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(57) ABSTRACT

A thin film transistor array substrate includes pixel regions,
each comprising first, second and third transparent elec-
trodes, which are electrically isolated, wherein the second
transparent electrode comprises strip-like second electrode
portions electrically connected to one another, and the third
transparent electrode comprises strip-like third electrode por-
tions electrically connected to one another, the positions of
the strip-like third electrode portions corresponding to those
of the strip-like second electrode portions, and wherein the
strip-like third electrode portions have a width less than that
of'the strip-like second electrode portions. When the substrate
is actuated, a first horizontal electric field is formed between
the first and second transparent electrodes and a second hori-
zontal electric field is formed between the third and second
transparent electrodes, so that the transmittance can be
increased.
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THIN FILM TRANSISTOR ARRAY
SUBSTRATE AND LIQUID CRYSTAL
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority of and incorporates
by reference Chinese Patent Application No.
201010619727 X filed Dec. 28, 2010.

FIELD OF THE INVENTION

[0002] The present invention relates to field of liquid crys-
tal display, and more particularly, to a thin film transistor
array substrate and a liquid crystal display device having the
thin film transistor array substrate.

BACKGROUND

[0003] In flat panel display of prior art, thin film transistor
liquid crystal displays (TFT-LCDs) are dominant due to char-
acteristics of low radiation, thin thickness and low power
consumption, etc. and are widely used for various applica-
tions. Generally, when a user views the liquid crystal display
from different viewing angles, the brightness of image may
reduce as the viewing angle increases, resulting in limitation
of viewing angle. In order to realize display with wide view-
ing angle, both in-plane switch (IPS) type liquid crystal dis-
play panel and fringe field switching (FFS) type liquid crystal
display panel have been developed.

[0004] FIG. 1 is a partial plan view of a conventional FFS
type liquid crystal display panel, with a color filter substrate
therein omitted for the sake of clarity. FIG. 2 is a partially
sectional view along A-A line in FIG. 1, with a black matrix
layer and a color filter layer disposed on the color filter sub-
strate omitted for the sake of clarity. With reference to FIGS.
1 and 2, the conventional FF'S type liquid crystal display panel
comprises a thin film transistor array substrate 100, a color
filter substrate 200 and a liquid crystal layer 300 sandwiched
between the thin film transistor array substrate 100 and the
color filter substrate 200. The thin film transistor array sub-
strate 100 comprises a transparent substrate 10, and a plural-
ity of scanning lines 101 and data lines 102 formed on the
transparent substrate 10, with the plurality of scanning lines
101 and data lines 102 crosswise defining a plurality of pixel
regions. Each pixel region comprises a first transparent elec-
trode 11 located on a lower layer and a second transparent
electrode 14 located on an upper layer, the second transparent
electrode 14 being provided as strips. The first transparent
electrode 11 is a common electrode 11, and the second trans-
parent electrode 14 is a pixel electrode 14. Each pixel region
further comprises a thin film transistor 103 for controlling the
pixel electrode 14. The pixel electrode 14 comprises a plural-
ity of strip-like slots 140 and a plurality of strip-like pixel
electrode portions 142 formed by means of the plurality of
strip-like slots 140 and electrically connected to one another.
There is a gate insulation layer 12 and a passivation layer 13
isolated between the pixel electrode 14 and the common
electrode 11. A gate electrode of the thin film transistor 103 is
a portion of the corresponding scanning line 101 or is elec-
trically connected with the corresponding scanning line 101,
a source electrode of the thin film transistor 103 is electrically
connected with the corresponding data line 102, and a drain
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electrode of the thin film transistor 103 is electrically con-
nected with the pixel electrode 14 via a through hole C located
on the passivation layer 13.

[0005] Inorder to decrease driving voltage of the FFS type
LCD panel and increase response speed of liquid crystal
molecules, the liquid crystal layer 300 in the FFS type LCD
panel often employs anisotropic liquid crystal molecules with
positive dielectric constant, however, there is a drawback of
low transmittance in the conventional FFS type LCD panel.
[0006] The FFS type LCD panel uses the strip-like pixel
electrode portion 142 of the pixel electrode 14 located on the
upper layer and the common electrode 11 located on the lower
layer to form a fringe electric field, with the horizontal com-
ponent of the fringe electric field being highest at the edge of
the strip-like pixel electrode portion 142. In addition, it is
possible for the liquid crystal molecules at the edge of the
strip-like pixel electrode portion 142 to rotate in the plane
parallel to the transparent substrate 10 since the anisotropic
liquid crystal molecules with positive dielectric constant are
prone to rotate in a direction parallel to the electric field under
the action of the electric field. The liquid crystal molecules in
the region between the strip-like pixel electrode portions 142
are under a slightly weaker vertical component but a higher
horizontal component of the electric field than the liquid
crystal molecules in the region above the strip-like pixel
electrode portions 142. Moreover, the elastic force from rota-
tion of liquid crystal molecules also drives the liquid crystal
molecules to rotate in the plane parallel to the transparent
substrate 10. Consequently, there is also a relatively high
transmittance in the region of the FFS type liquid crystal
display panel between the strip-like pixel electrode portions
142. However, the electric field has a relatively high vertical
component above the strip-like pixel electrode portions 142,
but the horizontal components of the electric field applied are
almost counteracted, and therefore, the liquid crystal mol-
ecules above the strip-like pixel electrode portions 142 hardly
rotate in the plane parallel to the transparent substrate 10, but
only rotate in the plane perpendicular to the transparent sub-
strate 10, that is, stand up inclinedly, resulting in lower trans-
mittance right above the strip-like pixel electrode portion 142
of'the pixel electrode 14.

