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(67)  The present invention provides a thin film tran-
sistor array substrate and a method for manufacturing
the same, and a liquid crystal display device. The thin
film transistor array substrate includes: data line formed
on a transparent substrate, a first transparent electrode
located in a same layer as the data line, an insulating
layer covering the data line and the first transparent elec-

Thin film transistor array substrate and method for manufacturing the same, and liquid crystal

trode, and a second transparent electrode located on the
insulating layer; the second transparent electrode in-
cludes a first transparent sub-electrode and a second
transparent sub-electrode; the width of the first transpar-
ent sub-electrode is smaller than the width of the first
transparent electrode; the width of the second transpar-
entsub-electrode is greater than the width of the dataline.
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Description
FIELD OF THE INVENTION

[0001] Thepresentinventionrelates to the field of liquid
crystal display, and in particular to a thin film transistor
array substrate and a method for manufacturing the
same, and a liquid crystal display device.

BACKGROUND OF THE INVENTION

[0002] A thin film transistor liquid crystal display (TFT-
LCD) is a kind of liquid crystal display, and is an active
matrix type LCD. The thin film transistor liquid crystal
display has features such as low radiation, low thickness
and low power consumption, and is widely applied in var-
ious fields.

[0003] Forthe liquid crystal display, there is a problem
that image contrast reduces while a viewing angle in-
creases. Therefore there is a viewing angle defect in the
liquid crystal display. In order to achieve wide viewing
angle display, both an in-plane switch (IPS) type liquid
crystal display panel and a fringe field switching (FFS)
type liquid crystal display panel are developed. In the
field of liquid crystal, FFS is a wide viewing angle tech-
nology developed to be applied in a large size panel and
high definition desktop display and liquid crystal televi-
sion. Inthe FFS technology, a transparent ITO electrode
is used instead of an opaque metal electrode in the IPS.
The width of the electrode and the distance between the
electrodes are reduced. The liquid crystal molecules both
betweenthe electrodes and directly above the electrodes
may oriented to rotate in the plane direction (parallel to
a substrate) under a fringe electric field generated by
electrodes between pixels in a same plane. Therefore
light transmittance of a liquid crystal layer is increased.
The FFS technology solves a problem of low light trans-
mittance of the conventional IPS technology, so as to
achieve high light transmittance with a wide viewing an-
gle.

[0004] Referring to Fig.1, Fig.1is a structural schemat-
ic diagram of electrodes in the existing IPS type liquid
crystal display panel. In the IPS type liquid crystal display
panel, a horizontal electric field driving liquid crystal is
formed between a pixel electrode 1 and a common elec-
trode 2. A required driving voltage is also needed to in-
crease while a distance between the pixel electrode 1
and the common electrode 2 increases. Sometimes the
required driving voltage may be greater than a voltage
that can be supplied by a driving chip. In such case, the
strength of the horizontal electric field formed by the driv-
ing chip is too weak to drive the liquid crystals, leading
to the poor display.

[0005] Referring to Fig.2, Fig.2is a structural schemat-
ic diagram of electrodes in the existing FFS type liquid
crystal display panel. In the FFS type liquid crystal display
panel, a pixel electrode 3 is located in an aperture region
of a pixel unit in an entire plane structure, and forms a
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fringe electric field with a common electrode 4 above the
pixel electrode 3. Although the pixel electrode 3 is a trans-
parent electrode, the pixel electrode still absorbs 5% of
transmitting light, leading to reduction in the light trans-
mittance of the panel.

SUMMARY OF THE INVENTION

[0006] Accordingtothe presentinvention, itis provided
a thin film transistor array substrate, in a liquid crystal
display panel using the thin film transistor array substrate,
a stronger horizontal electric field without a very large
driving voltage may be formed, so as a liquid crystal dis-
play with a smaller color deflection, a higher aperture
ratio and better light transmittance may be obtained. The
thin film transistor array substrate according to the
present invention includes:

[0007] a transparent substrate;
[0008] adataline formed on the transparent substrate;
[0009] a first transparent electrode located in a same

layer as the data line;

[0010] an insulating layer covering the data line and
the first transparent electrode; and

[0011] a second transparent electrode located on the
insulating layer; wherein the second transparent elec-
trode includes a first transparent sub-electrode and a
second transparent sub-electrode; the first transparent
sub-electrode is located above the first transparent elec-
trode, and the width of the first transparent sub-electrode
is smaller than the width of the first transparent electrode;
the second transparent sub-electrode is located above
the data line, and the width of the second transparent
sub-electrode is greater than the width of the data line;
[0012] a horizontal electric field is formed between the
first transparent electrode and the second transparent
electrode if the thin film transistor array substrate is in
operation.

