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LIQUID CRYSTAL DISPLAY WITH HIGH
APERTURE RATIO

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a thin-film-transistor lig-
uid-crystal display (TFT-LCD), and more particularly, to a
TFT-LCD with a high aperture ratio and with a reduced
coupling effect.

2. Description of the Prior Art

Within the popularity of LCDs, display devices from small
size to large size usually include TFT-LCDs. However,
because the TFT-LCD with smaller size has a smaller dis-
playing region, an aperture ratio of the TFT-LCD with smaller
size is lower than the TFT-LCD with larger size in the same
resolution so that brightness and contrast of the TFT-LCD
with smaller size are reduced. Besides, when the TFT-LCD
with a higher resolution is required, the aperture ratio of the
TFT-LCD with a higher resolution will also be reduced.
Therefore, in order to maintain high brightness in a display,
brightness of the backlight should be increased, but cost of the
backlight module will be also increased. How to increase the
aperture ratio is therefore an important aspect in developing
the TFT-LCD.

In the prior art, a poly-silicon TFT-LCD has been already
developed. The electron mobility of the poly-silicon is about
ten to hundred times higher than the electron mobility of the
normally used amorphous silicon, so that the size of the TFT
can be reduced so as to have a higher aperture ratio. However,
manufacturing methods of the poly-silicon TFT require a
manufacturing temperature higher than a temperature of
manufacturing an amorphous silicon TFT, and the manufac-
turing methods of the poly-silicon TFT also require a laser
annealing process for transforming the amorphous silicon
structure into the poly-silicon structure. Therefore, in the field
of cost and yield, the manufacturing methods of the poly-
silicon TFT-LCD are not as good as the manufacturing
method of the amorphous silicon TFT-LCD.

Referring to FIG. 1 and FIG. 2, FIG. 1 is a schematic
diagram illustrating a top view of a pixel structure of TFT-
LCD according to a prior art, and FIG. 2 is a schematic
diagram illustrating a cross-section along line AA' of FIG. 1.
As shown in FIG. 1, a pixel structure 10 of the TFT-LCD
includes two scan lines 12 parallel to each other, two data
lines 14 perpendicular to the scan lines 12, a TFT 16 disposed
at a border between the data line 14 and the scan line 12, a
common line 18 disposed between the scan lines 12, and a
pixel electrode 20 overlapping a part of the scan lines 12 and
the data lines 14, wherein the TFT 16 includes a source
electrode 110 and a drain electrode 120. Because the pixel
electrode 20 overlaps the scan lines 12 and the data lines 14,
coupling capacitances between the pixel electrode 20 and the
scan lines 12 are generated, and coupling capacitances
between the pixel electrode 20 and the data lines 14 are also
generated.

As shown in FIG. 2, the pixel structure 10 further includes
an array substrate 22, an organic layer 24, a conductive layer
26, a gate insulating layer 28, and a passivation layer 30. The
TFT 16 and the common line 18 are disposed on the array
substrate 22. The conductive layer 26 disposed between the
gate insulating layer 28 and the passivation layer 30. The
organic layer 24 is disposed between the passivation layer 30
and the pixel electrode 20, and the organic layer 24 and the
passivation layer 30 both have two through holes 32, 34, so
that the pixel electrode 20 can be electrically connected to the
drain electrode 110 via the through hole 34 and connected to
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the conductive layer 26 via the through hole 32. The prior art
provides the organic layer 24 and increases the thickness of
the organic layer 24 so as to reduce the coupling capacitances
between the pixel electrode 20 and the scan lines 12 and the
data lines 14, and then, the coupling effect can be reduced.
However, in the prior art, the organic layer 24 between the
pixel electrode 20 and the passivation layer 30 should also be
provided, and the organic layer 24 should have a thickness
about 3 micrometers. This means that the manufacturing cost
will be increased, and the thickness of the pixel structure 10 of
TFT-LCD will also be increased. Therefore, to raise the aper-
ture ratio without increasing manufacturing cost and with
reduced coupling effect is an extremely important goal.

SUMMARY OF THE INVENTION

It is therefore a primary object of the claimed invention to
provide a TFT-LCD having a high aperture ratio while pre-
vented from being affected by a coupling effect.

According to the claimed invention, a TFT-LCD is pro-
vided. The TFT-LCD includes a substrate, a first conductive
line formed on the substrate, an inorganic insulating layer
covering the substrate, a transparent electrode attached to the
inorganic insulating layer, a second conductive line crossing
the first conductive line, an inorganic passivation layer cov-
ering the substrate and a pixel electrode attached to the inor-
ganic passivation layer. The pixel electrode overlaps the
transparent electrode, the first conductive line and the second
conductive line, and the transparent electrode is electrically
connected to the first conductive line.

