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Provided is a liquid crystal display device, including a first
and second substrates, the second substrate including data
signal lines, gate signal lines, pixel electrodes, a plurality of
common electrodes that extend in one of a column direction
and a row direction, and a plurality of shield electrodes over-
lapping at least one of the data signal lines or the gate signal
lines, the plurality of common electrodes including a first
common electrode to which a first voltage is supplied and a
second common electrode to which a second voltage is sup-
plied, the first common electrode and the second common
electrode being alternately arranged in one of the row direc-
tion and the column direction, in which, in plan view, each of
the plurality of shield electrodes is formed to overlap at least
a gap formed between the first common electrode and the
second common electrode that are adjacent to each other.
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LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP2013-060133 filed on Mar. 22, 2013, the
content of which is hereby incorporated by reference into this
application.

TECHNICAL FIELD

[0002] The present application relates to a liquid crystal
display device, and more particularly, to a lateral electric field
liquid crystal display device and a driving method therefor.

BACKGROUND

[0003] A lateral electric field liquid crystal display device
includes, on one of a pair of substrates arranged so as to be
opposed to each other via liquid crystal, a pixel electrode and
a common electrode in each pixel region on the liquid crystal
side. In this configuration, an electric field in a direction
parallel to the substrate (lateral electric field) is generated
between the pixel electrode and the common electrode so that
the lateral electric field is applied to the liquid crystal to drive
the liquid crystal. In this manner, the amount of light passing
through the region between the pixel electrode and the com-
mon electrode is controlled to display an image. The lateral
electric field liquid crystal display device is disclosed in, for
example, Japanese Patent Application Laid-open No. 2010-
9004.

[0004] Thelateral electric field liquid crystal display device
has an advantage in that display change is small even when
the device is viewed from a direction oblique to a display
surface, that is, the device is excellent in so-called wide view-
ing angle characteristics.

SUMMARY

[0005] However, in the related-art lateral electric field lig-
uid crystal display device, the common electrode is formed
into a solid shape provided in common to the respective pixel
regions. Therefore, a voltage of the common electrode (com-
mon voltage) is set to a constant value. Therefore, a voltage to
be supplied to the pixel electrode (data voltage) increases,
which causes a problem of increase in power consumption.
[0006] The present invention has been made in view of the
above-mentioned problem, and has an object to reduce power
consumption in a lateral electric field liquid crystal display
device.

[0007] In the general aspect, the present application
describes a liquid crystal display apparatus that includes a
first substrate on a display surface side and a second substrate
on a rear surface side, which are arranged so as to be opposed
to each other via liquid crystal, the second substrate compris-
ing a plurality of data signal lines, a plurality of gate signal
lines, a plurality of pixels arrayed in a row direction and a
column direction, a plurality of pixel electrodes formed indi-
vidually so as to correspond to the plurality of pixels, respec-
tively, a plurality of common electrodes that extend in one of
the column direction and the row direction and are arranged
so as to be opposed to the plurality of pixel electrodes, and a
plurality of shield electrodes overlapping, through interme-
diation of an insulating film, at least one of the plurality of
data signal lines and the plurality of gate signal lines. The
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plurality of common electrodes include a first common elec-
trode to which a first voltage is supplied and a second com-
mon electrode to which a second voltage different from the
first voltage is supplied, the first common electrode and the
second common electrode being alternately arranged in one
of the row direction and the column direction. In plan view,
each of the plurality of shield electrodes is formed to overlap
at least a gap formed between the first common electrode and
the second common electrode that are adjacent to each other.
[0008] The above general aspect may include one or more
of the following features. Each of the plurality of common
electrodes extends in the column direction in which the plu-
rality of data signal lines may extend, and is formed for each
pixel column. The first common electrode is formed in an odd
column, and the second common electrode is formed in an
even column,

[0009] Each of the plurality of common electrodes may
extend in the row direction in which the plurality of gate
signal lines extend, and is formed for each pixel row. The first
common electrode is formed in an odd row, and the second
common electrode is formed in an even row.

[0010] Inplan view, the gap formed between the first com-
mon electrode and the second common electrode that are
adjacent to each other may overlap corresponding one of the
plurality of data signal lines.

[0011] Inplan view, the gap formed between the first com-
mon electrode and the second common electrode that are
adjacent to each other may overlap corresponding one of the
plurality of gate signal lines.

[0012] The second substrate may further include a bridge
electrode for connecting adjacent two of the plurality of
shield electrodes to each other.

[0013] The plurality of shield electrodes may be arranged
in a grid shape so as to overlap each of the plurality of data
signal lines and the plurality of gate signal lines through
intermediation of the insulating film.

[0014] The plurality of shield electrodes may be formed in
the same layer as the plurality of pixel electrodes with the
same material.

[0015] The plurality of shield electrodes may be formed in
a floating state.
[0016] The liquid crystal display device may further

include a light shielding material formed on an end portion of
each of the plurality of common electrodes.

[0017] Each of the plurality of pixel electrodes may have an
aperture portion formed therein.

[0018] The second substrate may include the plurality of
gate signal lines, a gate insulating film, the plurality of data
signal lines, an organic insulating film, an interlayer insulat-
ing film, the plurality of common electrodes, an interlayer
insulating film, and the plurality of pixel electrodes and the
plurality of shield electrodes formed in the same layer, which
are laminated in the stated order from a glass substrate side.
[0019] In another general aspect, the present application
describes that a driving method for a liquid crystal display
device includes a first substrate on a display surface side and
a second substrate on a rear surface side, which are arranged
so as to be opposed to each other via liquid crystal. The
second substrate includes a plurality of data signal lines, a
plurality of gate signal lines, a plurality of pixels arrayed in a
row direction and a column direction, a plurality of pixel
electrodes formed individually so as to correspond to the
plurality of pixels, respectively, and a plurality of common
electrodes that extend in one of the column direction and the
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row direction and are arranged so as to be opposed to the
plurality of pixel electrodes. The plurality of common elec-
trodes include a first common electrode and a second com-
mon electrode that are alternately arranged in one of the row
direction and the column direction. The driving method
includes supplying a first voltage to the first common elec-
trode and supplying a second voltage different from the first
voltage to the second common electrode.

[0020] The driving method for a liquid crystal display
device may further include inverting, for each pixel column,
a polarity of a pixel voltage to be applied to each of the
plurality of pixels.

[0021] The driving method for a liquid crystal display
device may further include inverting, for each pixel row, a
polarity of a pixel voltage to be applied to each of the plurality
of pixels.

[0022] The driving method for a liquid crystal display
device may further includes inverting, for every at least one
frame, the polarity of the pixel voltage to be applied to each of
the plurality of pixels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a diagram illustrating the entire configu-
ration of a liquid crystal display device according to a first
embodiment of the present application.

[0024] FIG. 2A is a diagram illustrating an equivalent cir-
cuit of a liquid crystal display panel in the liquid crystal
display device illustrated in FIG. 1.

[0025] FIG. 2B is a timing chart of a drive voltage for a
pixel in an odd column.

[0026] FIG. 2C is a timing chart of a drive voltage for a
pixel in an even column.

[0027] FIG. 3 is a plan view of a plurality of pixels of the
liquid crystal display panel in the liquid crystal display device
illustrated in FIG. 1.

[0028] FIG. 4 is a plan view of a single pixel of the liquid
crystal display panel in the liquid crystal display device illus-
trated in FIG. 1.

[0029] FIG.5isa sectional view taken along the line 5-5' of
the liquid crystal display panel illustrated in FIG. 4.

[0030] FIG. 61sa sectional view taken along the line 6-6' of
the liquid crystal display panel illustrated in FIG. 4.

[0031] FIG. 7isa sectional view taken along the line 7-7' of
the liquid crystal display panel illustrated in FIG. 4.

[0032] FIG. 8A is a plan view illustrating a first step in a
TFT manufacturing process in the liquid crystal display panel
illustrated in FIG. 4.

