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A liquid crystal display device comprises a first and a second
substrates which are oppositely configured, and a liquid crys-
tal layer interposed therebetween, the first substrate compris-
ing a transparent substrate and a plurality of scanning lines
and data lines formed on the transparent substrate, the plural-
ity of scanning lines and data lines crosswise defining a plu-

(22) Filed: Sep. 23, 2011 rality of pixel regions. Each pixel region comprises at least
’ two electrode groups and a third transparent electrode pro-
(30) Foreign Application Priority Data vided between the two adjacent electrode groups, each elec-
trode group comprising a first and a second transparent elec-
Jul. 11,2011 (CN) v 201110192250.6  trodes alternately located on different layers. During
operation of the liquid crystal display device, a fringe field is
Publication Classification generated between the first and the second transparent elec-
trodes, and a horizontal electric filed is generated between the
(51) Imt.ClL first and the third transparent electrodes so as to enhance the
GO2F 1/133 (2006.01) transmittance of the whole liquid crystal display device.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority of and incorporates
by reference Chinese Patent Application No.
201110192250.6 filed Jul. 11, 2011.

FIELD OF THE INVENTION

[0002] The present invention relates to field of liquid crys-
tal display, and more particularly to a liquid crystal display
device with enhanced transmittance. BACKGROUND
[0003] Electrodes of traditional twisted nematic type liquid
crystal display (TN LCD) are separately formed on two sub-
strates, whose liquid crystal molecules rotate in the plane
orthogonal to the substrates, with high transmittance, low
power consumption and simple manufacturing process. How-
ever, the viewing angle is narrower as the orientations of
liquid crystals adjacent to surfaces of the two substrates are
orthogonal with each other. In order to realize wide viewing
angle, there exist a Fringe Field Switching (FFS) type liquid
crystal display employing a fringe field and an In Plane
Switching (IPS) type liquid crystal display employing a hori-
zontal electric field, and electrodes of the FFS type liquid
crystal display and the IPS type liquid crystal display are both
formed on the same substrate, whose liquid crystal molecules
rotate in the plane in parallel to the substrate, with improved
viewing angle but higher driving voltage needed and unde-
sirably low transmittance.

[0004] FIG. 1 is a partial plan view of a disclosed liquid
crystal display device, which discloses a liquid crystal display
device with special electrode configuration, in which, for the
sake of clarity, the second substrate is omitted; FIG. 2 is a
partially sectional view along line A-A in FIG. 1. With refer-
ence to FIGS. 1 and 2, the liquid crystal display device com-
prises a first substrate 10, a second substrate 20 and a liquid
crystal layer 30 interposed between the first substrate 10 and
the second substrate 20. The first substrate 10 comprises a
transparent substrate 101, and a plurality of scanning lines 1,
a plurality of data lines 2, a plurality of common electrode
lines 3 and thin film transistors 4 formed on the transparent
substrate 101, the plurality of scanning lines 1 and the plural-
ity of data lines 2 crosswise defining a plurality of pixel
regions. As shown in FIG. 2, common electrodes 102a and
pixel electrodes 1024 are formed by a transparent conductive
material layer which is directly formed on the transparent
substrate 101, such as ITO (Indium Tin Oxide) layer, and
common electrode lines 3 are formed by a first metal layer
likewise which is directly formed on the transparent substrate
101. 1034, 1035, 103¢, 1034 in FIG. 2 are all formed by
extension parts of common electrode lines 3 and electrically
connected, and the common electrodes 102a are directly con-
tacted with the extension parts of the common electrode lines
3 in some region resulting in electrical connection. A gate
insulation layer 104 is located upon the ITO layer and the first
metal layer directly formed on the transparent substrate, and
the data lines 105¢ and 1055 are located upon the gate insu-
lation layer 104 and formed by a second metal layer. The data
lines are covered by a passivation layer 106 upon, and a
plurality of strip-like electrodes a, b, ¢, d, e, f, g, h formed by
the ITO layer 107 are located upon the passivation layer 106,
in which a, b, e, f, g, h are all common electrodes and elec-
trically connected with the common electrode lines 3, and c,
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d are pixel electrodes and electrically connected with the
pixel electrode 1025. As shown in FIG. 1, a drain electrode of
thin film transistor 4 is electrically connected with the pixel
electrodes ¢, d via athrough hole C1, and meanwhile the pixel
electrodes c, d are electrically connected with the pixel elec-
trode 1025 via a through hole C2. Two opposite sides of each
data line both have a common electrode substantially in par-
allel to the data line so as to shield off the influence on the
pixel electrodes from the data line signal during operation of
the liquid crystal display device. As shown in FIGS. 1 and 2,
two sides of the data line 1054 have a common electrode a and
a common electrode b, and two sides of the data line 1055
have common electrodes g and h. In the direction perpendicu-
lar to the transparent substrate 101, the common electrodes a,
b, g, h, in position, respectively correspond to the extension
parts 1034, 1035, 103¢, 1034 of the common electrode lines,
and the pixel electrodes ¢, d with a gap therebetween, in
position, correspond to the common electrode 1024 located
underneath, to form an electrode group, and the common
electrodes e, f with a gap therebetween, in position, corre-
spond to the pixel electrode 1025 located underneath, to form
another electrode group. The pixel region shown in FIG. 1
only comprises these two electrode groups.

