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(57) ABSTRACT

Disclosed is an active matrix substrate including a substrate,
a gate wiring formed on the substrate, a data wiring formed on
the substrate so as to cross the gate wiring, a common wiring
formed on the substrate extending approximately parallel to
the gate wiring, a pixel formed in a region surrounded by the
gate wiring and the data wiring, and a switching element
formed in a vicinity of an intersection of the gate wiring and
the data wiring. The pixel includes a pixel electrode, and a
counter electrode arranged alternately with the pixel elec-
trode and connected to the data wiring. The switching ele-
ment includes a first electrode connected to the common
wiring, and a second electrode connected to the pixel elec-
trode.
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FORM METAL LAYER ON TRANSPARENT SUBSTRATE (A1)

'

FORM GATE LINE, GATE ELECTRODE, COMMON LINE AND
PIXEL ELECTRODE (A2)

i

FORM INSULATION FILM AND SEMICONDUCTOR LAYER (A3)

i

FORM SEMICONDUCTOR LAYER (A4)

i

FORM METAL FILM, AND PATTERN INTO DATA WIRING,
SOURCE/DRAIN ELECTRODE AND COUNTER ELECTRODE (A5)

'

FORM PASSIVATION INSULATING FILM (A6)

$

FORM CONTACT HOLE AT NEEDED LOCATIONS (A7)

l

FORM TRANSPARENT CONDUCTIVE FILM, AND CONDUCT METAL LAYER
AND METAL FILM VIA CONTACT HOLE (A8)

Fig.9
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FORM METAL LAYER ON GLASS SUBSTRATE (B1)

l

FORM GATE LINE, GATE ELECTRODE, COMMON LINE,
COUNTER ELECTRODE AND SHIELD COMMON LINE (B2)

l

FORM GATE INSULATION FILM AND SEMICONDUCTOR LAYER (B3)

l

FORM SEMICONDUCTOR LAYER (B4)

'

FORM METAL FILM, PATTERN INTO DATA WIRING, SOURCE/DRAIN
ELECTRODE AND PIXEL ELECTRODE, CONNECT SOURCE ELECTRODE
TO DATA WIRING, AND CONNECT DRAIN ELECTRODE TO PIXEL
ELECTRODE (B5)

'

FORM PASSIVATION INSULATING FILM (B6)

|

FORM CONTACT HOLE (B7)

Fig.10
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ACTIVE MATRIX SUBTRATE, LIQUID
CRYSTAL DISPLAY PANEL AND METHOD
OF MANUFACTURING THE SAME

INCORPORATION BY REFERENCE

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2007-
104179, filed on Apr. 11, 2007, the disclosure of which is
incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The invention relates to an active matrix substrate
and a liquid crystal display (LCD) panel and in particular,
relates to an active matrix substrate on a TFT substrate in
which both pixel electrodes and counter electrodes are
formed on the TFT substrate, and an In Plane Switching (IPS)
type LCD panel with the TFT substrate having the active
matrix substrate.

[0004] 2. Background Art

[0005] A liquidcrystal display (LCD) device is widely used
as a display device of an audio visual equipment and an office
automation equipment in view of such advantages of thin-
ness, light-weight and low power consumption. This LCD
device includes an LCD panel and a backlight unit which
supplies backlight to the LCD panel, in which a liquid crystal
is sandwiched between a TFT substrate and an opposed sub-
strate. The opposed substrate is generally provided with a
color filter and a black matrix while the TFT substrate is
provided with switching elements such as TFTs (Thin Film
Transistors) in a matrix pattern.

[0006] Generally, operation mode of the liquid crystal dis-
play device s classified into a TN (Twisted Nematic) type and
an IPS type. In the TN type, a major axis direction of an
aligned liquid crystal molecule (hereinafter, referred to an LC
director) is rotated in a plane vertical to the TFT substrate,
while the IPS type rotates the LC director in a plane parallel
to the TFT substrate.