The present invention provides a TFT-LCD with a trans-
parent electrode electrically connected to a common line or a
scan line. The area of the transparent electrode is increased to
raise the storage capacitance, and the thickness of the inor-
ganic passivation layer is increased to enlarge the distance
between the transparent electrode and the pixel electrode
attached to the inorganic passivation layer. Therefore, the
coupling effect generated by the coupling capacitances
between the pixel electrode and the scan lines and between
the pixel electrode and the data lines can be reduced. The
TFT-LCD of the present invention can have a high aperture
ratio, and the TFT-LCD cannot be affected by the coupling
capacitances between the pixel electrode and the scan lines
and between the pixel electrode and the data lines.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram illustrating a top view of a
pixel structure of TFT-LCD according to a prior art.

FIG. 2 is a schematic diagram illustrating a cross-section
along line AA' of FIG. 1.

FIG. 3 is a schematic diagram illustrating a top view of
pixel structure of a TFT-LCD according to a first preferred
embodiment of the present invention.

FIG. 4 is a schematic diagram illustrating a cross-section
along line BB' of FIG. 3.

FIG.5is a schematic diagram illustrating a cross-section of
the data line of the TFT-LCD according to the first preferred
embodiment of the present invention.

FIG. 6 is a schematic diagram illustrating capacitance-
connection circuit of the pixel structure of the TFT-LCD
according to the present invention.
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FIG.7 is aschematic diagram illustrating a cross-section of
a pixel structure of the TFT-LCD according to a second pre-
ferred embodiment of the present invention.

FIG. 8 is a schematic diagram illustrating a top view of the
pixel structure of the TFT-LCD according to a third preferred
embodiment of the present invention.

FIG. 9 is a schematic diagram illustrating a cross-section
along line CC' of FIG. 8.

DETAILED DESCRIPTION

Referring to FIG. 3 and FIG. 4, FIG. 3 is a schematic
diagram illustrating a top view of a pixel structure of a TFT-
LCD according to a first preferred embodiment of the present
invention, and FIG. 4 is a schematic diagram illustrating a
cross-section along line BB' of FIG. 3. As shown in FIG. 3, a
pixel structure 50 of TFT-LCD includes two scan lines 52
parallel to each other, two data lines 54 perpendicular to the
scan lines 52, a TFT 56 disposed at a border between the data
line 54 and the scan line 52, a common line 58 disposed
between the scan lines 52 and substantially parallel to the scan
lines 52, a transparent electrode 62, and a pixel electrode 60
partially overlapping the transparent electrode 62, the scan
lines 52 and the data lines 54. It should be noted that the
condition of the pixel electrode 60 overlapping the scan lines
52 and the data line 54 is not limited to the above-mentioned.
The pixel electrode 60 can overlap only the data lines 54 or
only the scan lines 52.

As shown in FIG. 4, the common line 58 and the scan lines
52 are generally formed by a same photolithography-etching
process (PEP), and the common line 58 and the scan lines 52
are referred to a first metal layer (M1). The data lines 54 are
formed after the scan lines 52, and the data lines 54 are
referred to a second metal layer (M2). The pixel structure 50
of TFT-LCD further includes a substrate 64, wherein the TFT
56 and the common line 58 are disposed on the substrate 64.
The transparent electrode 62 is disposed on the common line
58 and attached to the common line 58; this means that no
other material exists between the common line 58 and the
transparent electrode 62. In addition, the TFT 56 includes a
gate electrode 66 disposed on the substrate 64, an inorganic
gate insulating layer 68, an amorphous silicon layer 70 dis-
posed on the inorganic gate insulating layer 68, a doping layer
72 disposed on the amorphous silicon layer 70, a source
electrode 74 and a drain electrode 76 disposed on the doping
layer 72 and the inorganic gate insulating layer 68, and an
inorganic passivation layer 78 covering the substrate 64,
wherein the pixel electrode 60 is attached to the inorganic
passivation layer 78, and the inorganic passivation layer 78
has a through hole so that the pixel electrode 60 can be
electrically connected to the source electrode 74. Also, it
should be noted that there is no other organic layer disposed
between the pixel electrode 60 and the inorganic passivation
layer 78. The thickness of the inorganic passivation layer 78
is substantially between 4500 angstroms and 9000 ang-
stroms. Therefore, the present invention has a simplified
structure of the TFT-LCD.

