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(57) ABSTRACT

A multi-domain vertical alignment (MVA) liquid crystal
display panel includes an array substrate, a color filter (CF)
substrate arranged in parallel to the array substrate, a plu-
rality of bump patterns disposed on the CF substrate, and a
plurality of transparent electrode patterns disposed on the
array substrate. Each bump pattern includes a main bump
corresponding to a pixel region, and at least one bump wing
corresponding to a scan line or a data line. Each main bump
includes a first protrusion connected to a side of the main
bump. Each transparent electrode pattern includes a main
slit. The transparent electrode pattern further includes a
plurality of fine slits disposed in an inner side and in an outer
side of the main slit. The fine slits disposed in the outer side
of the main slit near the data line have different lengths.
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MULTI-DOMAIN VERTICAL ALIGNMENT
LIQUID CRYSTAL DISPLAY PANEL

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a multi-domain
vertical alignment liquid crystal display panel, and more
specifically, a multi-domain vertical alignment liquid crystal
display panel using a bump pattern to improve arrangement
ability of liquid crystal molecules and using a transparent
electrode pattern to improve a distribution of electric field.
[0003] 2. Description of the Prior Art

[0004] With revealingly large sizes of liquid crystal dis-
play panels, the liquid crystal display panels must have a
characteristic of a wide viewing angle so as to be able to
satisfy a requirement in use. Therefore, the multi-domain
vertical alignment liquid crystal display panel having a
characteristic of a wide viewing angle has become a main-
stream product of the present large sized liquid crystal
display panels.

[0005] Please refer to FIG. 1, which is a schematic dia-
gram of a multi-domain vertical alignment display panel
according to the prior art. As shown in FIG. 1, the multi-
domain vertical alignment display panel 10 comprises a first
substrate 12, a second substrate 14 and liquid crystal mol-
ecules 16 filled between the first substrate 12 and the second
substrate 14. The first substrate 12 comprises a plurality of
thin-film transistors (not shown in figure), a plurality of pixel
electrodes 18 disposed on the first substrate 12, a plurality of
first bumps 20 disposed on the pixel electrodes 18 and a first
alignment film 22 covering the first bumps 20 and the pixel
electrodes 18. The second substrate 14 comprises a common
electrode 24, a plurality of second bumps 26 and a second
alignment film 28 covering the second bumps 26 and the
common electrode 24.

[0006] As shown in FIG. 1, because of the disposition of
the first bumps 20 and second bumps 26, the liquid crystal
molecules 16 will tilt along different directions in the pixel
region of the multi-domain vertical alignment liquid crystal
display panel 10. A pixel region can form several display
regions so as to have the characteristic of a wide viewing
angle.

[0007] Please refer to FIG. 2, which illustrates image
retention of the multi-domain vertical alignment display
panel according to the prior art. As shown in FIG. 2, when
the multi-domain vertical alignment display panel according
to the prior art is displaying black frame D1, grey frame D2,
black and white mosaic frame D3 and white frame D4 in
order, the white frame D4 will not display normally and has
image retention.

SUMMARY OF THE INVENTION

[0008] It is therefore a primary object to provide a multi-
domain vertical alignment liquid crystal display panel for
improving the arrangement ability of liquid crystal mol-
ecules by bump pattern and improving the distribution of the
electric field by the transparent electrode pattern.

[0009] According to an embodiment of the present inven-
tion, a multi-domain vertical alignment liquid crystal display
panel is provided. The multi-domain vertical alignment
liquid crystal display panel includes an array substrate, a
color filter substrate arranged parallel to the array substrate
and a plurality of transparent electrode patterns disposed on
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the array substrate opposite to the color filter substrate. The
array substrate has a plurality of scan lines and a plurality of
data lines, and the scan lines and the data lines of the array
substrate define a plurality of pixel regions. Each transparent
electrode pattern corresponds to one pixel region, and each
transparent electrode pattern includes a main slit. The main
slit has two endpoints. The transparent electrode pattern
further includes a plurality of fine slits located in the outer
side and the inner side of the main slit and the fine slits
disposed in the outer side of the main slit near the data line
have different lengths.

[0010] According to another embodiment of the present
invention, a multi-domain vertical alignment liquid crystal
display panel is provided. The multi-domain vertical align-
ment liquid crystal display panel includes an array substrate,
a color filter substrate arranged parallel to the array substrate
and a plurality of bump patterns disposed on a side of the
color filter substrate opposite to the array substrate. The
array substrate has a plurality of scan lines and a plurality of
data lines, and the scan lines and the data lines of the array
substrate define a plurality of pixel regions. Each bump
pattern includes a main bump corresponding to one pixel
region and at least one bump wing corresponding to the data
line or scan line. The bump wing is connected to at least one
endpoint of the main bump, and each bump pattern further
has a first protrusion connected to the main bump.