[0007] Inthe IPS type LCD panel, each pixel electrode and
each counter electrode are arranged to be parallel to each
other and alternately formed on the TFT substrate. The LC
director molecule is changed by applying a voltage between
the pixel and counter electrodes and forming an electric field
parallel to the substrate surface, and thus quantity of trans-
mitted light is controlled. In the IPS type, since the LC direc-
tor rotates in a plane parallel to the substrate surface, it
enables to avoid such a problem in the TN type that relation
between quantity of the transmitted light and the applied
voltage is greatly different when seeing from the direction of
the LC director and when seeing from the normal direction to
the TFT substrate. In the IPS type, therefore, a wide range of
viewing angle can be obtained. (See, for example, JP-2004-
280130.)

[0008] However, in the IPS type LCD device, the liquid
crystal molecule rotates only in one direction, and causes a
problem that coloring occurs when seeing from an oblique
direction in a white display state. In order to solve this prob-
lem, the pixel electrode and the common electrode are
designed to have bended configuration, respectively, in one
pixel.

[0009] FIG. 8 is a plan view which typically indicates a
structure of one pixel in the TFT substrate included in the IPS
type LCD device of the related art.
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[0010] Asshown in FIG. 8, the TFT substrate of the related
art includes: a gate wiring 11 which extends in the horizontal
direction in the drawing sheet, a common wiring (a so-called
COM wiring) 12 neighboring the gate wiring almost parallel
thereto, a data wiring 13 which extends in a direction approxi-
mately orthogonal to the gate wiring 11, a TFT 16 disposed in
avicinity of a crossing point of the gate wiring 11 and the data
wiring 13, a line-shaped pixel electrode 14 and a counter
electrode 15 almost parallel to the data wiring 13 disposed in
a region surrounded by the gate wiring 11 and the data wiring
13, and a shield common wirings 20 neighboring to both sides
of the data wiring 13, shielding a leakage electric field from
the data wiring 13, and having a function of the counter
electrode 15.

[0011] The counter electrode 15 is connected to the com-
mon wiring 12. The pixel electrode 14 is connected to the data
wiring 13 via the TFT 16. The counter electrode 15 and the
pixel electrode 14 are arranged alternately with a predeter-
mined interval and bended in order to reduce the coloring.
Moreover, a domain stabilization electrode 17 which extends
in the direction of the gate wiring 11 is formed at each of the
bended points. A reverse-rotation prevention structure 18 that
regulates the direction of rotation of the liquid crystal mol-
ecule is formed at each end of the counter electrode 15 and the
pixel electrode 14.

[0012] The above-mentioned TFT substrate is manufac-
tured by using the following steps as shown in FIG. 10.

[0013] A metal film is formed on a glass substrate (Step
B1). A gate wiring 11, a gate electrode, a common wiring 12,
a counter electrode 15 and a shield common wiring 20 are
patterned from the metal film by using a photolithography
(Step B2).

[0014] A gateinsulation film and a semiconductor layer are
successively formed to cover the previously patterned film
(Step B3). The semiconductor layer is then patterned into a
predetermined shape by using the photolithography (Step
B4).

[0015] A metal film is formed and patterned into a data
wiring 13, a source/drain electrode of a TFT 16 and a pixel
electrode 14 by using the photolithography such that the
source electrode of the TFT 16 is connected to the data wiring
13 while the drain electrode of the TFT 16 is connected to the
pixel electrode 14 (Step BS).

[0016] A passivation insulating film is formed to cover a
previously patterned film (Step B6). A contact hole is there
formed at needed locations thereof by using the photolithog-
raphy (Step B7). In this example, however, the contact hole is
not shown in the drawing since the related art illustrates a
structure that does not require it at the pixel area. The contact
hole would be needed in a peripheral circuit area besides the
pixel area.

[0017] An operation of the IPS type LCD panel will be
described referring to FIG. 8. By applying an ON voltagetoa
selected gate wiring 11 the TFT 16 associated with the gate
wiring 11 is turned on to apply a signal voltage to each pixel
electrode 14 from the data wiring 13.

