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(57) ABSTRACT

One embodiment according to the present invention provides
a pixel structure of a thin film transistor liquid crystal display
(TFT-LCD) array substrate comprising a pixel electrode, a
gate line and a data line, the gate line and the data line
intersecting with each other to define a pixel unit and forms a
parasitic capacitor at an intersection point between the gate
line and the date line, wherein a branch is provided on the gate
line and a protective capacitor is formed between the branch
and the data line and is connected in parallel to the parasitic
capacitor, and the capacitance of the protective capacitor is
less than that of the parasitic capacitor.
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PIXEL STRUCTURE OF TFT-LCD

BACKGROUND

[0001] The present invention relates to a pixel structure,
and in particular, to a pixel structure of an array substrate of a
thin film transistor liquid crystal display (TFT-LCD).

[0002] In the current TFT-LCDs, electrostatic discharge
(ESD) tends to occur at the intersection point between a gate
line and a data line, resulting in a gate line-data line short
defect (DGS defect).

[0003] FIG. 1A is a schematic view of a pixel structure
manufactured by using a convent five-mask process, and FIG.
1B is a cross-sectional view taken along line A-A in FIG. 1A.
Referring to FIG. 1A and FIG. 1B, the pixel structure com-
prises a pixel electrode 11, a data line 12, and a gate line 13,
and the data line 12 and the gate line 13 intersect with each
other to define a pixel unit. As shown in the layer structure in
FIG. 15, the data line 12 and the gate line 13 are disposed
between a substrate 00 and a first protective layer (a passiva-
tion layer) 15. Through an active layer 123 at the intersection
point, a parasitic capacitor is formed due to the data line 12
overlapping the gate line 13. DGS defect is prone to occur as
a result of the electrostatic discharge of the parasitic capaci-
tor.

[0004] FIG. 2A is a schematic view of a pixel structure
manufactured using current four-mask process, and FIG. 2B
is a cross-sectional view taken along line B-B in FIG. 2A.
Referring to FIG. 2A and FIG. 2B, the pixel structure com-
prises a pixel electrode 22, a data line 22, and a gate line 23,
and the data line 12 and the gate line 13 intersect with each
other to define a pixel unit. As shown in the layer structure in
FIG. 2b, the data line 22 and the gate line 23 are disposed
between a substrate 00 and a second protective layer (a pas-
sivation layer) 25. Through an active layer 223 at the inter-
section point, a parasitic capacitor is formed due to the data
line 22 overlapping the gate line 23. DGS defect is prone to
occur as a result of the electrostatic discharge of the parasitic
capacitor.

[0005] One of the disadvantages of the conventional pixel
structure is lack of protection means for the parasitic capaci-
tor that easily suffers from ESD, and it is difficult to repair
after ESD occurs, reducing production quality and yield.

SUMMARY

[0006] Oneembodiment according to the present invention
provides a pixel structure of a thin film transistor liquid crys-
tal display (TFI-LCD) array substrate comprising a pixel
electrode, a gate line and a data line, the gate line and the data
line intersecting with each other to define a pixel unit and
forms a parasitic capacitor at an intersection point between
the gate line and the date line, wherein a branch is provided on
the gate line and a protective capacitor is formed between the
branch and the data line and 1s connected in parallel to the
parasitic capacitor, and the capacitance of the protective
capacitor is less than that of the parasitic capacitor.

[0007] According to the present invention, since a protec-
tive capacitor is provided for the pixel structure, thereby the
defect rate due to ESD can be effectively reduced and the
yield can be improved. Also, the manufacturing cost can be
decreased especially for LCD TV products. In addition, the
protection design of this structure is not complex and the
display region occupied by this structure is small. Further,
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this structure can be realized on the basis of the present
process and brings about little cost for new products.