[0013] Optionally, the second transparent electrode in-
cludes at least two first transparent sub-electrodes; the
second transparent electrode further includes at least
one third transparent sub-electrode in electrically con-
nection, the third transparent sub-electrode is located be-
tween the two adjacent first transparent sub-electrodes.
[0014] Optionally, a center of the first transparent sub-
electrode overlaps with a center of the first transparent
electrode in the normal direction of the transparent sub-
strate.

[0015] Optionally, the first transparent electrode is a
pixel electrode, and the second transparent electrode is
a common electrode.

[0016] Optionally, the first transparent electrode is
electrically connected to a drain electrode of a thin film
transistor, the data line is electrically connected to a
source electrode of a thin film transistor, and a gate elec-
trode of the thin film transistor is electrically connected
to a scanning line.

[0017] The present invention further provides a liquid
crystal display device, including:
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[0018]
above;
[0019] a color filter substrate disposed opposite to the
array substrate; and

[0020] a liquid crystal layer filled between the thin film
transistor array substrate and the color filter substrate.
[0021] The present invention further provides a meth-
od for manufacturing a thin film transistor array substrate,
including:

[0022] providing a transparent substrate;

[0023] forming a first transparent electrode and data
line on the transparent substrate;

[0024] forming aninsulating layer which covers the first
transparent electrode and the data Line; and

[0025] forming a second transparent electrode on the
insulating layer, wherein the second transparent elec-
trode includes a first transparent sub-electrode and a
second transparent sub-electrode; the first transparent
sub-electrode is located above the first transparent elec-
trode, and the width of the first transparent sub-electrode
is smaller than the width of the first transparent electrode;
the second transparent sub-electrode is located above
the data line, and the width of the second transparent
sub-electrode is greater than the width of the data line.
[0026] Optionally, the second transparent electrode in-
cludes at least two first transparent sub-electrodes; the
second transparent electrode further includes at least
one third transparent sub-electrode, the third transparent
sub-electrode is located between the two adjacent first
transparent sub-electrodes.

[0027] Optionally, a center of the first transparent sub-
electrode overlaps with a center of the first transparent
electrode in the normal direction of the transparent sub-
strate.

[0028] Optionally, the first transparent electrode is a
pixel electrode, and the second transparent electrode is
a common electrode.

[0029] Optionally, before forming the first transparent
electrode and the data line on the transparent substrate,
following steps are performed:

[0030] forming a gate electrode of a thin film transistor
and a scanning line on the transparent substrate;
[0031] forming a gate insulating layer which covers the
gate electrode and the scanning line; and

[0032] preferably, forming a semiconductor layer on
the gate insulating layer, or forming a semiconductor lay-
er and an ohmic contact layer on the semiconductor layer
on the gate insulating layer.

[0033] Optionally, a source electrode and a drain elec-
trode of the thin film transistor are formed while the data
line is formed, the source electrode and the drain elec-
trode contact the semiconductor layer, the first transpar-
ent electrode is electrically connected to the drain elec-
trode of the thin film transistor, and the data line is elec-
trically connected to the source electrode of the thin film
transistor.

[0034] In comparison with the existing art, the present
invention has advantages as below:

the thin film transistor array substrate described
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[0035] inthe thinfilm transistor array substrate accord-
ing to the present invention, a stronger horizontal electric
field is generated even if a smaller driving voltage is ap-
plied between the second transparent electrode and the
first transparent electrode, and interferences between
electrodes are avoided. Therefore liquid crystals are bet-
ter driven by the horizontal electric field, a liquid crystal
display with a large viewing angle and no color difference
when being viewed from various viewing angles is ob-
tained, and the image response of the display device is
quick and sensitive;