[0018] A common voltage (so-called COM voltage) is
always applied to the counter electrode 15, and thus an elec-
tric potential difference between the pixel electrode 14 and
the counter electrode 15 is accumulated and maintained in a
storage capacity part (a storage 19 in FIG. 8) and a liquid
crystal capacity. The storage capacity is formed by overlap-
ping the pixel electrode 14 and the counter electrode 15 via an
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insulating film. The liquid crystal capacity is formed in the
liquid crystal part between the pixel electrode 14 and the
counter electrode 15.

[0019] The gate wiring 11 is changed to an OFF voltage,
then the pixel electrode 14 is electrically disconnected from
the data wiring 13, and turns into a floating state with respect
to the counter electrode 15 owing to capacity coupling per-
formed by the storage capacity and liquid crystal capacity.
[0020] Since the counter electrode 14 is always in the pre-
determined common potential and the pixel voltage is main-
tained to the signal voltage when put in the transistor ON
state, the electric potential difference applied to the liquid
crystal at the selected pixel is also maintained, and a direc-
tional change state of the liquid crystal molecule caused by
applying the ON voltage to the selected gate wiring can be
maintained.

[0021] IntheIPStype LCD device, however, a horizontal or
lateral electric field between the pixel electrode and the
counter electrode is affected by other electric potential in the
neighborhood to change the electric field strength and causes
unstable display state. To improve the display state, the shield
common wiring is provided aside of the data wiring. An area
utilized as an opening in a pixel becomes small, and causes a
problem that an aperture ratio (a ratio of the area of the
opening to the area of the pixel) decreases.

[0022] Inaddition, since the data wiring is not an electrode
of which the pixel opening is composed, the area utilized as
the opening becomes smaller, and further the aperture ratio
decreases.

SUMMARY

[0023] An exemplary object of the invention is to provide
an active matrix substrate or a TFT substrate with improved
aperture ratio and an IPS type LCD panel having the TFT
substrate.

[0024] An active matrix substrate according to an exem-
plary aspect of the invention includes a substrate, a gate
wiring formed on the substrate, a data wiring formed on the
substrate so as to cross the gate wiring, a common wiring
formed on the substrate extending approximately parallel to
the gate wiring, a pixel formed in a region surrounded by the
gate wiring and the data wiring, and a switching element
formed in a vicinity of an intersection of the gate wiring and
the data wiring. The pixel includes a pixel electrode, and a
counter electrode arranged alternately with the pixel elec-
trode and connected to the data wiring. The switching ele-
ment includes a first electrode connected to the common
wiring, and a second electrode connected to the pixel elec-
trode.

[0025] A liquid crystal display panel of an in plane switch-
ing type according to another aspect of the invention includes
an active matrix substrate, an opposed substrate opposing to
the active matrix substrate, and a liquid crystal sandwiched
between the active matrix substrate and the opposed sub-
strate. The active matrix substrate includes a substrate, a gate
wiring formed on the substrate, a data wiring formed approxi-
mately orthogonal to the gate wiring, a common wiring
formed approximately parallel to the gate wiring, the pixel
formed in a region surrounded by the gate wiring and the data
wiring, and a switching element formed in a vicinity of an
intersection of the gate wiring and the data wiring. The pixel
includes a pixel electrode, and a counter electrode arranged
alternately with the pixel electrode and connected to the data
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wiring. The switching element includes a first electrode con-
nected to the common wiring, and a second electrode con-
nected to the pixel electrode.

[0026] A method of manufacturing the active matrix sub-
strate according to yet another aspect of the invention
includes forming a gate wiring including a gate electrode, a
common wiring approximately parallel to the gate wiring,
and a pixel electrode approximately orthogonal to the com-
mon wiring on a substrate; and forming a data wiring approxi-
mately parallel to the pixel electrode and passing a vicinity of
the gate electrode, a counter electrode connected to the data
wiring and arranged alternately with the pixel electrode, and
a switching element having a first electrode connected to the
common wiring and a second electrode connected to the pixel
electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Exemplary features and advantages of the invention
will become apparent from the following detailed description
when taken with the accompanying drawings in which:
[0028] FIG. 1 is a plan view illustrating a pixel of a TFT
substrate in an IPS type LCD panel according to a first exem-
plary embodiment;