[0008] Further scope of applicability according to the
present invention will become apparent from the detailed
description given hereinafter. However, it should be under-
stood that the detailed description and specific examples,
while indicating preferred embodiments of the invention, are
given by way of illustration only, since various changes and
modifications within the spirit and scope of the invention will
become apparent to those skilled in the art from the following
detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The present invention will become more fully
understood from the detailed description given hereinafter
and the accompanying drawings which are given by way of
illustration only, and thus are not limitative according to the
present invention and wherein:

[0010] FIG. 1A is a schematic view of a pixel structure
manufactured by using a current five-mask process.

[0011] FIG. 1B is a cross-sectional view taken along line
A-A in FIG. 1A.

[0012] FIG. 2A is a schematic view of a pixel structure
manufactured by using a current four-mask process.

[0013] FIG. 2B is a cross-sectional view taken along line
B-B in FIG. 2A.

[0014] FIG. 3Ais a schematic view of a pixel structure of a
first embodiment according to the present invention.

[0015] FIG. 3B is a cross-sectional view taken along line
C-CinFIG. 3A.

[0016] FIG. 3C is an equivalent circuit diagram of a pro-
tective capacitor and a parasitic capacitor of the first embodi-
ment according to the present invention.

[0017] FIG. 3D is a schematic view of a pixel structure
having two protective capacitors of the first embodiment
according to the present invention.

[0018] FIG. 4A is a schematic view of a pixel structure of a
second embodiment according to the present invention.
[0019] FIG. 4B is a cross-sectional view taken along line
D-D in FIG. 4A.

[0020] FIG. 4C is a cross-sectional view taken along line
E-E in FIG. 4A.

[0021] FIG. 4D is a schematic view of a pixel structure
having two protective capacitors of the first embodiment
according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

[0022] This embodiment provides an exemplary pixel
structure of a TFT-LCD array substrate that is manufactured
by using a five-mask process. The five-mask process is one of
the current methods of manufacturing a pixel structure of a
TFT-LCD array substrate. In this embodiment, the five-mask
process is performed as blow:

[0023] 1. depositing a gate metal layer on a substrate and
patterning the gate metal layer to form a gate line, a branch of
the gate line, and a gate electrode on the substrate through
photoresist film applying, exposing, and etching processes;
[0024] 2. depositing a gate insulating layer and an active
layer and patterning the active layer to form an active layer
pattern through photoresist film applying, exposing, and etch-
ing processes;
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[0025] 3.depositing a source/drain metal layer and pattern-
ing the source/drain metal layer to form a data line, a source
electrode and a drain electrode through photoresist film
applying, exposing, and etching processes;

[0026] 4. depositing a passivation layer and patterning the
passivation layer to form therein a via hole exposing the
source electrode through photoresist film applying, exposing,
and etching processes; and

[0027] 5. depositing a pixel electrode layer and patterning
the pixel electrode layer to form a pixel electrode, which is
connected with the source electrode through the via hole,
through photoresist film applying, exposing, and etching pro-
cesses.

[0028] As shown in FIG. 3A, the pixel structure of this
embodiment comprises a pixel electrode 11, adataline 12 and
a gate line 13. The data line 12 and the gate line 13 intersect
with each other to define a pixel unit, and a parasitic capacitor
is formed at the intersection point between the gate line 13
and the data line 12, as illustrated in FIG. 3B, which is a
cross-sectional view taken along line C-C in FIG. 3A. An
upper electrode of the parasitic capacitor is the data line 12,
and a lower electrode of the parasitic capacitor is the gate line
13. The distance between the two electrodes is D1 as indi-
cated with an arrow in FIG. 3B.

[0029] Abranch133 extends away from the gate line 13 and
intersects the data line 12. A protective capacitor is formed
between the branch 133 and the data line 12. The branch 133
is in the same layer as the gate line 13. The branch 133 and the
gate line 13 are integrally formed, and the branch 133 and the
data line 12 intersect with each other to form the protective
capacitor. In this embodiment, the branch 133 and the gate
line 13 are formed in the same layer and integrally formed, so
the gate line 13 and branch 133 can be formed in one same
photolithography process.