[0005] During operation of the liquid crystal display
device, the liquid crystal molecules are affected by the hori-
zontal electric field and the fringe field generated between the
pixel electrodes and the common electrodes, so as to control
the transmission of backlight to realize display of various
gray scales. FIG. 2 only illustrates the situation when the
voltage on the pixel electrodes is larger than that on the
common electrodes, the direction of whose electric field lines
is generally shown by the arrows in FI1G. 2. The liquid crystal
molecules located between the common electrode b and the
pixel electrode ¢ are affected by the horizontal electric field
from the pixel electrode ¢ to the common electrode b; the
liquid crystal molecules located between the pixel electrode ¢
and the pixel electrode d are affected by the fringe fields from
the pixel electrode ¢ to the common electrode 1024 and from
the pixel electrode d to the common electrode 102a; the liquid
crystal molecules located between the pixel electrode d and
the common electrode e are affected by the horizontal electric
field from the pixel electrode d to common electrode e; the
liquid crystal molecules located between the common elec-
trode e and the common electrode f are affected by the fringe
fields from the pixel electrode 1025 to the common electrode
e and from the pixel electrode 1025 to the common electrode
f: but as the potential between the common electrode f and the
common electrode g are equal and there is no horizontal
electric field generated, the liquid crystal molecules located
between the common electrode f and the common electrode g
(shown in dash line circular region in FIG. 2) are not affected
by any electric field, and so that no matter the liquid crystal
display device presents a light state or a dark state, the region
is always in the dark state, that is, the dash line region L in
FIG. 1 always presents the dark state, and therefore the elec-
trode configuration of this liquid crystal display device would
retard the enhancement of transmittance in pixel regions.

SUMMARY

[0006] An object of the present invention is to provide a
liquid crystal display device which is able to enhance the
transmittance.

[0007] In order to achieve the object above, one aspect of
the present invention is to provide a liquid crystal display
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device, which comprises a first substrate and a second sub-
strate which are oppositely configured, and a liquid crystal
layer interposed between the first substrate and the second
substrate, the first substrate comprising a transparent sub-
strate and a plurality of scanning lines and a plurality of data
lines formed on the transparent substrate, the plurality of
scanning lines and the plurality of data lines crosswise defin-
ing a plurality of pixel regions, each pixel region comprising
at least two electrode groups and a third transparent electrode
provided between the two adjacent electrode groups, each
electrode group comprising a first transparent electrode and a
second transparent electrode, the first transparent electrode
and the second transparent electrode being alternately located
on different layers. During operation of the liquid crystal
display device, a fringe field is generated between the first
transparent electrode and the second transparent electrode
within the electrode group, and a horizontal electric filed is
generated between the first transparent electrode of the elec-
trode group and the third transparent electrode.

[0008] Compared with the conventional FFS type liquid
crystal display device and IPS type liquid crystal display
device, the liquid crystal display device of the present inven-
tion has advantages of both FFS and IPS display modes,
which enables the rotation of liquid crystal molecules in the
plane in parallel to the substrate, and meanwhile increases the
transmittance of the whole liquid crystal display device with
lower driving voltage required.