[0029] FIG. 2is a plan view illustrating a pixel of the TFT
substrate in the IPS type LCD panel according to a second
exemplary embodiment;

[0030] FIG. 3 is a plan view illustrating a pixel of the TFT
substrate in the IPS type LCD panel according to a third
exemplary embodiment;

[0031] FIG. 4is a plan view illustrating a pixel of the TFT
substrate in the IPS type LCD panel according to a fourth
exemplary embodiment;

[0032] FIG. 51is a plan view illustrating a pixel of the TFT
substrate in the IPS type LCD panel according to a fifth
exemplary embodiment;

[0033] FIG. 6is a plan view illustrating a pixel of the TFT
substrate in the IPS type LCD panel according to a sixth
exemplary embodiment;

[0034] FIG. 7 is a plan view illustrating a pixel of the TFT
substrate in the IPS type LCD panel according to a seventh
exemplary embodiment;

[0035] FIG. 8 is a plan view illustrating a pixel of the TFT
substrate in an IPS type LCD panel of the related art;

[0036] FIG. 9 is a flow chart illustrating a manufacturing
procedure of the TFT substrate in the IPS type LCD panel
according to an exemplary embodiment; and

[0037] FIG. 10 is a flow chart illustrating a manufacturing
procedure of the TFT substrate in the IPS type LCD panel of
the related art.

EXEMPLARY EMBODIMENT

[0038] Exemplary embodiments of the invention will now
be described in detail in accordance with the accompanying
drawings.

Exemplary Embodiment 1

[0039] Anactive matrix substrate according to a first exem-
plary embodiment and an IPS type LCD panel having the
active matrix substrate or TFT substrate will be described
with reference to FIG. 1.

[0040] The LCD device includes an LCD panel in which a
liquid crystal is sandwiched between an active matrix sub-
strate and an opposed substrate, and a backlight unit. The
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active matrix substrate (a TFT substrate) of this exemplary
embodiment, as shown in FIG. 1, includes a gate wiring (a
scanning line) 1 which extends in the horizontal direction in
the drawing sheet, a common wiring (a COM wiring) 2 neigh-
boring almost parallel to the gate wiring 1 and a data wiring (a
signal line) 3 which extends in the direction approximately
orthogonal to the gate wiring 1, a switching element of the
TFT 6 disposed in a vicinity of a point of intersection of the
gate wiring 1 and the data wiring 3, and a line-shaped pixel
electrode 4 and a counter electrode 5 parallel to the data
wiring 3 disposed in a region surrounded by the gate wiring 1
and the data wiring 3. The pixel electrode 4 and the counter
electrode 5 are alternately arranged with a predetermined
interval.

[0041] In the TFT substrate of the related art, as shown in
FIG. 8, the counter electrode 15 is connected to the common
wiring 12, and the pixel electrode 14 is connected to the data
wiring 13 via the TFT 16. In the TFT substrate of the related
art, since the electric field strength changes by leakage elec-
tric field from the data signal, a shield common wiring is
provided aside of the data wiring. Since the data wiring itself
is not an electrode of which an opening is composed, an area
utilized as the opening becomes small. Accordingly, there is a
problem that the aperture ratio decreases.

[0042] Accordingly, in this exemplary embodiment, one
electrode (in this exemplary embodiment, the source elec-
trode) of the TFT 6 is connected to the common wiring 2, and
other electrode (in this exemplary embodiment, the drain
electrode) is connected to the pixel electrode 4. The counter
electrode 5 is connected to the data wiring 3. That is, the
common voltage is applied to the pixel electrode.

[0043] Hereinafter, the method of manufacturing the TFT
substrate of aforementioned structure will be described spe-
cifically with reference to FIG. 9.

