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ARRAY SUBSTRATE FOR LIQUID CRYSTAL
DISPLAY

BACKGROUND

[0001] The invention relates to an array substrate and in
particular to an array substrate for a wide-viewing angle
liquid crystal display (LCD).

[0002] LCDs employ applied voltage to change the align-
ment of liquid crystal molecules, and resulting optical char-
acteristics, such as double refraction, optical rotation, and
dichromatism cause display variations. Due to thin profile,
light weight, low power consumption, and low operating
voltage, LCDs are widely employed in electronic products,
such as portable personal computers, digital cameras, pro-
jectors, and the like.

[0003] Currently, LCD development is directed towards
increased brightness, contrast, viewing angle, and large
display area with full color display. To improve the viewing
angle, a multi-domain vertical alignment liquid crystal dis-
play (MVALCD) has been developed, in which the display
area of the LCD is divided into multiple domains, such that
liquid crystal molecules incline at different angles to
increase the viewing angle. In such an LCD, a pre-tilt angle
controls the alignment of the liquid crystal, providing pre-
cise control of the inclination of the liquid crystal molecules.
Commonly, slits and protrusions are employed to provide
the pre-tilt angle.

[0004] FIG. 6 illustrates an array substrate 100 of a
conventional MVALCD. The array substrate 100 comprises
a glass substrate 101, a storage capacitor 102, an insulating
layer 104, and a pixel electrode 106. The storage capacitor
102, the insulating layer 104, and the pixel electrode 106 are
successively disposed on the glass substrate 100. The stor-
age capacitor 102 includes a bottom electrode 1024, a
capacitor dielectric layer 1025, and an upper electrode 102¢,
in which the upper electrode 102¢ is electrically connected
to an overlying pixel electrode 106 through a contact hole
104a. The pixel electrode 106 has a slit 106a across the
storage capacitor 102, to provide a pre-tilt angle.

[0005] The upper electrode 102¢ and the pixel electrode
106, however, have the same potential when voltage is
applied to the pixel electrode 106 due to electrical connec-
tion, such that the slit 106a over the storage capacitor 102
(overlap region between the slit 106a and the storage
capacitor 102) cannot provide a pre-tilt angle. Thus, discli-
nation lines may be generated on the liquid crystal layer (not
shown) near the slit 106a over the storage capacitor 102. The
generated disclination lines can reduce the brightness and
increase the response time of the LCD. In particular, color
washout may become more serious due to the disclination
lines, reducing image quality.

SUMMARY

[0006] Array substrates for liquid crystal display are pro-
vided. An embodiment of an array substrate for a liquid
crystal display comprises a substrate having a pixel region.
A pixel electrode is disposed in the pixel region, comprising
at least one slit. A storage capacitor is disposed between the
substrate and the pixel electrode, comprising a bottom
electrode disposed in the pixel region, creating an overlap
region with the slit. A capacitor dielectric layer is disposed

Sep. 28,2006

on the bottom electrode. A top electrode is disposed on the
capacitor dielectric layer on the bottom electrode, compris-
ing at least one recess region to partially expose the overlap
region.

[0007] Another embodiment of an array substrate for a
liquid crystal display comprises a substrate having a pixel
region. A pixel electrode is disposed in the pixel region,
comprising at least one slit. A storage capacitor is disposed
between the substrate and the pixel electrode, comprising a
bottom electrode disposed in the pixel region, creating an
overlap region with the slit. A capacitor dielectric layer is
disposed on the bottom electrode. At least two top electrodes
are disposed on the capacitor dielectric layer on the bottom
electrode and separated by the overlap region.

DESCRIPTION OF THE DRAWINGS

[0008] The invention will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings, given by way of illustration only
and thus not intended to be limitative of the invention.

[0009] FIG. 1 is a plane view of an embodiment of a
wide-viewing angle liquid crystal display of the invention.

[0010]

[0011] FIG. 25 is a cross-section of an embodiment of a
wide-viewing angle liquid crystal display of the invention.

[0012] FIG. 3 is a plane view of an embodiment of a
wide-viewing angle liquid crystal display of the invention.

[0013] FIG. 4 is a plane view of an embodiment of a
wide-viewing angle liquid crystal display of the invention.

[0014] FIG. 5 is a plane view of an embodiment of a
wide-viewing angle liquid crystal display of the invention.

[0015] FIG. 6 is a cross-section of an array substrate for
a conventional multi-domain vertical alignment liquid crys-
tal display.

FIG. 2a is a cross-section along 2-2 line in FIG. 1.