[0007] FIG. 3isasimulation effect view of transmittance of
the FFS type LCD panel shown in FIG. 2. As shown in FIG.
3, the region right above the strip-like pixel electrode portion
142 of the pixel electrode 14 is under a relatively weak hori-
zontal component of electric field, and the liquid crystal mol-
ecules, under the action of the relatively weak horizontal
component of electric field, have relatively small twist angle,
resulting in lower transmittance in these regions, and thus
having an influence on the increase of transmittance of the
whole FFS type LCD panel.

[0008] In the case that the first transparent electrode 11
located on the lower layer is a pixel electrode and the second
transparent electrode 14 located on the upper layer is a com-
mon electrode, there is still a problem of lower transmittance
corresponding to the region right above the second transpar-
ent electrode 14.

SUMMARY

[0009] It is an object of the present invention to provide a
thin film transistor array substrate and a liquid crystal display
device having the thin film transistor array substrate, which
are able to increase the transmittance.
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[0010] In one aspect, the present invention provides a thin
film transistor array substrate, which comprises a transparent
substrate and a plurality of scanning lines and data lines
formed on the transparent substrate, the plurality of scanning
lines and data lines crosswise defining a plurality of pixel
regions. Each pixel region comprises a first transparent elec-
trode, a second transparent electrode and a third transparent
electrode, which are electrically isolated, wherein the second
transparent electrode comprises a plurality of strip-like sec-
ond electrode portions electrically connected to one another,
and the third transparent electrode comprises a plurality of
strip-like third electrode portions electrically connected to
one another, the positions of the strip-like third electrode
portions corresponding to those of the strip-like second elec-
trode portions, and wherein the strip-like third electrode por-
tions have a width less than that of the strip-like second
electrode portions. When the thin film transistor array sub-
strate is actuated, a first horizontal electric field is formed
between the first transparent electrode and the second trans-
parent electrode, and a second horizontal electric field is
formed between the third transparent electrode and the sec-
ond transparent electrode.

[0011] Preferably, the strip-like third electrode portions
and the strip-like second electrode portions are overlapped in
their central positions along the normal direction of the sub-
strate.

[0012] In another aspect, the present invention also pro-
vides a liquid crystal display device, which comprises a LCD
panel and a driving circuit connected to the LCD panel,
wherein the LCD panel comprises the thin film transistor
array substrate as described above, an opposed substrate and
a liquid crystal layer sandwiched between the thin film tran-
sistor array substrate and the opposed substrate.

[0013] According to the present invention, the thin film
transistor array substrate is additionally provided with a strip-
like arranged third transparent electrode, the positions of the
strip-like third electrode portions of the third transparent elec-
trode corresponding to those of the second strip electrode
portions of the second transparent electrode, and the strip-like
third electrode portions having a width less than that of the
strip-like second electrode portions. Therefore, when the thin
film transistor array substrate is actuated, a first horizontal
electric field may be formed between the first transparent
electrode and the second transparent electrode and a second
horizontal electric field may be formed between the third
transparent electrode and the second transparent electrode,
and the liquid crystal molecules in the liquid crystal layer may
be under the combined action of both the first horizontal
electric field and the second horizontal electric field. Since the
second horizontal electric field is present in the region where
the first horizontal electric field is weaker, the electric inten-
sity of that region is enhanced and the phenomenon of low
transmittance right above the strip-like second electrode por-
tions of the second transparent electrode is weakened, so that
the LCD panel of the present invention reduces the region of
lower transmittance of the conventional LCD panel. More-
over, according to the present invention, the horizontal dis-
tance between the strip-like second electrode portions of the
second transparent electrode may be designed to be much
larger than that of the conventional FFS type LCD panel, so
that the number of the strip-like second electrode portions of
the second transparent electrode within each pixel region of
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the present invention is less than that of the conventional LCD
panel, and the transmittance of the LCD panel is entirely
increased in a large degree.

[0014] Other aspects and features of the present invention
will become apparent with reference to the accompanying
drawings. But it is understood that the accompanying draw-
ings are only designed for the purpose of explanation, but not
for limitation of the scope of the present invention which is
defined by the appended claims. It is also understood the
drawings are not necessarily drawn to scale, but only attempt
to conceptually explain the structures and flows described
herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1is a partial plan view of a conventional FFS
type liquid crystal display panel.

[0016] FIG. 2is a partially sectional view along A-A line in
FIG. 1.
[0017] FIG. 3isasimulation effect view of transmittance of

the FFS type LCD panel shown in FIG. 2.
[0018] FIG. 4 is a partial plan view of a LCD panel accord-
ing to a first embodiment of the present invention.

