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(57) ABSTRACT

The present invention provides a liquid crystal display panel
containing an array substrate and a color filter substrate
opposing the array substrate. The array substrate has a first
pixel electrode and a storage electrode with the storage elec-
trode configured below the first pixel electrode. The color
filter substrate has a second pixel electrode. The first and
second pixel electrodes cross each other laterally; and at least
one of the first and second pixel electrodes has a number of
ITO slits of unequal lengths at a location corresponding to an
edge of the storage electrode. By configuring ITO slits of
different lengths on the pixel electrodes corresponding to the
edge of storage electrode can enhance the electric field pat-
tern, effectively overcome the interference from lateral elec-
tric field, and avoid the abnormal display, resulted from the
abnormal metal taper, thereby achieving enhanced display

quality.
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LIQUID CRYSTAL DISPLAY PANEL

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to the field of liquid
crystal displaying techniques, and in particular to a liquid
crystal display panel,

[0003] 2. The Related Arts

[0004] PVA (Patterned Vertical Alignment), as a VA (verti-
cal Alignment) technique for liquid crystal display (LCD)
panel, controls the orientation of liquid crystal molecules by
the electric field formed by the pixel electrode patterns on the
array substrate and the color filter substrate.

[0005] Currently, a PVA pixel structure maintains its volt-
age level through the storage electrode configured on the
array substrate. The storage electrode generally contains a top
one and a bottom one. As shown in FIG. 1, ordinarily metal
taper at the edges of the storage electrodes is gentle so as to
avoid abnormal display from the LCD panel. However, dut-
ing the production process, the metal taper at the edges of the
storage electrodes become steep due to the inaccuracy of the
etching process, as shown in FIG. 2. In this case, the lateral
electric field from the storage electrodes would be too strong,
causing the liquid crystal molecules around the storage elec-
trodes to align abnormally, thereby leading to disclination to
the display of pixels, and affecting the display quality of the
LCD panel.

[0006] As such, a LCD panel obviating the above problem
is required.

SUMMARY OF THE INVENTION

[0007] The technical issue to be addressed by the present
invention is to provide a liquid crystal display panel capable
of avoiding the problem of abnormal display resulted from
the abnormal metal taper of the storage electrode.

[0008] To address the technical issue, the present invention
provides a liquid crystal display panel containing an array
substrate and a color filter substrate opposing the array sub-
strate. The array substrate has a first pixel electrode and a
storage electrode with the storage electrode configured below
the first pixel electrode. The color filter substrate has a second
pixel electrode. The first and second pixel electrodes cross
each other laterally; and at least one of the first and second
pixel electrodes has a number of ITO slits of unequal lengths
at a location corresponding to an edge of the storage elec-
trode. The first and second pixel electrodes are “>>" shaped
electrodes; and the ITO slits are at the tip of the “>>" shape.

[0009] In an alternative embodiment, the storage electrode
contains a top storage electrode and a bottom storage elec-
trode. The top storage electrode is above the bottom storage
electrode; and the first pixel electrode is above the top storage
electrode.

[0010] In an alternative embodiment, the ITO slits are con-
figured at a location corresponding to an edge of the top
storage electrode.

[0011] In an alternative embodiment, the ITO slits are con-
figured at a location corresponding to an edge of the bottom
storage electrode.

[0012] To address the technical issue, the present invention
provides a liquid crystal display panel containing an array
substrate and a color filter substrate opposing the array sub-
strate. The array substrate has a first pixel electrode and a
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storage electrode with the storage electrode configured below
the first pixel electrode. The color filter substrate has a second
pixel electrode.

[0013] The first and second pixel electrodes cross each
other laterally; and at least one of the first and second pixel
electrodes has a number of ITO slits of unequal lengths at a
location corresponding to an edge of the storage electrode.
[0014] In an alternative embodiment, the ITO slits are con-
figured on the first pixel electrode at a location corresponding
to an edge of the storage electrode.

[0015] In alternative embodiment, the first pixel electrode
is a “>>” shaped electrodes; and the ITO slits are at the tip of
the “>>" shape.

[0016] In an alternative embodiment, the first pixel elec-
trode is a “<<” shaped electrodes; and the ITO slits are at the
tip of the “<<” shape.

[0017] Inan alternative embodiment, the ITO slits are con-
figured on the second pixel electrode at alocation correspond-
ing to an edge of the storage electrode.

[0018] Inan alternative embodiment, the second pixel elec-
trode is a shaped electrode; and the ITO slits are at the tip of
the “>>" shape.

[0019] Inan alternative embodiment, the second pixel elec-
trode is a “>>" shaped electrode; and the ['TO slits are at the tip
of the “<<” shape.

