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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP 2013-182010 filed on Sep. 3, 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 an in-plane switch-
ing (IPS) liquid crystal display device.

BACKGROUND

[0003] An IPS liquid crystal display device includes, on
oneofa 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 common electrode is
controlled to display an image. The IPS 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 viewing angle characteristics (See, for example, Japa-
nese Patent Application Laid-open No. 2008-180928).

SUMMARY

[0004] However, the liquid crystal display device disclosed
in Japanese Patent Application Laid-open No. 2008-180928
has a problem in that the aperture ratio of a pixel is low under
the influence of a region in which a contact hole for connect-
ing a pixel electrode and a drain electrode of a thin film
transistor TFT and a common wiring formed of a light block-
ing material are formed.

[0005] The present invention has been made in view of the
above, and an object of the present invention is to improve the
aperture ratio of a pixel in an IPS liquid crystal display device.
[0006] In one general aspect, the instant application
describes a liquid crystal display device that includes a first
substrate on a display surface side and a second substrate on
arear surface side, the first substrate and the second substrate
being placed so as to be opposed to each other with liquid
crystal interposed therebetween. The second substrate
includes a plurality of gate signal lines formed thereon; a
plurality of data signal lines formed thereon; a plurality of
pixel electrodes and a plurality of thin film transistors formed
thereon, which are provided correspondingly to a plurality of
pixels formed in a row direction in which the plurality of gate
signal lines extend and in a column direction in which the
plurality of data signal lines extend; a common electrode
formed thereon, which is provided on the display surface side
so as to be opposed to the plurality of pixel electrodes; a
plurality of metal wirings formed thereon, which are electri-
cally connected to the common electrode; and a first insulat-
ing film formed between the plurality of pixel electrodes and
the plurality of thin film transistors. Each of the plurality of
pixel electrodes is connected to a conductive electrode of

Mar. 5, 2015

each of the plurality of thin film transistors via a contact hole
formed in the first insulating film. The common electrode is
formed so as to overlap the data signal line in plan view. The
metal wiring is formed so as to overlap at least a part of the
contact hole in plan view.

[0007] The above general aspect may include one or more
of the following features. The liquid crystal display device
may further include a second insulating film formed on the
first insulating film between the plurality of pixel electrodes
and the plurality of thin film transistors. The contact hole may
be formed in the first insulating film and in the second insu-
lating film. Each of the plurality of metal wirings may be
formed so as to overlap, in plan view, the contact hole and a
semiconductor layer which forms the thin film transistor.

[0008] The second insulating film may include an organic
material.
[0009] The metal wiring may be formed so as to further

overlap the gate signal line in plan view.

[0010] The gate signal line may have a notch. The contact
hole may be located within the notch in plan view.

[0011] The liquid crystal display device may further
include a third insulating film formed on the plurality of pixel
electrodes. The common electrode may overlap the pixel
electrode via the third insulating film. The metal wiring may
overlap the contact hole via the third insulating film. The
metal wiring is formed one of directly above and directly
below the common electrode.

[0012] The liquid crystal display device may further
include a spacer for maintaining a distance between the first
substrate and the second substrate. The spacer may be pro-
vided so as to overlap the metal wiring in plan view.

[0013] The liquid crystal display device may further
include a plurality of touch detection electrodes extending in
the column direction; and a plurality of drive electrodes
extending in the row direction. Each of the plurality of touch
detection electrodes and each of the plurality of drive elec-
trodes form an electrostatic capacitance. The each of the
plurality of touch detection electrodes may output a detection
signal related to a drive signal which is applied to the each of
the plurality of drive electrodes. The each of the plurality of
drive electrodes may include the common electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 illustrates an entire structure of a liquid crys-
tal display device according to a first embodiment of the
present application.

[0015] FIG.2A s aplan view illustrating a planar pattern of
a second transparent substrate.

[0016] FIG. 2B is a plan view illustrating a planar pattern of
the second transparent substrate with a first transparent sub-
strate bonded thereto.

[0017] FIG. 3 is a sectional view of a pixel taken along the
line 3-3' illustrated in each of FIGS. 2A and 2B.

[0018] FIG. 4isasectional view of the pixel taken along the
line 4-4' illustrated in each of FIGS. 2A and 2B.

[0019] FIG. 5 is a sectional view of a pixel illustrating
another structure of the liquid crystal display device illus-
trated in FIG. 1.

[0020] FIG. 6A is a plan view illustrating a first photoetch-
ing step in a manufacturing process of a TFT substrate.
[0021] FIG. 6B is a sectional view of the TFT substrate
taken along the line b-b' of FIG. 6A.
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[0022] FIG. 7A is a plan view illustrating a second photo-
etching step in the manufacturing process of the TFT sub-
strate.