[0019] FIG. 5is apartially sectional view along B-B line in
FIG. 4.
[0020] FIG. 6isasimulation effect view of transmittance of

the LCD panel shown in FIG. 5.

[0021] FIG. 7 is a flow diagram for manufacturing a thin
film transistor array substrate according to the first embodi-
ment of the present invention.

[0022] FIG. 8 is a partially sectional view for a LCD panel
according to a second embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0023] As used herein, the terms for explanation of the
present invention should be interpreted as follows, unless
otherwise indicated.

[0024] <“Horizontal” and “horizontal direction” indicate the
direction parallel to the plane where the substrate is located,
and “vertical direction” and “normal direction” indicate the
direction perpendicular to the plane where the substrate is
located.

[0025] In order to make the objects, features and advan-
tages described above more apparent, the embodiments of the
present invention will be described in detail in combination
with the accompanying drawings.

[0026] It should be noted that the drawings of the present
invention only illustrate the structural features relative to the
inventive aspects of the present invention but cancel other
structural features.

[0027] A liquid crystal display device of the present inven-
tion comprises a LCD panel and a driving circuit (not shown)
connected to the LCD panel.

First Embodiment

[0028] FIG. 4 is a partial plan view of a LCD panel accord-
ing to a first embodiment of the present invention, with an
opposed substrate thereof omitted for the sake of clarity, and
FIG. 5 is a partially sectional view along B-B line in FIG. 4.
With reference to FIGS. 4 and 5, the LCD panel of the present
invention comprises a thin film transistor array substrate 100,
an opposed substrate (not shown) and a liquid crystal layer
300 sandwiched between the thin film transistor array sub-
strate 100 and the opposed substrate. The thin film transistor
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array substrate 100 comprises a transparent substrate 10 and
a plurality of scanning lines 101, data lines 102 and common
electrode lines 104 formed on the transparent substrate 10,
with the plurality of scanning lines 101 and data lines 102
crosswise defining a plurality of pixel regions.

[0029] Each pixel region comprises a first transparent elec-
trode 20, a second transparent electrode 40 and a third trans-
parent electrode 60, which are electrically isolated. The layer
where the second transparent electrode 40 is located is
between the layers where first transparent electrode 20 and
the third transparent electrode 60 are located. In this embodi-
ment, the first transparent electrode 20 of each pixel region is
configured as a whole sheet within the pixel region, and the
second transparent electrode 40 and the third transparent
electrode 60 are configured as strips within the pixel region.
The second transparent electrode 40 comprises a plurality of
strip-like second electrode portions electrically connected to
one another, and the third transparent electrode 60 comprises
a plurality of strip-like third electrode portions 62 electrically
connected to one another, the positions of the strip-like third
electrode portions 62 corresponding to those of the strip-like
second electrode portions 42, that is, the strip-like third elec-
trode portions 62 being configured to overlap with the strip-
like second electrode portions 42 in the normal direction of
the substrate. Preferably, the projections of the strip-like third
electrode portions 62 in the normal direction of the strip-like
second electrode portions 42 are in the central positions of the
strip-like second electrode portions 42, that is, the strip-like
third electrode portions 62 and the strip-like second electrode
portions 42 are overlapped in their central positions along the
normal direction of the substrate. Moreover, the strip-like
third electrode portions 62 have a width W3 less than the
width W2 of the strip-like second electrode portions 42, for
example, the width W3 of the strip-like third electrode por-
tions 62 is set to be 3 uM, and the width W2 of the strip-like
second electrode portions 42 is set to be 9 uM.

[0030] In this embodiment, preferably, the first transparent
electrode 20 is a first pixel electrode 20, the second transpar-
ent electrode 40 is a common electrode 40, and the third
transparent electrode 60 is a second pixel electrode 60. Cor-
respondingly, the strip-like second electrode portions 42 are
strip-like common electrode portions 42, and the strip-like
third electrode portions 62 are strip-like second pixel elec-
trode portions 62. Certainly, the present invention is not lim-
ited thereto, and in other embodiments of the present inven-
tion, the first transparent electrode 20 can also be a first
common electrode, the third transparent electrode 60 can be a
second common electrode, and the second transparent elec-
trode 40 can be a pixel electrode.

[0031] The first pixel electrode 20, the second pixel elec-
trode 60 and the common electrode 40 are all made of trans-
parent conducting materials, for example, all made of ITO
(Indium Tin Oxide) or IZO (Indium Zinc Oxide) and the like.
There is a gate insulation layer 30 isolated between the first
pixel electrode 20 and the common electrode 40 and a passi-
vation layer 50 isolated between the common electrode 40
and the second pixel electrode 60.

[0032] Each pixel region further comprises a first thin film
transistor T1 for controlling the first pixel electrode 20 and a
second thin film transistor T2 for controlling the second pixel
electrode 60. In this embodiment, a source electrode of the
first thin film transistor T1 is connected to the corresponding
data line 102, a source electrode of the second thin film
transistor T2 is electrically connected with a drain electrode
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of the first thin film transistor T1, and the second thin film
transistor T2 has a channel width-to-length ratio less than that
of'the first thin film transistor T1. Certainly, the present inven-
tion is not limited thereto, and in other embodiments of the
present invention, one of the source electrodes of the first thin
film transistor T1 and the second thin film transistor T2 can be
connected to the data line 102, and the other thereof can be
connected to a separately configured circuit (not shown),
which can also achieve the objects of the present invention
without departing from the essences of technical schemes of
the present invention.