[0009] Other aspects and features of the present invention
will become apparent with reference to the accompanying
drawings. But it is known that the accompanying drawings
are only designed for the purpose of illustration but not for
limitation of the scope of the present invention which should
be referred to the appended claims. It should be also known
that, unless otherwise specified, the drawings are not neces-
sarily drawn to scale which only try to conceptually explain
the configurations and flows described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The embodiments of the present invention will be
described in detail in combination with the accompanying
drawings hereinafter.

[0011] FIG.1isa partial plan view of a conventional liquid
crystal display device;

[0012] FIG.2isa partially sectional view along line A-A in
FIG. 1,
[0013] FIG. 3isapartially sectional view of a liquid crystal

display device according to a first embodiment of the present
invention;

[0014] FIG. 4 is a partially sectional view along line B-B in
FIG. 3;
[0015] FIG. 5 is a simulated view for the transmittance of

the liquid crystal display device according to the first embodi-
ment of the present invention; and

[0016] FIG. 6is a partially sectional view of a liquid crystal
display device according to a second embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0017] Hereinafter, the embodiments of the present inven-
tion will be described in detail in combination with the
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accompanying drawings so as to make the above objects,
features and advantages of the present invention mote appat-
ent.

[0018] It should be noted that, for the sake of clarity, the
accompanying drawings of the present invention only illus-
trate the structural features closely related to the inventive
aspects of the present invention, but omit other structural
features unrelated.

First Embodiment

[0019] FIG. 3 is a partial plan view of a liquid crystal
display device according to a first embodiment of the present
invention, and for the sake of clarity, the second substrate
therein is omitted; FIG. 4 is a partially sectional view along
line B-B in FIG. 3. With reference to FIGS. 3 and 4, the liquid
crystal display device of the present invention comprises a
first substrate 10 and a second substrate 20 which are oppo-
sitely configured, and a liquid crystal layer 30 interposed
betweenthe first substrate 10 and the second substrate 20. The
first substrate 10 comprises a transparent substrate 101 and a
plurality of scanning lines 1, a plurality of data lines 2, a
plurality of common electrode lines 3 and thin film transistors
4 formed on the transparent substrate 101, the plurality of
scanning lines 1 and the plurality of data lines 2 crosswise
defining a plurality of pixel regions.

[0020] As shown in FIGS. 3 and 4, each pixel region com-
prises at least two electrode groups 111, 112 and a third
transparent electrode 108 provided between the two adjacent
electrode groups 111, 112. In this embodiment, it is described
with the example that each pixel region comprises two elec-
trode groups 111, 112, however, the present invention is not
limited herein, each pixel region may also comprise three or
more electrode groups, the number of electrode groups
included in each pixel region may depend on the actual size of
the liquid crystal display device, and it falls within the scope
of the present invention provided that it is a solution that a
third transparent electrode is provided between every adja-
cent two electrode groups.

[0021] Each electrode group 111; 112 comprises a first
transparent electrode ¢, d; e, f and a second transparent elec-
trode 102a; 1025, and the first transparent electrode ¢, d; e, T
and the second transparent electrode 102a; 1025 are alter-
nately located on different layers.

[0022] During operation of the liquid crystal display
device, a fringe field is generated between the first electrode
¢, d; e, f and the second transparent electrode 102a; 1025
within the electrode groups 111; 112, and a horizontal electric
field is generated between the first transparent electrode d; e
of the electrode group 111; 112 and the third transparent
electrode 108.

[0023] Compared with the conventional FFS type liquid
crystal display device and IPS type liquid crystal display
device, the liquid crystal display device of the present inven-
tion has advantages of both FFS and IPS display modes,
which enables the rotation of liquid crystal molecules in the
plane in parallel to the substrate, and meanwhile increases the
transmittance of the whole liquid crystal display device with
lower driving voltage required.

