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(57) ABSTRACT

A liquid crystal display panel including an active device
matrix substrate, an opposite substrate, and a liquid crystal
layer is provided. The active device matrix substrate includes
a first substrate, an active, device array, a padding device, first
connecting electrodes, and shielding electrodes. The padding
device is disposed on active devices and data lines of the
active device array. The first connecting electrodes are
located above the active devices and electrically connected to
the active devices. The shielding electrodes are located above
the data lines and electrically connected to a common voltage.
The opposite substrate includes a second substrate, first elec-
trodes, an insulating layer, second electrodes having slits and
opposite to the first electrodes, spacers corresponding to the
active devices, and second connecting electrodes covering the
spacers to directly contact with the first connecting electrodes
and electrically connected to the first electrodes or the second
electrodes.
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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. 98137306, filed on Nov. 3, 2009.
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 to a display panel and more
particularly to a liquid crystal display panel.

[0004] 2. Description of Related Art

[0005] In general, liquid crystal displays (LCDs) are
mainly constituted by two substrates and a liquid crystal layer
disposed therebetween, where a plurality of pixel structures is
disposed on one of the substrates to control the arrangement
of liquid crystal molecules for display. The pixel structures
include a plurality of scanning lines, a plurality of data lines,
a plurality of active devices, and a plurality of pixel elec-
trodes. The pixel electrodes are located in the pixel regions
intersected by the scanning lines and the data lines.

[0006] To increase a display aperture ratio of display pan-
els, areas of the pixel electrodes are increased as much as
possible. However, when a distance between the pixel elec-
trodes and the data lines becomes too short, a fringe field
between the data lines and the pixel electrodes then influences
the tilting of liquid crystal molecules to result in bright/dark
state light leakage, thereby affecting the display quality of
LCD panels.

SUMMARY OF THE INVENTION

[0007] The invention is directed to a liquid crystal display
(LCD) panel having high contrast and superior display qual-
ity.

[0008] The invention is directed to a liquid crystal display
panel including an active device matrix substrate, an opposite
substrate, and a liquid crystal layer. The active device matrix
substrate includes a first substrate, an active device array, a
padding device, a plurality of first connecting electrodes, and
a plurality of shielding electrodes. The active device array is
disposed on the first substrate and includes a plurality of
scanning lines, a plurality of data lines, and a plurality of
active devices. The scanning lines and the data lines intersect
to define a plurality of pixel regions. The active devices are
electrically connected to the corresponding scanning lines
and data lines. The padding device is disposed on the active
devices and the data lines. The first connecting electrodes are
disposed on the padding device, located above the active
devices, and electrically connected to the active devices. The
shielding electrodes are disposed on the padding device,
located above the data lines, and electrically connected to a
common voltage. The opposite substrate is located above the
active device matrix substrate. The opposite substrate
includes a second substrate, a plurality of first electrodes, an
insulation layer, a plurality of second electrodes, a plurality of
spacers, and a plurality of second connecting electrodes. The
first electrodes are disposed on the second substrate corre-
sponding to the pixel regions. The insulation layer is disposed
on the first electrodes. The second electrodes are disposed on
the insulation layer corresponding to the first electrodes,
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where the second electrodes have a plurality of slits. The
spacers are disposed on the insulation layer and correspond to
the active devices respectively. The second connecting elec-
trodes cover the spacers and contact the first connecting elec-
trodes directly. The second connecting electrodes are electri-
cally connected to the first electrodes or the second
electrodes. The liquid crystal layer is disposed between the
active device matrix substrate and the opposite substrate.
[0009] In light of the foregoing, in the invention, the first
electrodes and the second electrodes for displaying images
are disposed on the opposite substrate, and the shielding
electrodes electrically connected to the common voltage are
disposed above the data lines on the active device matrix
substrate. When a liquid crystal display (LCD) panel of the
invention displays, the shielding electrodes provide a shield
to prevent signals transmitted by the data lines from interfer-
ing voltages in the first electrodes and the second electrodes
for displaying images. Thus, the conventional dark state light
leakage is improved. In addition, disposition areas of the first
electrodes and the second electrodes can be suitably
expanded to the top of the data lines so as to increase a display
aperture ratio. In other words, the LCD panel of the invention
has high contrast and superior display quality.

[0010] In order to make the aforementioned and other fea-
tures and advantages of the invention more comprehensible,
several embodiments accompanied with figures are described
in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings are included to pro-
vide further understanding, and are incorporated in and con-
stitute a part of this specification. The drawings illustrate
exemplary embodiments and, together with the description,
serve to explain the principles of the disclosure.