[0044] A metal layer such as chromium (Cr) is formed by
using the sputtering method or the like on a transparent sub-
strate such as glass or plastics (Step Al). A gate wiring 1, a
gate electrode, a common wiring 2 and a pixel electrode 4 are
patterned by using the photolithography (Step A2).

[0045] A gate insulation film such as a silicon oxide film or
a silicon nitride film and a semiconductor layer such as amor-
phous silicon or polysilicon are successively formed to cover
the previously patterned film (Step A3). The semiconductor
layer is then patterned into a predetermined shape by using
the photolithography (Step A4).

[0046] A metal film such as Cr is formed by using sputter-
ing method or the like and patterned into a data wiring 3, a
source/drain electrode and a counter electrode 5 by using the
photolithography (Step A5).

[0047] A passivation insulating film such as a silicon oxide
film or a silicon nitride film is formed on the metal film by
using the plasma CDV method or the like (Step A6). The
contact hole 10 is then formed at needed locations thereof by
using the photolithography (Step A7).

[0048] A transparent conductive film such as an indium tin
oxide (ITO) is formed on the insulating film, and patterned
into a connecting to connect the metal layer and the metal film
via the contact hole 10 by using the photolithography (Step
A8). The material used for the conducting is not limited to the
transparent conductive film such as ITO. The contact hole
may be formed in the insulation film before forming the metal
film without using the uppermost layer, and the metal layer
and the metal film may be conducted directly.
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[0049] In case of the above TFT substrate, the TFT 6 con-
nected to the gate wiring is changed into the conductive state
by applying an ON voltage to the gate wiring 1, and the
common voltage is applied to each pixel electrode 4.

[0050] An electric potential difference is generated
between the pixel electrode 4 and the counter electrode 5
connected to the data, wiring 3 by applying a voltage signal
corresponding to an image data to the data wiring 3. The
electric potential difference is accumulated and maintained in
the storage capacity part (the storage 9) where the pixel elec-
trode 4 and the counter electrode 5 are laminated via the
insulating film and in the capacity of the liquid crystal part
between the pixel electrode 4 and the counter electrode 5, the
liquid crystal capacity.

[0051] The pixel electrode 4 is electrically disconnected
from the common wiring 2 and turned into a floating state in
which a capacity coupling is performed by the storage capac-
ity and the liquid crystal capacity with respect to the counter
electrode 5 by changing the gate wiring 1 to an OFF voltage.
[0052] When the data wiring voltage is changed in this
state, the pixel voltage also changes. However, the electric
potential difference between the counter electrode 5 and the
pixel electrode 4 is maintained, then the voltage applied to the
liquid crystal is also maintained, and a directional change
state with the superimposed voltage can be maintained.
[0053] The common voltage is applied to the pixel elec-
trode 4, and the data wiring 3 and the counter electrode 5 are
in the same electric potential. A leakage electric field from the
data signal does not affect the direction of the liquid crystal
molecule even if the conventional shield common wiring is
not provided. Since the data wiring 3 acts as the counter
electrode 5, one of the conventional counter electrodes 5 can
be omitted. An area of an opening can be enlarged to improve
the aperture ratio.

[0054] Needless to say, FIG. 1 is an exemplification. Inso-
far as the pixel electrode 4 is formed in the same layer as the
gate wiring 1 and the common wiring 2, and the counter
electrode 5 is formed in the same layer as the data wiring 3,
while the common wiring 2 is connected to the source elec-
trode of the TFT 6, the pixel electrode 4 is connected to the
drain electrode, and the counter electrode 5 is connected to
the data wiring 3, shape, arrangement, quantity or material of
each wiring and electrode can be changed appropriately.

Exemplary Embodiment 2

[0055] An active matrix substrate and an IPS type LCD
panel having the active matrix substrate according to a second
exemplary embodiment will be described with reference to
FIG. 2.

[0056] As shown in FIG. 2, the pixel electrode 4 and the
counter electrode 5 are made of a conductive film (transparent
conductive film such as ITO) of the uppermost layer (upper
than the gate wiring 1, the common wiring 2 and the data
wiring 3).