[0023] FIG. 7B is a sectional view of the TFT substrate
taken along the line b-b' of FIG. 7A.

[0024] FIG.8A is a plan view illustrating a third photoetch-
ing step in the manufacturing process of the TFT substrate.
[0025] FIG. 8B is a sectional view of the TFT substrate
taken along the line b-b' of FIG. 8A.

[0026] FIG. 9A is a plan view illustrating a fourth photo-
etching step in the manufacturing process of the TFT sub-
strate.

[0027] FIG. 9B is a sectional view of the TFT substrate
taken along the line b-b' of FIG. 9A.

[0028] FIG. 10A is a plan view illustrating a fifth photo-
etching step in the manufacturing process of the TFT sub-
strate.

[0029] FIG. 10B is a sectional view of the TFT substrate
taken along the line b-b' of FIG. 10A.

[0030] FIG. 11A is a plan view illustrating a sixth photo-
etching step in the manufacturing process of the TFT sub-
strate.

[0031] FIG. 11B is a sectional view of the TFT substrate
taken along the line b-b' of FIG. 11A.

[0032] FIG. 12A is a plan view illustrating a seventh pho-
toetching step in the manufacturing process of the TFT sub-
strate.

[0033] FIG. 12B is a sectional view of the TFT substrate
taken along the line b-b' of FIG. 12A.

[0034] FIG. 13 is a plan view of a pixel in a liquid crystal
display device according to a second embodiment of the
present application.

[0035] FIG. 14 is a sectional view of the pixel taken along
the line 14-14' of FIG. 13.

[0036] FIG. 15 is a schematic view for illustrating a func-
tion of a touch panel in a liquid crystal display device accord-
ing to a third embodiment of the present application.

[0037] FIG. 16 is a sectional view of the liquid crystal
display device according to the third embodiment.

[0038] FIG.17 is a plan view of a pixel in the liquid crystal
display device according to the third embodiment.

[0039] FIG. 18 is a sectional view of the pixel taken along
the line 18-18' of FIG. 17.

[0040] FIG. 19 is a sectional view of the pixel taken along
the line 19-19' of FIG. 17.

DETAILED DESCRIPTION

[0041] Embodiments of the present application are
described below with reference to the drawings.

First Embodiment

[0042] FIG. 1 illustrates an entire structure of a liquid crys-
tal display device according to a first embodiment of the
present application. A liquid crystal display device LCD
includes an image display region DIA and a driving circuit
region for driving the image display region DIA. In the image
display region DIA, a plurality of pixel regions surrounded by
adjacent gate signal lines GL and adjacent data signal lines
DL are arranged in matrix in a row direction and a column
direction. Note that, a direction in which the gate signal line
GL extends is referred to as a row direction (horizontal direc-
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tion in the figure) and a direction in which the data signal line
DL extends is referred to as a column direction (vertical
direction in the figure).

[0043] Active matrix display is carried out in each of the
pixel regions. Specifically, a gate voltage is supplied from a
scanning line drive circuit to gate signal lines (scanning lines)
G1,G2,G3,. . . Gnin sequence, and a data voltage is supplied
from a data line drive circuit to data signal lines D1, D2, D3,
..., Dm. By on/off of a thin film transistor TFT by means of
the gate voltage, the data voltage is supplied to a transparent
pixel electrode PIT (pixel electrode) (see FIGS. 2A and 2B).
By driving a liquid crystal layer LC by means of an electric
field generated by the difference between the data voltage
supplied to the transparent pixel electrode PIT and a common
voltage supplied from a common electrode drive circuit to a
transparent common electrode CIT (common electrode),
transmittance of light is controlled to display an image. Note
that, 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 pixel electrodes in respective pixel
regions corresponding to red (R), green (G), and blue (B)
colors, which are formed of vertical-stripe color filters.
[0044] A storage capacitor STG for preventing a voltage
drop in the liquid crystal layer LC is formed in each of the
pixel regions. The storage capacitor STG is formed in a region
in which the transparent pixel electrode PIT and the transpar-
ent common electrode CIT overlap with each other via an
insulating film (see FIG. 3). The common voltage is supplied
from the common electrode drive circuit to the transparent
common electrode CIT placed in the image display region
DIA. A plurality of metal wirings MSL for reducing the
resistance of the transparent common electrode CIT are elec-
trically connected to the transparent common electrode CIT.
[0045] FIGS. 2A and 2B are plan views illustrating a struc-
ture of a pixel. FIG. 2A illustrates a planar pattern of a second
transparent substrate SUB2 (second substrate) on a rear sur-
face side. FIG. 2B illustrates a planar pattern of the second
transparent substrate SUB2 with a first transparent substrate
SUBL1 (first substrate) on a display surface side bonded
thereto. FIG. 3 is a sectional view taken along the line 3-3'
illustrated in each of FIGS. 2A and 2B. FIG. 4 is a sectional
view taken along the line 4-4' illustrated in each of FIGS. 2A
and 2B.