In this embodiment, the material of the inorganic passiva-
tion layer 78 can be silicon nitride, silicon oxy-nitride or
silicon oxide, a single layer composed thereof or multilayer
structure stacked thereby, but the present invention is not
limited to this. The materials of both the pixel electrode 60
and the transparent electrode 62 are transparent conductive
material, such as indium-tin oxide(ITO), indium-zinc oxide
(IZ0O), aluminum-zinc oxide(AZO) etc., but the present
invention is not limited to this. Furthermore, as shown in FIG.
3, the sides of the transparent electrode 62 near the scan lines
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52 and data lines 54 have a first edge 80. Both the scan line 52
and the data line 54 have a second edge 82 parallel to the first
edge 80. The pixel electrode 60 has a third edge 84 parallel to
the second edge 82. In this embodiment, the second edge 82
can be adjacent to the third edge 84 and the first edge 80, and
the second edge 82 is between the third edge 84 and the first
edge 80. But, the present invention is not limited to this, and
the first edge 80 can be between the third edge 84 and the
second edge 82. In addition, the relative positions among the
first edge 80, the second edge 82 and the third edge 84 also can
be adjusted according to the requirements.

Referring to FIG. 5, together with FIG. 3 and FIG. 4, FIG.
5 is a schematic diagram illustrating a cross-section of the
data line of the TFT-LCD according to the first preferred
embodiment of the present invention. As shown in FIG. 5, the
TFT-LCD further includes a counter substrate 122 disposed
opposite to the substrate 64, a color filter layer 124 disposed
on a side of the counter substrate 122 opposite to the substrate
64, a counter electrode 126 disposed on a side of the color
filter layer 124 opposite to the substrate 64, a liquid crystal
layer 128 disposed between the counter substrate 122 and the
substrate 64, two alignment layers 130 disposed on two sides
of'the liquid crystal layer 128, and a black matrix 86 disposed
on a side of the counter substrate opposite to the substrate 64
and disposed corresponding to the data line 54, wherein the
pixel electrode 60 overlaps the transparent electrode 62, and
a storage capacitance is formed by the pixel electrode 60
overlapping the transparent electrode 62. In addition, the
pixel electrode 60 also overlaps the data lines 54, and a part of
the pixel electrode 60 overlapping the data lines 54 can be a
light-shielding layer because the data lines 54 are composed
of' opaque materials. Therefore, in this embodiment, the width
of the black matrix 86 disposed on the data line 54 between a
pixel and an adjacent pixel can be reduced because the data
line 54 can be used to be the light-shielding layer. For this
reason, the transmittance of a single pixel region that the
backlight passes through can be raised, so that the aperture
ratio is increased. This embodiment also can be applied to the
scan lines 52; that is, the width of the black matrix 86 disposed
on the scan line 52 between a pixel and an adjacent pixel also
can be reduced. In addition, the pixel electrode 60 overlap-
ping the data line 54 forms a coupling capacitance between
the pixel electrode 60 and the data line 54. According to the
prior art, the coupling capacitance will generate the coupling
effect. The coupling effect is that electric charges in the pixel
electrode 60 will be affected by the voltage transferred by the
data line 54 before turning into the next displayed image.
Therefore, the displayed image will be distorted.

In order to increase the aperture ratio and prevent affection
by the coupling effect, this embodiment provides a method to
reduce the coupling effect and not to affect the aperture ratio.
Referring to FIG. 6, FIG. 6 is a schematic diagram illustrating
capacitance-connection circuit of the pixel structure of the
TFT-LCD according to the present invention. As shown in
FIG. 6, a coupling capacitance ratio between the pixel elec-
trode 60 and the data lines 54 in a pixel region is ((Cpdl+
Cpd2)/((Cpd1+Cpd2)+Cst+Clc+(Cgs+Cpg))). Cpdl is a
coupling capacitance between the pixel electrode 60 and the
data line 54 in the same pixel region. Cpd2 is a coupling
capacitance between the pixel electrode 60 and the adjacent
data line 54 in an adjacent pixel region. Cst is a storage
capacitance between the pixel electrode 60 and the transpar-
ent electrode 62. Clc is a capacitance of liquid crystal layer
128. Cgs is a parasitic capacitance between the gate electrode
66 and the source electrode 74.