[0024] Each electrode group 111; 112 comprises a pair of
separately configured first transparent electrodes c, d; e, f,
with a gap between the pair of first transparent electrodes c, d;
e, f. Preferably, the second transparent electrode 1024, 1025
is centrally located in the gap between the pair of first trans-
parent electrodes ¢, d; e, f. The first transparent electrodes c,
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d with a gap therebetween, in position, correspond to the
second transparent electrode 102a located underneath, to
form an electrode group 111, and the first transparent elec-
trodes e, f with a gap therebetween, in position, correspond to
the second transparent electrode 1025 located underneath, to
form another electrode group 112. As shown in FIGS. 3 and 4,
in this embodiment, a single pixel region only comprises
these two electrode groups, and the second transparent elec-
trode 102a; 1025 has a width W2 larger than the width L1 of
the gap between the pair of first transparent electrodes ¢, d; e,
f, and the second transparent electrode 102a, 1025 has awidth
W2 larger than the width W1 of the first transparent electrode
c, de £

[0025] Each pixel region further comprises a fourth trans-
parent electrode b, g which is provided close to the data line
2. Preferably, the fourth transparent electrodeb, g is provided
generally in parallel to the data line 2. During operation of the
liquid crystal display device, a horizontal electric field is
generated between the first transparent electrode c; f of the
electrode group 111; 112 and the fourth transparent electrode
b; g.

[0026] In this embodiment, the third transparent electrode
108 and the first transparent electrode ¢, d, e, fin the electrode
group 111, 112 are on the same layer. Preferably, the third
transparent electrode 108 is centrally located between the two
adjacent electrode groups 111, 112. Preferably, the third
transparent electrode 108 has a width W3 thatis the same with
the width W1 of the first transparent electrode. The width 1.2
of the gap between the third transparent electrode 108 and the
first transparent electrode d; e in the electrode group 111; 112
is larger than the width L1 of the gap between the pair of first
transparent electrodes ¢, d; e, f within the electrode group
111; 112.

[0027] Inthisembodiment, the fourth transparent electrode
b; g and the first transparent electrode ¢, d; e, fin the electrode
group 111; 112 are located on the same layer. The width L.3 of
the gap between the fourth transparent electrode b; g and the
first transparent electrode c; f in the electrode group 111; 112
1s equal to the width L1 of the gap between the pair of first
transparent electrodes c, d; e, f within the electrode group
111; 112,

[0028] Preferably, the first substrate 10 further comprises
common electrode line extension parts 1035, 103¢ electri-
cally connected with the common electrode line 3. The com-
mon electrode line extension parts 1035, 103¢ are provided
adjacent to the data lines 2 and the positions where the com-
mon electrode line extension parts 1035, 103¢ are located
respectively correspond to the positions where the fourth
transparent electrodes b, g are located in the direction perpen-
dicular to the transparent substrate 101.

[0029] Inthisembodiment, the first transparent electrode is
a pixel electrode, and the second transparent electrode, the
third transparent electrode and the fourth transparent elec-
trode are all common electrodes. The second transparent elec-
trode, the third transparent electrode and the fourth transpar-
ent electrode are all electrically connected with the common
electrode line.

[0030] As shown in FIG. 4, the second transparent elec-
trodes 1024, 1024, which are both common electrodes, are
formed by a first transparent conductive material layer (e.g. a
first ITO layer) directly formed on the transparent substrate
101, the common electrode line 3 and its extension parts
1034, 1035, 103¢, 1034 are formed by a first metal layer
likewise directly formed on the transparent substrate 101. A
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gate insulation layer 104 is located upon the first ITO layer
and the first metal layer directly formed on the transparent
substrate 101, and the data lines 105a and 1055 are located
upon the gate insulation layer 104 and formed by a second
metal layer. The data lines are covered by a passivation layer
106 thereon, and a plurality of strip-like first transparent
electrodes ¢, d, e, f, the third transparent electrode 108 and the
fourth transparent electrodes a, b, g, h are located upon the
passivation layer 106 and formed by a second transparent
conductive material layer (e.g. a second ITO layer) 107, in
which the first transparent electrodes ¢, d, e, f are pixel elec-
trodes, the third transparent electrode 108 and the fourth
transparent electrode a, b, g, h are all common electrodes and
electrically connected with the common electrode line 3.

