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ARRAY SUBSTRATE AND LIQUID CRYSTAL
DISPLAY PANEL

RELATED APPLICATIONS

The present application is based on, and claims priority
from, Taiwan Application Serial Number 95119728, filed
Jun. 2, 2006, the disclosure of which is hereby incorporated
by reference herein in its entirety.

BACKGROUND

1. Field of Invention

The present invention relates to a liquid crystal display
(LCD). More particularly, the present invention relates to an
array substrate and a LCD panel, which increase the viewing
angle of the LCD.

2. Description of Related Art

Recently, the progress of optoelectronic technology and
the rapid development of digital technology push forward the
expansion of LCD market. Because LCD has many advan-
tages such as high display quality, small size, light weight,
low driving voltage and low power consumption, LCD bas
been widely applied to many electronics products such as
PDAs, mobile phones, digital videos, notebooks, desk-top
displays, digital cameras and projection TVs. Nowadays,
LCD is gradually replacing traditional cathode ray tube
(CRT) display and becoming the mainstream product in the
display market.

there is a serious viewing angle problem in LCD. When
voltage is applied to pixels of a LCD, all liquid crystal mol-
ecules in one of the pixels experience the same voltage and
orient to the same orientation direction. Consequently, the
display effect of LCD is varied by different viewing angle.
When viewing a LCD at angles greater than a critical angle,
the display color will be shifted, and the contrast of LCD will
be decreased. Therefore, LCD can not provide uniform gray
scale and the viewing angle is limited.

For the foregoing reasons, there is a need to obtaina LCD
with wider viewing angle.

SUMMARY

It is therefore an aspect of the present invention to provide
an array substrate and a panel of a LCD. The array substrate
and the panel can reduce the problems of color shift and
contrast ratio decrease when being viewed at high angles.
Moreover, the array substrate and the panel can increase the
viewing angle of the LCD.

In accordance with the foregoing and other aspects of the
present invention, an array substrate of a LCD is provided.
The array substrate comprises a first substrate, a lower elec-
trode, a dielectric layer, an upper electrode, a passivation
layer and two sub-pixel electrodes. The first substrate com-
prises a first sub-pixel region and a second sub-pixel region. A
portion of the lower electrode is disposed in the first sub-pixel
region, and the other portion of the lower electrode is dis-
posed in the second sub-pixel region. The dielectric layer is
disposed on the lower electrode and the first substrate. The
upper electrode is disposed on the dielectric layer above the
lower electrode. The passivation layer is disposed on the
upper electrode and the dielectric layer. The passivation layer
has an opening to expose the upper surface of the upper
electrode. The thickness of the passivation layer in the first
sub-pixel region is different from the thickness of the passi-
vation layer in the second sub-pixel region. The two sub-pixel
electrodes are respectively disposed on the passivation layer
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and the upper electrode in the first sub-pixel region and the
second sub-pixel region. The sub-pixel electrodes are electri-
cally connected to the upper electrode.

In accordance with the foregoing and other aspects of the
present invention, an array substrate of a LCD is provided.
The array substrate comprises a first substrate, a lower elec-
trode, a dielectric layer, an upper electrode, a passivation
layer and two sub-pixel electrodes. The first substrate com-
prises a first sub-pixel region and a second sub-pixel region. A
portion of the lower electrode is disposed in the first sub-pixel
region, and the other portion of the lower electrode is dis-
posed in the second sub-pixel region. The dielectric layer is
disposed on the lower electrode and the first substrate. The
thickness of the dielectric layer in the first sub-pixel region is
different from the thickness of the dielectric layer in the
second sub-pixel region. The upper electrode is disposed on
the dielectric layer above the lower electrode. The passivation
layer is disposed on the upper electrode and the dielectric
layer. The passivation layer has an opening to expose the
upper surface of the upper electrode. Two sub-pixel elec-
trodes are respectively disposed on the passivation layer and
the upper electrode in the first sub-pixel region and the second
sub-pixel region. The sub-pixel electrodes are electrically
connected to the upper electrode.

In accordance with the foregoing and other aspects of the
present invention, a panel of a LCD is provided. The panel
comprises a plurality of pixels. Each pixel comprises an array
substrate, a liquid crystal layer, a common electrode, an
organic layer and a second substrate. The array substrate
comprises a first sub-pixel region and a second sub-pixel
region. The liquid crystal layer is disposed on the array sub-
strate. The common electrode is disposed on the liquid crystal
layer. The organic layer is disposed on the common electrode.
The thickness of the organic layer in the first sub-pixel region
is different from the thickness of the organic layer in the
second sub-pixel region. The second substrate is disposed on
the organic layer.