[0046] FIGS. 2A and 2B illustrate one pixel region sur-
rounded by adjacent gate signal lines GL and adjacent data
signal lines DL, and a part of pixel regions adjacent to and
surrounding the pixel region.

[0047] A gate insulating film GSN is formed on a gate
signal line GL which itselfis formed on a glass substrate, and
a semiconductor layer SEM is formed on the gate insulating
film. GSN. A data signal line DL and a source electrode SM
(conductive electrode) of the thin film transistor TFT are
formed on the semiconductor layer SEM. Further, a protec-
tive film PAS (protective insulating film, first insulating film)
is formed so as to cover the data signal line DL and the source
electrode SM. Further, an organic interlayer film ORG (or-
ganic protective film, second insulating film) is formed on the
protective film PAS.

[0048] A contact hole CONT is formed in the protective
film PAS and the organic interlayer film ORG over the source
electrode SM for taking the data voltage out of the semicon-
ductor layer SEM. The transparent pixel electrode PIT is
formed on the organic interlayer film ORG and in the contact
hole CONT. Further, an upper protective film UPAS (third
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insulating film) is formed so as to cover the transparent pixel
electrode PIT. The metal wiring MSL is formed on the upper
protective film UPAS so as to overlap the contact hole CONT
in plan view (seen from the display surface side). The metal
wiring MSL is provided for each of the gate signal lines GL,
and extends in the row direction.

[0049] As illustrated in FIGS. 2A and 2B, a notch CP is
formed in the gate signal line GL. The contact hole CONT is
located within the notch CP in plan view. This permits the
metal wiring MSL to be formed so as to overlap both the
contact hole CONT and the gate signal line GL in plan view.
Further, the metal wiring MSL is formed so as to overlap the
semiconductor layer SEM of the thin film transistor TFT in
plan view. As illustrated in FIG. 3, the transparent common
electrode CIT is directly formed on the metal wiring MSL.
This electrically connects the metal wiring MSL and the
transparent common electrode CIT to each other.

[0050] As described above, the metal wiring MSL is
formed above the gate signal line GL, the semiconductor
layer SEM, and the contact hole CONT via the upper protec-
tive film UPAS. This enables the metal wiring MSL to have a
smaller width than that of the gate signal line GL. Further, the
width of a black matrix BM may be reduced as much as
possible, and thus, the aperture ratio of the pixel may be
improved to realize lower power consumption of the liquid
crystal display device LCD.

[0051] Here, a method of driving the liquid crystal display
device LCD is described in brief. The gate signal line GL is
formed of a low resistance metal layer, and the gate voltage
for scanning is applied thereto from the scanning line drive
circuit illustrated in FIG. 1. The data signal line DL is also
formed of a low resistance metal layer, and the data voltage
for video is applied thereto from the data line drive circuit
illustrated in FIG. 1. When a gate-on voltage is applied to the
gate signal line GL, the semiconductor layer SEM of the thin
film transistor TFT is reduced in resistance. With this, the data
voltage applied to the data signal line DL is transferred via the
source electrode SM formed of a low resistance metal layer to
the transparent pixel electrode PIT electrically connected to
the source electrode SM.

[0052] The common voltage is applied from the common
electrode drive circuit illustrated in FIG. 1 to the transparent
common electrode CIT. The transparent common electrode
CIT overlaps the transparent pixel electrode PIT via the upper
protective film UPAS. Slits (openings) are formed in the
transparent common electrode CIT within one pixel region.
An electric field for driving, which is generated from the
transparent pixel electrode PIT via the slits in the transparent
common electrode CIT and the liquid crystal layer LC to the
transparent common electrode CIT, drives the liquid crystal
layer LC to display an image.

[0053] Note that, in order to improve the aperture ratio, it is
preferred to form the transparent common electrode CIT hav-
ing a large width above the data signal line DL via the pro-
tective film PAS and the upper protective film UPAS so that
electric field noise of the data signal line DL does not enter the
liquid crystal layer LC. In this embodiment, the transparent
common electrode CIT is formed so as to cover the data signal
line DL in plan view. Specifically, the data signal line DL is
covered with the transparent common electrode CIT via the
protective film PAS and the upper protective film UPAS.
[0054] The shape of the slit in the transparent common
electrode CIT is not specifically limited, and may be in an
elongated shape, or may be a typical opening in a rectangular
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shape orin an oval shape. Further, the width of the slit may be
larger or smaller than the distance between adjacent slits.
[0055] The liquid crystal display device LCD according to
the present application is not limited to the embodiment
described above. For example, as illustrated in FIG. 5, the
organic interlayer film ORG (second insulating film) illus-
trated in FIG. 3 may be omitted. Specifically, in the liquid
crystal display device LCD, the protective film PAS (first
insulating film) may be formed so as to cover the data signal
line DL and the source electrode SM, the contact hole CONT
may be formed in the protective film PAS, and the transparent
pixel electrode PIT may be formed on the protective film PAS
and in the contact hole CONT. With regard to this structure, it
is preferred that the metal wiring MSL be formed so as to
make a detour around the semiconductor layer SEM so as not
to overlap the semiconductor layer SEM, and so as to overlap
the gate signal line GL and the contact hole CONT in plan
view. In the structure illustrated in FIG. 5, also, the aperture
ratio of a pixel may be improved by at least a region in which
the metal wiring MSL and the contact hole CONT overlap
each other.

