of the same material as
that of the first protrusions 410" depicted in FIG. 8. That is to
say, the material of the second protrusions 810" is the same as
the material of the PS. Alternatively, the second protrusions
810" can be made of substantially the same material as that of
the black matrices 410¢ or the black matrix 8105 as shown in
FIG. 8. In FIG. 9(c), some of the second protrusions 810" are
made of substantially the same material as that of the black
matrix, while the other second protrusions 810" are made of
substantially the same material as that of the PS.

[0051] Inthisembodiment, note that the second protrusions
810" can be made of substantially the same material as that of
the color filter layer 412, as indicated in FIG. 9(). In FIG.
9(d), the second protrusions 810" marked as CF indicate that
the material of the second protrusions 810" is substantially
the same as the material of the color filter layer 412.

[0052] Similar to FIG. 9(c), in FIG. 9(e), some of the sec-
ond protrusions 810" are made of substantially the same
material as that of the black matrix, while the other second
protrusions 810" are made of substantially the same material
as that of the color filter layer. In an alternative, as shown in
FIG. 9(f), some of the second protrusions 810" are made of
substantially the same material as that of the color filter layer,
while the other second protrusions 810" are made of substan-
tially the same material as that of the PS. Similarly, the second
protrusions 810" depicted in FIG. 9(e) and FIG. 9(f) are
alternately made of different materials, which should how-
ever not be construed as a limitation to this invention.

[0053] FIG. 10 is a schematic cross-sectional view taken
along the cross-section D-D' depicted in FIG. 4 according to
another embodiment of the invention. With reference to FIG.
10, an LCD panel 1000 of this embodiment is similar to the
LCD panel 500 of the embodiment depicted in FIG. 5, while
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the main difference therebetween lies in that the LCD panel
1000 includes rough structures 1010" disposed on a portion of
the black matrix.

[0054] To be more specific, the black matrices 410a and
10105 of this embodiment are disposed between the active
device array substrate 402 and the opposite substrate 404. The
black matrices 4104 are distributed corresponding to the dis-
play area AA, and the black matrix 10105 is distributed cor-
responding to the peripheral area BF. Note that the rough
structures 1010" disposed on the black matrix 10105 are
distributed corresponding to the peripheral area BE. Here,
surface roughness of the rough structures 1010" is greater
than surface roughness of the black matrices 4104 distributed
corresponding to the display area AA. The black matrix
10105 is disposed on the opposite substrate 404, and the
rough structures 1010" protrude toward the active device
array substrate 402.

[0055] On the other hand, the black matrices 410a of this
embodiment are formed on the opposite substrate 404, and
the black matrices 410a and 10105 are located on the same
side of the opposite substrate 404. In other embodiments of
the invention, the black matrices 410« can also be formed on
the active device array. Namely, the black matrices 410a and
10105 can be formed on different sides, and the invention
poses no limitation to the location of the black matrices 410a.

[0056] In this embodiment, the black matrix 10105 dis-
posed corresponding to the peripheral area BF of the LCD
panel 1000 includes the rough structures 1010". Hence, when
the liquid crystal molecules are diffused to the peripheral area
BF, the parameter dA,, can alter to a significantly less extent,
such that bubbles formed when the liquid crystal layer is
formed in the display panel 1000 can be reduced, and the
display quality can be improved.

[0057] FIG. 11 is a schematic cross-sectional view taken
along the cross-section D-D' depicted in FIG. 4 according to
another embodiment of the invention. With reference to FIG.
11, an LCD panel 1100 of this embodiment is similar to the
LCD panel 1000 in the previous embodiment depicted in FIG.
10, while the main difference therebetween lies in that the
black matrix 11105 and the rough structure 1110" disposed
thereon are located on the active device array substrate 402,
and that the rough structures 1110" are located on the black
matrix 11105 and protrude toward the opposite substrate 404.
On the other hand, the black matrices 410a of this embodi-
ment are formed on the active device array, and the black
matrices 410a and 11105 are located on the same side of the
active device array substrate 402.

[0058] In other embodiments of the invention, the black
matrices 410a can also be formed on the opposite substrate
404. Namely, the black matrices 410¢ and 11102 can be
formed on different sides, and the invention poses no limita-
tion to the location of the black matrices 410a.

[0059] FIG. 12(a)~FIG. 12(c) illustrate the configuration of
the black matrix corresponding to the peripheral area
depicted in FIG. 10 and FIG. 11 and the rough structures
made of different materials. Please refer to FIG. 10 to FIG.
12(a)~FIG. 12(c). Inthe LCD panel 1000 depicted in FIG. 10,
the rough structures 1010" are made of substantially the same
material as that of the protrusions 410'. Namely, the rough
structures 1010" are made of substantially the same material
as that of the PS, as shown in FIG. 12(a). Alternatively, the
rough structures 1010" are made of substantially the same
material as that of the black matrix, as shown in FIG. 12(5).
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[0060] InFIG.12(c),the roughstructures 1110" depictedin
FIG. 11 not only can be made of substantially the same
material as that of the PS or that of the black matrix but also
can be made of substantially the same material as that of the
color filter layer 412.