[0033] A first through hole C1, a third through hole C3 and
a fourth through hole C4 which penetrate through the passi-
vation layer 50 are respectively provided on the passivation
layer 50, and a second through hole C2 and a fifth through
hole C5 which penetrate through both the passivation layer 50
and the gate insulation layer 30 are provided on the passiva-
tion layer 50 and the gate insulation layer 30. The first pixel
electrode 20 is electrically connected with the drain electrode
of'the first thin film transistor T1 via the first through hole C1
and the second through hole C2 and by means of a transparent
conducting connection portion on the layer where the second
pixel electrode 60 is located, the second pixel electrode 60 is
electrically connected with a drain source of the second thin
film transistor T2 via the third through hole C3, and the
common electrode 40 is electrically connected with the com-
mon electrode line 104 via the fourth through hole C4 and the
fifth through hole C5 and by means of a transparent conduct-
ing connection portion on the layer where the second pixel
electrode 60 is located.

[0034] As shown in FIG. 5, during the work of the LCD
panel, a common voltage signal input to the common elec-
trode line 104 via the driving circuit is applied to the common
electrode 40 via the fourth through hole C4 and the fifth
through hole C5. When the scanning lines 101 are in high
level, the first thin film transistor is turned on, and the source
and drain electrodes of the first thin film transistor T1 are
connected, a data voltage signal input to the data line 102 via
the driving circuit is applied to the drain electrode via the
source electrode of the first thin film transistor T1, and then is
applied to the first pixel electrode 20 via the first through hole
C1 and the second through hole C2. Meanwhile, since the
source electrode of the second thin film transistor T2 is elec-
trically connected with the drain electrode of the first thin film
transistor T1, the second thin film transistor T2 is also turned
on, and the source and drain electrodes of the second thin film
transistor T2 are connected, the data voltage signal is applied
to the drain electrode via the source electrode of the second
thin film transistor T2, and then is applied to the second pixel
electrode 60 via the third through hole C3. Since the second
thin film transistor T2 has a channel width-to-length ratio less
than that of the first thin film transistor T1, which results in
undercharge of the second pixel electrode 60, thus the abso-
lute value of voltage on the first pixel electrode 20 is larger
than that on the second pixel electrode 60. For a positive pixel
region as shown in FIG. 5, the voltages on both the first pixel
electrode 20 and the second pixel electrode 60 are larger than
the voltage on the common electrode 40, and the voltage on
the first pixel electrode 20 is larger than the voltage on the
second pixel electrode 60, so that a first horizontal electric
field E1 is formed between the first pixel electrode 20 and the
common electrode 40, and a second horizontal electric field
E2 is formed between the second pixel electrode 60 and the
common electrode 40. The electric field line generated by the
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first horizontal electric field E1 is sent out from the first pixel
electrode 20 on the lower layer and is received by the common
electrode 40 on the intermediate layer, and the electric field
line generated by the second horizontal electric field E2 is
sent out from the second pixel electrode 60 on the upper layer
and is received by the common electrode 40 on the interme-
diate layer, and moreover, the electric intensity of the first
horizontal electric field E1 formed is larger than that of the
second horizontal electric field E2. Similarly, for a negative
pixel region, the voltages on both the first pixel electrode 20
and the second pixel electrode 60 are less than the voltage on
the common electrode 40, and the voltage on the first pixel
electrode 20 is less than the voltage on the second pixel
electrode 60, so that a first horizontal electric field E1 is
formed between the first pixel electrode 20 and the common
electrode 40, and a second horizontal electric field E2 is
formed between the second pixel electrode 60 and the com-
mon electrode 40. The electric field line generated by the first
horizontal electric field E1 is sent out from the common
electrode 40 on the intermediate layer and is received by the
first pixel electrode 20 on the lower layer, and the electric field
line generated by the second horizontal electric field E2 is
sent out from the common electrode 40 on the intermediate
layer and is received by the second pixel electrode 60 on the
upper layer, and moreover, the electric intensity of the first
horizontal electric field E1 formed is larger than that of the
second horizontal electric field E2. Thus, the liquid crystal
molecules in the liquid crystal layer 300 are rotated under the
combined action of the first horizontal electric field E1 and
the second horizontal electric field E2, so as to achieve dis-
play of various gray scales by controlling transmission flux of

backlight.