[0056] Further, in the structures illustrated in FIGS. 2A and
2B, FIG. 3, and FIG. 5, the metal wiring MSL is formed so as
to cover the entire region of the contact hole CONT in plan
view, but the liquid crystal display device LCD according to
the present application is not limited thereto. For example, the
metal wiring MSL may be formed so as to overlap a part of the
contact hole CONT in plan view. In this structure, also, the
aperture ratio of a pixel may be improved by at least a region
in which the metal wiring MSL and the contact hole CONT
overlap each other. Specifically, the liquid crystal display
device LCD according to the present application has a struc-
ture in which the metal wiring MSL is formed so as to overlap
at least a part of the contact hole CONT in plan view.

[0057] Further, in the structures illustrated in FIGS. 2A and
2B,FIG. 3,and FIG. 5, the metal wiring MSL is formed on the
upper protective film UPAS, and the transparent common
electrode CIT is formed on the metal wiring MSL. However,
the liquid crystal display device LCD according to the present
application is not limited thereto. For example, the transpar-
ent common electrode CIT may be formed on the upper
protective film UPAS, and the metal wiring MSL may be
formed on the transparent common electrode CIT. Further, an
insulating film may be formed between the metal wiring MSL
and the transparent common electrode CIT, and the metal
wiring MSL and the transparent common electrode CIT may
be electrically connected to each other via a contact hole.
[0058] Here, a structure in section of a pixel which is com-
mon to the structures described above is described in brief
with reference to FIG. 3 and FIG. 4. The liquid crystal layer
LC is sandwiched between two transparent substrates, that is,
the first transparent substrate SUB1 on the display surface
side and the second transparent substrate SUB2 on the rear
surface side. Positive liquid crystal molecules LCM (see FIG.
4) whose major axes are oriented along the direction of the
electric field are encapsulated in the liquid crystal layer LC.
[0059] A first polarizing plate POL1 and a second polariz-
ing plate POL2 are bonded to the outside of the first transpar-
ent substrate SUB1 and the second transparent substrate
SUB2, respectively.

[0060] When the semiconductor layer SEM is directly irra-
diated 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,
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which may inhibit satisfactory image display. Therefore, the
black matrix BM is formed on the first transparent substrate
SUBI at a position above the semiconductor layer SEM. The
black matrix BM is also arranged at a position corresponding
to a boundary between pixel regions. This prevents color
mixture caused when light beams of adjacent pixel regions
are viewed from an oblique direction. Thus, the black matrix
BM provides such a great effect that an image can be dis-
played without blurring. Note that, when the width of the
black matrix BM is too large, the aperture ratio and the trans-
mittance are reduced. Therefore, in order to achieve bright
and low power consumption performance in a high resolution
liquid crystal display device, it is preferred to set the width of
the black matrix BM to be 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 ora
metal material using a black pigment.

[0061] The protective film PAS which covers the data sig-
nal line DL and the source electrode SM may be made of
silicon nitride (SiN) or silicon dioxide (SiO,). The organic
interlayer film. ORG formed on the protective film PAS 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. The relative dielectric constant can be set low
and the thickness can be set large, and hence a wiring capaci-
tance formed between the transparent common electrode CIT
and the data signal line DL or the gate signal line GL can be
significantly reduced.

[0062] Thetransparent pixel electrode PIT is formed on the
organic interlayer film ORG so as to contact on the source
electrode SM via the contact hole CONT, and is electrically
connected to the source electrode SM. The upper protective
film UPAS which covers the transparent pixel electrode PIT
is, similarly to other protective films, formed using silicon
nitride or silicon dioxide as a material.

[0063] FIG. 4 illustrates three pixels having the data signal
lines DL as boundaries. The center pixel corresponds 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. The surface of the
color filter CF is covered with an overcoat film OC which is an
organic material. 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
SUBI across the liquid crystal layer LC.