[0031] Two sides of each data line both have a common
electrode substantially in parallel to the data line so as to
shield off the influence on the pixel electrode from the data
line signal during operation of the liquid crystal display
device. As shown in FIGS. 3 and 4, two sides of the data line
1054 have the common electrode a and the common electrode
b, and two sides of the data line 1055 have the common
electrode g and the common electrode h. In the direction
perpendicular to the transparent substrate 101, the common
electrodes a, b, g, 1, in position, respectively correspond to the
extension parts 1034, 1035, 103¢, 1034 of the common elec-
trode line, and the pixel electrodes c, d with a gap therebe-
tween, in position, correspond to the common electrode 1024
located underneath, and similarly, the pixel electrodes e,
with a gap therebetween, in position, correspond to the com-
mon electrode 1025 located underneath. The extension parts
1034, 1035 of the common electrode line, in position, respec-
tively corresponding to the common electrodes a, b are
located at two sides of the data line 1054, and as the extension
parts 1034, 1035 of the common electrode line are formed by
employing a metal layer, it can prevent light leakage in the
pixel region at two sides of the data line 1054, and meanwhile
further shield off the influence on the pixel electrode from the
data line signal. Likewise, the extension parts 103¢, 103d of
the common electrode line, in position, respectively corre-
sponding to the common electrodes g, h are located at two
sides of the data line 1055, and as the extension parts 103c,
103d of the common electrode line are also formed by
employing a metal layer, it can also prevent light leakage in
the pixel region at two sides of the data line 1055, and mean-
while further shield off the influence on the pixel electrode
from the data line signal.

[0032] In an embodiment, as shown in FIG. 4, the pixel
electrodes ¢, d, e, fhave the same width W1, W11s 3.5 um; the
common electrode 102a located right below the pixel elec-
trodes ¢, d and, in position, corresponding to their gap and the
common electrode 1025 located right below the pixel elec-
trodes e, fand, in position, corresponding to their gap have the
same width W2, W2 is 9 um; the width W3 of the common
electrode 108 is 3.5 pm; the widths of the overlapped parts of
the pixel electrodes c, d respectively with the common elec-
trode 102a in the vertical direction and the widths of the
overlapped parts of the pixel electrodes e, f respectively with
the common electrode 1025 in the vertical direction are all
W4, W4 is 2.25 pm. The gap width between the pixel elec-
trodes ¢ and d is equal to the gap width between the pixel
electrodes e and f, which are both L1, L1 is 4.5 um; the gap
width between the pixel electrode d and the common elec-
trode 108 is equal to the gap width between the pixel electrode
¢ and the common electrode 108, which are both L2, the
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length of 1.2 is 5.5 um; the gap width between the common
electrode b and the pixel electrode ¢ is equal to the gap width
between the common electrode g and the pixel electrode f,
which are both L3, the length of L3 is 4.5 um. But the widths
of respective electrodes and their gaps in this embodiment are
not limited hereto, for example, W1 may be in the range of3-5
um, W2 may be in the range of 7-11 pm, W3 may be in the
range of 3-5 um, W4 may be in the range of 2-3 um, L1 may
be in the range of 4-6.5 um, 1.2 may be in the range 0f 4-9 pm,
and L3 may be in the range of 4-9 um, which all may be
adjusted according to the size of different pixel regions, and
the simulated result shows that it has the highest transmit-
tance when the widths of respective electrodes and their gaps
in this embodiment are employed.