In the foregoing, the invention utilizes simple structural
adjustment of the array substrate and the panel to reduce the
problems of color shift and contrast decrease when viewed at
high angles. Therefore, the LCD can provide uniform gray
scale and wider viewing angle.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with the
description, serveto explain the principles of the invention. In
the drawings,

FIG. 1is a cross-sectional view of a single pixel of a LCD
panel according to embodiment 1 of the invention;

FIG. 2 is a cross-sectional view of a single pixel of a LCD
panel according to embodiment 2 of the invention; and

FIG. 3 is a cross-sectional view of a single pixel of a LCD
panel according to embodiment 3 of the invention.

DESCRIPTION OF THE EMBODIMENTS

In embodiments, each pixel is further divided into two
sub-pixels. By adjusting structures of the two sub-pixels, the
two sub-pixels can have different total capacitance values.
Because the different total capacitance values of the two
sub-pixels affect the voltages exerted on the two sub-pixels
are also different. As such, the liquid crystal molecules in the
two sub-pixels are subjected to different voltages and thus
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oriented in different orientation directions. Therefore, the
problems of color shift and contrast decrease when viewed at
different angles can be reduced. Moreover, the LCD can
provide the uniform gray scale and the wide viewing angle.
The following are three embodiments to illustrate the con-
cept of the invention about how to make two sub-pixels have
different total capacitance values by structural adjustment.

Embodiment 1

FIG. 1 is a cross-sectional view of a pixel of a LCD panel
according to the embodiment 1 of the invention. In FIG. 1, the
pixel region is further divided into two sub-pixel regions. The
left side of the cross-sectional view of FIG. 1 is a first sub-
pixel region 150, and the right side of the cross-section view
is a second sub-pixel region 160. The area of the first sub-
pixel region 150 can be unequal to the area of the second
sub-pixel region 160. Base on the required viewing angle
effect, the areas of the first sub-pixel region 150 and the
second sub-pixel region 160 can be adjusted. A lower elec-
trode is disposed over the first substrate 100 cross the first
sub-pixel region 150 and the second sub-pixel region 160. To
avoid confusion, a portion of the lower electrode in the first
sub-pixel region 150 is called the first lower electrode 141,
and the other portion of the lower electrode in the second
sub-pixel region 160 is called the second lower electrode 143.
A dielectric layer 144 is disposed on the first lower electrode
141, the second lower electrode 143 and the first substrate
100. For the same reason as the lower electrode stated above,
an upper electrode is also divided into a first upper electrode
145 in the first sub-pixel region 150 and a second upper
electrode 147 in the second sub-pixel region 160. The first
upper electrode 145 and the second upper electrode 147 are
respectively disposed on the dielectric layer 144 above the
first lower electrode 141 and the second lower electrode 143.
In the first sub-pixel region 150, the first lower electrode 141,
the dielectric layer 144 and the first upper electrode 145
constitute a first storage capacitor 154. In the second sub-
pixel region 160, the second lower electrode 143, the dielec-
tric layer 144 and the second upper electrode 147 constitute a
second storage capacitor 164.

A passivation layer 171 is disposed on the dielectric layer
144, the first upper electrode 145 and the second upper elec-
trode 147. The passivation layer has a first opening 148 and a
second opening 149 to respectively expose the upper surfaces
ofthe first upper electrode 145 and the second upper electrode
147. The thickness of the passivation layer 171 in the first
sub-pixel region 150 is different from the thickness of the
passivation layer 171 in the second sub-pixel region 160.

The first sub-pixel electrode 172 and the second sub-pixel
electrode 173 are disposed on the passivation layer 171, the
first upper electrode 145 and the second upper electrode 147
and directly connect to the first upper electrode 145 and the
second upper electrode 147 through the first opening 148 and
the second opening 149, respectively. A liquid crystal layer
174, a common electrode 152, an organic layer 178, a color
filter layer 179 and a second substrate 180 are sequentially
disposed on the first sub-pixel electrode 172 and the second
sub-pixel electrode 173. Among these layers, the color filter
layer 179 comprises a black matrix. The position sequence of
the organic layer 178 and the color filter layer 179 can be
altered.

The first sub-pixel electrode 172, the liquid crystal layer
174 and the common electrode 152 constitute a first pixel
capacitor 158. The second sub-pixel electrode 173, the liquid
crystal layer 174 and the common electrode 152 constitute a
second pixel capacitor 168.
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In the embodiment 1, a material of the dielectric layer 144
is preferably silicon nitride or silicon oxide. A material of the
passivation layer 171 is preferably silicon nitride or silicon
oxide. Moreover, the passivation layer 171 can be an organic
insulating layer. In FIG. 1, V., Voo, a0d V,,, are the
voltages applied to the gate electrode, the source electrode
and the drain electrode of the thin film transistor of the array
substrate, respectively. V_, . is the voltage applied to the
common electrode 152. V_ is the voltage applied to both the
first lower electrode 141 and the second lower electrode 143.
V .om €an be equal or unequal to the V__.