[0011] These and other objectives of the present invention
will no doubt become obvious to those of ordinary skill in
the art after reading the following detailed description of the
preferred embodiment that is illustrated in the various fig-
ures and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a schematic diagram of a multi-domain
vertical alignment display panel according to the prior art.
[0013] FIG. 2 illustrates the image retention of the multi-
domain vertical alignment display panel according to the
prior art.

[0014] FIG. 3 through FIG. 6 are layout diagrams of the
multi-domain vertical alignment liquid crystal display panel
according to a preferred embodiment of the present inven-
tion.

[0015] FIG. 7 is a cross-sectional view of the multi-
domain vertical alignment liquid crystal display panel of the
present invention, taken along a line AA' of FIG. 6.
[0016] FIG. 8 is a cross-sectional view of the multi-
domain vertical alignment liquid crystal display panel of the
present invention, taken along a line BB' of FIG. 6.

DETAILED DESCRIPTION

[0017] Although the prior art multi-domain vertical align-
ment liquid crystal display panel has a wide viewing angle,
the arrangement of the liquid crystal near the bump structure
may be degraded by the bump structure so as to easily have
image retention while displaying images. Please refer to
FIG. 2, the white frame D4 may not display normally and
has image retention because of bad arrangement of liquid
crystal molecules.

[0018] Please refer to FIG. 3 through FIG. 6, which are
layout diagrams of the multi-domain vertical alignment
liquid crystal display panel according to a preferred embodi-
ment of the present invention, where FIG. 3 is a layout
diagram of the array substrate, FIG. 4 is an enlarged view of
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the V-shaped slit, FIG. 5 is a layout diagram of the color
filter substrate, and FIG. 6 is a layout diagram of the overlap
of the color filter substrate and the array substrate. For
showing the characteristics of the present invention, only
one pixel region is drawn in FIG. 3 through FIG. 6. As
shown in FIG. 3 through FIG. 6, the multi-domain vertical
alignment liquid crystal display panel 80 of the embodiment
comptrises an array substrate 30, a color filter substrate 50
arranged parallel to the array substrate 30 and a liquid crystal
layer (not shown in figure) disposed between the array
substrate 30 and the color filter substrate 50.

[0019] As shown in FIG. 3, the array substrate 30 com-
prises a plurality of scan lines 32, 32" and a plurality of data
lines 34, 34'. The scan lines 32, 32' and the data lines 34, 34'
of the array substrate 30 define a plurality of pixel regions
36. Each pixel region 36 further comprises a plurality of
storage capacitor bus lines 38 disposed parallel to the scan
lines 32, 32" and penetrating through the pixel regions 36.

[0020] The array substrate 30 further comprises a plurality
of transparent electrode patterns 40 disposed on the array
substrate 30 opposite to the color filter substrate 50 and
corresponding to each pixel region 36. Each transparent
electrode pattern 40 comprises a plurality of slits obliquely
intersecting with the scan lines 32, 32' and the data lines 34,
34', where the slits comprise main slits. Main slit may be
V-shaped, W-shaped or U-shaped, for example. The storage
capacitor bus line 38 is located at the center of the V-shaped
slits 42, where the V-shaped slits 42 have a whole V shape.
As shown in FIG. 4, the V-shaped slit 42 has two non-
intersecting endpoints 42a, 425, and the two non-intersect-
ing endpoints of the V-shaped slit 42 are pointing to the data
lines 34'. A plurality of fine slits 44 disposed at the inner side
421 and at the outer side of the V-shaped slit 42, wherein the
fine slits 44 disposed at the outer side 422 of the V-shaped
slit 42 near the data line 34" have different lengths. More
exactly, the fine slits 44 in this area have the lengths
progressively increased at first and then progressively
decreased. In other words, the fine slits 44 closer to the data
line 34' have various lengths. In this embodiment, the fine
slits 44 at the inner side 421 of the V-shaped slit 42 have a
design of different lengths, but the design is not limited to
this embodiment and can have the same length. In addition,
the other slits of the transparent electrode pattern 40 also can
include the design having the fine slits depending on require-
ments. Otherwise, as shown in FIG. 3, at left side of the
dotted line area A10 and All, the fine slits 44 have the
lengths progressively increased at first and then progres-
sively decreased. In other words, the fine slits 44 closer to
the data line 34 have various lengths. The fine slits 44 in
dotted line area A10 and in the dotted line area A1l can be
a symmetrical structure with respect to the storage capacitor
bus lines 38.