[0064] The liquid crystal layer LC is filled with the liquid
crystal molecules LCM which are an organic material. A first
alignment film AL1 formed on an inner surface of the first
transparent substrate SUB1 and a second alignment film AL2
formed on an inner surface of the second transparent substrate
SUB2 are subjected to orientation treatment to fix the major
axes of the liquid crystal molecules LCM.

[0065] As described above, in a boundary region in which
the black matrix BM and the data signal line DL are placed
(region other than an aperture region), the transparent com-
mon electrode CIT having a width larger than that of the data
signal line DL is formed so as to cover the data signal line DL
via the protective film PAS and the upper protective film
UPAS. This shields an electric field extending upward from
the data signal line DL via the protective film PAS and the
upper protective film UPAS. As a result, the unnecessary
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electric field noise extending upward from the data signal line
DL is shielded by the transparent common electrode CIT
which is wider than the data signal line DL and by the trans-
parent pixel electrode PIT. The shielding effect may be
enhanced by, as illustrated in FIG. 4, placing an end of the
transparent common electrode CIT which covers the data
signal line DL so as to overlap an end of the transparent pixel
electrode PIT.

[0066] Next, a method of manufacturing the second trans-
parent substrate SUB2 (TFT substrate) is described. FIGS.
6A to 12B illustrate a manufacturing process of the thin film
transistor TFT, the wiring region, and the pixel aperture
region, which are formed on the second transparent substrate
SUB2. 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 photoetching processing step in the
above-mentioned TFT manufacturing process.

[0067] FIG. 6A is a plan view of the pixel after a first
photoetching step is completed, and FIG. 6B is a sectional
view taken along the line b-b' of FIG. 6 A. A metal material to
be the gate signal line GL is formed on a glass substrate by
sputtering, and is patterned in the first photoetching step. The
patterning is carried out using halftone exposure. This forms
as a planar pattern the gate signal line GL having the notch CP
formed therein. The metal material is, for example, a laminate
film formed of copper Cu at a thickness of 100 nm to 300 nm
and molybdenum Mo formed thereon. As the metal wiring
material, a laminate film of molybdenum Mo and aluminum
Al alaminate film of titanium Ti and aluminum Al, ora MoW
alloy of molybdenum Mo and tungsten W may be used.
[0068] FIG. 7A is a plan view of the pixel after a second
photoetching step is completed, and FIG. 7B is a sectional
view taken along the line b-b' of FIG. 7A. The gate insulating
film GSN of'silicon nitride is laminated so as to cover the gate
signal line GL by chemical vapor deposition (CVD), and the
semiconductor layer SEM of amorphous silicon or indium
gallium zinc oxide IGZO is laminated on the gate insulating
film GSN. Further on the semiconductor layer SEM, a lami-
nate film of molybdenum 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 molyb-
denum Mo and aluminum Al, a laminate film of titanium Ti
and aluminum Al, or a MoW alloy of molybdenum Mo and
tungsten W may be used. The semiconductor layer SEM and
the data signal line DL are processed after the continuous film
formation, and thus, the data signal line DL and the semicon-
ductor layer SEM are processed to have substantially the
same width. The data signal line DL and the source electrode
SM which is connected to the transparent pixel electrode PIT
are simultaneously formed. The semiconductor layer SEM is
formed of two layers a low resistance semiconductor layer on
asurface thereof containing phosphorus and a semiconductor
layer containing a less amount of impurities. The low resis-
tance semiconductor layer SEM is removed in a thin film
transistor TF'T region between the data signal line DL and the
source electrode SM. When an on-voltage is applied to a gate
electrode, electrons are induced at an interface of a gate
insulating film GSN, the resistance is lowered, and on-opera-
tion is carried out.

[0069] FIG. 8A is a plan view of the pixel after a third
photoetching step is completed, and FIG. 8B is a sectional
view taken along the line b-b' of FIG. 8A. The protective film
PAS and the organic interlayer film ORG are formed in
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sequence so as to cover the semiconductor layer SEM, the
data signal line DL, and the source electrode SM, and the
contact hole CONT is formed over the source electrode SM.
As the organic interlayer film ORG, photosensitive acrylic
having athickness of 2 um to 4 um is used. The protective film
PAS is silicon nitride formed by CVD.

[0070] FIG. 9A is a plan view of the pixel after a fourth
photoetching step is completed, and FIG. 9B is a sectional
view taken along the line b-b' of FIG. 9A. A film of indium tin
oxide I'TO which is a transparent electrode material is formed
by sputtering on the source electrode SM, and, through the
photoetching step, the transparent pixel electrode PIT is
formed. The transparent pixel electrode PIT is directly
formed on the source electrode SM. This electrically connects
the transparent pixel electrode PIT and the source electrode
SM to each other via the contact hole CONT.