[0033] FIG. 8B is a sectional view taken along the line b-b'
of the liquid crystal display panel illustrated in FIG. 8A.
[0034] FIG.9A is a plan view illustrating a second step in
the TFT manufacturing process in the liquid crystal display
panel illustrated in FIG. 4.

[0035] FIG. 9B is a sectional view taken along the line b-b'
of the liquid crystal display panel illustrated in FI1G. 9A.
[0036] FIG.10A isaplan view illustrating a third step in the
TFT manufacturing process in the liquid crystal display panel
illustrated in FIG. 4.

[0037] FIG.10Bisa sectional view taken along the line b-b'
of the liquid crystal display panel illustrated in FIG. 10A.
[0038] FIG. 11A is a plan view illustrating a fourth step in
the TFT manufacturing process in the liquid crystal display
panel illustrated in FIG. 4.

[0039] FIG.11Bisasectional view taken along the line b-b'
of the liquid crystal display panel illustrated in FI1G. 11A.
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[0040] FIG. 12A is a plan view illustrating a fifth step in the
TFT manufacturing process in the liquid crystal display panel
illustrated in FIG. 4.

[0041] FIG. 12Bisa sectional view taken along the line b-b'
of the liquid crystal display panel illustrated in FIG. 12A.
[0042] FIG.13Aisaplan view illustrating a sixth step in the
TFT manufacturing process in the liquid crystal display panel
illustrated in FIG. 4.

[0043] FIG. 13Bisa sectional view taken along theline b-b'
of the liquid crystal display panel illustrated in FIG. 13A.
[0044] FIG. 14 is a diagram illustrating the entire configu-
ration of a liquid crystal display device according to a second
embodiment of the present application.

[0045] FIG. 15 is a plan view of a single pixel of a liquid
crystal display panel in the liquid crystal display device illus-
trated in FIG. 14.

[0046] FIG. 16 is a sectional view taken along the line
16-16' of the liquid crystal display panel illustrated in FIG.
15.

[0047] FIG. 17 is a sectional view taken along the line
17-17 of the liquid crystal display panel illustrated in FIG.
15.

[0048] FIG. 18 is a diagram illustrating polarity change of
a pixel voltage in column line inversion drive.

[0049] FIG. 19 is a diagram illustrating polarity change of
a pixel voltage in row line inversion drive.

DETAILED DESCRIPTION

[0050] Embodiments of the present application are
described below with reference to the drawings.

First Embodiment

[0051] FIG. 1 is a diagram illustrating the entire configu-
ration of a liquid crystal display device according to a first
embodiment of the present application. A liquid crystal dis-
play device LCD includes a screen display region DIA and a
driving circuit region for driving the screen display region
DIA. The screen display region DIA includes a plurality of
pixel regions arranged in matrix in a row direction and a
column direction. The pixel regions perform active matrix
display. Specifically, a gate voltage is supplied from a gate
line driving circuit to gate signal lines G1, G2, and Gn, and a
video data voltage is supplied from a data line driving circuit
to data signal lines D1, D2, and Dm. The gate voltage turns on
or off a thin film transistor TFT to supply the data voltage to
apixel electrode. An electric field generated between the data
voltage supplied to the pixel electrode and a common voltage
supplied from a common electrode drive inverting circuit
drives a liquid crystal layer LC. In this manner, transmittance
of light is controlled to display an image. In order to prevent
voltage reduction in the liquid crystal layer LC, a storage
capacitor STG is formed in each pixel region. The common
voltage is supplied via common electrode metal wiring MSL
connected to the common electrode drive inverting circuit to
a transparent common electrode CT provided in the screen
display region DIA.

[0052] In the active matrix arrangement in the screen dis-
play region DIA of the liquid crystal display device LCD
according to this embodiment, the common electrode metal
wiring MSL is collected for each of the odd column and the
even column in a vertical direction (column direction) to be
connected to the common electrode drive inverting circuit.
Therefore, the common electrode drive inverting circuit has a
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configuration capable of simultaneously supplying common
voltages having different polarities from each other to the odd
column and the even column, that is, a common voltage
having a positive polarity with respect to a center voltage and
a common voltage having a negative polarity with respect to
the center voltage.

[0053] Color display may be achieved by applying a
desired data voltage to each of the data signal lines D1(R),
D2(G), and D3(B) connected to pixels of red (R), green (G),
and blue (B), which are formed of vertical-stripe color filters.
[0054] FIG. 2A illustrates an equivalent circuit of two pix-
els adjacent to each other in the lateral direction, which are
connected to a single gate signal line. FIGS. 2B and 2C
illustrate timing charts of drive voltages for pixels in the odd
column and the even column, respectively.

[0055] At terminals in the equivalent circuit of each pixel of
FIG. 2A, a gate-on voltage Vgl is applied to the gate signal
line of the thin film transistor TFT, a data voltage Vdatal is
applied to the data signal line of the odd column, a data
voltage Vdata2 is applied to the data signal line of the even
column, Veom(odd) is applied to the common electrode of the
odd column, and Vcom(even) is applied to the common elec-
trode of the even column. In the vicinity of the data signal line
and the vicinity of the gate signal line, a shield voltage Vsl is
applied as another voltage. In this embodiment, the common
electrode is divided for each column. That is, the common
electrode is divided above the data signal line, and hence the
data signal line as a source of electric field noise cannot be
shielded with the common electrode. Therefore, another fixed
voltage (shield voltage Vsl) is applied to shield the data signal
line.

[0056] A common gate signal line is used in the timing
charts of FIGS. 2B and 2C, and hence a pulsed gate-on volt-
age Vgl is simultaneously supplied to the gate signal line for
pixels in the odd column and the even column. The liquid
crystal display device LCD is an in-plane switching (IPS)
(so-called lateral electric field) liquid crystal display device
that exhibits black display when the data voltage is low and
exhibits white display when the data voltage increases. The
liquid crystal layer LC is driven when a liquid crystal drive
voltage Vled corresponding to a difference voltage between a
pixel voltage (substantially the data voltage) and the common
voltage is applied thereto. FIGS. 2B and 2C are timing charts
of voltages corresponding to white display.

[0057] In the timing chart of FIG. 2B, when the gate-on
voltage Vg1 is applied during a first-half frame period, the
data voltage becomes higher (positive) with respect to the
center of the amplitude of the data voltage Vdatal, and simul-
taneously the common voltage Vcom(odd) becomes lower
(negative) with respect to the center of the amplitude of the
common voltage. The difference voltage Vlcd therebetween
is applied to the liquid crystal layer LC. As described above,
avoltage value obtained by adding the amplitude of the com-
mon voltage Veom(odd) to the amplitude of the data voltage
Vdatal is applied to the liquid crystal layer LC to drive the
liquid crystal layer L.C. The data line driving circuit supplies
the data voltage Vdatal from a driver IC, and further is
required to supply a display voltage in 256 levels besides the
white display. Therefore, the cost of the data line driving
circuit is high, and the cost of the data line driving circuit
depends on the maximum voltage value. On the other hand,
the amplitude of the common voltage is constant regardless of
the display gray-scale. That is, binary voltages are only
required to be supplied, and an inexpensive power amplifier
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may be used. When the common electrodes in the column
direction are connected to each other and the common voltage
is oscillated as in this embodiment, a lower data voltage can
be used for drive, and hence the cost can be reduced. Further,
as for the power consumption in the circuit system, the ampli-
tude of the data voltage is larger than the amplitude of the
common voltage, and hence, as a result, an effect of reduction
in power consumption can be obtained due to the lowered data
voltage.