[0036] the thinfilm transistor array substrate according
to the present invention only needs two layers of trans-
parent electrodes to drive the liquid crystal layer, and
therefore the light transmittance of the display device is
increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Fig.1isaschematic diagram of a pixel electrode
of an existing IPS type liquid crystal display panel;
[0038] Fig.2isaschematic diagram of a pixel electrode
of an existing FFS type liquid crystal display panel;
[0039] Fig.3 is a schematic diagram of a liquid crystal
display device according to a first embodiment;

[0040] Fig.4 is a schematic diagram of a liquid crystal
display device according to a second embodiment;
[0041] Fig.5is a schematic top view of a thin film tran-
sistor array substrate of the liquid crystal display device
according to the second embodiment; and

[0042] Fig.6toFig.9are schematic diagrams of various
steps of a method for manufacturing a thin film transistor
array substrate according to a third embodiment.

DETAILED DESCRIPTION OF THE INVENTION
A First Embodiment

[0043] According to the present embodiment, it is pro-
vided a liquid crystal display device and a thin film tran-
sistor array substrate included in the liquid crystal display
device, as shown in Fig.3. The liquid crystal display de-
vice includes the thin film transistor array substrate and
a color filter substrate 330 which is disposed opposite to
the array substrate. A liquid crystal layer 320 is filled be-
tween the thin film transistor array substrate and the color
filter substrate 330. The drawings for embodiments of
the presentinvention do not show the proportion and size
of a substantial object and are only schematic diagrams
forillustrating technical solutions of the presentinvention.
For example, the specific structure of the color filter sub-
strate 330 is omitted in the accompanying drawings.

[0044] Referring to Fig.3, in the present embodiment,
the thin film transistor array substrate includes a trans-
parent substrate 300. A data line 350 and a first trans-
parent electrode 360 are formed on the transparent sub-
strate 300. Preferably, in the present embodiment, the
first transparent electrode 360 is a pixel electrode. The
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thin film transistor array substrate further includes an in-
sulating layer 310 which may be made of a transparent
insulating material. The insulating layer 310 covers the
data line 350 and the first transparent electrode 360. A
second transparent electrode 370 is disposed on the in-
sulating layer 310. Preferably, in the present embodi-
ment, the second transparent electrode 370 is acommon
electrode and includes a first transparent sub-electrode
371 and a second transparent sub-electrode 372.
[0045] Inthe presentembodiment, the first transparent
sub-electrode 371 of the second transparent electrode
370 is located above the first transparent electrode 360.
In fact, in a more preferable solution of the present em-
bodiment, the first transparent sub-electrode 371 is dis-
posed in such a way that the center thereof overlaps with
the center of the first transparent electrode 360 in the
normal direction of the transparent substrate 300. It may
be understood that the first transparent sub-electrode
371 and the first transparent electrode 360 are symmet-
rical at left and right with respect to a same vertical line
(not shown) in Fig.3. Furthermore, the width of the first
transparent sub-electrode 371 is smaller than the width
of the first transparent electrode 360. The second trans-
parent sub-electrode 372 of the second transparent elec-
trode 370 is located above the data line 350, and the
width of the second transparent sub-electrodes 372 is
greater than the width of the data line 350.

[0046] In a case of the above configuration, when the
thin film transistor array substrate according to the
present embodiment is in operation, if a certain voltage
is applied between the first transparent electrode 360
and the second transparent electrode 370, specifically,
if voltages of opposite polarities are respectively applied
to the two electrodes(i.e. one of the first transparent elec-
trode 360 and the second transparent electrode 370 is
applied with a positive voltage, the other is applied with
a negative voltage), a horizontal electric field are formed
between the first transparent electrode 360 and the sec-
ond transparent electrode 370.