[0061] Inlight of the foregoing, the black matrix disposed
corresponding to the peripheral area of the LCD panel
includes the protrusions or the rough structures according to
the embodiments of the invention. Accordingly, when the
liquid crystal molecules are diffused, the peripheral area and
the liquid crystal layer around the peripheral area can supply
an enhanced capillary force, so as to reduce the bubbles
generated when the liquid crystal layer is formed in the LCD
panel. Moreover, the display quality can be improved as well.
[0062] It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the invention without departing from the scope or spirit
of the invention. In view of the foregoing, it is intended that
the invention cover modifications and variations of the inven-
tion provided they fall within the scope of the following
claims and their equivalents.

What is claimed is:

1. A liquid crystal display panel comprising:

an active device array substrate;

an opposite substrate disposed above the active device
array substrate;

a sealant disposed between the active device array sub-
strate and the opposite substrate, wherein the active
device array substrate has a display area and a peripheral
area surrounding the display area, and the sealant sur-
rounds the peripheral area;

a liquid crystal layer disposed between the active device
array substrate and the opposite substrate and sur-
rounded by the sealant;

a black matrix disposed between the active device array
substrate and the opposite substrate and distributed cor-
responding to the display area and the peripheral area;

a plurality of first protrusions disposed between the active
device array substrate and the opposite substrate and
distributed corresponding to the display area; and

a plurality of second protrusions disposed between the
active device array substrate and the opposite substrate
and distributed corresponding to the peripheral area,
wherein distribution density of the first protrusions is
less than distribution density of the second protrusions.

2. The liquid crystal display panel as claimed in claim 1
further comprising a plurality of color filter patterns disposed
on the active device array substrate.

3. The liquid crystal display panel as claimed in claim 2,
wherein the black matrix is disposed on the opposite sub-
strate, and the second protrusions are located on the black
matrix and protrude toward the active device array substrate.

4. The liquid crystal display panel as claimed in claim 3,
wherein a material of the second protrusions is substantially
the same as a material of the black matrix.

5. The liquid crystal display panel as claimed in claim 3,
wherein a material of the second protrusions is substantially
the same as a material of the first protrusions.

6. The liquid crystal display panel as claimed in claim 3,
wherein a material of parts of the second protrusions is sub-
stantially the same as a material of the black matrix, and a
material of the other parts of the second protrusions is sub-
stantially the same as a material of the first protrusions.
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7. The liquid crystal display panel as claimed in claim 2,
wherein the black matrix is disposed on the active device
array substrate, and the second protrusions are located on the
black matrix and protrude toward the opposite substrate.

8. The liquid crystal display panel as claimed in claim 7,
wherein a material of the second protrusions is substantially
the same as a material of the black matrix.

9. The liquid crystal display panel as claimed in claim 7,
wherein a material of the second protrusions is substantially
the same as a material of the first protrusions.

10. The liquid crystal display panel as claimed in claim 7,
wherein a material of parts of the second protrusions is sub-
stantially the same as a material of the black matrix, and a
material of the other parts of the second protrusions is sub-
stantially the same as a material of the first protrusions.

11. The liquid crystal display panel as claimed in claim 7,
wherein a material of the second protrusions is substantially
the same as a material of the color filter patterns.

12. The liquid crystal display panel as claimed in claim 7,
wherein a material of parts of the second protrusions is sub-
stantially the same as a material of the black matrix, and a
material of the other parts of the second protrusions is sub-
stantially the same as a material of the color filter patterns.

13. The liquid crystal display panel as claimed in claim 7,
wherein a material of parts of the second protrusions is sub-
stantially the same as a material of the first protrusions, and a
material of the other parts of the second protrusions is sub-
stantially the same as a material of the color filter patterns.

14. A liquid crystal display panel comprising:
an active device array substrate;

an opposite substrate disposed above the active device
array substrate;

a sealant disposed between the active device array sub-
strate and the opposite substrate, wherein the active
device array substrate has a display area and a peripheral
area surrounding the display area, and the sealant sur-
rounds the peripheral area;

a liquid crystal layer disposed between the active device
array substrate and the opposite substrate and sur-
rounded by the sealant;

a plurality of first black matrices separated from one
another, disposed between the active device array sub-
strate and the opposite substrate, and distributed corre-
sponding to the display area;

a second black matrix disposed between the active device
array substrate and the opposite substrate and distributed
corresponding to the peripheral area, wherein the second
black matrix surrounds the first black matrices;

a plurality of first protrusions, each of the first protrusions
being disposed on one of the first black matrices, respec-
tively; and

a plurality of second protrusions disposed on the second
black matrix.