[0058] The shield voltage Vsl is a center voltage of the
amplitude of the common voltage Vcom(odd). Note that, in
this embodiment, the common voltage Vcom{odd) of the odd
column and the common voltage Vcom(even) of the even
column each have the same amplitude center, and hence the
shield voltage Vsl automatically becomes the center voltage
as long as a shield electrode strongly capacitively-couples to
(overlaps, through intermediation of an insulating film, with)
the common electrode of the odd column or the even column.
Therefore, the shield voltage Vsl is automatically settled to
the above-mentioned center voltage without providing a spe-
cial power supply. As described above, the shield electrode
can be formed in a floating state, and hence a power supply
and also connection wiring can be omitted. Thus, itis possible
to obtain effects of cost reduction and elimination of connec-
tion failure.

[0059] Thetiming chart of FIG. 2C illustrates the voltage to
be supplied to a pixel in the even column. In this case, the data
voltage Vdata2 is negative in the first-half frame, and is posi-
tive in the latter-half frame. On the other hand, the common
voltage Veom(even) is positive in the first-half frame, and is
negativeinthe latter-half frame. That is, the common voltages
for the odd column and the even column oscillate so as to
constantly have inverted polarities. Similarly, the data volt-
ages for the odd column and the even column have polarities
different from each other. This enables data voltage drive in
column inversion (column line inversion). In this data voltage
drive, the common voltage and the data voltage are oscillated
in opposite directions to achieve lower voltage drive. In this
manner, it is possible to provide the liquid crystal display
device LCD that enables low power consumption at low cost.
[0060] FIG. 3 is a plan view extracting, from the liquid
crystal display device LCD, three pixels arrayed in the lateral
direction and two pixels arrayed in the vertical direction, that
is, six pixels. A gate signal line GL is wiring for supplying a
gate voltage to the thin film transistor TFT, and a data signal
line DL is wiring for supplying a data voltage to the thin film
transistor TFT. FIG. 3 illustrates, in one of the plurality of
pixels, as an example, a planar configuration of'a black matrix
BM formed on a first substrate SUB1 on the display surface
side. Upper surfaces ofthe data signal line DL, the gate signal
line GL, and the thin film transistor TFT are covered with the
black matrix BM having a light shielding effect. An aperture
portion is formed at a center portion of the black matrix BM.
By increasing the size (aperture ratio) of the aperture portion
in asingle pixel, itis possible to achieve a bright liquid crystal
display device LCD with low power consumption.

[0061] FIG. 41is a detailed plan view of a single pixel, FIG.
5is a sectional view taken along the line 5-5' of FIG. 4, FIG.
6 1s a sectional view taken along the line 6-6' of FIG. 4, and
FIG. 7 is a sectional view taken along the line 7-7' of FIG. 4.
[0062] FIG. 4is a plan view of a region outlined by dotted
lines of FIG. 3, which includes a single pixel surrounded by
the thin film transistor TFT, the gate signal lines GL, and the
data signal lines DL and adjacent surrounding pixels. The
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planar arrangement of the pixels and the function thereof are
described below. The gate signal line GL is formed of a low
resistance metal layer, and is connected to the gate line driv-
ing circuit of FIG. 1 to be supplied with the gate voltage. On
the other hand, the data signal line DL is also formed of a low
resistance metal layer, and is connected to the data line driv-
ing circuit of FIG. 1 to be supplied with the video data voltage.
When the gate-on voltage is supplied to the gate signal line
GL, a semiconductor layer SEM of the thin film transistor
TFT decreases its resistance. The voltage of the data signal
line DL is transmitted to a source electrode SM formed of a
low resistance metal layer, and then is transmitted to a trans-
parent pixel electrode PIT (ITO1) connected to the source
electrode SM via a contact hole CONT. In this case, the
transparent electrode is used not only as the pixel electrode
PIT but also for connection to the outside of the liquid crystal
display panel. Therefore, the material of the transparent elec-
trode is referred to as ITO1.

[0063] As for the common voltage that is the other voltage
to be applied to the liquid crystal layer LC, a voltage having
an odd-side polarity is applied from the common electrode
drive inverting circuit of FIG. 1 to the transparent common
electrode CT (ITO2) of the pixel in the odd column, and a
voltage having an even-side polarity is applied from the com-
mon electrode drive inverting circuit of FIG. 1 to the trans-
parent common electrode CT (ITO2) of the pixel in the even
column. The transparent common electrode CT is made of a
second transparent electrode material ITO2. The transparent
pixel electrode PIT is laminated on the transparent common
electrode CT through intermediation of an insulating film.
Further, the transparent pixel electrode PIT has a slit (aperture
portion) formed in a display region of a single pixel. An
electric field of the transparent pixel electrode PIT is applied
through the slit to the liquid crystal layer for liquid crystal
drive, and the electric field reaches the transparent common
electrode CT to enable display. Note that, the shape of the slit
is not particularly limited. The slit may have an elongated
shape, or may be a general rectangular or elliptical aperture
portion.

[0064] Thetransparent common electrode CT is divided for
each data signal line DL in the vertical direction (column
direction), and extends in the column direction across the gate
signal line GL. Therefore, the transparent common electrode
CT does not cover the data signal line DL from above. That is,
in plan view, a gap between the adjacent transparent common
electrodes CT overlaps the data signal line DL. When the data
signal line DL is not covered with and shielded by a fixed
voltage, the change of voltage sequentially sent from the data
signal line DL enters the liquid crystal layer LC as electric
field noise to cause malfunction. In order to prevent this
malfunction, the width ofthe black matrix BM formed on the
first transparent substrate SUB1 and above the data signal line
DL needs to be increased. As a result, the aperture ratio is
markedly decreased.

[0065] In view of this point, in the liquid crystal display
device LCD according to this embodiment, a shield transpar-
ent electrode SIT formed by patterning and separating a film
made of the first transparent electrode material 1101, which is
formed in the same step as the transparent pixel electrode PIT,
is arranged above the data signal line DL. In this manner, a
shielding effect can be improved, and a high aperture ratio can
be maintained because it is unnecessary to increase the width
of the black matrix BM. Further, the shield transparent elec-
trode SIT can be formed in the same layer as the transparent
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pixel electrode PIT with the same material, and hence the
manufacturing process of the liquid crystal display device
LCD can be simplified.

[0066] The shield transparent electrode SIT is set in a state
in which a center voltage of a voltage whose polarity is
invertible is applied to each of the odd column and the even
column or a floating state in which no voltage is applied
thereto. Further, the voltage to be applied to the shield trans-
parent electrode SIT may be set to a voltage slightly lower
than the center voltage so that the flicker of the screen
becomes minimum. The shield transparent electrode SIT is
arranged so as to cover the data signal line DL and formed into
amesh shape (grid shape) in the entire screen display region
DIA. With this, a large capacitive coupling is formed between
the shield transparent electrode SIT and the transparent com-
mon electrodes CT of the odd column and the even column
even when a voltage is not supplied to the shield transparent
electrode SIT. Therefore, a constant value close to the ampli-
tude center of the common voltage can be stably obtained, and
the shielding effect can be maintained. Further, it is unneces-
sary to supply a voltage to the shield transparent electrode
SIT, and hence increase in power consumption can be pre-
vented. Note that, the shape of the shield transparent electrode
SIT is not limited to the grid shape. For example, the shield
transparent electrode SIT may be formed into a ladder shape
by connecting adjacent shield electrodes to each other by a
bridge electrode. The number of the bridge electrodes is not
particularly limited, and the bridge electrode may be provided
for every single pixel or for every plurality of pixels. When the
bridge electrode is formed for every plurality of pixels, the
aperture ratio can be more improved as compared to the case
where the shield transparent electrode SIT is formed into a
grid shape.