[0047] Specifically, as shown by curves with two-way
arrows in Fig.3, a stronger horizontal electric field is
formed between the first transparent sub-electrode 371
and the first transparent electrode 360. This is because
the first transparent sub-electrode 371 is disposed in
such a way that the center thereof overlaps with the cent-
er of the first transparent electrode 360 in the normal
direction of the transparent substrate 300, and the width
of the first transparent sub-electrode 371 is smaller than
the width of the first transparent electrode 360. Thereby,
intensive electric field lines facing the liquid crystal layer
320 which is over the first transparent sub-electrode 371
is generated by means of the first transparent sub-elec-
trode 371 and the first transparent electrode 360 which
is under the first transparent sub-electrode 371. That is
to say, a stronger horizontal electric field is formed be-
tween the first transparent sub-electrode 371 and the first
transparent electrode 360. Moreover, since the width of
the first transparent sub-electrode 371 is smaller than
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the width of the first transparent electrode 360, the first
transparent sub-electrode 371 may not shield the first
transparent electrode 360 which is under the first trans-
parent sub-electrode 371. Therefore another horizontal
electric field facing the liquid crystal layer 320 is also
formed between the second transparent sub-electrode
372 and the first transparent electrode 360. Since the
second transparent sub-electrode 372 is located above
the data line 350, and the width of the second transparent
sub-electrode 372 is greater than the width of the data
line 350, the data lines 350 may be shielded by the sec-
ond transparent sub-electrode 372, thus the horizontal
electric field formed between the first transparent elec-
trode 360 and the second transparent electrode 370 may
not be interfered. Therefore the horizontal electric field
is stable and has high intensity and is applicable for better
driving liquid crystal molecules in the liquid crystal layer
320.

[0048] It should be noted that, although not shown in
Fig.3, according to the present embodiment, in the above
mentioned liquid crystal display including the thin film
transistor array substrate, thin film transistors are formed
on the transparent substrate 300 of the thin film transistor
array substrate. The first transparent electrode 360 is
electrically connected to a drain electrode of the thin film
transistor, and the data line 350 is electrically connected
to a source electrode of the thin film transistor. The thin
film transistor array substrate further includes scanning
line (not shown in Fig.3), and a gate electrode of the thin
film transistor is electrically connected to the scanning
line.

[0049] The thin film transistor array substrate accord-
ing to the present embodiment has advantages of both
the IPS type array substrate and the FFS type array sub-
strate. Thatis by using the horizontal electric field to con-
trol the liquid crystal to rotate, a liquid crystal display with
alarge viewing angle and no color difference when being
viewed from various viewing angles is achieved, and the
image response of the liquid crystal display is quick and
sensitive. According to the thin film transistor array sub-
strate of the present embodiment, a problem for the IPS
type array substrate that a weak electric field easily oc-
curs is avoided, a problem of low light transmittance for
the FFS type array substrate is also avoided, and the thin
film transistor array substrate may be regarded as a hy-
brid enhanced array substrate.

A Second Embodiment

[0050] According to the present embodiment, it is pro-
vided another liquid crystal display device and its thin film
transistor array substrate. The liquid crystal display de-
vice includes all of the structures in the first embodiment.
Therefore most of the structures of the liquid crystal dis-
play device and its thin film transistor array substrate ac-
cording to the present embodiment are the same as the
structures according to the first embodiment. For the fea-
tures of the corresponding structure, the corresponding
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content in the first embodiment may be referred to.
[0051] Referring to Fig.4, a difference between the lig-
uid crystal display device and the thin film transistor array
substrate of the liquid crystal display device according to
the present embodiment and those according to the first
embodiment lies in that, in the present embodiment, the
second transparent electrode 370 of the thin film transis-
tor array substrate further includes a third transparent
sub-electrode 373, the third transparent sub-electrode
373 is located between the two adjacent first transparent
sub-electrodes 371. Since the third transparent sub-elec-
trode 373 is disposed between the two adjacent first
transparent sub-electrodes 371 in the present embodi-
ment, the third transparent sub-electrode 373 may form
horizontal electric fields with the first transparent elec-
trodes 360 under the first transparent sub-electrodes 371
which are at the left and right sides of the third transparent
sub-electrode 373 respectively. Therefore the horizontal
electric field lines can become more intensive, the hori-
zontal electric field formed from the thin film transistor
array substrate becomes stronger, and the display per-
formance of the liquid crystal display according to the
present embodiment is further improved.