[0030] As shown in FIG. 3B, an upper electrode of the
protective capacitor is formed by the data line 12, and a lower
electrode is formed by the branch 133. The distance between
the two electrodes of the protective capacitor is D2 as indi-
cated by an arrow in FIG. 3B. From the figures, it can be seen
that the distance D1 between the two electrodes of the para-
sitic capacitor is equal to the sum of the thickness of the first
protective layer (the gate insulating layer) 14 and the thick-
ness of the active layer 123, and the distance D2 between the
two electrodes of the protective capacitor is only equal to the
thickness of the first protective layer 14. Since the active layer
123 is not provided between the two electrodes of the protec-
tive capacitor, the distance D2 between the two electrodes of
the protective capacitor is smaller than the distance D1
between the two electrodes of the parasitic capacitor, and the
capacitance of the protective capacitor is smaller than that of
the parasitic capacitor.

[0031] FIG. 3C is an equivalent circuit diagram for the
protective capacitor and the parasitic capacitor. As shown in
FIG. 3C, the protective capacitor is connected in parallel to
the parasitic capacitor, thus the voltages across the two
capacitances are equal to each other. Under the equation:
E=F/D, wherein E is electric field intensity, F is voltage, and
D is distance between the two electrodes of a capacitor, when
the dielectric medium between the two electrodes is the same
in the two capacitors, electric field intensity E increases with
the decrease of the distance D between the two electrodes,
and if the electric field intensity E is high, the breakdown of
capacitance tends to occur. Thus, in the embodiment, if elec-
trostatic exists on the gate line 13 or the data line 12, the
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protective capacitor is easier to suffer from breakdown than
the parasitic capacitor because the capacitance of the protec-
tive capacitor is smaller than that of the parasitic capacitor.
Once ESD occurs, breakdown of the protective capacitor first
occurs, thereby the electrostatic can be discharged and the
parasitic capacitor can be protected and kept normally. After
the protective capacitor breakdown, the pixel unit can be
repaired by laser cutting the branch 133 to have the branch
133 separated from the gate line 13, thus the pixel unit can
normally operate.

[0032] Furthermore, more than one protective capacitor
can be provided. As shown in FIG. 3D, two branches 133 and
144 are formed and intersect with the data line 12, respec-
tively, to form two protective capacitors that are connected in
parallel to the parasitic capacitor. Similarly, more branches
may be provided in substantially the same manner as the case
of two branches, the description is omitted here for the pur-
pose of simplicity.

[0033] Furthermore, the capacitance of the capacitors can
be controlled in a reasonable range by appropriately selecting
film thickness, area, dielectric constant of the medium and so
on, so as to prevent the breakdown of the protective capacitor
from occurring frequently due to a small capacitance and to
avoid thus increased repairing cost. In addition, a multi-level
protection can be realized for the pixel structure by forming
the different protective capacitors of different capacitances.
[0034] With the pixel structure in this embodiment, the
protective capacitor is provided for the pixel structure manu-
factured by using the five-mask process. Thus the defect rate
due to ESD may be effectively reduced, yield can be
increased, and the cost can be decreased, especially for LCD
TV products. In addition, the protect design of the pixel
structure of the embodiment is simple, occupies a relatively
small display region, and can be realized on the basis of the
current manufacture process and does not increased cost.