[0020] In an alternative embodiment, the storage electrode
contains a top storage electrode and a bottom storage elec-
trode. The top storage electrode is above the bottom storage
electrode; and the first pixel electrode is above the top storage
electrode.

[0021] In an alternative embodiment, the ITO slits are con-
figured at a location corresponding to an edge of the top
storage electrode.

[0022] In an alternative embodiment, I'TO slits are config-
ured at a location corresponding to an edge of the bottom
storage electrode,

[0023] Theadvantage of the present invention is as follows.
By configuring. 1TO slits of different lengths on the pixel
electrodes corresponding to the edge of storage electrode can
enhance the electric field pattern, effectively overcome the
interference from lateral electric field, and avoid the abnor-
mal display, resulted from the abnormal metal taper. thereby
achieving enhanced display quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] To make the technical solution of the embodiments
according to the present invention, a brief description of the
drawings that are necessary for the illustration of the embodi-
ments will be given as follows, Apparently, the drawings
described below show only example embodiments of the
present invention and for those having ordinary skills in the
art, other drawings may be easily obtained from these draw-
ings without paying any creative effort. In the drawings:
[0025] FIG. 1is a schematic diagram showing the structure
of a storage electrode with normal metal taper:

[0026] FIG. 2is a schematic diagram showing the structure
of a storage electrode with abnormal metal taper;

[0027] FIG. 3 is a sectional diagram showing a LCD panel
according to the present invention;

[0028] FIG. 4 s a schematic diagram showing the structure
of the LCD panel’s first pixel electrode according to a first
embodiment of the present invention:
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[0029] FIG.5is aschematic diagram showing the structure
ofthe LCD panel’s first pixel electrode according to a second
embodiment of the present invention;

[0030] FIG. 6is a schematic diagram showing the structure
of the LCD panel’s second pixel electrode according to a third
embodiment of the present invention;

[0031] FIG.7is a schematic diagram showing the structure
of the LCD panel’s second pixel electrode according to a
fourth embodiment of the present invention:

[0032] FIG. 8isadiagram showing the output simulation of
a LCD panel according to the first and second embodiment of
the present invention;

[0033] FIG.9isadiagram showing the output simulation of
aLCD panel according to the third and fourth embodiment of
the present invention; and

[0034] FIG.10is a diagram showing the output simulation
of a conventional LCD panel.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0035] FIG. 3 is a sectional diagram showing a LCD panel
300 according to the present invention. As illustrated, the
LCD panel 300 is PVA panel, and contains an array substrate
110, a color filer substrate 120, and a liquid crystal layer 130.
[0036] The array substrate 110 and the color filter substrate
120 oppose each other. On the array substrate 110, a first pixel
electrode 111 and a storage electrode 112 are configured. On
the color filter substrate 120, a second pixel electrode 121 is
configured. The first pixel electrode 111 is configured above
the storage electrode 112. The storage electrode 112 contains
a top storage electrode 10 and a bottom storage electrode 20
The top storage electrode 10 is below the first pixel electrode
111, and above the bottom storage electrode 20. The area of
the top storage electrode 10 is usually slightly smaller than
that of the bottom storage electrode 20.

[0037] It should be noted that the first and second pixel
electrodes 111 and 121 are not complete ITO films. Instead,
there are a number of slits, namely the ITO slits 30. The
second and first pixel electrodes 121 and 111 cross each other
laterally. Then, the orientation of the liquid crystal molecules
in the liquid crystal layer 130 is controlled by applying elec-
tric field between the first and second pixel electrodes 111 and
121.

[0038] FIG.4is aschematic diagram showing the structure
of the LCD panel 300°s first pixel electrode 111 according to
a first embodiment of the present invention. As illustrated, the
first pixel electrode 111 is a “>>"-shaped electrode At the tip
of the “>>” shape of the first pixel electrode 111 (i.e., a
location corresponding to an edge of the storage electrode
112), a number of ITO slits 40 of unequal lengths are config-
ured.

[0039] The width of the ITO slits 40 is identical to that of
the ITO slits 30 originally on the first pixel electrode 111. The
length difference between adjacent ITO slits 40 is between 1
um to 10 um, 1 um to 15 um, or other ranges appropriate for
a PVA panel.

[0040] In the present embodiment, the second pixel elec-
trode 121 is also a “>>"-shaped electrode. The pattern of the
second pixel electrode 121 can also adopt patterns appropri-
ate for a PVA panel. The details are omitted here.