[0052] Referring to Fig.5, Fig.5 is a schematic top view
of the thin film transistor array substrate in the liquid crys-
tal display device according to the second embodiment.
In Fig.5, structures of the transparent substrate 300, the
insulating layer 310 and other layers of the thin film tran-
sistor array substrate are omitted, and only the first trans-
parent electrodes 360 and the second transparent elec-
trode 370 are shown, so that the positional relationship
between the first transparent electrodes 360 and the sec-
ond transparent electrode 370 is shown clearly. It can be
seen apparently from the figure that, in the present em-
bodiment, the center of the first transparent sub-elec-
trode 371 of the second transparent electrode 370 over-
laps with the center of the first transparent electrode 360
in the normal direction of the transparent substrate 300,
and the width of the first transparent sub-electrode 371
is smaller than the width of the first transparent electrode
360. The width of the second transparent sub-electrode
372 of the second transparent electrode 370 is greater
than the width of the data line 350 (therefore the data line
350 is covered under the second transparent sub-elec-
trode 372 and not shown in the figure). A third transparent
sub-electrode 373 is further formed between the two first
transparent sub-electrodes 371. It should be noted that,
in other embodiments of the present invention, the width
of the third transparent sub-electrode 373 may be arbi-
trary, and in other cases, more than one third transparent
sub-electrode 373 may be disposed between the two first
transparent sub-electrodes 371, depending on the an ac-
tual requirement.

A Third Embodiment

[0053] According to the present embodiment, it is pro-
vided a method for manufacturing a thin film transistor
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array substrate. The method including Step S1 to Step
S4.

[0054] Step Sl: providing a transparent substrate.
[0055] Preferably, referring to Fig.6, after the step of
providing the transparent substrate, a gate electrode (not
marked) of a thin film transistor and a scanning line 380
may be formed on the provided transparent substrate
(notshown inthefigure). The gate electrode is connected
to the scanning line 380, or preferably the gate electrode
and the scanning line may be formed integrally with a
same material in a same step. For example, for the scan-
ning line 380 shown in Fig.6 (a), a downwardly protruding
portion of the scanning line 380 is served as the gate
electrode. Then a gate insulating layer (not shown in the
figure) is formed to cover the gate electrode and the scan-
ning line 380. Then, as shown in Fig.6 (b), a semicon-
ductor layer 390 (also known as an active layer) is formed
on the gate insulating layer (the semiconductor layer 390
and the gate electrode are insulated from each other by
the gate insulating layer). More preferably, an ohmic con-
tact layer (not shown in the figure) may be further formed
on the semiconductor layer 390 so as to reduce contact
resistances between a source electrode of the thin film
transistor formed subsequently and the semiconductor
layer 390, and between a drain electrode of the thin film
transistor formed subsequently and the semiconductor
layer 390.

[0056] Step S2: forming a first transparent electrode
and data line on the transparent substrate.

[0057] In the present embodiment, as shown in Fig.7,
the data line 350, the source electrode of the thin film
transistor, and the drain electrode 351 of the thin film
transistor which is formed simultaneously with the source
electrode are formed firstly. The data line 350, the source
electrode and the drain electrode 351 may be formed
simultaneously with a same material in a same process
step. For example, the data line 350 and the drain elec-
trode 351 may be formed simultaneously with a same
depositing metal layer through a same exposure and de-
velopment process. The data line 350 is electrically con-
nected to the source electrode of the thin film transistor
and is preferably formed integrally with the source elec-
trode of the thin film transistor. In particularly, in the pref-
erable embodiment described above, the source elec-
trode and the drain electrode 351 contact the semicon-
ductor layers 390. More preferably, the source electrode
and the drain electrode 351 may contact the semicon-
ductor layer 390 via the ohmic contact layer.

[0058] Then afirsttransparent electrode 360 is formed
on the transparent substrate by a lithography process,
as shown in Fig.8. In the present embodiment, the first
transparent electrode 360 is preferably a pixel electrode,
and the first transparent electrode 360 is electrically con-
nected to the drain electrode 351.

[0059] Step S3: forming an insulating layer which cov-
ers the first transparent electrode and the data line.
[0060] In the presentembodiment, after the first trans-
parent electrode 360 is formed, an insulating layer (not
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shown in Fig.8, referring to the insulating layer 310 in Fig.
3 or Fig.4) is formed on the transparent substrate. The
insulating layer covers the first transparent electrode 360,
the data lines 350, and other structures formed on the
transparent substrate. Various depositing processes
such as a physical vapor deposition (PVD) process, a
chemical vapor deposition (CVD) process or an atomic
layer deposition (ALD) process may be adopted to form
the insulating layer. Various deposition processes may
be performed according to the existing technical meth-
ods, and are not described any more herein.