In the structures of the LCD panel, the total capacitance
value of the first sub-pixel is the sum of the capacitance values
of the first storage capacitor 154, the first pixel capacitor 158
and any other capacitor coupled thereto. The total capacitance
value of the second sub-pixel is the sum of the capacitance
values of the second storage capacitor 164, the second pixel
capacitor 168 and any other capacitor coupled thereto.
Because the first storage capacitor 154 and the second storage
capacitor 164 are the same-storage capacitor, they have the
same capacitance value. In embodiment 1, the capacitance
value of the first pixel capacitor 158 is different from that of
the second pixel capacitor 168, so that the total capacitance
values of the first sub-pixel and the second sub-pixel are
unequal. Specifically, the thickness of the passivation layer
171 in the first sub-pixel region 150 is different from the
thickness of the passivation layer 171 in the second sub-pixel
region 160. This renders the thickness of the liquid crystal
layer 174 in the first pixel capacitor 158 to be different from
the thickness of the liquid crystal layer 174 in the second pixel
capacitor 168. Consequently, the capacitance value of the first
pixel capacitor 158 is unequal to the capacitance value of the
second pixel capacitor 168, and the goal of providing differ-
ent total capacitance values for the first sub-pixel and the
second sub-pixel is achieved.

Embodiment 2

The major difference between embodiment 1 and embodi-
ment 2 may be best shown by their cross-sectional structures.
FIG. 2 is a cross-sectional view of a single pixel of a LCD
panel according to the embodiment 2 of the invention. In FIG.
2, the element structures identical to those described in the
embodiment 1 can be directly referred to the description of
the embodiment 1 and are not repeated in this embodiment.
The description of the embodiment 2 focuses on the differ-
ence between the embodiment 2 and the embodiment 1. Inthe
embodiment 1, the different capacitance values of the pixel
capacitors of the different sub-pixels are achieved by adjust-
ing the thickness of the passivation layer in the sub-pixels to
modify the thickness of the liquid crystal layer in the pixel
capacitors of the sub-pixels. In the embodiment 2, the thick-
nesses of the passivation layer in the sub-pixels are the same.
The embodiment 2 adjusts the thickness of the organic layer
in the sub-pixels rather than adjusts the thickness of the pas-
sivation layer. In this way, the thicknesses of the liquid crystal
layer in the pixel capacitors of the sub-pixels are different and
hence the pixel capacitors of the two sub-pixels may have
different capacitance values.

As shown in FIG. 2, the thickness of the passivation layer
171 in the first pixel region 150 is the same as the thickness of
the passivation layer 171 in the second pixel region 160. The
characteristic structure of the embodiment 2 is the thickness
of an organic layer 178. The organic layer 178 is interposed
between the common electrode 152 and the second substrate
180. In FIG. 2, the thickness of the organic layer 178 in the
first sub-pixel region 150 is different from the thickness of the
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organic layer 178 in the second sub-pixel region 160. As a
result, the thickness of the liquid crystal layer 174 of the first
pixel capacitor 158 is different from the thickness of the
liquid crystal layer 174 of the second pixel capacitor 168.
Consequently, the capacitance value of the first pixel capaci-
tor 158 is different from the capacitance value of the second
pixel capacitor 168, and hence the total capacitance value of
the first sub-pixel is different from the total capacitance value
of the second sub-pixel.

Moreover, to achieve a wider viewing angle, the position
sequence of the organic layer 178 and the color filter layer 179
can be swapped and is not limited to the position sequence
shown in FIG. 2.

Embodiment 3

FIG. 3 is a cross-sectional view of a single pixel of a LCD
panel according to the embodiment 3 of the invention. In FIG.
3, the element structures identical to those described in the
embodiment 1 can be directly referred to the description of
the embodiment 1 and are not repeated here. The total capaci-
tance value of the pixel is the sum of the capacitance values of
the storage capacitor, the pixel capacitor and other coupling
capacitor. In the embodiment 1 and the embodiment 2, two
sub-pixels having different total capacitance values are pro-
vided by changing the capacitance values of the pixel capaci-
tors of the sub-pixels. Embodiment 3 however provides two
sub-pixels having different total capacitance values by a dif-
ferent approach—changing the capacitance values of the stor-
age capacitors of the sub-pixels.