[0033] During operation of the liquid crystal display
device, the liquid crystal molecules are affected by the hori-
zontal electric field and the fringe field generated between the
pixel electrode and the common electrode, so as to control the
transmission of backlight to realize display of various gray
scales. FIG. 4 only illustrates the situation when the voltage
on the pixel electrodes is larger than that on the common
electrodes, the direction of whose electric field lines is gen-
erally shown by the arrows in FIG. 4. The liquid crystal
molecules located between the common electrode b and the
pixel electrode ¢ are affected by the horizontal electric field
from the pixel electrode c to the common electrode b; the
liquid crystal molecules located between the pixel electrode ¢
and the pixel electrode d are affected by the fringe fields from
the pixel electrode ¢ to the common electrode 1024 and from
the pixel electrode d to the common electrode 102a, the liquid
crystal molecules located between the pixel electrode d and
the common electrode 108 are affected by the horizontal
electric field from the pixel electrode d to the common elec-
trode 108; the liquid crystal molecules located between the
common electrode 108 and the pixel electrode e are affected
by thehorizontal electric field from the pixel electrode e to the
common electrode 108; the liquid crystal molecules located
between the pixel electrode e and the pixel electrode f are
affected by the fringe fields from the pixel electrode e to the
common electrode 1025 and from the pixel electrode f'to the
common electrode 1025, the liquid crystal molecules located
between the pixel electrode fand the common electrode g are
affected by the horizontal electric field from the pixel elec-
trode f to the common electrode g, so that the liquid crystal
molecules in the whole pixel region are affected by electric
fields, which overcomes the defect that the liquid crystal
molecules in part of the pixel region (i.e. between the elec-
trode f'and the electrode g) in the prior art are not affected by
any electric field, and therefore, the liquid crystal display
device of the present invention can increase the transmittance
of the whole pixel region. A single pixel region in this
embodiment has two electrode groups, but it is not limited
hereto, a single pixel region may also have a plurality of
electrode groups, the third transparent electrode is provided
between the two adjacent electrode groups, which may
enhance the transmittance of the whole pixel region. The
principle when the single pixel region has a plurality of elec-
trode groups is generally the same with this embodiment
which will be not described any more.

[0034] In this embodiment, the common electrodes 1024,
1025 directly contact with the extension parts of the common
electrode line 3 so as to realize an electrical connection of the
common electrodes 1024, 1025 with the common electrode
line 3, and electrical connections of other common electrodes
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a, b, g, h and the common electrode 108 with the common
electrode line 3 is realized via through holes, although they
are located in different layers, their electrical connections can
be realized by making through holes which is well known in
the art, which therefore will not be described any more herein.
[0035] The first substrate 10 of this embodiment may be
manufactured using the following six masking procedures.
The procedures for manufacturing the first substrate 10 of this
embodiment will be described in detail hereinafter.

[0036] By using a first masking procedure, a first transpar-
ent conductive material layer is formed and is patterned.
[0037] More particularly, a first transparent conductive
material layer and a first photoresist layer are formed in
sequence on the transparent substrate 101, the first photoresist
layer is exposed and developed by a first masking pattern so as
to form a first photoresist layer pattern which is then used as
mask to etch the first transparent conductive material layer for
patterning, so as to form strip-like common electrodes 102,
1025 by the patterned first transparent conductive material
layer, and then the first photoresist layer is removed.

[0038] By using a second masking procedure, a first metal
layer is formed and is patterned.

[0039] More particularly, a first metal layer and a second
photoresist layer are formed in sequence on the transparent
substrate 101 having the patterned first transparent conduc-
tive material layer, the second photoresist layer is exposed
and developed by a second masking pattern so as to form a
second photoresist layer pattern which is then used as mask to
etch the first metal layer for patterning, so as to form scanning
lines 1, common electrode lines 3 and their extension parts
1034, 1035, 103¢, 1034, and gate electrodes of thin film
transistors 4, and then the second photoresist layer is
removed.

[0040] By using a third masking procedure, a gate insula-
tion layer 104, an amorphous silicon layer and a doped amor-
phous silicon layer are formed in sequence and the doped
amorphous silicon layer and amorphous silicon layer are
patterned.

[0041] More particularly, a gate insulation layer 104, an
amorphous silicon layer, a doped amorphous silicon layer and
a third photoresist layer are formed in sequence on the trans-
parent substrate 101 having the second masking pattern, the
third photoresist layer is exposed and developed by a third
masking pattern so as to form a third photoresist layer pattern
which is then used as mask to etch the doped amorphous
silicon layer and the amorphous silicon layer for patterning,
so as to form semiconductor layers of thin film transistors 4,
and then the third photoresist layer is removed.

[0042] By using a fourth masking procedure, a second
metal layer is formed and is patterned.