[0035] The thin film transistor array substrate 100 of the
present invention is additionally provided with a strip-like
arranged third transparent electrode 60, the positions of the
strip-like third electrode portions 62 of the third transparent
electrode 60 corresponding to those of the strip-like second
electrode portions 42 of the second transparent electrode 40,
and moreover, the strip-like third electrode portions 62 hav-
ing a width W3 less than the width W2 of'the strip-like second
electrodes 42, that is to say, the strip-like third electrode
portions 62 having a size in the horizontal direction less than
that of the strip-like second electrode portions 42. As a result,
when the thin film transistor array substrate 100 is actuated, a
first horizontal electric field E1 may be formed between the
first transparent electrode 20 and the second transparent elec-
trode 40, and a second horizontal electric field E2 may be
formed between the third transparent electrode 60 and the
second transparent electrode 40. The liquid crystal molecules
in the liquid crystal layer 300 may be under the combined
action of both the first horizontal electric field E1 and the
second horizontal electric field E2. In the conventional LCD
panel as shown in FIG. 2, the liquid crystal molecules corre-
sponding to the region right above the strip-like second trans-
parent electrode are substantially not under the action of the
horizontal component of the electric field formed between the
first transparent electrode and the second transparent elec-
trode, and therefore, the liquid crystal molecules in these
regions will substantially not rotate in the plane parallel to the
transparent substrate, whereas in the LCD panel shown in
FIG. 5 according to the present invention, the liquid crystal
molecules corresponding to the region right above the strip-
like second electrode portions 42 of the second transparent
electrode 40 can be under the action of the second horizontal
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electric field E2, with the horizontal component of the second
horizontal electric field E2 highest at the edge of the strip-like
third electrode portions 62 of the third transparent electrode
60. Therefore, the liquid crystal molecules corresponding to
the region right above the portion of strip-like second elec-
trode portions 42 of the second transparent electrode 40, not
overlapped with the strip-like third electrode portions 62 of
the third transparent electrode 60, are possibly under the
action of the horizontal component of the higher second hori-
zontal electric field E2, so that it is possible for the liquid
crystal molecules in these regions to rotate in the plane par-
allel to the transparent substrate 10. Since the strip-like third
electrode portions 62 of the third transparent electrode 60 are
additionally provided on the positions corresponding to the
strip-like second electrode portions 42 of the second trans-
parent electrode 40 according to the present invention, com-
pared to FIG. 2 in which the liquid crystal molecules corre-
sponding to the entire region right above the strip-like second
transparent electrode are substantially not under the action of
the horizontal component of the electric field, in the region of
the LCD panel of the present invention right above the strip-
like second electrode portions 42 of the second transparent
electrode 40, the liquid crystal molecules in a partial region
therein can be under the action of the horizontal component of
the second horizontal electric field E2 and rotate in the plane
parallel to the transparent substrate 10, so that the distance
between the strip-like second electrode portions 42 of the
second transparent electrode 40 of the present invention may
be designed to be much larger relative to the conventional
LCD panel shown in FIG. 2, and so that, on the whole, the
number of the strip-like second electrode portions 42 of the
second transparent electrode 40 within each pixel region of
the present invention is less than that of the conventional LCD
panel shown in FIG. 2, and thus the number of the regions
with low transmittance right above the strip-like second elec-
trode portions 42 of the second transparent electrode 40 are
also less than that of the conventional LCD panel shown in
FIG. 2, and therefore the transmittance of the LCD panel of
the present invention is entirely increased in a large degree.
FIG. 6 is a simulation effect view of transmittance of the LCD
panel according to the first embodiment of the present inven-
tion shown in FIG. 5. FIGS. 6 and 3 are performed in the same
simulated conditions. It can be obviously seen from compari-
son between FIGS. 6 and 3, in the conventional LCD panel
shown in FIG. 3, the space P1 between its two adjacent
regions with lower transmittance is approximately 7-8 pm
(micron), while in the LCD panel of the present invention
shown in FIG. 6, the space P2 between its two adjacent
regions with lower transmittance is approximately 16 pm
(micron), so that the space P2 between its two adjacent
regions with lower transmittance for the LCD panel of the
present invention is largely increased, and moreover the
regions with lower transmittance of the LCD panel of the
present invention is greatly reduced, so that the transmittance
of'the LCD panel of the present invention is entirely increased
in a large degree compared to the conventional LCD panel
shown in FIG. 3.

[0036] As shown in FIG. 7, the thin film transistor array
substrate 100 according to an embodiment of the present
invention may be manufactured using the following seven
photo-masking procedures.

[0037] In step S1, a first photo-masking procedure is
employed to form and pattern a first transparent conducting
material layer.



US 2012/0162558 Al

[0038] Specifically, a first transparent conducting material
layer and a first photoresist layer are formed in sequence on
the transparent substrate 10 and the first photoresist layer is
exposed and developed by a first photo-masking pattern so as
to form a first photoresist layer pattern, and then the first
transparent conducting material layer is etched using the first
photoresist layer pattern as mask to realize patterning, so asto
form a first pixel electrode 20 by the patterned first transpar-
ent conducting material layer, and later, the first photoresist
layer is removed.

[0039] In step S2, a second photo-masking procedure is
employed to form and pattern a first metal layer.

[0040] Specifically, a first metal layer and a second photo-
resist layer are formed in sequence on the transparent sub-
strate 10 having the patterned first transparent conducting
material layer, and the second photoresist layer is exposed
and developed by a second photo-masking pattern so as to
form a second photoresist layer pattern, and then the first
metal layer is etched using the second photoresist layer pat-
tern as mask to realize patterning, so as to form scanning lines
101, common electrode lines 104, gate electrodes of the first
thin film transistor T1 and the second thin film transistor T2,
and later, the second photoresist layer is removed.