[0067] FIG. 5isa sectional view taken along the line 5-5' of
FIG. 4. Components, functions, and employed materials of
the sectional structure of the pixel are described below. The
liquid crystal layer LC is sandwiched between two transpar-
ent substrates, that is, the first transparent substrate SUB1
(first substrate) on the display surface side and a second
transparent substrate SUB2 (second substrate) on the rear
surface side. In the liquid crystal layer L.C, positive liquid
crystal molecules LCM whose long axes are aligned in the
electric field direction are sealed. The liquid crystal layer LC
has a thickness of 3 pm to 4 pm. The first transparent substrate
SUBT1 and the second transparent substrate SUB2 are made of
glass. The thickness thereof is 0.4 mm to 0.7 mm in the
manufacturing process, but after the liquid crystal layer LC is
finally sealed, and the first transparent substrate SUB1 and the
second transparent substrate SUB2 are chemically polished
after being formed, the thickness may be reduced to about 0.2
mm. The present implementations are applicable even when
plastic is used as the substrate material other than glass.

[0068] A first polarizing plate POL1 and a second polariz-
ing plate POL2 are attached to the outer sides of the first
transparent substrate SUB1 and the second transparent sub-
strate SUB2, respectively. Light of a backlight unit is polar-
ized by the second polarizing plate POL2 and enters the liquid
crystal layer LC. In the liquid crystal layer LC, the light
becomes elliptically polarized light due to an optical birefrin-
gence effect. After that, the light further becomes linear polar-
ized light when the light passes through the first polarizing
plate POL1 on the outer side of the first transparent substrate
SUBL. In the liquid crystal display device LCD of this
embodiment, the polarizing axes of the first polarizing plate
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POL1 and the second polarizing plate POL2 are provided
orthogonal to each other (so-called cross-Nicol). Therefore,
when an electric field is not applied to the liquid crystal layer
LC (non-electric field state), the light of the backlight unit
may pass through the liquid crystal layer LC, but is blocked
by the first polarizing plate POL1. In this manner, black
display is achieved. On the other hand, when a voltage is
applied mainly between the transparent pixel electrode PIT
and the transparent common electrode CT and thus an electric
field is applied to the liquid crystal layer LC, the liquid crystal
layer LC changes the light to elliptically polarized light by the
birefringence operation, and the transmittance can be
changed in accordance with the drive voltage. Therefore, a
display range from gray-scale to white display is available.

[0069] In the liquid crystal layer LC, a first alignment film
AL1 on the front surface side and a second alignment film
AL2 on the rear surface side are formed, which can fix the
liquid crystal molecules LCM. The alignment films AL1 and
AL2 each contain polyimide as a main component. The sur-
faces of the alignment films AL1 and AL2 are subjected to
rubbing processing or irradiated with a polarized ultraviolet
ray, to thereby enable alignment of the liquid crystal mol-
ecules LCM. Color display is achieved by causing light to
pass through a color filter CF formed on the first transparent
substrate SUB1 and containing pigments as colored layers.
Pigments may dissolve in the liquid crystal layer LC to
become a stain source, and hence the surface of the color filter
CF is covered with an overcoat film OC made of an organic
material. The overcoat film OC also has an effect of planariz-
ing the surface.

[0070] Depending on the type of the semiconductor layer
SEM, when the semiconductor layer SEM is directly irradi-
ated with outside light, the resistance of the semiconductor
layer SEM may decrease, and thus the storage characteristics
of the liquid crystal display device LCD may be lowered,
which may inhibit satisfactory image display. Therefore, the
black matrix BM is formed on the first transparent substrate
SUB1 and above the semiconductor layer SEM. The black
matrix BM is also arranged at a boundary between pixels of
the color filter CF, to thereby prevent color mixture caused
when light beams of adjacent pixels are viewed from an
oblique direction. Thus, the black matrix BM provides such a
great effect that an image can be displayed without blurring.
Note that, when the width of the black matrix BM is too large,
the aperture ratio and the transmittance are reduced. There-
fore, in order to achieve bright and low power consumption
characteristics in a high resolution liquid crystal display
device, it is the greatest challenge to decrease the width of the
black matrix BM as minimum as possible to the extent that
color mixture is not caused when obliquely viewed. The black
matrix BM is made of a resin material or a metal material
using a black pigment.

[0071] InFIG. 5, similarly to the planar configuration, in a
single pixel, the drive voltage is applied to one transparent
pixel electrode PIT and the other transparent common elec-
trode CT when the liquid crystal layer LC is assumed as a
capacitor. First, a gate-on voltage is applied to the gate signal
line GL formed of a metal layer. The gate signal line GL is
made of a metal material containing aluminum (Al), molyb-
denum (Mo), titanium (Ti), or copper (Cu) as a main compo-
nent, a plurality of laminate layers made ofthe above, an alloy
obtained by adding tungsten (W) or manganese (Mn) to the
above-mentioned metal material, or a laminate metal layer
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obtained by combining the above. The gate signal line GL has
a thickness of 100 nm to 300 nm.

[0072] A gate insulating film GSN is formed on the gate
signal line GL. The gate insulating film GSN is made of
silicon nitride by plasma-enhanced chemical vapor deposi-
tion (CVD). Note that, in the liquid crystal display device
LCD of this embodiment, the gate insulating film GSN may
be made of silicon dioxide or alumina. The semiconductor
layer SEM is arranged above the gate signal line GL, and is
processed to have an island shape. The semiconductor layer
SEM is made of amorphous silicon when combining with
silicon nitride, and is made of oxide semiconductor or low-
temperature polysilicon when combining with silicon diox-
ide. As oxide semiconductor, indium gallium zinc oxide may
be used.

[0073] In order to take out current of the semiconductor
layer SEM, the data signal line DL and the source electrode
SM are formed. The data signal line DL and the source elec-
trode SM are each formed of a low resistance metal material
in the same step. The metal material may be a metal material
containing aluminum (Al), molybdenum (Mo), titanium (Ti),
or copper (Cu) as a main component, a plurality of laminate
layers made of the above, an alloy obtained by adding tung-
sten (W) or manganese (Mn) to the above-mentioned metal
material, or alaminate metal layer obtained by combining the
above.

[0074] A protective insulating film PAS is formed on the
data signal line DL and the source electrode SM. The protec-
tive insulating film PAS may be made of silicon nitride or
silicon dioxide. The protective insulating film PAS may be
omitted. On the protective insulating film PAS, an interlayer
insulating film ORG (organic protective layer) is formed. The
interlayer insulating film ORG is made of a photosensitive
organic material containing acrylic as a main component. The
organic material has a relative dielectric constant of 4 or less,
which is lower than the relative dielectric constant of silicon
nitride of 6.7. Further, in terms of production, the organic
material can be formed thicker than silicon nitride. In this
embodiment, its thickness is set to 1.5 um to 3 pm. The
relative dielectric constant can be set low and the thickness
can be set large, and hence a wiring capacitance formed
between the transparent common electrode CT arranged on
the interlayer insulating film ORG and the data signal line DL
or the gate signal line GL can be significantly reduced.
[0075] The transparent common electrode CT is made of
the transparent electrode material ITO2. As the material,
indium tin oxide or indium zinc oxide is used. The transparent
common electrode CT extends in the vertical (column) direc-
tion for each data signal line DL with the data signal line DL
as a boundary, and is separated above the data signal line DL.
On the end portion of the transparent common electrode CT,
the common electrode metal wiring MSL is formed with use
of a low resistance metal material. The common electrode
metal wiring MSL reduces the resistance of the transparent
common electrode CT, and reduces the wiring delay of the
transparent common electrode CT extending in the vertical
(column) direction, to thereby achieve satisfactory image
quality. When viewing the cross section of the data signal line
DL, above the data signal line DL, the transparent common
electrodes CT are arranged at an interval, and the transparent
common electrode CT does not continuously cover the data
signal line DL.