[0043] More particularly, a second metal layer and a fourth
photoresist layer are formed in sequence on the transparent
substrate 101 having the third masking pattern, the fourth
photoresist layer is exposed and developed by a fourth mask-
ing pattern so as to form a fourth photoresist layer pattern
which is then used as mask to etch the second metal layer for
patterning, so as to form data lines 2 (data lines 1052 and 1055
formed in FIG. 4), source and drain electrodes of thin film
transistors 4 by the patterned second metal layer, and then the
fourth photoresist layer is removed.

[0044] By using a fifth masking procedure, a passivation
layer 106 is formed and is patterned.

[0045] More particularly, a passivation layer 50 and a fifth
photoresist layer are formed in sequence on the transparent
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substrate 101 having the fourth masking pattern, the fifth
photoresist layer is exposed and developed by a fifth masking
pattern so as to form a fifth photoresist layer pattern which is
then used as mask to etch the passivation layer 50 and the gate
insulation layer 104 under the passivation layer 50 for pat-
terning, so as to respectively form through holes enabling the
electrical connection of the later formed common electrodes
a, b, g, h, 108 with the common electrode lines, and form
through holes enabling the electrical connection of the later
formed pixel electrodes c, d, e, f with the drain electrodes of
the thin film transistors 4, and then the fifth photoresist layer
is removed.

[0046] By using a sixth masking procedure, a second trans-
parent conductive material layer is formed and is patterned.
[0047] More particularly, a second transparent conductive
material layer and a sixth photoresist layer are formed in
sequence on the transparent substrate 101 having the fifth
masking pattern, the sixth photoresist layer is exposed and
developed by a sixth masking pattern so as to form a sixth
photoresist layer pattern which is then used as mask to etch
the second transparent conductive material layer for pattern-
ing, so as to form a plurality of strip-like common electrodes
a, b, g, h, 108 electrically connected to one another and a
plurality of strip-like pixel electrodes c, d, e, f electrically
connected to one another, and then the sixth photoresist layer
is removed.

[0048] The first substrate 10 according to an embodiment
of the present invention is formed after the above procedures.
[0049] In the above six masking procedures for the first
substrate 10, the first and the second masking procedures can
be interchangeable, that is, the first metal layer pattern is
firstly formed, and then the first transparent conductive mate-
rial layer pattern is formed. This manufacturing method is
similar to the above, and therefore it will not be described any
more herein.

[0050] FIG. 5 is a simulated view for the transmittance of
the liquid crystal display device according to the first embodi-
ment of the present invention, and it can obviously seen from
FIG. 5 that the liquid crystal molecules located between the
pixel electrode f and the common electrode g shown in FIG.
4 are affected by the horizontal electric field from the pixel
electrode f'to the common electrode g, and the transmittance
in this position is higher, so as to overcome the defect that the
liquid crystal molecules located between the electrode f and
the electrode g in the prior art are not affected by any electric
field resulting in almost zero transmittance, and therefore the
transmittance of the whole pixel region is enhanced.

Second Embodiment

[0051] The similarity between the liquid crystal display
devices of the second and the first embodiments will not be
described any more herein, and the difference therebetween
lies in that, in the liquid crystal display device of the second
embodiment, the third transparent electrode 108 and the sec-
ond transparent electrodes 1024, 1025 are located on the same
layer, that 1s, the common electrode 108 is formed by the first
transparent conductive material layer, which is formed on the
same layer with the common electrodes 1024, 1025.

[0052] During operation of the liquid crystal display
device, the liquid crystal display device of the second
embodiment can also generate the horizontal electric field
and the fringe field in the liquid crystal molecules similar to
the first embodiment, as shown in FIG. 6, and likewise, the
liquid crystal molecules between the pixel electrode fand the
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common electrode g are affected by the horizontal electric
field from the pixel electrode f'to the common electrode g, and
the transmittance in this position is higher, so as to overcome
the defect that the liquid crystal molecules located between
the electrode f and the electrode g in the prior art are not
affected by any electric field resulting in almost zero trans-
mittance, and therefore the transmittance of the whole pixel
region is enhanced.