[0012] FIG. 1 is a schematic top view of a liquid crystal
display (LCD) panel according to an embodiment of the
invention, wherein a sub-diagram (a) illustrates a partial sche-
matic top view of an active device matrix substrate and a
sub-diagram (b) illustrates a partial schematic top view of an
opposite substrate.

[0013] FIG. 2 is a partial schematic cross-sectional view of
the LCD panel taken along line A-A'in FIG. 1.

[0014] FIG. 3 shows a schematic cross-sectional view of an
LCD panel according to another embodiment of the inven-
tion.

[0015] FIG. 4 shows a schematic cross-sectional view of an
LCD panel according to another embodiment of the inven-
tion.

DESCRIPTION OF EMBODIMENTS

[0016] FIG. 1 is a schematic top view of a liquid crystal
display (LCD) panel according to an embodiment of the
invention. A sub-diagram (a) illustrates a partial schematic
top view of an active device matrix substrate. A sub-diagram
(b) illustrates a partial schematic top view of an opposite
substrate. FIG. 2 is a partial schematic cross-sectional view of
the LCD panel taken along line A-A'in FIG. 1. Referring to
FIGS. 1 and 2 simultaneously, in the present embodiment, an
LCD panel 100a includes an active device matrix substrate
200qa, an opposite substrate 300a, and a liquid crystal layer
400. The opposite substrate 300a is located above the active
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device matrix substrate 200a. The liquid crystal layer 400 is
disposed between the active device matrix substrate 200a and
the opposite substrate 300q.

[0017] The active device matrix substrate 200a includes a
first substrate 210, an active device array 220, a padding
device 230a, a plurality of first connecting electrodes 240,
and a plurality of shielding electrodes 250. The active device
array 220 is disposed on the first substrate 210 and includes a
plurality of scanning lines 222, a plurality of data lines 224,
and a plurality of active devices 226. The scanning lines 222
and the data lines 224 intersect to define a plurality of pixel
regions 228. The active devices 226 are electrically connected
to the corresponding scanning lines 222 and data lines 224.
[0018] The padding device 230a is disposed on the active
devices 226 and the data lines 224. In details, in the present
embodiment, the padding device 230a includes a plurality of
first padding patterns 234 and a plurality of second padding
patterns 236. The first padding patterns 234 are disposed on
the active devices 226 and the second padding patterns 236
are disposed on the datalines 224. In the present embodiment,
the first padding patterns 234 and the second padding patterns
236 are, for examples, in the same layer. That is, the first
padding patterns 234 and the second padding patterns 236 can
be fabricated simultaneously by the same fabrication process.
Specifically, the first padding patterns 234 are substantially
covered by the first connecting electrodes 240 so that the first
padding patterns 234 are not shown in the top view of FIG. 1.
Similarly, the second padding patterns 236 are cover by the
shielding electrodes 250 and are omitted in the top view of
FIG. 1.

[0019] The first connecting electrodes 240 are disposed on
the first padding patterns 234, located above the active
devices 226, and electrically connected to the active devices
226. The shielding electrodes 250 are disposed on the second
padding patterns 236, located above the data lines 224, and
electrically connected to a common voltage. Particularly, the
first connecting electrodes 240 and the shielding electrodes
250 in the present embodiment are in the same layer. That is,
the first connecting electrodes 240 and the shielding elec-
trodes 250 are fabricated simultaneously by the same fabri-
cation process. Moreover, the first connecting electrodes 240
are fabricated using indium tin oxide (ITO), for example. The
shielding electrodes 250 are fabricated using ITO or other
transparent conductive materials, for example.

[0020] Specifically, each of the active devices 226 is con-
stituted by a gate 2264, a gate insulating layer 2265, a semi-
conductor layer 226¢, a source 226d, and a drain 226e. The
gate 2264 is disposed on the first substrate 210 and electri-
cally connected to the scanning line 222. The gate insulating
layer 2265 covers the gate 226a and a portion of the first
substrate 210. The semiconductor layer 226¢ is disposed on
the gate insulating layer 226b. The source 2264 and the drain
226¢ are disposed on the semiconductor layer 226¢. The
source 2264 is electrically connected to the data line 224. In
the present embodiment, the first connecting electrode 240 is
electrically connected to the drain 226e of the active device
226.