[0071] FIG. 10A is a plan view of the pixel after a fifth
photoetching step is completed, and FIG. 10B is a sectional
view taken along the line b-b' of FIG. 10A. The upper pro-
tective film UPAS is formed so as to cover the transparent
pixel electrode PIT. As the upper protective film UPAS, sili-
con nitride is formed. Note that, although not illustrated, an
opening for contact is formed outside the image display
region DIA (see FIG. 1) in this step.

[0072] FIG. 11A is a plan view of the pixel after a sixth
photoetching step is completed, and FIG. 11B is a sectional
view taken along the line b-b' of FIG. 11A. The metal wiring
MSL is formed on the upper protective film UPAS. As a metal
material of the metal wiring MSL, a laminate film of copper
Cu and molybdenum Mo, a single layer film of molybdenum
Mo, or ametal thin film in which a high-melting metal such as
molybdenum Mo or titanium Ti is laminated on a surface of
aluminum Al is used. The metal wiring MSL is formed so as
to overlap the contact hole CONT via the upper protective
film UPAS in plan view.

[0073] FIG. 12A is a plan view of the pixel after a seventh
photoetching step is completed, and FIG. 12B is a sectional
view taken along the line b-b' of FIG. 12A. The transparent
common electrode CIT formed of indium tin oxide ITO is
formed so as to cover the metal wiring MSL. This electrically
connects the metal wiring MSL and the transparent common
electrode CIT to each other.

[0074] As described above, the seven photoetching steps
may manufacture the second transparent substrate SUB2
(TFT substrate) of the liquid crystal display device LCD
according to this embodiment.

Second Embodiment

[0075] A second embodiment of the present application is
described in the following with reference to the attached
drawings. Note that, for the sake of convenience of descrip-
tion, like reference symbols are used to designate members
having the same functions as those described in the first
embodiment, and description thereof is omitted. Further,
unless otherwise specified, the terms defined in the first
embodiment are used in accordance with the definitions also
in this embodiment.

[0076] The liquid crystal display device LCD according to
the second embodiment is any one of the liquid crystal display
devices LCD according to the first embodiment further
including a spacer SOC for maintaining the distance between
the first transparent substrate SUB1 and the second transpar-
ent substrate SUB2 (liquid crystal gap spacer).
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[0077] FIG. 13 is a plan view illustrating a structure of a
pixel according to the second embodiment, and FIG. 14 is a
sectional view taken along the line 14-14' of FIG. 13.

[0078] The spacer SOC is placed so as to overlap the metal
wiring MSL at an intersection of the gate signal line GL and
the data signal line DL in plan view. The spacer SOC itself is
formed on the first transparent substrate SUB1.

[0079] As described above, the metal wiring MSL is
formed in the extending direction of the gate signal line GL so
as to cover the source electrode SM overlapping the notch CP
in which the gate signal line GL does not exist and to cover the
contacthole CONT in plan view. The gate signal line GL does
not exist under the source electrode SM in the contact hole
CONT portion, and thus, backlight from the outside of the
second transparent substrate SUB2 is transmitted through the
vicinity of the source electrode SM in an oblique direction to
cause light leakage. This may be prevented by increasing the
width of the black matrix BM of the first transparent substrate
SUBI, but the aperture ratio is reduced. In this regard, the
metal wiring MSL blocks light to the source electrode SM and
the contact hole CONT, and thus, the aperture ratio may be
prevented from being reduced without the necessity of
increasing the width of the black matrix BM.

[0080] Light leakage tends to occur when the orientation is
insufficient. With regard to negative liquid crystal, in orien-
tation processing involving rubbing, a shadow due to a height
difference caused by the spacer SOC on the first transparent
substrate SUB1 extends in the extending direction of the gate
signal line GL. Therefore, light leakage due to the insuffi-
ciency of orientation becomes conspicuous without the metal
wiring MSL. However, the metal wiring MSL also blocks
light onto the contact hole CONT, and, as a result, it is not
necessary to increase the width of the black matrix BM over
the gate signal line GL. Thus, the aperture ratio may be
prevented from being reduced.

[0081] With regard to positive liquid crystal, a shadow due
to orientation is caused in the extending direction of the data
signal line DL. In this regard, as illustrated in FIG. 2B, the
black matrix BM having a width larger than that of the data
signal line DL extends. Therefore, by forming, as in the
second embodiment, the spacer SOC over the metal wiring
MSL at the intersection of the gate signal line GL and the data
signal line DL, light leakage can be inhibited.

[0082] The spacer SOC is formed of photosensitive acrylic
and has a thickness of 3 um to 4.5 um. The spacer SOC is
formed on an overcoat film OC of the first transparent sub-
strate SUB1. The first alignment film AL1 is formed on a side
surface of the spacer SOC. The first transparent substrate
SUBT1 and the second transparent substrate SUB2 are posi-
tioned so that the spacer SOC is in contact with the transpar-
ent common electrode CIT formed on the metal wiring MSL.