[0053] The liquid crystal display device provided by the
invention is described in detail above, and particular
examples are used herein to explain the principle and embodi-
ments of the present invention, and the above description of
the embodiments is only used to help understanding the meth-
ods and core concept of the present invention; meanwhile,
one skilled in the art may make various variations on embodi-
ments and scope of application based on the concepts of the
present invention. In view of the foregoing, the contents of the
specification should not be construed as limitations to the
scope of the present invention which should be referred to the
appended claims.

What is claimed is:

1. A liquid crystal display device, comprising a first sub-
strate and a second substrate which are oppositely configured,
and a liquid crystal layer interposed between the first sub-
strate and the second substrate, the first substrate comprising
a transparent substrate and a plurality of scanning lines and a
plurality of data lines formed on the transparent substrate, the
plurality of scanning lines and the plurality of data lines
crosswise defining a plurality of pixel regions, wherein each
pixel region comprises:

at least two electrode groups, each electrode group com-

prising a first transparent electrode and a second trans-
parent electrode, the first transparent electrode and the
second transparent electrode being alternately located
on different layers; and

a third transparent electrode, which is provided between

the two adjacent electrode groups,

wherein during operation of the liquid crystal display

device, a fringe field is generated between the first trans-
parent electrode and the second transparent electrode
within the electrode group, and a horizontal electric filed
is generated between the first transparent electrode of
the electrode group and the third transparent electrode.

2. The liquid crystal display device as set forth in claim 1,
wherein each pixel region further comprises a fourth trans-
parent electrode which is provided close to the data line, and
during operation of the liquid crystal display device, a hori-
zontal electric field is generated between the first transparent
electrode of the electrode group and the fourth transparent
electrode.

3. The liquid crystal display device as set forth in claim 2,
wherein each electrode group comprises a pair of separately
configured first transparent electrodes, with a gap between the
pair of first transparent electrodes.

4. The liquid crystal display device as set forth in claim 3,
wherein the second transparent electrode is centrally located
in the gap between the pair of first transparent electrodes, and
the second transparent electrode has a width larger than the
width of the gap between the pair of first transparent elec-
trodes.

5. The liquid crystal display device as set forth in claim 4,
wherein the second transparent electrode has a width larger
than the width of the first transparent electrode.
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6. The liquid crystal display device as set forth in claim 2,
wherein the third transparent electrode and the first transpar-
ent electrode are located on the same layer.

7. The liquid crystal display device as set forth in claim 2,
wherein the third transparent electrode and the second trans-
parent electrode are located on the same layer.

8. The liquid crystal display device as set forth in claim 1,
wherein the third transparent electrode is centrally located
between the two adjacent electrode groups.

9. The liquid crystal display device as set forth in claim 2,
wherein the fourth transparent electrode is provided generally
in parallel with the data line.

10. The liquid crystal display device as set forth in claim 2,
wherein the first transparent electrode is a pixel electrode, and
the second transparent electrode, the third transparent elec-
trode and the fourth transparent electrode are all common
electrodes.

11. The liquid crystal display device as set forth in claim
10, wherein the first substrate further comprises a plurality of
common electrode lines formed on the transparent substrate,
and the second transparent electrode, the third transparent
electrode and the fourth transparent electrode are all electri-
cally connected with the common electrode line.

12. The liquid crystal display device as set forth in claim
11, wherein the fourth transparent electrode and the first
transparent electrode are located on the same layer.
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13. The liquid crystal display device as set forth in claim
12, wherein the first substrate further comprises common
electrode line extension parts electrically connected with the
common electrode lines which are provided close to the data
lines.

14. The liquid crystal display device as set forth in claim
13, wherein in the direction perpendicular to the transparent
substrate, the position where the common electrode line
extension part is located corresponds to the position where the
fourth transparent electrode is located.

15. The liquid crystal display device as set forth in claim 5,
wherein the third transparent electrode has the same width
with the first transparent electrode.

16. The liquid crystal display device as set forth in claim
15, wherein the width of the gap between the third transparent
electrode and the first transparent electrode in the electrode
group is larger than the width of the gap between the pair of
first transparent electrodes within the electrode group.

17. The liquid crystal display device as set forth in claim
16, wherein the width of the gap between the fourth transpar-
ent electrode and the first transparent electrode in the elec-
trode group is equal to the width of the gap between the pair
of first transparent electrodes within the electrode group.
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