[0021] As shown in FIG. 5, the color filter substrate 50
comprises a black matrix pattern 52 substantially overlap-
ping and corresponding to the scan lines 32, 32', the data
lines 34, 34' and the storage capacitor bus lines 38 of the
array substrate 30, and a plurality of bump patterns 54
disposed on a side opposite to the array substrate 30. Each
bump pattern 54 comprises at least one main bump 54a
corresponding to each pixel region 36 and at least one bump
wing 54b corresponding to each data line 34, 34' or each
scan line 32, 32'. The bump wing 544 is connected to at least
one endpoint of the main bump 544, and the main bump 54a
and the bump wing 545 form an acute included angle a. The
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main bump 54a comprises a first protrusion 56a connected
to a side 541 of the main bump 54a, and a distance dl
between the first protrusion 56a and an endpoint of the main
bump 54a corresponding to thereof is about 8 to 15
micrometers, and 10 micrometers is preferred. The main
bump 54a further comprises a second protrusion 565 con-
nected to a side of the main bump 54a the same as the side
the first protrusion 56a connected to, and a distance d2
between the second protrusion 565 and the first protrusion
56a is about 20 to 50 micrometers, and about 27 to 30
micrometers is preferred.

[0022] In addition, the main bump 54a further comprises
a third protrusion 56¢ and a fourth protrusion 564 connected
to the other side 542 of the main bump 54a opposite to the
first protrusion 56a and the second protrusion 565, and the
third protrusion 56¢ is disposed corresponding to the first
protrusion 56a. The fourth protrusion 564 is disposed cor-
responding to the second protrusion 565. In this embodi-
ment, the lengths of the first protrusion 564, the second
protrusion 564, the third protrusion 56¢ and the fourth
protrusion 564 are about 1.5 micrometers but not limited to
this. The shape of their cross-section or top view of the
protrusions can be rectangle, triangle, polygon or semicircle
etc., and the first protrusion 56a, the second protrusion 565,
the third protrusion 56¢ and the fourth protrusion 564 can
have same shape or different shapes.

[0023] As shown in FIG. 6, the bump pattern 54 of the
color filter substrate 50 is disposed corresponding to the
transparent electrode pattern 40 of the array substrate 30.
Exactly, the main bump 544 of the bump pattern 54 and the
slit of the transparent electrode pattern 40 are shown in
parallel and alternating arrangement.

[0024] Please refer to FIG. 7 and FIG. 8, and refer to FIG.
6 together. FIG. 7 is a cross-sectional view of the multi-
domain vertical alignment liquid crystal display panel 80 of
the present invention, taken along a line AA' of FIG. 6. FIG.
8 is a cross-sectional view of the multi-domain vertical
alignment liquid crystal display panel 80 of the present
invention, taken along a line BB' of FIG. 6. As shown in
FIG. 7, in the area farther away from the data line 34', the
main bump 54a is over the transparent electrode pattern 40.
The main bump 54¢ and V-shaped slit 42 are arranged in
alternation, so the liquid crystal layer 82 disposed between
the array substrate 30 and the color filter substrate 50 is
formed as a multi-domain alignment. As shown in FIG. 8, in
the area near the data line 34', because of increasing lengths
of the fine slits 44, the main bump 54a is aligned to the edge
of the transparent electrode pattern 40 so as to perform the
effect of improving the distribution of electric field.

[0025] In summary, the present invention has a design of
the protrusion in a specific position of the bump pattern, and
the design helps the liquid crystal molecules tilt to a pre-
supposed position so as not to have a problem of bad
arrangement of the liquid crystal molecules when a voltage
is applied. In addition, the present invention adds a design of
the fine slits having progressively increased lengths near the
data line, and the design can effectively reduce the effect of
transverse electric field in the edge of the transparent elec-
trode pattern and effectively improve the arrangement of the
liquid crystal molecules. Particularly, the bump pattern
design and the fine slit design of the present invention can
be applied individually depending on requirements or be
applied together to the multi-domain vertical alignment
liquid crystal display panel.
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[0026] Those skilled in the art will readily observe that
numerous modifications and alterations of the device and
method may be made while retaining the teachings of the
invention. Accordingly, the above disclosure should be
construed as limited only by the metes and bounds of the
appended claims.