DETAILED DESCRIPTION

[0016] An array substrate for a liquid crystal display will
be described in greater detail in the following. FIG. 1
illustrates a plane view of an embodiment of a wide-viewing
angle liquid crystal display and FIG. 2a is a cross-section
along 2-2 line in FIG. 1. In this embodiment, the wide-
viewing angle liquid crystal display may be a multi-domain
vertical alignment liquid crystal display (MVALCD). The
LCD comprises a lower substrate 200, a storage capacitor
202, an insulating layer (a passivation layer) 204. a pixel
electrode 206, a liquid crystal layer 208, and an upper
substrate 210. The lower substrate 200 may comprise trans-
parent glass or quartz, having a plurality of date lines and
gate lines thereon and serving as an array substrate. Typi-
cally, data lines vertically intersect gate lines to form a
plurality of pixel regions. Here, only a gate line 201, a data
line 203, and a pixel region 2004 created by the gate line 201
and the data line 203 are shown for diagram simplification.

[0017] The pixel electrode 206 and a thin film transistor
(not shown) electrically connected to the gate line 201 and
the data line 203 are disposed in the pixel region 200a on the
lower substrate 200. The pixel electrode 206 may comprise
transparent conductive material, such as indium tin oxide
(ITO). Moreover, the pixel electrode 206 comprises at least
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one slit 206a. In this embodiment, the slit 206a acts as a
virtual protrusion for the MVALCD. The insulating layer
204, such as an organic material or silicon nitride layer, is
disposed in the pixel region 200a between the pixel elec-
trode 206 and the lower substrate 200, as shown in FIG. 2a.

[0018] The storage capacitor 202 is disposed between the
lower substrate 200 and the insulating layer 204 underlying
the pixel electrode 206 (as shown in FIG. 2a) and positioned
in the middle of the pixel region 2004 (as shown in FIG. 1)
The storage capacitor 202 may comprise a bottom electrode
202a, a capacitor dielectric layer 2025, and a top electrode
200¢, in which the top electrode 202¢ is electrically con-
nected to the pixel electrode 206 through a contact hole 2044
formed in the insulating layer 204. In this embodiment, the
bottom electrode 2024 may be line-shaped, having a tilt
angle with respect to the slit 206a in the pixel electrode 206.
For example, the slit 206a may be V-shaped and symmetri-
cal with respect to the bottom electrode 202a. Moreover,
there is an overlap region 207 between the bottom electrode
202¢ and the slit 206a. The capacitor dielectric layer 2025
is disposed on the bottom electrode 202a, and the top
electrode 202¢ disposed on the capacitor dielectric layer
202b overlying the bottom electrode 2024. In this embodi-
ment, the top electrode 202¢ comprises at least one recess
region 205 to partially expose the overlap region 207. For
example, the top electrode 202¢ comprises a pair of recess
regions 205 with a width W1 no narrower than a with W2
of the slit 2064, as shown in FIG. 2a. In another embodi-
ment, the recess region 205 may be narrower than the slit
206a, as shown in FIG. 26. Note that the width W1 of the
recess region 205 must be wider than or equal to 3 pm.

[0019] The upper substrate 210, such as transparent glass
or quartz is disposed over the lower substrate 200. The upper
substrate 210 comprises at least one protrusion 210a oppo-
site and parallel to the slit 206a. The liquid crystal layer 208
is disposed between the lower and upper substrates 200 and
210.

[0020] In this embodiment, the area of the top electrode
202¢ above the overlap region 207 between the bottom
electrode 2024 and the slit 206a can be substantially
reduced. Thus, the slits 2064 in the overlap region 207 may
maintain function without failure because the pixel electrode
206 has a potential different from the top electrode 202¢ of
the storage capacitor 202 when voltage is applied to the pixel
electrode 206. Thus, the disclination line can be eliminated.
Accordingly, the array substrate of the invention can
improve brightness and response time of displays. More-
over, color washout near the storage capacitor 202 can also
be improved, benefitting the image quality.

[0021] FIG. 3 is a plane view of another embodiment of
a wide-viewing angle liquid crystal display, in which the
same reference numbers as FIG. 1 are used, with like
descriptions omitted. Unlike the embodiment in FIG. 1, the
slit 2064 in the pixel electrode 206 is line-shaped and has a
tilt angle with respect to the bottom electrode 202a.