[0041] In step S3, a third photo-masking procedure is
employed to in sequence form a gate insulation layer, an
amorphous silicon layer and a doped amorphous silicon layer,
and pattern the doped amorphous silicon layer and the amor-
phous silicon layer.

[0042] Specifically, a gate insulation layer 30, an amor-
phous silicon layer, a doped amorphous silicon layer and a
third photoresist layer are formed in sequence on the trans-
parent substrate 10 with the second photo-masking pattern
formed thereon, and the third photoresist layer is exposed and
developed by a third photo-masking pattern so as to form a
third photoresist layer pattern, and then the doped amorphous
silicon layer and the amorphous silicon layer are etched using
the third photoresist layer pattern as mask to realize pattern-
ing, so as to form semiconductor layers of the first thin film
transistor T1 and the second thin film transistor T2, and later,
the third photoresist layer is removed.

[0043] In step S4, a fourth photo-masking procedure is
employed to form and pattern a second metal layer.

[0044] Specifically, a second metal layer and a fourth pho-
toresist layer are formed in sequence on the transparent sub-
strate 10 with the third photo-masking pattern formed
thereon, and the fourth photoresist layer is exposed and devel-
oped by a fourth photo-masking pattern so as to form a fourth
photoresist layer pattern, and then the second metal layer is
etched using the fourth photoresist layer pattern as mask to
realize patterning, so as to form data lines 102, source and
drain electrodes of the first thin film transistor T1 and the
second thin film transistor T2 by the patterned second metal
layer, and later, the fourth photoresist layer is removed.
[0045] In step 5, a fifth photo-masking procedure is
employed to form and pattern a second transparent conduct-
ing material layer.

[0046] Specifically, a second transparent conducting mate-
rial layer and a fifth photoresist layer are formed in sequence
on the transparent substrate 10 with the fourth photo-masking
pattern formed thereon, and the fifth photoresist layer is
exposed and developed by a fifth photo-masking pattern so as
to form a fifth photoresist layer pattern, and then the second
transparent conducting material layer is etched using the fifth
photoresist layer pattern as mask to realize patterning, so asto
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form a common electrode 40 comprising a plurality of strip-
like common electrode portions 42 electrically connected to
one another, and later, the fifth photoresist layer is removed.
[0047] In step S6, a sixth photo-masking procedure is
employed to form and pattern a passivation layer.

[0048] Specifically, a passivation layer and a sixth photo-
resist layer are formed in sequence on the transparent sub-
strate 10 with the fifth photo-masking pattern formed thereon,
and the sixth photoresist layer is exposed and developed by a
sixth photo-masking pattern so as to form a sixth photoresist
layer pattern, and then the passivation layer 50 and the gate
insulation layer 30 below the passivation layer 50 are etched
using the sixth photoresist layer as mask to realize patterning,
so as to form first to fifth through holes C1-C5, wherein the
first through hole C1 only penetrates through the passivation
layer 50 so as to expose a portion of the drain electrode of the
first thin film transistor T1, the third through hole C3 only
penetrates through the passivation layer 50 so as to expose a
portion of the drain electrode of the second thin film transistor
T2, the fourth through hole C4 also only penetrates through
the passivation layer 50 so as to expose a portion of the
common electrode 40, the second through hole penetrates
through both the passivation layer 50 and the gate insulation
layer 30 so as to expose a portion of the first pixel electrode
20, and the fifth through hole C5 also penetrate through both
the passivation layer S0 and the gate insulation layer 30 so as
to expose a portion of the common electrode line 104, and
later, the sixth photoresist layer is removed.

[0049] In step S7, a seventh photo-masking procedure is
employed to form and pattern a third transparent conducting
material layer.

[0050] Specifically, a third transparent conducting material
layer and a seventh photoresist layer are formed in sequence
on the transparent substrate 10 with the sixth photo-masking
pattern formed thereon, and the seventh photoresist layer is
exposed and developed by a seventh photo-masking pattern
so as to form a seventh photoresist layer pattern, and then the
third transparent conducting material layer is etched using the
seventh photoresist layer pattern as mask to realize pattern-
ing, so as to form a second pixel electrode 60 comprising a
plurality of strip-like second pixel portions 62 electrically
connected to one another, and meanwhile, form a transparent
conducting connection portion between the first through hole
C1 and the second through hole C2, and a transparent con-
ducting connection portion between the fourth through hole
C4 and the fifth through hole C5, wherein the second pixel
electrode 60 covers the third through hole C3 and is electri-
cally connected with the drain electrode of the second thin
film transistor T2 via the third through hole C3, the first pixel
electrode 20 is electrically connected with the drain electrode
of'the first thin film transistor T1 via the first through hole C1,
the second through hole C2 and the transparent conducting
connection portion between the first through hole C1 and the
second through hole C2, and the common electrode 40 is
electrically connected with the common electrode line 104
via the fourth through hole C4, the fifth through hole C5 and
the transparent conducting connection portion between the
fourth through hole C4 and the fifth through hole C5.