What is claimed is:

1. A multi-domain vertical alignment liquid crystal dis-
play panel comprising:

an array substrate comprising a plurality of scan lines and

a plurality of data lines, the scan lines and the data lines
defining a plurality of pixel regions;

a color filter substrate arranged parallel to the array

substrate;

a liquid crystal layer disposed between the array substrate

and the color filter substrate; and

a plurality of transparent electrode patterns disposed on

the array substrate opposite to the color filter substrate
and corresponding to each of the pixel regions, each of
the transparent electrode patterns comprising a main
slit and a plurality of fine slits, the main slit having two
endpoints, and the plurality of fine slits disposed at an
inner side and at an outer side of the main slit, wherein
the fine slits disposed at the outer side of the main slit
near the data line have different lengths.

2. The multi-domain vertical alignment liquid crystal
display panel of claim 1, wherein the lengths of the fine slits
disposed at the outer side of the main slit are increased
progressively toward the data line.

3. The multi-domain vertical alignment liquid crystal
display panel of claim 1, wherein the array substrate further
comprises a plurality of storage capacitor bus lines parallel
to the scan lines and penetrating through the pixel regions,
and the two endpoints of the main slits are symmetric with
respect to the storage capacitor bus lines.

4. The multi-domain vertical alignment liquid crystal
display panel of claim 1, wherein the main slit are V-shaped.

5. The multi-domain vertical alignment liquid crystal
display panel of claim 1, wherein the color filter substrate
comprises a black matrix pattern substantially overlapping at
least one of the data lines and the scan lines.

6. A multi-domain vertical alignment liquid crystal dis-
play panel comprising:

an array substrate comprising a plurality of scan lines and

a plurality of data lines, the scan lines and the data lines
defining a plurality of pixel regions;

a color filter substrate arranged parallel to the array

substrate;

a liquid crystal layer disposed between the array substrate

and the color filter substrate; and

a plurality of bump patterns disposed on the color filter

substrate opposite to the array substrate, each of the
bump patterns comprising a main bump corresponding
to one of the pixel regions; at least one bump wing
corresponding to at least one of the data line and the
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scan line and connected to at least one endpoint of the
main bump; and a first protrusion connected to a side of
the main bump.

7. The multi-domain vertical alignment liquid crystal
display panel of claim 6, wherein the first protrusion is
disposed at about 8 to about 15 micrometers away from a
corresponding endpoint of the main bump.

8. The multi-domain vertical alignment liquid crystal
display panel of claim 7, wherein each bump pattern further
comprises a second protrusion connected to the side as same
as the first protrusion of the main bump, and the second
protrusion is at about 20 to about 50 micrometers away from
the corresponding first protrusion.

9. The multi-domain vertical alignment liquid crystal
display panel of claim 8, wherein each bump pattern further
comprises a third protrusion connected to another side of the
main bump and disposed corresponding to the first protru-
sion.

10. The multi-domain vertical alignment liquid crystal
display panel of claim 9, wherein each bump pattern further
comprises a fourth protrusion connected to the another side
and disposed corresponding to the second protrusion.

11. The multi-domain vertical alignment liquid crystal
display panel of claim 6, wherein a length of each first
protrusion is greater than about 1.5 micrometers.

12. The multi-domain vertical alignment liquid crystal
display panel of claim 6, wherein each main bump and the
bump wing form an acute included angle.

13. The multi-domain vertical alignment liquid crystal
display panel of claim 6, further comprising a plurality of
transparent electrode patterns disposed on the array substrate
opposite to the color filter substrate and corresponding to
each pixel region, each transparent electrode pattern com-
prising a main slit and a plurality of fine slits, the main slit
having two endpoints, and the plurality of fine slits disposed
at an outer side and an inner side of the main slit, wherein
the fine slits disposed at the outer side of the main slit near
the data line have different lengths.

14. The multi-domain vertical alignment liquid crystal
display panel of claim 13, wherein the lengths of the fine
slits disposed at the outer side of the main slit are increased
progressively toward the data line,

15. The multi-domain vertical alignment liquid crystal
display panel of claim 13, wherein the array substrate further
comprises a plurality of storage capacitor bus lines parallel
to the scan lines and penetrating through the pixel regions,
and the two endpoints of the main slits are symmetric with
respect to the storage capacitor bus lines.

16. The multi-domain vertical alignment liquid crystal
display panel of claim 13, wherein the main slit are
V-shaped.

17. The multi-domain vertical alignment liquid crystal
display panel of claim 6, wherein the color filter substrate
comprises a black matrix pattern substantially overlapping at
least one of the data lines and the scan lines.
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