[0041] After the array substrate 110 and the color filter
substrate 120 are matched, the ITO slits 40 of different
lengths can alter the distribution of electric field around the
corresponding location of the storage electrode 112, enhanc-
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ing its field pattern and overcoming the interference from
lateral electric field. The orientation of the liquid crystal mol-
ecules around the corresponding location of the storage elec-
trode 112 is as such aligned with the orientation of the liquid
crystal molecules in other locations, thereby avoiding the
abnormal display resulted from the abnormal metal taper.
[0042] FIG. 5is a schematic diagram showing the structure
of the LCD panel 300’s first pixel electrode 211 according to
a second embodiment of the present invention,

[0043] Inthe present embodiment, the first pixel electrode
211 is a “<<”-shaped electrode as shown in FIG. 5. At the tip
of the “<<” shape of the first pixel electrode 211 (i.e., a
location corresponding to an edge of the top and bottom
storage electrodes 10 and 20 of the storage electrode 112), a
number of ITO slits 40 of unequal lengths are configured.
[0044] The “<<’-shaped first pixel electrode 211 is struc-
turally reversed from the “>>"-shaped first pixel electrode
111 of the previous embodiment. However, the working prin-
ciple and effect are identical and the details are omitted here.
[0045] In the present embodiment, the second pixel elec-
trode 121 is also a “<<”-shaped electrode. The pattern of the
second pixel electrode 121 can also adopt various “<<” pat-
terns appropriate for a PVA panel. The details are omitted
here.

[0046] FIG. 6 is a schematic diagram showing the structure
of the LCD panel 300°s second pixel electrode 321 according
to a third embodiment of the present invention. As illustrated,
the second pixel electrode 321 is a “>>"-shaped electrode. At
the tip of the “>>" shape of the second pixel electrode 321
(i-e., alocation corresponding to an edge of the storage elec-
trode 112), a number of ITO slits 40 of unequal lengths are
configured.

[0047] Inthe present embodiment, the first pixel electrode
111 is also a “>>"-shaped electrode. The pattern of the first
pixel electrode 111 can also adopt patterns appropriate for a
PVA panel. The details are omitted here.

[0048] After the array substrate 110 and the color filter
substrate 120 are matched, the ITO slits 40 of different
lengths can alter the distribution of electric field around the
corresponding location of the storage electrode 112, enhanc-
ing its field pattern and overcoming the interference from
lateral electric field. The orientation of the liquid crystal mol-
ecules around the corresponding location of the storage elec-
trode 112 is as such aligned with the orientation of the liquid
crystal molecules in other locations, thereby avoiding the
abnormal display resulted from the abnormal metal taper.
[0049] FIG. 7 is a schematic diagram showing the structure
of the LCD panel 300°s second pixel electrode 421 according
to a fourth embodiment of the present invention.

[0050] In the present embodiment, the second pixel elec-
trode 421 is a “<<”-shaped electrode as shown in FIG. 7. At
the tip of the “<<” shape of the second pixel electrode 421
(i.e., a location corresponding to an edge of the top and
bottom storage electrodes 10 and 20 of the storage electrode
112), a number of TTO slits 40 of unequal lengths are config-
ured.

[0051] The “<<’-shaped second pixel electrode 421 is
structurally reversed from the “>>"-shaped second pixel elec-
trode 321 of the previous embodiment. However, the working
principle and effect are identical and the details are omitted
here.

[0052] Inthe present embodiment, the first pixel electrode
111 is also a “<<"-shaped electrode. The pattern of the first
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pixel electrode 111 can also adopt various “<<” patterns
appropriate for a PVA panel. The details are omitted here.

[0053] It should be understood that the present invention
has alternative embodiments as follows.

[0054] In an alternative embodiment, the first pixel elec-
trode 111 is a “>>"-shaped electrode as shown in FIG. 4
whereas the second pixel electrode 121 is a “>>"-shaped
electrode as shown in FIG. 6. Additionally, the present
embodiment has the ITO slits 40 of the first and second pixel
electrodes cross each other laterally.

[0055] In another alternative embodiment, the first pixel
electrode 111 is a “<<-shaped electrode as shown in FIG. 5
whereas the second pixel electrode 121 is a “<<”-shaped
electrode as shown in FIG. 7. Additionally, the present
embodiment has the ITO slits 40 of the first and second pixel
electrodes cross each other laterally.

[0056] In the above two embodiments, after the array sub-
strate 110 and the color filter substrate 120 are matched, the
ITO slits 40 of different lengths on the first and second pixel
electrodes 111 and 121 can alter the distribution of electric
field around the corresponding location of the storage elec-
trode 112, enhancing its field pattern and overcoming the
interference from lateral electric field. The orientation of the
liquid crystal molecules around the corresponding location of
the storage electrode 112 is as such aligned with the orienta-
tion of the liquid crystal molecules in other locations, thereby
avoiding the abnormal display resulted from the abnormal
metal taper.