Second Embodiment

[0035] This embodiment provides another exemplary pixel
structure of a TFT-LCD array substrate that is manufactured
by using a four-mask process. The four-mask process is also
one of the current methods of manufacturing a pixel structure
of a TFT-LCD array substrate. In this embodiment, the four-
mask process is performed as blow:

[0036] 1. depositing a gate metal layer on a substrate and
patterning the gate metal layer to form a gate line, an exten-
sion portion of the gate line, and a gate electrode on the
substrate through photoresist film applying, exposing, and
etching processes:

[0037] 2.depositing a gate insulating layer, an active layer,
and a source/drain metal layer and patterning the active layer
and the source/drain metal layer to form an active layer pat-
tern, a data line, a source electrode and a drain electrode by
photoresist film applying, exposing with a half tone mask or
a gray tone mask, and two etching processes;

[0038] 3. depositing a passivation layer and patterning the
passivation layer to form therein a via hole exposing the
source electrode and a via hole exposing the extension portion
of the gate line through photoresist film applying, exposing,
and etching processes; and

[0039] 4. depositing a pixel electrode layer and patterning
the pixel electrode layer to form a pixel electrode, which is
connected with the source electrode through the via hole
exposing the source electrode, and a lead portion, which is
connected to the extension portion though the via hole expos-
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ing the extension portion, through photoresist film applying,
exposing, and etching processes.

[0040] As shown in FIG. 4A, the pixel structure of this
embodiment comprises a pixel electrode 21, adataline 22 and
a gate line 23. The data line 22 and the gate line 23 intersect
with each other to define a pixel unit, and a parasitic capacitor
is formed at the intersection point between the gate line 23
and the data line 22, as illustrated in FIG. 4B, which is a
cross-sectional view taken along line D-D in FIG. 4A. An
upper electrode of the parasitic capacitor is the data line 22,
and a lower electrode of the parasitic capacitor is the gate line
23. The distance between the two electrodes of the parasitic
capacitor is D1 as indicated with an arrow in FIG. 4B.
[0041] In this embodiment, the pixel structure is manufac-
tured by using a four-mask process, and as shown in FIG. 4B,
in this process, since an active layer 223 is not only provided
in the region corresponding to the gate line 23 but also extends
along the data line 22. In this case, the branch 133 in the above
first embodiment that is formed integrally with the gate line
13 cannot work any more because the distance between the
two electrodes of the protective capacitor formed between the
branch and the data line is not less than the distance between
the two electrodes of the parasitic capacitor and the capaci-
tance of thus formed protective capacitor is not smaller than
that of the parasitic capacitor, that is, the purpose of protect-
ing the parasitic capacitor can not be obtained.

[0042] To cope with theabove problem, the branch is modi-
fied in the second embodiment and comprises an extension
portion 233 and a lead portion 235. One end of the extension
portion 233 is connected to the gate line 23, and the other end
of the extension portion 233 is connected to the lead portion
235. The lead portion 235 intersects the data line 23 to form
the protective capacitor. Specifically, as shown in FIG. 4C, the
material of the lead portion 235 is the same as that of the pixel
electrode 21 and is electrically connected to the extension
portion 233 through a via hole 234 in the passivation layer.
The lead portion 235 is not provided in the same layer as the
gate line 23 but as the pixel electrode 21. Therefore, the lead
portion 235 can be formed in one same photolithography
process as the pixel electrode 21.

[0043] As shown in FIG. 4B, the distance D1 between the
two electrodes of the parasitic capacitor is equal to the sum of
the thickness of the first protective layer (the gate insulating
layer) 24 and that of the active layer 223, and the distance D3
between the two electrodes of the protective capacitor is equal
to the thickness of the second protective layer 25 only. It is
easy to have the distance D3 between the two electrodes of the
protective capacitor smaller than the distance D1 between the
two electrodes of the parasitic capacitor by controlling the
thickness of the layers to form the layer structure.

[0044] Similar to the case as shown in F1G. 3C, the protec-
tive capacitor in this embodiment is also connected in parallel
to the parasitic capacitor. With the decrease of distance D
between the two electrodes, the electric field intensity E
increases and the breakdown of the capacitance become
easier to occur. Therefore, when the electrostatic discharge
occurs, the protective capacitor of smaller capacitance is easy
to subject to breakdown and can protect the parasitic capaci-
tor of bigger capacitance.