[0076] The transparent pixel electrode PIT is electrically
connected to the source electrode SM via a contact hole
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opened through the protective insulating film PAS, the inter-
layer insulating film ORG, and an interlayer insulating film
SNG. The transparent pixel electrode PIT has a closed planar
pattern inside a single pixel region defined by the gate signal
lines GL and the data signal lines DL arranged in matrix. The
data voltage is supplied to the transparent pixel electrode PIT
when the gate-on voltage is applied to the gate signal line GL
so that the semiconductor layer SEM decreases its resistance
and the voltage is transmitted from the data signal line DL via
the source electrode SM to the transparent pixel electrode
PIT. The data voltage is charged in a capacitor between the
transparent pixel electrode PIT and the transparent common
electrode CT to which the common voltage is applied.
[0077] Above the transparent common electrode CT, the
transparent pixel electrode PIT is formed through interme-
diation of the interlayer insulating film SNG. The interlayer
insulating film SNG is made of, similarly to other insulating
films, silicon nitride or silicon dioxide.

[0078] When the gate-on voltage is applied to the gate
signal line GL, the data voltage is transmitted to the transpar-
ent pixel electrode PIT via the data signal line DL, the semi-
conductor layer SEM, and the source electrode SM. With this,
the data voltage is charged in the capacitor between the trans-
parent pixel electrode PIT and the transparent common elec-
trode CT having a common potential. When a gate-off voltage
is applied to the gate signal line GL, a period thereafter
becomes a storage period, and the semiconductor layer SEM
increases its resistance. Therefore, the accumulated charges
(voltage) are basically stored.

[0079] The first transparent electrode material ITO1 is pat-
terned and separated on the interlayer insulating film SNG as
the shield transparent electrode SIT separately from the trans-
parent pixel electrode PIT. The shield transparent electrode
SIT is arranged so as to overlap the gap between the trans-
parent common electrodes CT separated above the data signal
line DL. A shielding effect can be obtained merely by arrang-
ing the shield transparent electrode SIT above the data signal
line DL. Therefore, there is no need to set the width of the
shield transparent electrode SIT larger than the gap between
the adjacent transparent common electrodes CT. The shield
transparent electrode SIT has an effect of blocking the fluc-
tuated electric field noise from the data signal line DL. With
this, the electric field noise is prevented from entering the
liquid crystal layer L.C, and hence the width of the black
matrix BM can be narrowed, and the aperture ratio can be
improved.

[0080] FIG. 6is a sectional view taken along the line 6-6' of
FIG. 4. FIG. 6 is a sectional view of three pixels having the
data signal lines DL as boundaries. The center pixel corre-
sponds to a green color filter CF(G) in the color filter CF
arrangement. The left and right pixels correspond to a red
color filter CF(R) and a blue color filter CF(B), respectively.
At the boundary between the pixels at which the data signal
line DL is arranged, the black matrix BM is formed on the
inner surface of the first transparent substrate SUB1 across
the liquid crystal layer LC.

[0081] The data signal line DL and the black matrix BM
have an effect of preventing color mixture caused by trans-
mitted light of the backlight unit from the adjacent pixel,
which is visible when the pixel defined by the color filter CF
is obliquely viewed. Although the light of the backlight unit is
not shown, the second transparent substrate SUB2 is irradi-
ated with the light from the outer side of the second polarizing
plate POL2 attached to the outer side of the second transpar-
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ent substrate SUB2. Note that, when the widths of the data
signal line DL and the black matrix BM are increased, the
aperture ratio and the transmittance reduce, and the display
becomes dark, which causes a problem of increase in power
consumption. In particular, this problem is the greatest chal-
lenge in a high resolution liquid crystal display device, and
hence a configuration in which no display failure is caused
even when the black matrix BM and the data signal line DL
are thinned is demanded.

[0082] Note that, in this embodiment, the semiconductor
layer SEM is formed below the data signal line DL in relation
to the manufacturing method. When amorphous silicon or
low temperature polysilicon (LIPS) is used for the semicon-
ductor layer SEM, the semiconductor layer SEM is substan-
tially not transparent. Therefore, the aperture ratio is reduced
when the width of the semiconductor layer SEM is too large
similarly to the case of the data signal line DL.

[0083] The sectional view of FIG. 6 illustrates a pixel
boundary region of the non-light-transmissive black matrix
BM or data signal line DL, and a light-transmissive aperture
region. First, the structure and operation of the aperture
region are described below.

[0084] Inthe aperture region, a data voltage and a common
voltage are applied to the transparent pixel electrode PIT and
the transparent common electrode CT, respectively, and an
electric field generated between those electrodes is applied to
the liquid crystal layer LC. Depending on the intensity of the
electric field, the intensity of elliptically polarized light in the
liquid crystal layer LC changes to control the transmittance
and display the gray-scale. The liquid crystal display device is
set to have the maximum transmittance when the maximum
voltage difference is applied. The liquid crystal display
device LCD is an in-plane switching (IPS) liquid crystal
display device, and hence the transmittance reduces toward
black display as the voltage difference between the transpar-
ent pixel electrode PIT and the transparent common electrode
CT decreases. As the voltage difference increases, the trans-
mittance increases, and white display is achieved at the time
of the maximum voltage difference. The maximum transmit-
tance obtained when the maximum voltage is applied is some-
times simply referred to as transmittance.

[0085] The liquid crystal molecules LCM as an organic
material are filled in the liquid crystal layer LC. The first
alignment film AL1 formed on the first transparent substrate
SUB1 and the second alignment film AL2 formed on the inner
surface of the second transparent substrate SUB2 have sur-
faces subjected to alignment processing so as to fix the liquid
crystal molecules LCM. The transparent pixel electrode PIT
includes an electrode portion and a gap (slit portion). Below
the slit portion, the transparent common electrode CT is
formed through intermediation of the interlayer insulating
film SNG. Therefore, an electric line of force is formed by an
electric field that folds back toward the liquid crystal layer LC
when the voltage between the two electrodes increases. The
maximum electric field region is at the boundary between the
electrode portion and the slit portion of the transparent pixel
electrode PIT, and hence even when the same voltage (electric
field) is applied, the rotation of the liquid crystal molecules
LCM increases to increase the transmittance. In contrast,
when the widths of the electrode portion and the slit portion of
the transparent pixel electrode PIT are increased, the electric
field in the vicinity of the center of the electrode portion and
the slit portion is weakened to reduce the transmittance.
Therefore, the dimensions of the electrode portion and the slit



US 2014/0285478 Al

portion are required to be set narrow. Therefore, the pixel
region has a transmittance distribution in a lateral direction of
the sectional view of FIG. 6.

[0086] In order to achieve a bright liquid crystal display
device with low power consumption, first, it is necessary to
reduce the width of the black matrix BM, which is a light
shielding region for the data signal line DL at a boundary of
the pixels, or the width of the data signal line DL. With this,
the aperture ratio can be increased.

[0087] In this embodiment, above the data signal line DL,
the transparent common electrode CT is divided on the inter-
layer insulating film ORG for each vertical pixel region in the
column direction. This enables inverting, for each column,
the polarity of the common voltage to be supplied from the
common electrode drive inverting circuit of FIG. 1, thereby
achieving low voltage drive. On the other hand, in order to
increase the aperture ratio, it is necessary to shield the upper
side of the data signal line DL with a fixed potential. When the
data signal line DL is not shielded, electric field noise from
the data signal line DL enters the liquid crystal layer LC to
generate crosstalks. In FIG. 5, a film made of the first trans-
parent electrode material ITO1, which is formed in the same
step as the transparent pixel electrode PIT, is patterned and
separated, to thereby arrange the shield transparent electrode
SIT between the adjacent transparent common electrodes CT
above the data signal line DL through intermediation of the
interlayer insulating film SNG. The voltage of the shield
transparent electrode SIT is set as a floating potential that is
close to the center value of the amplitude of the common
voltage to be applied to the adjacent transparent common
electrodes CT. The shield transparent electrode SIT is
arranged in a connected mesh state in the entire pixel region,
and hence the floating potential stably becomes the center
value of the amplitude of the common voltage. Therefore, the
floating potential is substantially a fixed potential.

[0088] On the other hand, the transparent common elec-
trode CT extends while covering the plurality of gate signal
lines GL in each column, and hence wiring delay is required
to be reduced. Therefore, the common electrode metal wiring
MSL made of a low resistance metal material is formed on the
end portion of the transparent common electrode CT in a
single pixel region so as to be connected thereto.