15. The liquid crystal display panel as claimed in claim 14
further comprising a plurality of color filter patterns disposed
on the active device array substrate.

16. The liquid crystal display panel as claimed in claim 15,
wherein the first black matrices and the second black matrix
are disposed on the opposite substrate, and the second pro-
trusions are located on the second black matrix and protrude
toward the active device array substrate.
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17. The liquid crystal display panel as claimed in claim 16,
wherein a material of the second protrusions is substantially
the same as a material of the first black matrices and a material
of the second black matrix.

18. The liquid crystal display panel as claimed in claim 16,
wherein a material of the second protrusions is substantially
the same as a material of the first protrusions.

19. The liquid crystal display panel as claimed in claim 16,
wherein a material of parts of the second protrusions is sub-
stantially the same as a material of the first black matrices and
a material of the second black matrix, and a material of the
other parts of the second protrusions is substantially the same
as a material of the first protrusions.

20. The liquid crystal display panel as claimed in claim 15,
wherein the first black matrices and the second black matrix
are disposed on the active device array substrate, and the
second protrusions are located on the second black matrix and
protrude toward the opposite substrate.

21. The liquid crystal display panel as claimed in claim 20,
wherein a material of the second protrusions is substantially
the same as a material of the first black matrices and a material
of the second black matrix.

22. The liquid crystal display panel as claimed in claim 20,
wherein a material of the second protrusions is substantially
the same as a material of the first protrusions.

23. The liquid crystal display panel as claimed in claim 20,
wherein a material of parts of the second protrusions is sub-
stantially the same as a material of the first black matrices and
a material of the second black matrix, and a material of the
other parts of the second protrusions is substantially the same
as a material of the first protrusions.

24. The liquid crystal display panel as claimed in claim 20,
wherein a material of the second protrusions is substantially
the same as a material of the color filter patterns.

25. The liquid crystal display panel as claimed in claim 20,
wherein a material of parts of the second protrusions is sub-
stantially the same as a material of the first black matrices and
a material of the second black matrix, and a material of the
other parts of the second protrusions is substantially the same
as a material of the color filter patterns.

26. The liquid crystal display panel as claimed in claim 20,
wherein a material of parts of the second protrusions is sub-
stantially the same as a material of the first protrusions, and a
material of the other parts of the second protrusions is sub-
stantially the same as a material of the color filter patterns.

27. A liquid crystal display panel comprising:

an active device array substrate;

an opposite substrate disposed above the active device

array substrate;

a sealant disposed between the active device array sub-

strate and the opposite substrate, wherein the active
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device array substrate has a display area and a peripheral
area surrounding the display area, and the sealant sut-
rounds the peripheral area;

a liquid crystal layer disposed between the active device
array substrate and the opposite substrate and sur-
rounded by the sealant;

a black matrix disposed between the active device array
substrate and the opposite substrate and distributed cor-
responding to the display area and the peripheral area;
and

a plurality of rough structures disposed on a portion of the
black matrix and distributed corresponding to the
peripheral area, wherein surface roughness of the rough
structures is greater than surface roughness of the black
matrix distributed corresponding to the display area.

28. The liquid crystal display panel as claimed in claim 27
further comprising a plurality of color filter patterns disposed
on the active device array substrate.

29. The liquid crystal display panel as claimed in claim 28,
wherein the black matrix is disposed on the active device
array substrate, and the rough structures protrude toward the
opposite substrate.

30. The liquid crystal display panel as claimed in claim 29,
wherein a material of the rough structures is substantially the
same as a material of the color filter patterns.

31. The liquid crystal display panel as claimed in claim 29,
wherein a material of the rough structures is substantially the
same as a material of the black matrix.

32. The liquid crystal display panel as claimed in claim 29
further comprising a plurality of protrusions disposed
between the active device array substrate and the opposite
substrate and distributed corresponding to the display area.

33. The liquid crystal display panel as claimed in claim 32,
wherein a material of the rough structures is substantially the
same as a material of the protrusions.

34. The liquid crystal display panel as claimed in claim 28,
wherein the black matrix is disposed on the opposite sub-
strate, and the rough structures protrude toward the active
device array substrate.

35. The liquid crystal display parnel as claimed in claim 34,
wherein a material of the rough structures is substantially the
same as a material of the black matrix.

36. The liquid crystal display panel as claimed in claim 34
further comprising a plurality of protrusions disposed
between the active device array substrate and the opposite
substrate and distributed corresponding to the display area.

37. The liquid crystal display panel as claimed in claim 36,
wherein a material of the rough structures is substantially the
same as a material of the protrusions.
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