[0051] After the above-mentioned steps S1-S7, the thin
film transistor array substrate 100 of the present invention is
formed.

[0052] In the above-mentioned seven photo-masking pro-
cedures for the thin film transistor array substrate, the first
photo-masking procedure and the second photo-masking
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procedure can be interchangeable, that is, the first metal layer
pattern is firstly formed and then the first transparent conduct-
ing material layer pattern is formed. Likewise, the fourth
photo-masking procedure and the fifth photo-masking proce-
dure can also be interchangeable, that is, the second transpar-
ent conducting material layer pattern is firstly formed, and
then the second metal layer pattern is formed. These manu-
facturing methods are similar to the above and will not be not
described herein any more.

Second Embodiment

[0053] As shown in FIG. 8, the same parts between the
second and first embodiments will not be described herein
any more, and the differences therebetween lie in that the first
pixel electrode 20 in the second embodiment is not configured
as a whole sheet but as strips within the pixel region, and
strip-like slots 21 are provided in the positions of the first
transparent electrode 20 of each pixel region corresponding to
the strip-like second electrode portions 42 of the second trans-
parent electrode 40, the first transparent electrode 20 com-
prising a plurality of strip-like first electrode portions 22
formed by means of the slots 21 and electrically connected to
one another. Preferably, the slots 21 are right below the strip-
like second electrode portions 42, that is, the slots 21 and the
strip-like second electrode portions 42 are overlapped in their
central positions along the normal direction of the substrate,
and preferably, the strip-like slots 201 have a width W1 less
than the width W2 of the strip-like second electrode portions
42.

[0054] The second embodiment can also generate a first
horizontal electric field E1 and a second horizontal electric
field E2, similar to the first embodiment, and the liquid crystal
molecules 300 are rotated under the combined action of the
first horizontal electric field E1 and the second horizontal
electric field E2, so as to achieve display of various gray
scales by controlling transmission flux of backlight. The sec-
ond embodiment has beneficial technical effects similar to the
first embodiment.

[0055] Thethin film transistor array substrate and the liquid
crystal display device provided by the present invention are
described above in detail, and specific examples are used
herein to illustrate the principle and embodiments of the
present invention, which are only used to help understanding
the approaches and concepts of the present invention; mean-
while, one skilled in the prior art may make various variations
of specific embodiments and scope of application based on
the concepts of the present invention. In view of the forego-
ing, the contents of the specification should not be interpreted
as limitation of the present invention whose scope is only
defined by the appended claims.

What is claimed is:

1. A thin film transistor array substrate, comprising a trans-
parent substrate and a plurality of scanning lines and data
lines formed on the transparent substrate, the plurality of
scanning lines and data lines crosswire defining a plurality of
pixel regions, wherein each pixel region comprises a first
transparent electrode, a second transparent electrode and a
third transparent electrode, which are electrically isolated, the
second transparent electrode comprising a plurality of strip-
like second electrode portions electrically connected to one
another, the third transparent electrode comprising a plurality
of strip-like third electrode portions electrically connected to
one another, the positions of the strip-like third electrode
portions corresponding to those of the strip-like second elec-
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trode portions, and the strip-like third electrode portions hav-
ing a width less than that of the strip-like second electrode
portions, and wherein when the thin film transistor array
substrate is actuated, a first horizontal electric field is formed
between the first transparent electrode and the second trans-
parent electrode, and a second horizontal electric field is
formed between the third transparent electrode and the sec-
ond transparent electrode.

2. The thin film transistor array substrate of claim 1,
wherein the strip-like third electrode portions and the strip-
like second electrode portions are overlapped in their central
positions along the normal direction of the substrate.

3. The thin film transistor array substrate of claim 2,
wherein the first transparent electrode is a first pixel elec-
trode, the second transparent electrode is a common elec-
trode, and the third transparent electrode is a second pixel
electrode.

4. The thin film transistor array substrate of claim 2,
wherein the first transparent electrode of each pixel region is
configured as a whole sheet within the pixel region.

5. The thin film transistor array substrate of claim 2,
wherein slots are provided in the positions of the first trans-
parent electrode of each pixel region corresponding to the
strip-like second electrode portions, and the first transparent
electrode comprises a plurality of strip-like first electrode
portions formed by means of the slots and electrically con-
nected to one another, thus allowing the first pixel electrode to
be configured as strips within the pixel region.

6. The thin film transistor array substrate of claim 5,
wherein the slots provided on the first transparent electrode
and the strip-like second electrode portions are overlapped in
their central positions along the normal direction of the sub-
strate.

7. The thin film transistor array substrate of claim 3,
wherein each pixel region further comprises a first thin film
transistor for controlling the first pixel electrode and a second
thin film transistor for controlling the second pixel electrode.

8. The thin film transistor array substrate of claim 7,
wherein a source electrode of the first thin film transistor is
connected to the data line, a source electrode of the second
thin film transistor is electrically connected with a drain elec-
trode of the first thin film transistor, and the second thin film
transistor has a channel width-to-length ratio less than that of
the first thin film transistor.

9. The thin film transistor array substrate of claim 7,
wherein one of source electrodes of the first thin film transis-
tor and the second thin film transistor is connected to the data
line, and the other thereof is connected to a separately con-
figured circuit.