[0089] The shield transparent electrode SIT has a fixed
potential that is different from the voltages of the adjacent
transparent common electrodes CT. Therefore, the liquid
crystal molecules LCM may be rotated to cause transmission
by an electric field generated from the shield transparent
electrode SIT via the liquid crystal layer LC to reach the
transparent common electrode CT. This leads to reduction in
contrast ratio. In view of this point, in this embodiment, the
common electrode metal wiring MSL is formed on the end
portion of the transparent common electrode CT. Therefore, a
part that causes contrast reduction is shielded, and thus reduc-
tion in contrast ratio can be prevented. Therefore, the shield-
ing of the electric field from the data signal line DL can be
suppressed, and hence a bright liquid crystal display device
with low power consumption can be achieved.

[0090] FIG.7isa sectional view taken along the line 7-7' of
FIG. 4. As illustrated in FIG. 7, at a center of pixels that are
vertically (column direction) adjacent to each other, the shield
transparent electrode SIT is arranged in parallel to the gate
signal line GL above the gate signal line GL. The liquid
crystal layer LC is driven by an electric field generated from
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the transparent pixel electrode PIT via the liquid crystal layer
LC and the interlayer insulating film SNG to reach the trans-
parent common electrode CT.

[0091] The upper side of the gate signal line GL is com-
pletely covered with the transparent common electrode CT,
and hence electric field noise from the gate signal line GL
does not enter the liquid crystal layer LC. On the other hand,
as illustrated in FIG. 6, the shield transparent electrode SIT
for shielding, above the data signal line DL, the gap between
the adjacent transparent common electrodes CT extends in
the column direction, and is connected in the lateral direction
(row direction) to the shield transparent electrode SIT
arranged above the gate signal line GL illustrated in FIG. 7.
With this, the shield transparent electrode SIT is formed into
amesh planar pattern in the entire screen display region DIA.
This laterally connected shield transparent electrode SIT
overlaps the transparent common electrode CT through inter-
mediation of the interlayer insulating film SNG to form a
large capacitive coupling. The transparent common electrode
CT extending in the column direction, which is provided for
each column, has a voltage oscillating on positive and nega-
tive sides. Further, the shield transparent electrode SIT is
arranged in a mesh state inside the screen display region DIA.
Therefore, the shield transparent electrode SIT has a substan-
tially constant potential that does not fluctuate from the center
voltage of the amplitude. Therefore, the floating state can be
obtained without connection to a power supply.

[0092] FIGS. 8A to 13B illustrate a manufacturing process
of the thin film transistor TFT, the wiring region, and the
aperture portion, which are formed on the second transparent
substrate SUB2 in this embodiment. The respective figures
illustrate the manufacturing process in plan view of a single
pixel and in sectional view taken along the line b-b' of the plan
view. The respective figures illustrate each photo-etching step
in the above-mentioned TFT manufacturing process.

[0093] FIG. 8A is a plan view of a single pixel at a time
point when a first photo-etching step for the thin film transis-
tor TFT is finished, and FIG. 8B is a sectional view taken
along the line b-b' of FIG. 8A. The adjacent gate signal lines
GL are formed on the second substrate SUB2 by sputtering,
and are patterned in the first photo-etching step. The gate
signal line GL has a thickness of 100 nm to 300 nm, and is a
laminate film of copper (Cu) and molybdenum (Mo) formed
thereon. As the wiring material, other than copper (Cu), a
laminate film of molybdenum (Mo) and aluminum (Al), a
laminate film of titanium (Ti) and aluminum (Al), or MoW as
an alloy of molybdenum (Mo) and tungsten (W) may be used.
[0094] FIG. 9A is a plan view of a single pixel at a time
point when a second photo-etching step for the thin film
transistor TFT is finished, and FIG. 9B is a sectional view
taken along the line b-b' of FIG. 9A. On the gate signal line
GL, the gate insulating film GSN of silicon nitride and the
semiconductor layer SEM of amorphous silicon are lami-
nated by CVD. Further thereon, a laminate film of molybde-
num (Mo) and copper (Cu) is formed by sputtering. As the
material of the metal wiring, similarly to the material of the
gate signal line GL, a laminate film of molybdenum (Mo) and
aluminum (Al), a laminate film of titanium (Ti) and alumi-
num (Al), or an alloy of MoW may be used.

[0095] The gate insulating film GSN, the semiconductor
layer SEM, and the data signal line DL and source electrode
SM have thicknesses of about 400 nm, 200 nm, and 300 nm,
respectively. A photoresist is formed on the above-mentioned
films formed by CVD and sputtering, and exposure is carried
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out thereto with use of a half-tone photomask. In this manner,
regions of the data signal line DL, the source electrode SM,
and the semiconductor layer SEM can be formed.

[0096] FIG. 10A is a plan view of a single pixel at a time
point when a third photo-etching step for the thin film tran-
sistor TFT is finished, and FIG. 10B is a sectional view taken
along the lineb-b' of FIG. 10A. On the data signal line DL and
the source electrode SM, the protective insulating film PAS is
formed by CVD, and the interlayer insulating film ORG of
photosensitive acrylic is applied thereon. The protective insu-
lating film PAS is made of silicon nitride and has a thickness
0f 200 nm to 400 nm. A photosensitive acrylic material itself
may be used as a resist in the photo-etching step, and hence
with use a photomask, an opening portion is formed through
this material above the source electrode SM by developing
processing. With use of the interlayer insulating film ORG
itself as a photomask, the protective insulating film PAS is
subjected to dry etching to form a contact hole OCONT that
passes through the protective insulating film PAS to reach the
surface of the source electrode SM.

[0097] FIG. 11A is a plan view of a single pixel at a time
point when a fourth photo-etching step for the thin film tran-
sistor TFT is finished, and FIG. 11B is a sectional view taken
along the line b-b' of FIG. 11A. A film of the second trans-
parent electrode material ITO2, which corresponds to indium
tin oxide that is a transparent electrode material, is formed,
and subsequently a film made of a metal material, such as a
laminate film of molybdenum or titanium and aluminum and
a laminate film of copper and molybdenum, is formed. A
photoresist is applied thereon, and then half-tone exposure is
carried out. In this manner, the common electrode metal wir-
ing MSL and the transparent common electrode CT can be
formed.

[0098] FIG. 12A is a plan view of a single pixel at a time
point when a fifth photo-etching step for the thin film transis-
tor TFT is finished, and FIG. 12B is a sectional view taken
along the line b-b' of FIG. 12A. On the transparent common
electrode CT, the interlayer insulating film SNG is formed by
CVD. The interlayer insulating film SNG is made of silicon
nitride and has a thickness set to 200 nm and 600 nm. In this
manner, the contact hole CONT for taking out the transparent
pixel electrode PIT is formed.

[0099] FIG. 13A is a plan view of a single pixel at a time
point when a sixth photo-etching step for the thin film tran-
sistor TFT is finished, and FIG. 13B is a sectional view taken
along the line b-b' of FIG. 13A. On the interlayer insulating
film SNG, a film made of the first transparent electrode mate-
rial 1101, which corresponds to indium tin oxide that is a
material for the transparent pixel electrode PIT and the shield
transparent electrode SIT, is formed, and this film is subjected
to photo-etching to process the transparent pixel electrode
PIT and the shield transparent electrode SIT. The transparent
pixel electrode PIT is processed to have a pattern with a single
slit, and is connected to the source electrode SM. The shield
transparent electrode SIT is processed into a mesh pattern,
which covers the data signal line DL and the gate signal line
GL, and is integrated inside the screen display region DIA.
[0100] As described above, with the six photo-etching
steps, the thin film transistor TFT can be manufactured on the
second transparent substrate SUB2.