[0057] Inthis exemplary embodiment, the storage capacity
includes the upper part storage electrode (the electrode on the
upper layer side of the storage 9) connected to the pixel
electrode 4 and the lower part storage electrode (the electrode
on the lower layer side of the storage 9) connected to the data
wiring 3.

[0058] The counter electrode 5 is connected to the lower
part storage electrode via the contact hole 104, the counter
electrode is in the same electric potential as the data wiring 3.
In order to form a group of counter electrodes 5 on the same
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layer, the counter electrode 5 with the same shape as the data
wiring 3 is provided on the data wiring 3, and the data wiring
3 and the counter electrode 5 are connected via the contact
hole 104.

[0059] The common voltage is applied to the pixel elec-
trode 4, while the data wiring 3 and the counter electrode 5 are
in the same electric potential. A leakage electric field from the
data signal does not affect the direction of the liquid crystal
molecule even if the conventional shield common wiring is
not provided. Since the data wiring 3 acts as the counter
electrode 5, one of the conventional counter electrodes 5 can
be omitted. An area of an opening can be enlarged to improve
the aperture ratio.

[0060] The counter electrode 5 made of the conductive film
of'the uppermost layer on the data wiring 3 is not necessarily
required. The conductive film of the uppermost layer is not
limited to the transparent conductive film such as ITO. FIG. 2
is an exemplification. Insofar as the pixel electrode 4 and the
counter electrode 5 are made of the conductive film of the
uppermost layer, and the common wiring 2 and the pixel
electrode 4 are connected to the source and drain electrodes of
the TFT 6, respectively, while the counter electrode 5 is
connected to the data wiring 3, shape arrangement, quantity
or material of each wiring and electrode may be changed
appropriately.

Exemplary Embodiment 3

[0061] An active matrix substrate and an IPS type LCD
panel having the active matrix substrate according to a third
exemplary embodiment will be described with reference to
FIG. 3.

[0062] As shown in FIG. 3, the pixel electrode 4 is made of
aconductive film (transparent conductive film such as ITO) of
the uppermost layer (upper than the gate wiring 1, the com-
mon wiring 2 and the data wiring 3) and the counter electrode
5 is made of the metal film. The above-mentioned pixel elec-
trode is connected to the drain electrode via the contact hole.

[0063] The common voltage is applied to the pixel elec-
trode 4, and the data wiring 3 and the counter electrode 5 are
in the same electric potential, a leakage electric field from the
data signal does not affect the direction of the liquid crystal
molecule even if the conventional shield common wiring is
not provided. Since the data wiring 3 acts as the counter
electrode 5, one of the counter electrodes 5 can be omitted. An
area of an opening can be enlarged to improve the aperture
ratio.

[0064] The counter electrode 5 and the lower part storage
electrode are in the same layer, a contact hole (contact holes
104 and 1056 in FIG. 2) is not necessary in the storage part. The
storage capacity and the aperture ratio can be enlarged further
compared with the second exemplary embodiment.

[0065] FIG. 3 is an exemplification. Insofar as the pixel
electrode 4 is made of a conductive film of the uppermost
layer, the counter electrode 5 is formed in the same layer as
the data wiring 3, and the common wiring 2 and the pixel
electrode 4 are connected to the source and drain electrodes of
the TFT 6, respectively, while the counter electrode 5 is
connected to the data wiring 3, shape, arrangement, quantity
or material of each wiring and the pole can be changed appro-
priately.
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Exemplary Embodiment 4

[0066] An active matrix substrate and an IPS type LCD
panel having the active matrix substrate according to a fourth
exemplary embodiment will be described with reference to
FIG. 4.

[0067] As shown in FIG. 4, in the structure of the first
exemplary embodiment, the common wiring 2 is provided in
a layer different from the metal layer (in this exemplary
embodiment, between the metal layer and the metal film).
[0068] The common voltage is applied to the pixel elec-
trode 4, and the data wiring 3 and the counter electrode 5 are
the same electric potential, a leakage electric field from the
data signal does not affect the direction of the liquid crystal
molecule even if the conventional shield common wiring is
not provided. Since the data wiring 3 acts as the counter
electrode 5, one of the counter electrodes 5 can be omitted. An
area of an opening can be enlarged to improve the aperture
ratio.