According to the above-mentioned formula, compared
with the condition of the pixel electrode 60 without overlap-
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ping the data lines 54, Cpd1 and Cpd2 in the condition of the
pixel electrode 60 overlapping the data lines 54 are larger so
that the coupling capacitance ratio in the condition of the
pixel electrode 60 overlapping the data lines 54 will also be
larger. If the coupling capacitance ratio in the condition of the
pixel electrode 60 overlapping the data lines 54 needs to be
the same as or smaller than the one in the condition of the
pixel electrode 60 without overlapping the data lines 54, Cpd1
and Cpd2 should be reduced. Or, Cst should be increased. In
addition, increasing the thickness of the inorganic passivation
layer 78 can reduce Cpdl and Cpd2. However, when the
thickness of the inorganic passivation layer 78 is increased,
Cst s also reduced at the same time so that the reduction of the
coupling capacitance ratio will be more unobvious.

Therefore, this embodiment provides the transparent elec-
trode 62 to be attached to the common line 58, and this
embodiment also increases the area of the transparent elec-
trode 62 so as to increase the overlapping area between the
pixel electrode 60 and the transparent electrode 62. Cst is
hence increased, and the coupling capacitance ratio is the
same or smaller than the one in the condition of the pixel
electrode 60 without overlapping the data lines 54. Therefore,
the coupling effect generated by the coupling capacitance
between the pixel electrode 60 and the data lines 54 can be
reduced. And, because the transparent electrode 62 and the
pixel electrode 60 are composed of the transparent materials,
the aperture ratio will not be affected no matter how the area
is large. Furthermore, this embodiment also can be applied to
the scan lines 52. This means this embodiment also can
reduce the coupling capacitance between the pixel electrode
60 and the scan lines 52.

In addition, referring to FIG. 4, besides using the method of
increasing the area of the transparent electrode 62, the pixel
electrode 60 attached to the surface of the inorganic passiva-
tion layer 78 is provided in this embodiment, and the thick-
ness of the inorganic passivation layer 78 is increased
between 4500 angstroms and 9000 angstroms. Therefore, the
coupling capacitance between the pixel electrode 60 and the
data lines 54 and the scan lines 52 also can be reduced so as to
reduce the coupling effect.

Referring to FIG. 7, FIG. 7 is a schematic diagram illus-
trating a cross-section of a pixel structure of the TFT-LCD
according to a second preferred embodiment of the present
invention. Like elements are denoted by like numerals, and
are not detailed redundantly. As shown in FIG. 7, a pixel
structure 90 of a TFT-LCD according to this embodiment
includes a substrate 64, a TET 56 disposed on the substrate 64,
a transparent electrode 62 disposed on the substrate 64, a
common line 58 attached to the transparent electrode 62 and
disposed on the transparent electrode 62, and a pixel electrode
60, wherein the TFT 56 includes an inorganic gate insulating
layer 68 covering the gate electrode 66 and the substrate 64
and an inorganic passivation layer 78 covering the substrate
64, and the pixel electrode 60 is attached to the inorganic
passivation layer 78.

The difference between this embodiment and the above-
mentioned embodiment is that the transparent electrode 62 of
this embodiment is disposed under the common line 58 and
attached to the common line 58. The area of the transparent
electrode 62 can also be increased to raise the efficiency of the
storage capacitance so that the coupling effect generated by
the coupling capacitance between the pixel electrode 60 and
the scan lines 52 and the data lines 54 can be reduced. Fur-
thermore, the sides of the transparent electrode 62 near the
scan lines 52 and data lines 54 have a first edge 80. Both the
scan line 52 and the data line 54 have a second edge 82
parallel to the first edge 80. The pixel electrode 60 has a third
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edge 84 parallel to the second edge 82. In this embodiment,
the second edge 82 can be adjacent to the third edge 84 and the
first edge 80, and the second edge 82 is disposed between the
third edge 84 and the first edge 80. But, the present invention
is not limited to this, and the first edge 80 can be disposed
between the third edge 84 and the second edge 82. In addition,
the relative positions among the first edge 80, the second edge
82 and the third edge 84 also can be adjusted according to the
requirements.