Second Embodiment

[0101] FIG. 14 is a diagram illustrating the entire configu-
ration ofa liquid crystal display device according to a second
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embodiment of the present application. A liquid crystal dis-
play device LCD includes a screen display region DIA and a
driving circuit region for driving the screen display region
DIA. The screen display region DIA includes a plurality of
pixel regions arranged in matrix in a row direction and a
column direction. The pixel regions perform active matrix
display. Specifically, a gate voltage is supplied from a gate
line driving circuit to gate signal lines G1, G2, and Gn, and a
video data voltage is supplied from a data line driving circuit
to data signal lines D1, D2, and Dm. The gate voltage turns on
or off a thin film transistor TFT to supply the data voltage to
apixel electrode. An electric field generated between the data
voltage supplied to the pixel electrode and a common voltage
supplied from a common electrode drive inverting circuit
drives a liquid crystal layer LC. In this manner, transmittance
of light is controlled to display an image. In order to prevent
voltage reduction in the liquid crystal layer LC, a storage
capacitor STG is formed in each pixel region. The common
voltage is supplied via common electrode metal wiring MSL
connected to the common electrode drive inverting circuit to
a transparent common electrode CT provided in the screen
display region DIA.

[0102] In the active matrix arrangement in the screen dis-
play region DIA of the liquid crystal display device LCD
according to this embodiment, the common electrode metal
wiring MSL is collected for each of the odd row and the even
row in a lateral direction (row direction) to be connected to the
common electrode drive inverting circuit. Therefore, the
common electrode drive inverting circuit has a configuration
capable of simultaneously supplying common voltages hav-
ing different polarities from each other to the odd row and the
even row, that is, acommon voltage having a positive polarity
with respect to a center voltage and a common voltage having
a negative polarity with respect to the center voltage.

[0103] Color display may be achieved by applying a
desired data voltage to each of the data signal lines D1(R),
D2(G), and D3(B) connected to pixels of red (R), green (G),
and blue (B), which are formed of vertical-stripe color filters.
Row inversion drive is applied so that the data voltage having
the same negative or positive polarity with respect to the
center value of the amplitude value of the common voltage is
applied in the row direction. Therefore, the transparent com-
mon electrode CT extends for each row in the lateral direction
(row direction) with the gate signal line GL as a boundary.
[0104] FIG. 15isadetailed plan view of a single pixel, FIG.
16 is a sectional view taken along the line 15-15' of FIG. 15,
and F1G. 17 is a sectional view taken along the line 17-17" of
FIG. 15.

[0105] FIG. 15 is a plan view of a region which includes a
single pixel surrounded by the thin film transistor TFT, the
gate signal lines GL, and the data signal lines DL and adjacent
surrounding pixels. The planar arrangement of the pixels and
the function thereof are described below. The gate signal line
GL is formed of a low resistance metal layer, and is connected
to the gate line driving circuit of FIG. 14 to be supplied with
the gate voltage. On the other hand, the data signal line DL is
also formed of a low resistance metal layer, and is connected
to the data line driving circuit of FIG. 14 to be supplied with
the video data voltage. When the gate-on voltage is supplied
to the gate signal line GL, a semiconductor layer SEM of the
thin film transistor TFT decreases its resistance. The voltage
of the data signal line DL is transmitted to a source electrode
SM formed of a low resistance metal layer, and then is trans-
mitted to a transparent pixel electrode PIT (ITO1) connected
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to the source electrode SM via a contact hole CONT. In this
case, the transparent electrode is used not only as the pixel
electrode PIT but also for connection to the outside of the
liquid crystal display panel. Therefore, the material of the
transparent electrode is referred to as ITO1.

[0106] As for the common voltage that is the other voltage
to be applied to the liquid crystal layer LC, a voltage having
an odd-side polarity is applied from the common electrode
drive inverting circuit of FIG. 14 to the transparent common
electrode CT (ITO2) of the pixel in the odd row, and a voltage
having an even-side polarity is applied from the common
electrode drive inverting circuit of FIG. 14 to the transparent
common electrode CT (ITO2) of the pixel in the even row.
The transparent common electrode CT is made of a second
transparent electrode material ITO2. The transparent pixel
electrode PIT is laminated on the transparent common elec-
trode CT through intermediation of an insulating film. Fur-
ther, the transparent pixel electrode PIT has a slit formed in
the display region of a single pixel. Through this silt, an
electric field of the transparent pixel electrode PIT is applied
from above to the liquid crystal layer for liquid crystal drive.
This electric field reaches the transparent common electrode
CT to perform display.

[0107] Thetransparent common electrode CT is divided for
each gate signal line GL in the lateral direction (row direc-
tion), and extends in the row direction across the data signal
line DL. Therefore, the transparent common electrode CT
does not cover the gate signal line GL from above. That is, in
plan view, a gap between the adjacent transparent common
electrodes CT overlaps the gate signal line GL. When the gate
signal line GL is not covered with and shielded by a fixed
voltage, the change of voltage sequentially sent from the gate
signal line GL enters the liquid crystal layer LC as electric
field noise to cause malfunction. In order to prevent this
malfunction, the width of the black matrix BM formed on the
first transparent substrate SUB1 and above the gate signal line
GL needs to be increased. As a result, the aperture ratio is
markedly decreased.

[0108] In view of this point, in the liquid crystal display
device LCD according to this embodiment, a shield transpar-
ent electrode SIT formed by patterning and separating a film
made of the first transparent electrode material 1101, which is
formed in the same step as the transparent pixel electrode PIT,
is arranged above the gate signal line GL. In this manner, a
shielding effect can be improved, and a high aperture ratio can
be maintained because it is unnecessary to increase the width
of the black matrix BM.

[0109] The shield transparent electrode SIT is set in a state
in which a center voltage of a voltage whose polarity is
invertible is applied to each of the odd row and the even row
or a floating state in which no voltage is applied thereto. The
shield transparent electrode SIT is arranged so as to cover the
gate signal line GL and formed into a mesh shape (grid shape)
in the entire screen display region DIA. With this, a large
capacitive coupling is formed between the shield transparent
electrode SIT and the transparent common electrodes CT of
the odd row and the even row even when a voltage is not
supplied to the shield transparent electrode SIT. Therefore, a
constant value close to the amplitude center of the common
voltage can be stably obtained, and the shielding effect can be
maintained.

[0110] FIG. 16 is a sectional view taken along the line
16-16' of FIG. 15. FIG. 16 is a sectional view of three pixels
having the data signal lines DL as boundaries. The center
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pixel corresponds to a green color filter CF(G) in the color
filter CF arrangement. The left and right pixels correspond to
ared color filter CF(R) and a blue color filter CF(B), respec-
tively. At the boundary between the pixels at which the data
signal line DL is arranged, the black matrix BM is formed on
the inner surface of the first transparent substrate SUBI1
across the liquid crystal layer LC.

[0111] The sectional view of FIG. 16 illustrates a pixel
boundary region of the non-light-transmissive black matrix
BM or data signal line DL, and a light-transmissive aperture
region. In order to achieve a bright liquid crystal display
device with low power consumption, first, it is necessary to
reduce the width of the black matrix BM, which is a light
shielding region for the data signal line DL at a boundary of
the pixels, or the width of the data signal line DL. With this,
the aperture ratio can be increased.

[0112] In this embodiment, unlike the first embodiment
(see FIG. 6), above the data signal line DL, the transparent
common electrode CT is not divided on the interlayer insu-
lating film ORG for each vertical pixel region in the column
direction. The data signal line DL is completely shielded by
the transparent common electrode CT, and electric field noise
does not enter the liquid crystal layer LC from the data signal
line DL.