[0022] FIG. 4 is a plane view of yet another embodiment
of a wide-viewing angle liquid crystal display, in which the
same reference numbers as FIG. 1 are used, with like
descriptions omitted. Unlike the embodiment in FIG. 1, the
top electrode 202¢ is divided into two portions and separated
by the overlap region 207. That is, the separated top elec-
trode 202¢ has a gap above the overlap region 207, such that
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the overlap region 207 is completely or partially exposed.
Here, only a completely exposed overlap region 207 is
shown. As a result, the slits 206a in the overlap region 207
maintain function without failure because the pixel electrode
206 has a different potential from the top electrodes 202¢ of
the storage capacitor 202 when voltage is applied to the pixel
electrode 206. Note that an additional contact hole 2045
must be formed in the insulating layer 204 since the top
electrode 202¢ comprises at least two-separate portions,
such that each separate portion of the top electrode 202¢ can
electrically connect to the pixel electrode 206, respectively.
For example, the separate portions of the top electrode 202¢
may correspond to the contact holes 204a and 2045, respec-
tively.

[0023] FIG. 5 is a plane view of further another embodi-
ment of a wide-viewing angle liquid crystal display, in
which the same reference numbers as FIG. 4 are used, with
like descriptions omitted. Unlike the embodiment in FIG. 4,
the slit 2064 in the pixel electrode 206 is line-shaped and has
a tilt angle with respect to the bottom electrode 202a. Also,
the top electrode 202¢ is divided into two portions and
separated by the overlap region 207, such that the line-
shaped overlap region 207 is completely or partially
exposed. Here, only a completely exposed overlap region
207 is shown. An additional contact hole 204b is also formed
in the insulating layer 204, such that each separate portion
of the top electrode 202¢ can electrically connect to the pixel
electrode 206, respectively.

[0024] While the invention has been described by way of
example and in terms of preferred embodiment, it is to be
understood that the invention is not limited thereto. To the
contrary, it is intended to cover various modifications and
similar arrangements (as would be apparent to those skilled
in the art). Therefore, the scope of the appended claims
should be accorded the broadest interpretation to encompass
all such modifications and similar arrangements.

What is claimed is:
1. An array substrate for a liquid crystal display, com-
prising:

a substrate having a pixel region;

a pixel electrode, disposed in the pixel region, comprising
at least one slit; and

a storage capacitor disposed between the substrate and the
pixel electrode, comprising:

a bottom electrode disposed in the pixel region, creat-
ing an overlap region with the slit;

a capacitor dielectric layer disposed on the bottom
electrode; and

a top electrode, disposed on the capacitor dielectric
layer on the bottom electrode, comprising at least
one recess region to partially expose the overlap
region.

2. The array substrate as claimed in claim 1, wherein the
width of slit is wider than or equal to the width of the recess
region.

3. The array substrate as claimed in claim 1, wherein the
width of slit is narrower than the width of the recess region.

4. The array substrate as claimed in claim 1, wherein the
width of recess region is wider than or equal to 3 pum.
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5. The array substrate as claimed in claim 1, wherein the
bottom electrode is line-shaped, having a tilt angle with
respect to the slit.

6. The array substrate as claimed in claim 5, wherein the
slit is V-shaped and symmetrical with respect to the bottom
electrode.

7. The array substrate as claimed in claim 5, wherein the
top electrode comprises a pair of recess regions to partially
expose the overlap region, respectively.

8. The array substrate as claimed in claim 5, further
comprising an insulating layer, disposed between the pixel
electrode and the storage capacitor, having a contact hole to
form an electrical connection between the pixel electrode
and the top electrode.

9. The array substrate as claimed in claim 5, wherein the
bottom electrode is disposed in the middle of the pixel
region.

10. An array substrate for a liquid crystal display, com-
prising:

a substrate having a pixel region;

a pixel electrode, disposed in the pixel region, having at
least one slit; and

a storage capacitor disposed between the substrate and the
pixel electrode, comprising:
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a bottom electrode disposed in the pixel region, creat-
ing an overlap region with the slit;

a capacitor dielectric layer disposed on the bottom
electrode; and

at least two top electrodes disposed on the capacitor
dielectric layer on the bottom electrode and sepa-
rated from each other by the overlap region.

11. The array substrate as claimed in claim 10, wherein
the bottom electrode is line-shaped, having a tilt angle with
respect to the slit.

12. The array substrate as claimed in claim 11, wherein
the slit is V-shaped and symmetrical with respect to the
bottom electrode.

13. The array substrate as claimed in claim 10, further
comprising an insulating layer, disposed between the pixel
electrode and the storage capacitor, comprising at least two
contact holes to form electrical connections between the
pixel electrode and each top electrode.

14. The array substrate as claimed in claim 10, wherein
the bottom electrode is disposed in the middle of the pixel
region.
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