Third Embodiment

[0083] A third embodiment of the present application is
described in the following with reference to the attached
drawings. Note that, for the sake of convenience of descrip-
tion, like reference symbols are used to designate members
having the same functions as those described in the first and
second embodiments, and description thereof is omitted. Fur-
ther, unless otherwise specified, the terms defined in the first
and second embodiments are used in accordance with the
definitions also in this embodiment.

[0084] The liquid crystal display device LCD according to
the third embodiment is any one of the liquid crystal display
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devices LCD according to the first and second embodiments
further having a function of a touch panel.

[0085] FIG. 15 is a schematic view forillustrating the func-
tion of a touch panel. The liquid crystal display device LCD
according to the third embodiment is any one of the liquid
crystal display devices LCD according to the first and second
embodiments further including a block-for-driving transpar-
ent detection electrode DIT (touch detection electrode) on the
display surface side of the first transparent substrate SUB1,
and a block-for-driving transparent drive electrode CIT (drive
electrode) on the second transparent substrate SUB2. The
liquid crystal display device LCD according to the third
embodiment has a function as a so-called capacitance touch
panel (in-cell touch panel). The block-for-driving transparent
electrodes (touch detection electrode and drive electrode)
may have an electrode width for several tens of pixels coupled
to one another, or may be structured so that electrodes for
several tens of pixels, each having a resolution corresponding
to one pixel, are coupled to one another outside the image
display region DIA. In this liquid crystal display device LCD,
the transparent common electrode CIT on the second trans-
parent substrate SUB2 functions as the block-for-driving
transparent drive electrode.

[0086] FIG. 16 is a schematic sectional view of the liquid
crystal display device LCD having the touch panel function.
The block-for-driving transparent detection electrode DIT is
formed on the display surface side of the first transparent
substrate SUB1. The transparent common electrode CIT for
displaying an image doubles as the block-for-driving trans-
parent drive electrode CIT. The block-for-driving transparent
detection electrode DIT and the block-for-driving transparent
drive electrode CIT are separated into the shape of a block, or
separated for one pixel and a plurality thereofare coupled into
the shape of a block outside the image display region DIA.
The block-for-driving transparent detection electrode DIT
and the block-for-driving transparent drive electrode CIT are
arranged so as to be orthogonal to each other in plan view.
[0087] The block-for-driving transparent drive electrode
CIT also serves as a common electrode for driving the liquid
crystal. Thus, the block-for-driving transparent drive elec-
trode CIT is separated in the row direction for several tens of
pixels into the shape of a strip, or separated for one pixel and
a plurality thereof are coupled to one another outside the
image display region DIA. It is preferred that a region in
which the block-for-driving transparent drive electrodes CIT
are separated from one another into the shape of a strip be, in
order to minimize the influence on display, substantially at the
center of the black matrix BM which overlaps the gate signal
line GL.

[0088] FIG. 15 and FIG. 16 illustrate an example in which
the block-for-driving transparent drive electrode CIT is sepa-
rated from others each for one pixel row, but the planar pattern
is similar with regard to a structure in which the block-for-
driving transparent drive electrode CIT is separated from
others each for one block. The block-for-driving transparent
drive electrode CIT is separated from another in the vertical
direction substantially at the center of the black matrix BM
which covers the gate signal line GL extending in the row
direction.

[0089] As illustrated in FIG. 17, the metal wiring MSL is
formed on both end sides of the block-for-driving transparent
drive electrode CIT in plan view so as to be within the range
of the black matrix BM which covers the gate signal line GL.
By placing the metal wiring MSL on the both end sides of the
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block-for-driving transparent drive electrode CIT, light leak-
age from a peripheral region of the contact hole CONT may
be inhibited. However, the metal wiring MSL is not necessar-
ily required to be placed on the both end sides of the block-
for-driving transparent drive electrode CIT. In this way, the
metal wiring MSL is formed so as to cover at least a part of the
contact hole CONT and to extend in the row direction.

[0090] Similarly to the case of the second embodiment, the
spacer SOC is placed so as to overlap the metal wiring MSL
in plan view and to extend from the first transparent substrate
SUBL1 into contact with an upper portion of the intersection of
the gate signal line GL and the data signal line DL.

[0091] FIG. 18 is a sectional view taken along the line
18-18' of FIG. 17. As illustrated in the figure, the two metal
wirings MSL separated from each other are formed so as to
overlap the contact hole CONT. The block-for-driving trans-
parent drive electrode CIT is formed so as to be in contact
with the metal wiring MSL, and is separated from another in
a region over the contact hole CONT.