[0113] Note that, the transparent common electrode CT
extends in the lateral direction (row direction), and is divided
for each gate signal line GL.. This division region has a width
of the shield transparent electrode SIT formed thereabove.
Further, the shield transparent electrode SIT is formed above
the data signal line DL. The shield transparent electrode SIT
has a potential different from that of the transparent common
electrode CT. Therefore, the liquid crystal molecules LCM
may be rotated by an electric field generated from the shield
transparent electrode SIT via the liquid crystal layer LC and
the interlayer insulating film SNG to reach the transparent
common electrode CT. As a result, light may leak from the
vicinity of the light shield transparent electrode SIT to cause
reduction in contrast ratio. Therefore, the shield transparent
electrode SIT above the data signal line DL is set to have a
width narrower that the width of the data signal line DL or the
black matrix BM having light shielding characteristics.
[0114] FIG. 17 is a sectional view taken along the line
17-17 of FIG. 15. As illustrated in FIG. 17, at the center of
pixels that are vertically (column direction) adjacent to each
other, the transparent common electrode CT extends in the
row direction, and is divided above the gate signal line GL
with the gate signal line GL. as a boundary. The common
electrode metal wiring MSL is arranged on the end portion of
the divided transparent common electrode CT, and the shield
transparent electrode SIT is arranged for each row on the
interlayer insulating film SNG above a gap between adjacent
transparent common electrodes CT.

[Driving Method]

[0115] The driving method of this liquid crystal display
device LCD may be, as represented in the first embodiment,
column line inversion drive of inverting the polarities of each
pixel voltage for each pixel column, or, as represented in the
second embodiment, row line inversion drive of inverting the
polarities of each pixel voltage for each pixel row. Note that,
in those column line inversion drive and row line inversion
drive, the polarities of each pixel voltage may be further
inverted for every one or a plurality of frames. FIGS. 18 and
19 illustrate an example of polarity change of the pixel volt-
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age in the continuous first and second frames. FIG. 18 illus-
trates the column line inversion drive, and FIG. 19 illustrates
the row line inversion drive. In each of the figures, the pixel
polarity states of the first frame and the second frame are
alternately repeated. Note that, in each of the figures, the pixel
polarities are inverted for every one frame, but the pixel
polarities may be inverted for every plurality of frames.

[0116] According to the respective embodiments described
above, a lower data voltage may be used for drive, the cost of
the data line driving circuit may be reduced, the circuit power
may be reduced, and further the aperture ratio may be
improved due to the shielding structure between the transpar-
ent common electrodes CT. In this manner, a bright liquid
crystal display device LCD with low power consumption can
be achieved.

[0117] Further, according to the liquid crystal display
device LCD of each embodiment, different voltages (first
common voltage and second common voltage) may be sup-
plied to a first common electrode (odd column or odd row)
and a second common electrode (even column or even row).
Therefore, a voltage (data voltage) to be supplied to the pixel
electrode in order to obtain a desired pixel voltage to be
applied to liquid crystal can be set low. With this, the data line
driving circuit can be driven at a low voltage, and hence the
power consumption of the liquid crystal display device can be
reduced.

[0118] While there have been described what are at present
considered to be certain embodiments of the application, it
will be understood that various modifications may be made
thereto, and it is intended that the appended claims cover all
such modifications as fall within the true spirit and scope of
the invention.

What is claimed is:

1. A liquid crystal display device, comprising a first sub-
strate on a display surface side and a second substrate ona rear
surface side, which are arranged so as to be opposed to each
other via liquid crystal,

the second substrate comprising a plurality of data signal
lines, a plurality of gate signal lines, a plurality of pixels
arrayed in a row direction and a column direction, a
plurality of pixel electrodes formed individually so as to
correspond to the plurality of pixels, respectively, a plu-
rality of common electrodes that extend in one of the
column direction and the row direction and are arranged
so as to be opposed to the plurality of pixel electrodes,
and a plurality of shield electrodes overlapping, through
intermediation of an insulating film, at least one of the
plurality of data signal lines and the plurality of gate
signal lines,

the plurality of common electrodes comprising a first com-
mon electrode to which a first voltage is supplied and a
second common electrode to which a second voltage
different from the first voltage is supplied, the first com-
mon electrode and the second common electrode being
alternately arranged in one of the row direction and the
column direction,

wherein, in plan view, each of the plurality of shield elec-
trodes is formed to overlap at least a gap formed between
the first common electrode and the second common
electrode that are adjacent to each other.
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2. The liquid crystal display device according to claim 1,

wherein each of the plurality of common electrodes

extends in the column direction in which the plurality of
data signal lines extend, and is formed for each pixel
column, and

wherein the first common electrode is formed in an odd

column, and the second common electrode is formed in
an even column.
3. The liquid crystal display device according to claim 1,
wherein each of the plurality of common electrodes
extends in the row direction in which the plurality of gate
signal lines extend, and is formed for each pixel row, and

wherein the first common electrode is formed in an odd
row, and the second common electrode is formed in an
even row.

4. The liquid crystal display device according to claim 2,
wherein, in plan view, the gap formed between the first com-
mon electrode and the second common electrode that are
adjacent to each other overlaps corresponding one of the
plurality of data signal lines.

5. The liquid crystal display device according to claim 3,
wherein, in plan view, the gap formed between the first com-
mon electrode and the second common electrode that are
adjacent to each other overlaps corresponding one of the
plurality of gate signal lines.

6. The liquid crystal display device according to claim 1,
wherein the second substrate further comprises a bridge elec-
trode for connecting adjacent two of the plurality of shield
electrodes to each other.

7. The liquid crystal display device according to claim 1,
wherein the plurality of shield electrodes are arranged in a
grid shape so as to overlap each of the plurality of data signal
lines and the plurality of gate signal lines through interme-
diation of the insulating film.

8. The liquid crystal display device according to claim 1,
wherein the plurality of shield electrodes are formed in the
same layer as the plurality of pixel electrodes with the same
material.

9. The liquid crystal display device according to claim 1,
wherein the plurality of shield electrodes are formed in a
floating state.

10. The liquid crystal display device according to claim 1,
further comprising a light shielding material formed on an
end portion of each of the plurality of common electrodes.

11. The liquid crystal display device according to claim 1,
wherein each of the plurality of pixel electrodes has an aper-
ture portion formed therein.

12. The liquid crystal display device according to claim 1,
wherein the second substrate comprises the plurality of gate
signal lines, a gate insulating film, the plurality of data signal
lines, an organic insulating film, an interlayer insulating film,
the plurality of common electrodes, an interlayer insulating
film, and the plurality of pixel electrodes and the plurality of
shield electrodes formed in the same layer, which are lami-
nated in the stated order from a glass substrate side.

13. A drving method for a liquid crystal display device
including a first substrate on a display surface side and a
second substrate on a rear surface side, which are arranged so
as to be opposed to each other via liquid crystal,

the second substrate including a plurality of data signal

lines, a plurality of gate signal lines, a plurality of pixels
arrayed in a row direction and a column direction, a
plurality of pixel electrodes formed individually so as to
correspond to the plurality of pixels, respectively, and a
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plurality of common electrodes that extend in one of the
column direction and the row direction and are arranged
s0 as to be opposed to the plurality of pixel electrodes,

the plurality of common electrodes including a first com-
mon electrode and a second common electrode that are
alternately arranged in one of the row direction and the
column direction,

the driving method comprising supplying a first voltage to

the first common electrode and supplying a second volt-
age different from the first voltage to the second com-
mon electrode.

14. The driving method for a liquid crystal display device
according to claim 13, further comprising inverting, for each
pixel column, a polarity of a pixel voltage to be applied to
each of the plurality of pixels.

15. The driving method for a liquid crystal display device
according to claim 13, further comprising inverting, for each
pixel row, a polarity of a pixel voltage to be applied to each of
the plurality of pixels.

16. The driving method for a liquid crystal display device
according to claim 14, still further comprising inverting, for
every at least one frame, the polarity of the pixel voltage to be
applied to each of the plurality of pixels.

17. The driving method for a liquid crystal display device
according to claim 15, still further comprising inverting, for
every at least one frame, the polarity of the pixel voltage to be
applied to each of the plurality of pixels.
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