[0021] Additionally, the LCD panel 100a of the present
embodiment further includes a passivation layer 700 on an
active device matrix substrate 200a. Here, the passivation
layer 700 covers on the active device 226 and the data line
224. The passivation layer 700 is located between the active
device 226 and the first padding pattern 234 and between the
data line 224 and the second padding pattern 236 to protect
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the active device 226 and the data line 224. The passivation
layer 700 15 fabricated with dielectric materials, for instance,
silicon dioxide, silicon nitride, or silicon oxynitride. It should
be noted that the passivation layer 700, for example, has a
contact window 702 exposing the drain 226e, so that the first
connecting electrode 240 is electrically connected to the drain
226e.

[0022] The opposite substrate 300a includes a second sub-
strate 310, a plurality of first electrodes 320, an insulation
layer 330q. a plurality of second electrodes 340, a plurality of
spacers 350, and a plurality of second connecting electrodes
360. In addition, the LCD panel 1004 further includes at least
one sensing spacer 500 and at least one sensing electrode 600
disposed on the second substrate 310. The first electrodes 320
are disposed on the second substrate 310 corresponding to the
pixel regions 228. The insulation layer 330q is disposed on
the first electrodes 320. The second electrodes 340 are dis-
posed on the insulation layer 330a corresponding to the first
electrodes 320, where the second electrodes 340 have a plu-
rality of slits 342. The spacers 350 are disposed on the insu-
lation layer 330a and correspond to the active devices 226
respectively. The second connecting electrodes 360 cover the
spacers 350 and contact the first connecting electrodes 240
directly. The second connecting electrodes 360 are electri-
cally connected to the first electrodes 320 or the second elec-
trodes 340. In particular, the second connecting electrode 360
1s electrically connected to the second electrode 340 directly,
and the first electrode 320 is connected to the common volt-
age in the present embodiment.

[0023] In the present embodiment, the second electrodes
340 and the second connecting electrodes 360 are, for
instance, in the same layer. In other words, the second elec-
trodes 340 and the second connecting electrodes 360 are
fabricated simultaneously by the same fabrication process.
Practically, the second connecting electrode 360 can be a
portion of the second electrode 340. That is, the second con-
necting electrode 360 and the second electrode 340 are con-
stituted by the same electrode pattern. The opposite substrate
300q is, for example, a color filter layer substrate. That is to
say, the opposite substrate 300 further includes a color filter
layer 370. Herein, the color filter layer 370 is disposed
between the second substrate 310 and the first electrode 320.
Obviously, in other embodiments not illustrated herein, the
opposite substrate 300a can also be a transparent substrate
and the color filter layer 370 is, for example, disposed on the
first substrate 210.

[0024] In the present embodiment, the first electrodes 320
and the second electrodes 340 for displaying images are dis-
posed on the opposite substrate 300a, and the shielding elec-
trodes 250 electrically connected to the common voltage are
disposed above the data lines 224 on the active device matrix
substrate 200a. Consequently, voltage signals of the first elec-
trodes 320 and the second electrodes 340 are not easily
affected by the data lines 224. Accordingly, disposition areas
of the first electrodes 320 and the second electrodes 340 can
be suitably expanded to the top of the data lines 224 so as to
increasea display aperture ratio. In short, the LCD panel 1004
of the present embodiment has high contrast and superior
display quality. When the LCD panel 100a displays, the
shielding electrodes 250 provide a shield effect to prevent
signals transmitted by the data lines 224 from interfering
voltages in the first electrodes 320 and the second electrodes
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340 for displaying images. The design ofthe LCD panel 100a
in the present embodiment thus improves the conventional
dark state light leakage.

[0025] Moreover, the first electrodes 320, the insulation
layer 3304, and the second electrodes 340 expose a portion of
the second substrate 310 as shown in the right side portion of
FIG. 2. The at least one sensing spacer 500 and the at least one
sensing electrode 600 are disposed on the exposed portion of
the second substrate 310. Here, the sensing spacer 500 is
disposed on the exposed portion of the second substrate 310
and located above the data lines 224. The sensing electrode
600 covers the sensing spacer 500. Additionally, the sensing
spacer 500 and the spacers 350 are in the same layer. That is,
the sensing spacer 500 and the spacers 350 are fabricated
using the same fabrication process. The sensing electrode 600
and the second electrode 340 are simultaneously formed and
are in the same layer. The sensing electrode 600 can be selec-
tively electrically connected to one of the first electrode 320
and the second electrode 340 so as to receive a common
voltage. In the present embodiment, the second electrode 340
is electrically connected to the active device 226 and the first
electrode 320 is served as a common electrode. Accordingly,
the sensing electrode 600 is electrically connected to the first
electrode 320 in the present embodiment. In an alternate
embodiment, when the second electrode 340 is served as a
common electrode and the first electrode 320 is electrically
connected to the active device 226, the sensing electrode 600
1s, thus, electrically connected to the second electrode 340.
[0026] More particularly, in the present embodiment, a
width of a portion of the second padding patterns 236 corre-
sponding to, i.e. opposite to, the sensing spacer 500 is larger
than a width of other portions of the second padding patterns
236 as shownin the sub-diagram (a) of FIG. 1. In other words,
a portion of the second padding patterns 236 above the data
lines 224 and opposite to the sensing spacer 500 has a larger
width. The sensing electrode 600 is fabricated by using ITO,
for instance.