Therefore, in this embodiment, the thickness of the passi-
vation layer 171 in the first sub-pixel region 150 is identical to
the thickness of the passivation layer 171 in the second sub-
pixel region 160. The characteristic structure of the embodi-
ment 3 is the thickness of the dielectric layer 144. The thick-
ness of the dielectric layer 144 inthe first sub-pixel region 150
1s different from the thickness of the dielectric layer 144 in the
second sub-pixel region 160. Because of the difference in the
thicknesses, the capacitance value of the first storage capaci-
tor 154 is different from the capacitance value of the second
storage capacitor 164. Moreover, since the thicknesses of the
dielectric layer 144 in the two sub-pixel regions are different,
the thickness of the liquid crystal layer 174 in the first pixel
capacitor 158 is different from the thickness of the liquid
crystal layer 174 in the second pixel capacitor 168. Therefore,
the capacitance value of the first pixel capacitor 158 is also
different from the capacitance value of the second pixel
capacitor 168. Because both the storage capacitance value
and the pixel capacitance value in the first pixel are different
from those in the second pixel, the total capacitance value of
the first sub-pixel is different from the total capacitance value
of the second sub-pixel.

Compared Comparing with the embodiment 1, the
embodiment 3 provides an LCD with a wider viewing angle.
In other embodiments, it is feasible to adjust only the thick-
nesses of the dielectric layer 144 in the first storage capacitor
154 and the second storage capacitor 164. In this way, the
capacitance values of the storage capacitors in the two sub-
pixels are different while the capacitance values of the pixel
capacitors in the sub-pixels remain the same. As such, the
total capacitances of the first sub-pixel and the second sub-
pixel are different.

Accordingly, the present invention has the following
advantages:

(1) The invention utilizes simple structural adjustment to
increase the viewing angle of the LCD.
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(2) The invention reduces the problems of color shift and
color contrast decrease when being viewed at high angles.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, it is intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
appending claims and their equivalents.

What is claimed is:

1. An array substrate of a LCD, wherein a liquid crystal
layer is disposed thereon, the array substrate comprising:

a substrate, comprising a first sub-pixel region and a sec-

ond sub-pixel region;

a lower electrode disposed on the substrate, wherein a
portion of the lower electrode is disposed in the first
sub-pixel region, and the other portion of the lower
electrode is disposed in the second sub-pixel region;

a dielectric layer disposed on the lower electrode and the
substrate;

an upper electrode disposed on the dielectric layer above
the lower electrode;

a passivation layer disposed on the upper electrode and the
dielectric layer, wherein the passivation layer has an
opening to expose the upper surface of the upper elec-
trode, and the thickness of the passivation layer in the
first sub-pixel region is different from the thickness of
the passivation layer in the second sub-pixel region so
that the thickness of the liquid crystal layer disposed
above the first sub-pixel region is different from the
thickness of the liquid crystal layer disposed above the
second sub-pixel region; and

a first sub-pixel and a second sub-pixel electrode respec-
tively disposed on the passivation layer and the upper
electrode in the first sub-pixel region and the second
sub-pixel region, wherein the first sub-pixel and the
second sub-pixel electrodes are electrically connected to
the upper electrode.

2. The array substrate of claim 1, wherein the area of the
first sub-pixel region is equal to the area of the second sub-
pixel region.

3. The array substrate of claim 1, wherein the area of the
first sub-pixel region is unequal to the area of the second
sub-pixel region.

4. The array substrate of claim 1, wherein the material of
the dielectric layer is silicon nitride or silicon oxide.

5. The array substrate of claim 1, wherein the material of
the passivation layer is silicon nitride or silicon oxide.

6. The array substrate of claim 1, wherein the passivation
layer is an organic insulating layer.

7. An array substrate of a LCD, wherein a liquid crystal
layer is disposed thereon, the array substrate comprising:

a substrate, comprising a first sub-pixel region and a sec-

ond sub-pixel region;

a lower electrode disposed on the substrate, wherein a
portion of the lower electrode is disposed in the first
sub-pixel region, and the other portion of the lower
electrode is disposed in the second sub-pixel region;

a dielectric layer disposed on the lower electrode and the
substrate, wherein the thickness of the dielectric layer in
the first sub-pixel region is different from the thickness
of the dielectric layer in the second sub-pixel region so
that the thickness of the liquid crystal layer disposed
above the first sub-pixel region is different from the
thickness of the liquid crystal layer disposed above the
second sub-pixel region;
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an upper electrode disposed on the dielectric layer above
the lower electrode;

a passivation layer disposed on the upper electrode and the
dielectric layer, wherein the passivation layer has an
opening to expose the upper surface of the upper elec-
trode;

a first sub-pixel and a second sub-pixel electrodes respec-
tively disposed on the passivation layer and the upper
electrode in the first sub-pixel region and the second
sub-pixel region, wherein the first sub-pixel and the
second sub-pixel electrodes are electrically connected to
the upper electrode.