[0045] Also, more than one protective capacitor can be
formed in the present embodiment. As shown in FIG. 4D, two
lead portions 235 and 236 that are connected with extension
portions of the gate line 23 intersect the date line 22 respec-
tively to form two protective capacitors that are connected in

Aug. 6, 2009

parallel to the parasitic capacitor. The extension portion can
be only one. In addition, the capacitance value can be con-
trolled in a reasonable range by appropriately selecting film
thickness, area, dielectric constant of the medium and so on,
so as to prevent the breakdown of the protective capacitor
from occurring frequently due to a small capacitance and to
avoid thus increased repairing cost. In addition, a multi-level
protection can be realized for the pixel structure by forming
the different protective capacitors of different capacitances.
[0046] With the pixel structure in this embodiment, the
protective capacitor is provided for the pixel structure manu-
factured by using the four-mask process. Thus the defect rate
due to ESD may be effectively reduced, yield can be
increased, and the cost can be decreased, especially for the
LCD TV products. In addition, the protection design of the
pixel structure is simple, occupies the relatively small display
region, and can be realized on the basis of the current manu-
facture process and does not increased cost.

[0047] The embodiments of the invention being thus
described, it will be obvious that the same may be varied in
many ways. Such variations are not to be regarded as a depar-
ture from the spirit and scope of the invention, and all such
modifications as would be obvious to those skilled in the art
are intended to be comprised within the scope of the follow-
ing claims.

What is claimed is:

1. A pixel structure of a thin film transistor liquid crystal
display (TFT-LCD) array substrate comprising a pixel elec-
trode, a gate line and a data line, the gate line and the data line
intersecting with each other to define a pixel unit and forms a
parasitic capacitor at an intersection point between the gate
line and the date line,

wherein a branch is provided on the gate line and a protec-

tive capacitor is formed between the branch and the data
line and is connected in parallel to the parasitic capaci-
tor, and the capacitance of the protective capacitor is less
than that of the parasitic capacitor.

2. The pixel structure according to claim 1, wherein the
branch is in the same layer as the gate line and integrally
formed with the gate line, and the branch intersect the data
line to form the protective capacitor.

3. The pixel structure according to claim 2, wherein a
distance between the branch and the data line as two elec-
trodes of the protective capacitor is less than that between the
gate line and the data line as two electrodes of the parasitic
capacitor.

4. The pixel structure according to claim 3, wherein the two
electrodes of the protective capacitor are separated through a
gate insulating layer, and the two electrodes of the parasitic
capacitor are separated through the gate insulating layer and
an active layer.

5. The pixel structure according to claim 3, wherein a
plurality of branches are provided on the gate line, and the
plurality of branches form a plurality of protective capacitor
with the data line, respectively.

6. The pixel structure according to claim 1, wherein the
branch comprises an extension portion and a lead portion, one
end ofthe extension portion is integrally connected to the gate
line and the other end of the extension portion is electrically
connected to the lead portion, and the lead portion intersects
the data line to form the protective capacitor.
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7. The pixel structure according to claim 6, wherein a
distance between the lead portion and the data line as two
electrodes of the protective capacitor is less than that between
the gate line and the data line as two electrodes of the parasitic
capacitor.

8. The pixel structure according to claim 7, wherein the two
electrodes of the protective capacitor are separated through a
passivation layer, and the two electrodes of the parasitic
capacitor are separated through a gate insulating layer and an
active layer.

9. The pixel structure according to claim 6, wherein the
lead portion is formed of a same material as that of the pixel
electrode.
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10. The pixel structure according to claim 9, wherein the
lead portion is electrically connected to the gate line through
a via hole.

11. The pixel structure according to claim 10, wherein the
lead portion is in a same layer as the pixel electrode.

12. The pixel structure according to claim 6, wherein a
plurality of branches are provided on the gate line, and the
plurality of branches form a plurality of protective capacitor
with the data line, respectively.

13. The pixel structure according to claim 1, wherein a
plurality of protective capacitors are provided and are con-
nected in parallel with the parasitic capacitor.
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