Referring to FIG. 8 and FIG. 9, FIG. 8 is a schematic
diagram illustrating a top view of the pixel structure of the
TFT-LCD according to a third preferred embodiment of the
present invention, and FIG. 9 is a schematic diagram illus-
trating a cross-section along line CC' of FIG. 8. Like elements
are denoted by like numerals, and are not detailed redun-
dantly. As shown in FIG. 8 and FIG. 9, a pixel structure 100 of
a TFT-LCD according to this embodiment includes a sub-
strate 64, a gate electrode 66 disposed on the substrate 64, a
common line 58 disposed on the substrate 64, an inorganic
gate insulating layer 68 disposed on the gate electrode 66 and
the common line 58, a transparent electrode 62 disposed on
the inorganic gate insulating layer 68 and attached to the
inorganic gate insulating layer 68, an inorganic passivation
layer 78 disposed on the inorganic gate insulating layer 68
and the transparent electrode 62, and a pixel electrode 60
disposed on the inorganic passivation layer 78, wherein the
inorganic gate insulating layer 68 has a through hole 102 so
that the transparent electrode 62 can be electrically connected
to the common line 58 via the through hole 102.

Compared with the above-mentioned embodiments, the
pixel structure 100 of this third embodiment reduces the
distance between the pixel electrode 60 and the transparent
electrode 62 so as to have larger storage capacitance. There-
fore, the coupling effect generated by the coupling capaci-
tances between the pixel electrode 60 and the scan lines 52
and between the pixel electrode 60 and the data lines 54 can
be effectively reduced. But the present invention not only is
applied to the Cst on common type, but also the present
invention can be applied to the Cst on gate type. Furthermore,
the sides of transparent electrode 62 near the scan lines 52 and
data lines 54 have a first edge 80. Both the scan line 52 and the
data line 54 have a second edge 82 parallel to the first edge 80.
The pixel electrode 60 has a third edge 84 parallel to the
second edge 82. In this embodiment, the second edge 82 can
be adjacent to the third edge 84 and the first edge 80, and the
second edge 82 is disposed between the third edge 84 and the
first edge 80. But, the present invention is not limited to this,
and the first edge 80 can be disposed between the third edge
84 and the second edge 82. In addition, the relative positions
among the first edge 80, the second edge 82 and the third edge
84 also can be adjusted according to the requirements.

In summary, the present invention provides the TFT-LCD
with the transparent electrodes attached to the common lines.
Also, the area of the transparent electrode is increased so as to
raise the storage capacitance, and the thickness of the inor-
ganic passivation layer is increased to enlarge the distance
between the pixel electrode and the transparent electrode both
attached on the inorganic passivation layer so as to reduce the
coupling effect generated by the coupling capacitance. There-
fore, the TFT-LCD of the present invention has high aperture
ratio, and at the same time, the TFT-LCD of the present
invention can be prevented from being affected by the cou-
pling capacitance between the pixel electrode and the data
lines and between the pixel electrode and the scan lines.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
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What is claimed is:

1. A liquid crystal display, comprising:

a substrate;

a first conductive line formed on the substrate;

an inorganic insulating layer covering the substrate;

a transparent electrode attached to the inorganic insulating
layer, the transparent electrode electrically connected to
the first conductive line;

a second conductive line crossing the first conductive line;

an inorganic passivation layer covering the substrate; and

a pixel electrode attached to the inorganic passivation
layer, and the pixel electrode overlapping the transparent
electrode, the first conductive line, and the second con-
ductive line.

2. The liquid crystal display of claim 1, wherein the second

conductive line is a scan line or a data line.

3. The liquid crystal display of claim 1, wherein the trans-
parent electrode has a first edge, the second conductive line
has a second edge parallel to the first edge, and the pixel
electrode has a third edge parallel to the second edge.

4. The liquid crystal display of claim 3, wherein the second
edge is adjacent to the third edge and the first edge.

5. The liquid crystal display of claim 3, wherein the second
edge is between the third edge and the first edge.
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6. The liquid crystal display of claim 1, wherein the first
conductive line is a common line or a scan line.

7. The liquid crystal display of claim 6, wherein the trans-
parent electrode disposed between the pixel electrode and the
inorganic insulating layer, and the inorganic insulating layer
has a through hole.

8. The liquid crystal display of claim 7, wherein the trans-
parent electrode is connected to the common line via the
through hole.

9. The liquid crystal display of claim 1, wherein the inor-
ganic passivation layer has a thickness between 4,500 ang-
stroms and 9,000 angstroms.

10. The liquid crystal display of claim 1, wherein the inor-
ganic passivation layer is disposed between the pixel elec-
trode and the transparent electrode.

11. The liquid crystal display of claim 1, wherein the inor-
ganic insulating layer is disposed between the pixel electrode
and the transparent electrode.

12. The liquid crystal display of claim 1, wherein the trans-
parent electrode and the first conductive line are disposed
under the inorganic insulating layer.
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