[0027] Inthepresentembodiment, the sensing spacer 500 is
disposed on the second substrate 310 directly. Consequently,
the sensing spacer 500 in the LCD panel 100a and the second
padding patterns 236 above the data lines 224 have a distance
therebetween. When a user touches the LCD panel 100q, the
opposite substrate 300q is bent due to an external force, such
that the sensing electrode 600 on the sensing spacer 500
directly contacts with the corresponding shielding electrode
250 to result in short circuit. At this time, a potential of the
sensing electrode 600 is transmitted to the shielding electrode
250, and a chip (not shown) connected to the shielding elec-
trode 250 calculates coordinates of a point touched by the user
from the potential received by the shielding electrode 250.
The LCD panel 1004 ofthe present embodiment also includes
a touch sensing function.

[0028] Sincethe portion of the second padding patterns 236
opposite to the sensing spacer 500 has a larger width as shown
in the sub-diagram (a) of FIG. 1, when the user touches the
LCD panel 100qa, the conductance of the sensing electrode
600 on the sensing spacer 500 and the corresponding shield-
ing electrode 250 on the second padding patterns 236 is
further ensured to increase a yield of the LCD panel 100a.
[0029] It should be noted that the external structure design
of the padding device 230a can have other variations. For
example, referring to FIG. 3, an LCD panel 1005 in FIG. 3 is
similar to the LCD panel 100a in FIG. 2. The difference
between the LCD panel 1005 and the LCD panel 100a lies in
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that a padding device 2305 of FIG. 3 is a continuous padding
layer and has a plurality of contact openings 232. The first
connecting electrodes 240 are electrically connected to the
active devices 226 through the contact openings 232.

[0030] Furthermore, a structural design of the insulation
layer 330a on the opposite substrate 300« and an electrical
property relationship among the first electrodes 320, the sec-
ond electrodes 340, and the second connecting electrodes 360
can have other variations. For instance, referring to FIG. 4, an
LCD panel 100¢ in FIG. 2 is similar to the LCD panel 1004 in
FIG. 2. The difference between the two lies in that an insula-
tion layer 3305 has a contact window 332 exposing the first
electrodes 320, and the second connecting electrodes 360 is
electrically connected to the first electrodes 320 through the
contact window 332. Here, the second electrodes 340 are
connected to the common voltage, for example. Practically,
one of the first electrode 320 and the second electrode 340 is
connected to the common voltage, and another of the first
electrode 320 and the second electrode 340 is connected to the
drain 226e of the active device 226 to obtain a wide viewing
angle display effect of a fringe field switch (FFS) type.
[0031] In summary, in the invention, the electrodes con-
nected to the active devices on the active device matrix sub-
strate and the electrodes connected to thecommon voltage are
disposed on the opposite substrate, and the shielding elec-
trodes are disposed above the data lines on the active device
matrix substrate. Thus, during display, the electrodes on the
opposite substrate receive different voltages respectively to
generate a fringe electric field effect, so that the LCD panel
represents a wide viewing angle display effect. Also, the
shielding electrodes above the data lines have a shielding
effect to prevent the conventional dark state light leakage. In
other words, the LCD panel of the invention has high contrast
and superior display quality. The LCD panel of the invention
includes a device design of touch function. When the user
touches the LCD panel, since the width of a portion of the
padding patterns opposite to the spacers is larger than the
width of other portions, the conductance of the sensing elec-
trode on the sensing spacer and the shielding electrodes onthe
corresponding padding patterns is further ensured to increase
the yield rate of the LCD panels.