10. The thin film transistor array substrate of claim 8,
wherein the layer where the second transparent electrode is
located is between the layers where first transparent electrode
and the third transparent electrode are located, and there is a
gate insulation layer isolated between the first transparent
electrode and the second transparent electrode and a passiva-
tion layer isolated between the second transparent electrode
and the third transparent electrode.

11. The thin film transistor array substrate of claim 10,
wherein a first through hole is provided on the passivation
layer, and a second through hole is provided on both the
passivation layer and the gate insulation layer, the first pixel
electrode being electrically connected with the drain elec-
trode of the first thin film transistor via the first through hole
and the second through hole.
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12. The thin film transistor array substrate of claim 11,
wherein a third through hole is provided on the passivation
layer, the second pixel electrode being electrically connected
with a drain electrode of the second thin film transistor via the
third through hole.

13. The thin film transistor array substrate of claim 12,
wherein the common electrode lines are further formed on the
transparent substrate, a fourth through hole is provided on the
passivation layer, and a fifth through hole is provided on both
the passivation layer and the gate insulation layer, the com-
mon electrode being electrically connected with the common
electrode line via the fourth through hole and the fifth through
hole.

14. A liquid crystal display device comprising a liquid
crystal display panel and a driving circuit connected to the
liquid crystal display panel, wherein the liquid crystal display
panel comprises the thin film transistor array substrate as set
forth in claim 1, an opposed substrate and a liquid crystal
layer sandwiched between the thin film transistor array sub-
strate and the opposed substrate.

15. The liquid crystal display device of claim 14, wherein
the first horizontal electric field generated has an electric
intensity larger than that of the second horizontal electric
field.

16. The liquid crystal display device of claim 15, wherein
when the liquid crystal display device is actuated, as for a
positive pixel region, the voltages on both the first transparent
electrode and the third transparent electrode are larger than
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the voltage on the second transparent electrode, and the volt-
age on the first transparent electrode is larger than the voltage
on the third transparent electrode, and as for a negative pixel
region, the voltages on both the first pixel electrode and the
third transparent electrode are less than the voltage on the
second transparent electrode, and the voltage on the first
transparent electrode is less than the voltage on the third
transparent electrode.

17. The liquid crystal display device of claim 14, wherein
the strip-like third electrode portions and the strip-like second
electrode portions are overlapped in their central positions
along the normal direction of the substrate.

18. The liquid crystal display device of claim 17, wherein
the first transparent electrode of each pixel region is config-
ured as a whole sheet within the pixel region.

19. The liquid crystal display device of claim 17, wherein
slots are provided in the positions of the first transparent
electrode of each pixel region corresponding to the strip-like
second electrode portions, and the first transparent electrode
comprises a plurality of strip-like first electrode portions
formed by means of the slots and electrically connected to one
another, thus allowing the first pixel electrode to be config-
ured as strips within the pixel region.

20. The liquid crystal display device of claim 19, wherein
the slots provided on the first transparent electrode and the
strip-like second electrode portions are overlapped in their
central positions along the normal direction of the substrate.

s * #* ok %k



LR EH(F)

BIR R ERERMRRE D REE

patsnap

[F(2E)F US20120162558A1 [ (rE)B 2012-06-28
HiES US13/078398 HiEA 2011-04-01
HRIREEFPOAGE) BLUEEBXBEERLATF
BE (T RR)AGE) ZEXB (B ) BRATE.
HETHFER)AGE) EBXE (B ) CO.LTD.
[#R1 &% BB A CHUNG TECHEN
LIAO CHIATE
KONG XIANGJIAN
LU JIAHAO
KA CHUNG, TECHEN
LIAO, CHIATE
KONG, XIANGJIAN
LU, JIAHAO
IPCH%E GO2F1/136 HO1L29/786
CPCH#%%E GO2F1/134363 G02F2001/134372 HO1L29/41733
1k 54 201010619727.X 2010-12-28 CN
HA N FF sk US8345207
HShEREERE Espacenet USPTO
WEGE) alll
BESAERIENSTEGEXE  SMEXDIEEREENE— |
Fo-ME=FBHBEWN , EFFE - FHENBERUBEZENTRE=S
WEs  S-ERGRAEREENNES aRBI RLaEE 2n ©@ .==' ::: : ::::::f’”m
= R BN T RRE - SRS OUE | AR AR ::. b : b3
E%W%Bﬁﬁ@ﬁfﬁ’]‘?%%%f@W%ﬂﬁﬂ’ﬂﬁgo %vﬁ%:%wgﬂﬁo ..'..“."...“' 2
LRRWHAHN  EE-AEERDRZARRE—ATLS 6% @ e e s@oeeePeedd
=MEZFBRERZBFERE ZKF B , AT LUIE IES =R, = _— =



https://share-analytics.zhihuiya.com/view/16322132-d561-444b-8d1b-2c5770dfb6ad
https://worldwide.espacenet.com/patent/search/family/044490473/publication/US2012162558A1?q=US2012162558A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220120162558%22.PGNR.&OS=DN/20120162558&RS=DN/20120162558