[0061] Step S4: forming a second transparent elec-
trode on the insulating layer.

[0062] Preferably,inthe presentembodiment, the sec-
ond transparent electrode 370 formed on the insulating
layer is preferably a common electrode, as shown in Fig.
9. It can be seen from Fig.9 that, in the present embod-
iment, the second transparent electrode 370 includes a
first transparent sub-electrode 371 and a second trans-
parent sub-electrode 372. The first transparent sub-elec-
trode 371 is located above the first transparent electrode
360, and the width of the first transparent sub-electrode
371 is smaller than the width of the first transparent elec-
trode 360. The second transparent sub-electrode 372 is
located above the data line, and width of the second
transparent sub-electrode 372 is greater than the width
of the data line. According to the present embodiment,
during the process, the first transparent sub-electrode
371 is preferably manufactured in such a way that the
center thereof overlaps with the center of the first trans-
parent electrode 360 in the normal direction of the trans-
parent substrate. Through a design of a mask used in
forming the first transparent electrode 360 and the first
transparent sub-electrode 371, it can be achieved that
the center of the formed first transparent sub-electrode
371 overlaps with the center of the first transparent elec-
trode 360 in the normal direction of the transparent sub-
strate.

[0063] More preferably, in another embodiment of the
present invention, the second transparent electrode 370
formed in Step S4 includes at least two first transparent
sub-electrodes 371. The second transparent electrode
370 may further includes at least one third transparent
sub-electrode. The third transparent sub-electrode may
be located between the two adjacent first transparent
sub-electrodes 371. The third transparent sub-electrode
is electrically connected to at least one of the first trans-
parent sub-electrode 371 and the second transparent
sub-electrode 372.

[0064] In the present embodiment, through Steps S1
to S4, the thin film transistor array substrate is manufac-
tured and obtained, as shown in Fig.9. As for the structure
of the thin film transistor array substrate, the correspond-
ing content in the first embodiment may also be referred
to.

[0065] It should be noted that, in the present embodi-
ment, only the method for manufacturing the bottom gate
type thin film transistor is described as an example. How-
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ever, itis known by those skilled in the art that the method
may also be used to manufacture a top gate type thin
film transistor. For example, specifically, in Step S1, a
semiconductor layer is first formed on the provided sub-
strate (or more preferably, a buffer layer is first formed
before the semiconductor layer is formed), then a first
insulating layer is formed on the semiconductor layer to
cover the semiconductor layer, and then a gate electrode
of a thin film transistor is formed on the first insulating
layer and a second insulating layer which covers the gate
electrode is formed on the gate electrode. The source
electrode and the drain electrode of the thin film transistor
formed subsequently in Step S2 are electrically connect-
ed to the semiconductor layer through via holes formed
on the first insulating layer and the second insulating lay-
er.

[0066] Since difference between the method for man-
ufacturing the top gate type thin film transistor and the
method for manufacturing the bottom gate type thin film
transistor in the present embodiment only lies in a se-
quence of forming the gate electrode of the thin film tran-
sistor and the semiconductor layer in Step S1, and no
change occurs in the subsequent steps, only the method
for manufacturing the top gate type thin film transistor is
described briefly here, and the same steps are not de-
scribed any more. Furthermore, since the manufacturing
process and corresponding structure changes of the top
gate type thin film transistor are technologies well known
in the art, those skilled in the art may reasonably obtain
manufacturing methods and structures of various top
gate type thin film transistors in conjunction with the em-
bodiments in the present invention on the basis of the
existing known technologies, which will not descried any
more herein either.

[0067] The embodiments of the present invention are
described herein in a progressive manner, with the em-
phasis of each of the embodiments on the difference be-
tween it and the other embodiments; hence, for the same
or similar parts between the embodiments, one can refer
to the other embodiments.

[0068] The embodiments described above are only
specific embodiments of the present invention, so that
those skilled in the art may better understand the spirit
of the present invention. However, the scope of protec-
tion of the present invention does not limited by the de-
tailed descriptions of the specific embodiments. Modifi-
cations can be made to the specific embodiments of the
present invention by any of those skilled in the art in light
of the spirit of the present invention, without deviation
from the scope of protection of the present invention.