[0092] FIG. 19 is a sectional view taken along the line
19-19'of FIG. 17. As illustrated in the figure, the spacer SOC
formed on the first transparent substrate SUBI is placed so as
to be in contact with the second transparent substrate SUB2
over the intersection of the gate signal line GL. and the data
signal line DL. The spacer SOC is placed at a position which
is above the metal wiring MSL and which is in contact with
the block-for-driving transparent drive electrode CIT.

[0093] As a method of detecting touch, a well-known
method may be used. For example, a touch location (coordi-
nates) is detected as follows. A pair of electrodes (block-for-
driving transparent drive electrode CIT and block-for-driving
transparent detection electrode DIT) placed so as to be
opposed to each other with a dielectric sandwiched therebe-
tween form a capacitive element (electrostatic capacitor). An
end of the capacitive element is connected to a drive signal
source (not shown) and the other end of the capacitive ele-
ment is connected to a voltage detector (not shown). A drive
signal Vcom of a predetermined frequency (for example,
about several kilohertz to more than ten kilohertz) is supplied
in sequence to the block-for-driving transparent drive elec-
trode CIT (an end of the capacitive element) from the drive
signal source, and a detection signal in accordance with the
capacitance value of the capacitive element is output from the
block-for-driving transparent detection electrode DIT (the
other end of the capacitive element). Whether there is a touch
or not is determined based on the detection signals output
from the respective block-for-driving transparent detection
electrodes DIT, and, based on the result of the determination,
the touch coordinates are detected.

[0094] By the structures of the liquid crystal display
devices according to the embodiments described above, the
aperture ratio of a pixel may be improved at least by a region
in which the metal wiring and the contacthole overlap. There-
fore, in an IPS liquid crystal display device, the aperture ratio
of a pixel may be improved.

[0095] 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.
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What is claimed is:

1. A liquid crystal display device, comprising:

a first substrate on a display surface side and a second
substrate on a rear surface side, the first substrate and the
second substrate being placed so as to be opposed to
each other with liquid crystal interposed therebetween,

the second substrate comprising:

a plurality of gate signal lines formed thereon;

a plurality of data signal lines formed thereon;

aplurality of pixel electrodes and a plurality of thin film
transistors formed thereon, which are provided corre-
spondingly to a plurality of pixels formed in a row
direction in which the plurality of gate signal lines
extend and in a column direction in which the plural-
ity of data signal lines extend;

a common electrode formed thereon, which is provided
on the display surface side so as to be opposed to the
plurality of pixel electrodes;

a plurality of metal wirings formed thereon, which are
electrically connected to the common electrode; and

a first insulating film formed between the plurality of
pixel electrodes and the plurality of thin film transis-
tors,

wherein each of the plurality of pixel electrodes is con-
nected to a conductive electrode of each of the plurality
of thin film transistors via a contact hole formed in the
first insulating film,

wherein the common electrode is formed so as to overlap
the data signal line in plan view, and

wherein the metal wiring is formed so as to overlap at least
a part of the contact hole in plan view.

2. The liquid crystal display device according to claim 1,
further comprising a second insulating film formed on the
first insulating film between the plurality of pixel electrodes
and the plurality of thin film transistors,

wherein the contact hole is formed in the first insulating
film and in the second insulating film, and

wherein each of the plurality of metal wirings is formed so
as to overlap, in plan view, the contact hole and a semi-
conductor layer which forms the thin film transistor.
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3. The liquid crystal display device according to claim 2,
wherein the second insulating film comprises an organic
material.

4. The liquid crystal display device according to claim 1,
wherein the metal wiring is formed so as to further overlap the
gate signal line in plan view.

5. The liquid crystal display device according to claim 4,
wherein the gate signal line has a notch, and

wherein the contact hole is located within the notch in plan

view.

6. The liquid crystal display device according to claim 1,
further comprising a third insulating film formed on the plu-
rality of pixel electrodes,

wherein the common electrode overlaps the pixel electrode

via the third insulating film,

wherein the metal wiring overlaps the contact hole via the

third insulating film, and

wherein the metal wiring is formed one of directly above

and directly below the common electrode.

7. The liquid crystal display device according to claim 1,
further comprising a spacer for maintaining a distance
between the first substrate and the second substrate,

wherein the spacer is provided so as to overlap the metal

wiring in plan view.

8. The liquid crystal display device according to claim 1,
further comprising:

a plurality of touch detection electrodes extending in the

column direction; and

a plurality of drive electrodes extending in the row direc-

tion,

wherein each of the plurality of touch detection electrodes

and each of the plurality of drive electrodes form an
electrostatic capacitance,

wherein the each of the plurality of touch detection elec-

trodes outputs a detection signal related to a drive signal
which is applied to the each of the plurality of drive
electrodes, and

wherein the each of the plurality of drive electrodes com-

prises the common electrode.
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