[0032] It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the disclosed embodiments without departing from the
scope or spirit of the disclosure. In view of the foregoing, it is
intended that the disclosure cover modifications and varia-
tions of this disclosure 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 matrix substrate, comprising:
a first substrate;
an active device array, disposed on the first substrate and
comprising a plurality of scanning lines, a plurality of
data lines, and a plurality of active devices, wherein
the scanning lines and the data lines intersect to define
a plurality of pixel regions, and the active devices are
electrically connected to the corresponding scanning
lines and the corresponding data lines;
a padding device, disposed on the active devices and the
data lines;
aplurality of first connecting electrodes, disposed on the
padding device, located above the active devices, and
electrically connected to the active devices;
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a plurality of shielding electrodes, disposed on the pad-
ding device, located above the data lines, and electri-
cally connected to a common voltage;

an opposite substrate, located above the active device

matrix substrate, the opposite substrate comprising:

a second substrate;

a plurality of first electrodes, disposed on the second
substrate corresponding to the pixel regions;

an insulation layer, disposed on the first electrodes;

a plurality of second electrodes, disposed on the insula-
tion layer corresponding to the first electrodes,
wherein the second electrodes have a plurality of slits;

a plurality of spacers, disposed on the insulation layer
and being corresponding to the active devices respec-
tively;

aplurality of second connecting electrodes, covering the
spacers and contacted with the first connecting elec-
trodes directly, wherein the second connecting elec-
trodes are electrically connected to the first electrodes
or the second electrodes; and

a liquid crystal layer, disposed between the active device

matrix substrate and the opposite substrate.

2. The liquid crystal display panel as claimed in claim 1,
wherein the first connecting electrodes and the shielding elec-
trodes are in a same layer.

3. The liquid crystal display panel as claimed in claim 1,
wherein the second electrodes and the second connecting
electrodes are in a same layer.

4. The liquid crystal display panel as claimed in claim 1,
wherein the second connecting electrodes are connected to
the second electrodes directly, and the first electrodes are
connected to the common voltage.

5. The liquid crystal display panel as claimed in claim 1,
wherein the insulation layer has a contact window exposing
the first electrodes, the second connecting electrodes are elec-
trically connected to the first electrodes through the contact
window, and the second electrodes are connected to the com-
mon voltage.

6. The liquid crystal display panel as claimed in claim 1,
further comprising at least one sensing spacer and at least one
sensing electrode, disposed on the second substrate and
located above the data lines, wherein the at least one sensing
electrode covers the at least one sensing spacer.

7. The liquid crystal display panel as claimed in claim 6,
wherein the first electrodes, the insulation layer, and the sec-
ond electrodes expose a portion of the second substrate and
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the at least one sensing spacer is disposed on the exposed
portion of the second substrate.

8. The liquid crystal display panel as claimed in claim 7,
wherein the at least one sensing spacer and the spacers are in
a same layer.

9. The liquid crystal display panel as claimed in claim 1,
wherein the padding device is a continuous padding layer
having a plurality of contact openings, and the first connect-
ing electrodes are electrically connected to the active devices
through the contact openings.

10. The liquid crystal display panel as claimed in claim 1,
wherein the padding device comprises a plurality of first
padding patterns and a plurality of second padding patterns,
the first padding patterns are disposed on the active devices
and the second padding patterns are disposed on the data
lines.

11. The liquid crystal display panel as claimed in claim 10,
wherein the first padding patterns and the second padding
patterns are in a same layer.

12. The liquid crystal display panel as claimed in claim 10,
further comprising at least one sensing spacer and at least one
sensing electrode, disposed on the second substrate and
located above the data lines, wherein the at least one sensing
electrode covers the at least one sensing spacer.

13. The liquid crystal display panel as claimed in claim 12,
wherein the first electrodes, the insulation layer, and the sec-
ond electrodes expose a portion of the second substrate and
the at least one sensing spacer is disposed on the exposed
portion of the second substrate.

14. The liquid crystal display panel as claimed in claim 13,
wherein the at least one sensing spacer and the spacers are in
a same layer.

15. The liquid crystal display panel as claimed in claim 13,
wherein a width of a portion of the second padding patterns
corresponding to the at least one sensing spacer is larger than
a width of other portions.

16. The liquid crystal display panel as claimed in claim 1,
further comprising a passivation layer covering on the active
devices and the data lines, and located between the active
devices and the padding device and between the data lines and
the padding device.

17. The liquid crystal display panel as claimed in claim 1,
wherein the opposite substrate further comprises a filtering
layer disposed between the second substrate and the first
electrodes.
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