Claims

1. A thin film transistor array substrate, comprising:

a transparent substrate;
a data line formed on the transparent substrate;
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a first transparent electrode located in a same
layer as the data line;

aninsulating layer covering the data line and the
first transparent electrode; and

a second transparent electrode located on the
insulating layer, wherein the second transparent
electrode comprises a first transparent sub-
electrode and a second transparent sub-elec-
trode; the first transparent sub-electrode is lo-
cated above the first transparent electrode, and
the width of the first transparent sub-electrode
is smaller than the width of the first transparent
electrode; the second transparent sub-elec-
trode is located above the data line, and the
width of the second transparent sub-electrode
is greater than the width of the data line;

a horizontal electric field is formed between the
firsttransparent electrode and the second trans-
parent electrode if the thin film transistor array
substrate is in operation.

The thin film transistor array substrate according to
claim 1, wherein the second transparent electrode
comprises at least two first transparent sub-elec-
trodes; the second transparent electrode further
comprises at least one third transparent sub-elec-
trode, the third transparent sub-electrode is located
between the two adjacent first transparent sub-elec-
trodes.

The thin film transistor array substrate according to
claim 1, wherein a center of the first transparent sub-
electrode overlaps with a center of the first transpar-
ent electrode in the normal direction of the transpar-
ent substrate.

The thin film transistor array substrate according to
claim 1, wherein the first transparent electrode is a
pixel electrode, and the second transparent elec-
trode is a common electrode.

The thin film transistor array substrate according to
claim 1, wherein the first transparent electrode is
electrically connected to a drain electrode of a thin
flm transistor, the data line is electrically connected
to a source electrode of the thin film transistor, and
a gate electrode of the thin film transistor is electri-
cally connected to a scanning line.

A liquid crystal display device, comprising:

the thin film transistor array substrate according
to any one of claims 1 to 5;

a color filter substrate disposed opposite to the
array substrate; and

a liquid crystal layer filled between the thin film
transistor array substrate and the color filter sub-
strate.
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7.

10.

1.

A method for manufacturing a thin film transistor ar-
ray substrate, comprising:

providing a transparent substrate;

forming a first transparent electrode and data
line on the transparent substrate;

forming an insulating layer which covers the first
transparent electrode and the data line;

and

forming a second transparent electrode on the
insulating layer, wherein the second transparent
electrode comprises a first transparent sub-
electrode and a second transparent sub-elec-
trode; the first transparent sub-electrode is lo-
cated above the first transparent electrode, and
the width of the first transparent sub-electrode
is smaller than the width of the first transparent
electrode; the second transparent sub-elec-
trode is located above the data line, and the
width of the second transparent sub-electrode
is greater than the width of the data line.

The method for manufacturing the thin film transistor
array substrate according to claim 7, wherein the
second transparent electrode comprises at least two
first transparent sub-electrodes; the second trans-
parent electrode further comprises at least one third
transparent sub-electrode, the third transparent sub-
electrode is located between the two adjacent first
transparent sub-electrodes.

The method for manufacturing the thin film transistor
array substrate according to claim 7, wherein a cent-
erofthe first transparent sub-electrode overlaps with
a center of the first transparent electrode in the nor-
mal direction of the transparent substrate.

The method for manufacturing the thin film transistor
array substrate according to claim 7, wherein the first
transparent electrode is a pixel electrode, and the
second transparent electrode is a common elec-
trode.

The method for manufacturing the thin film transistor
array substrate according to claim 7, wherein before
forming the first transparent electrode and the data
line on the transparent substrate, following steps are
performed:

forming a gate electrode of a thin film transistor
and a scanning line on the transparent sub-
strate;

forming a gate insulating layer which covers the
gate electrode and the scanning line;

and

forming a semiconductor layer on the gate insu-
lating layer, or forming a semiconductor layer
and an ohmic contact layer on the semiconduc-
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tor layer on the gate insulating layer.

12. The method for manufacturing the thin film transistor
array substrate according to claim 11, wherein a
source electrode and a drain electrode of the thin
film transistor are formed while the data line is
formed, the source electrode and the drain electrode
contact the semiconductor layer, the firsttransparent
electrode is electrically connected to the drain elec-
trode of the thin film transistor, and the data line is
electrically connected to the source electrode of the
thin film transistor.
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