8. The array substrate of claim 7, wherein the area of the
first sub-pixel region is equal to the area of the second sub-
pixel region.

9. The array substrate of claim 7, wherein the area of the
first sub-pixel region is unequal to the area of the second
sub-pixel region.

10. The array substrate of claim 7, wherein the material of
the dielectric layer is silicon nitride or silicon oxide.

11. The array substrate of claim 7, wherein the material of
the passivation layer is silicon nitride or silicon oxide.

12. The array substrate of claim 7, wherein the passivation
layer is an organic insulating layer.

13. A panel of a LCD, comprising:

a first substrate comprising a plurality of pixels, wherein

each of the pixels comprises a first sub-pixel region and
a second sub-pixel region;

a lower electrode disposed on the first substrate, wherein a
portion of the lower electrode is disposed in the first
sub-pixel region, and the other portion of the lower
electrode is disposed in the second sub-pixel region;

a dielectric layer disposed on the lower electrode and the
substrate;

an upper electrode disposed on the dielectric layer above
the lower electrode;

a passivation layer disposed on the upper electrode and the
dielectric layer, wherein the passivation layer has an
opening to expose the upper surface of the upper elec-
trode, and the thickness of the passivation layer in the
first sub-pixel region is different from the thickness of
the passivation layer in the second sub-pixel region;

a first sub-pixel electrode and a second sub-pixel electrode
respectively disposed on the passivation layer and the
upper electrode in the first sub-pixel region and the
second sub-pixel region, wherein the first sub-pixel elec-
trode and the second sub-pixel electrode are electrically
connected to the upper electrode;

a second substrate facing the first substrate;

a liquid crystal layer disposed on the sub-pixel electrodes
and between the first substrate and the second substrate,
wherein the liquid crystal layer comprises a first liquid
crystal layer disposed above the first sub-pixel region
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and a second liquid crystal layer disposed above the
second sub-pixel region; and

a common electrode disposed between the second sub-
strate and the liquid crystal layer, wherein the first sub-
pixel electrode, the first liquid crystal layer and the com-
mon electrode constitute a first pixel capacitor, and the
second sub-pixel electrode, the second liquid crystal
layer and the common electrode constitute a second
pixel capacitor, and wherein the thicknesses of the first
and the second liquid crystal layers are different so that
the capacitance value of first pixel capacitor is unequal
to the capacitance value of the second pixel capacitor.

14. A panel of a LCD, comprising:

a first substrate comprising a plurality of pixels, wherein
each of the pixels comprises a first sub-pixel region and
a second sub-pixel region,

a lower electrode disposed on the first substrate, wherein a
portion of the lower electrode is disposed in the first
sub-pixel region, and the other portion of the lower
electrode is disposed in the second sub-pixel region;

a dielectric layer disposed on the lower electrode and the
substrate, wherein the thickness of the dielectric layer in
the first sub-pixel region is different from the thickness
of the dielectric layer in the second sub-pixel region;

an upper electrode disposed on the dielectric layer above
the lower electrode;

a passivation layer disposed on the upper electrode and the
dielectric layer, wherein the passivation layer has an
opening to expose the upper surface of the upper elec-
trode;

a first sub-pixel and a second sub-pixel electrode respec-
tively disposed on the passivation layer and the upper
electrode in the first sub-pixel region and the second
sub-pixel region, wherein the first sub-pixel and the
second sub-pixel electrode are electrically connected to
the upper electrode;

a second substrate facing the first substrate;

a liquid crystal layer disposed on the sub-pixel electrodes
and between the first substrate and the second substrate,
wherein the liquid crystal layer comprises a first liquid
crystal layer disposed above the first sub-pixel region
and a second liquid crystal layer disposed above the
second sub-pixel region; and

a common electrode disposed between the second sub-
strate and the liquid crystal layer, wherein the first sub-
pixel electrode, the first liquid crystal layer and the com-
mon electrode constitute a first pixel capacitor, and the
second sub-pixel electrode, the second liquid crystal
layer and the common electrode constitute a second
pixel capacitor, and wherein the thicknesses of the first
and the second liquid crystal layers are different so that
the capacitance value of first pixel capacitor is unequal
to the capacitance value of the second pixel capacitor.
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