[0057] FIG. 8isadiagram showing the output simulation of
a LCD panel according to the first and second embodiment of
the present invention. FIG. 9 is a diagram showing the output
simulation of a LCD panel according to the third and fourth
embodiment of the present invention. FIG. 10 is a diagram
showing the output simulation of a conventional LCD panel.

[0058] Comparing FIG. 8 against FIG. 10, the dark stripes
around the edge of the storage electrode 112 (i.e., the black
rectangle in the drawings) are obviously lessened, meaning
that the display displacement caused by the abnormal metal
taper of the storage electrode is reduced, and that the trans-
mittance and display quality of the LCD panel are signifi-
cantly enhanced.

[0059] Comparing FIG. 9 against FIG. 10, the dark stripes
around the edge of the storage electrode 112 (i.e., the black
rectangle in the drawings) are obviously lessened, meaning
that the display displacement caused by the abnormal metal
taper of the storage electrode is reduced, and that the trans-
mittance and display quality of the LCD panel are signifi-
cantly enhanced. To summarize, by configuring ITO slits of
different lengths on the pixel electrodes corresponding to the
edge of storage electrode can enhance the electric field pat-
tern, effectively overcome the interference from lateral elec-
tric field, and avoid the abnormal display, resulted from the
abnormal metal taper, thereby achieving enhanced display
quality.

[0060] Embodiments of the present invention have been
described, but not intending to impose any unduly constraint
to the appended claims. Any modification of equivalent struc-
ture or equivalent process made according to the disclosure
and drawings of the present invention, or any application
thereof, directly or indirectly, to other related fields of tech-
nique, is considered encompassed in the scope of protection
defined by the clams of the present invention.
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What is claimed is:

1. A liquid crystal display panel, comprising:

an array substrate having a first pixel electrode and a stor-

age electrode, the storage electrode configured below
the first pixel electrode; and

a color filter substrate opposing the array substrate, and

having a second pixel electrode;

wherein the first and second pixel electrodes cross each

other laterally: at least one of the first and second pixel
electrodes has a plurality of ITO slits of unequal lengths
at a location corresponding to an edge of the storage
electrode: the first and second pixel electrodes are “>>"
shaped electrodes; and the ITO slits are at the tip of the
“>>” shape.

2. The liquid crystal display panel as claimed in claim 1,
wherein the storage electrode comprises a top storage elec-
trode and a bottom storage electrode; the top storage elec-
trode 1s above the bottom storage electrode; and the first pixel
electrode is above the top storage electrode.

3. The liquid crystal display panel as claimed in claim 2,
wherein the ITO slits are configured at a location correspond-
ing to an edge of the top storage electrode.

4. The liquid crystal display panel as claimed in claim 2,
wherein the ITO slits are configured at a location correspond-
ing to an edge of the bottom storage electrode.

5. A liquid crystal display panel, comprising:

an array substrate having a first pixel electrode and a stor-

age electrode, the storage electrode configured below
the first pixel electrode; and

a color filter substrate opposing the array substrate, and

having a second pixel electrode;

wherein the first and second pixel electrodes cross each

other laterally: and at least one of the first and second
pixel electrodes has a plurality of ITO slits of unequal
lengths at a location corresponding to an edge of the
storage electrode.

6. A liquid crystal display panel as claimed in claim 5,
wherein the ITO slits are configured on the first pixel elec-
trode at a location corresponding to an edge of the storage
electrode.

7. The liquid crystal display panel as claimed in claim 6,
wherein the first pixel electrode is a “>>" shaped electrode;
and the ITO slits are at the tip of the “>>" shape.

8. A liquid crystal display panel as claimed in claim 6,
wherein the first pixel electrode is a “<<” shaped electrode;
and the ITO slits are at the tip of the “<<” shape.

9. A liquid crystal display panel as claimed in claim 5,
wherein the ITO slits are configured on the second pixel
electrode at a location corresponding to an edge of the storage
electrode.

10. The liquid crystal display panel as claimed in claim 9,
wherein the second pixel electrode is a “>>" shaped elec-
trode; and the ITO slits are at the tip of the “>>" shape.

11. The liquid crystal display panel as claimed in claim 9,
wherein the second pixel electrode is a “<<” shaped elec-
trode; and the ITO slits are at the tip of the “<<” shape.

12. The liquid crystal display panel as claimed in claim 5,
wherein the storage electrode comprises a top storage elec-
trode and a bottom storage electrode; the top storage elec-
trode is above the bottom storage electrode; and the first pixel
electrode is above the top storage electrode.

13. A liquid crystal display panel as claimed in claim 12,
wherein the ITO slits are configured at a location correspond-
ing to an edge of the top storage electrode.
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14. The liquid crystal display panel as claimed in claim 12,
wherein the ITO slits are configured at a location correspond-
ing to an edge of the bottom storage electrode.
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