[0069] Inthis exemplary embodiment, the source electrode
of'the TFT 6 and the common wiring 2 may be formed in the
same layer, and a contact hole (contact hole 10 of FIG. 1) may
be omitted. This exemplary embodiment can be realized eas-
ily.

[0070] Themetal film may be provided in the upper layer of
the metal layer, and the metal film may be lower than the
lower layer of the common wiring. FIG. 4 is an exemplifica-
tion. Insofar as the pixel electrode 4 is formed in the same
layer as the common wiring 2, the counter electrode 5 is
formed in the same layer as the data wiring 3, and the common
wiring 2 and the pixel electrode 4 are connected to the source
and drain electrodes of the TFT 6, respectively, while the
counter electrode 5 is connected to the data wiring 3, shape,
arrangement, quantity or material of each wiring and elec-
trode may be changed appropriately.

Exemplary Embodiment 5

[0071] An active matrix substrate and an IPS type LCD
panel having the active matrix substrate according to a fifth
exemplary embodiment will be described with reference to
FIG. 5.

[0072] As shown in FIG. 5, the common wiring 2 is pro-
vided in the layer (in this exemplary embodiment, between
the metal layer and the metal film) different from the metal
layer in the second exemplary embodiment.

[0073] The common voltage is applied to the pixel elec-
trode 4, and the data wiring 3 and the counter electrode 5 is in
the same electric potential, a leakage electric field from the
data signal does not affect the direction of the liquid crystal
molecule even if the conventional shield common wiring is
not provided. Since the data wiring 3 acts as the counter
electrode 5, one of the counter electrodes 5 can be omitted. An
area of an opening large can be enlarged to improve the
aperture ratio.

[0074] Inthis exemplary embodiment, the source electrode
of'the TFT 6 and the common wiring 2 can be formed at the
same layer, and the contact hole can be omitted partly. This
exemplary embodiment can be realized easily. The pixel elec-
trode and the counter electrode are connected to the drain
electrode and the data wiring via the contact hole, respec-
tively.

[0075] FIG. 5 is an exemplification. Insofar as the pixel
electrode 4 and the counter electrode 5 are formed in the
uppermost layer, and the common wiring 2 and the pixel
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electrode 4 are connected to the source and drain electrodes of
the TFT 6, respectively, while the counter electrode 5 is
connected to the data wiring 3, shape, arrangement, quantity
or material of each wiring and electrode can be changed
appropriately.

Exemplary Embodiment 6

[0076] An active matrix substrate and an IPS type LCD
panel having the active matrix substrate according to the sixth
exemplary embodiment will be described with reference to
FIG. 6.

[0077] As shown in FIG. 6, the common wirings 2 of the
fifth exemplary embodiment are connected in the longitudi-
nal direction, and the COM voltage supply capacity is rein-
forced.

[0078] Since the common voltage is applied to the pixel
electrode 4, and the data wiring 3 and the counter electrode 5
are in the same electric potential, a leakage electric field from
the data signal does not affect the direction of the liquid
crystal molecule even if the conventional shield common
wiring is not provided. Since the data wiring 3 acts as the
counter electrode 5, one of the counter electrodes 5 can be
omitted. The area of the opening can be enlarged to improve
the aperture ratio.

[0079] FIG. 6 is an exemplification. Insofar as the pixel
electrode 4 and the counter electrode 5 are formed in the
uppermost layer, and the common wiring 2 and the pixel
electrode 4 are connected to the source and drain electrodes of
the TFT 6, respectively, while the counter electrode 5 is
connected to the data wiring 3, shape, arrangement, quantity
or material of each wiring and electrode can be changed
appropriately.

Exemplary Embodiment 7

[0080] An active matrix substrate and an IPS type LCD
panel having the active matrix substrate according to a sev-
enth exemplary embodiment will be described with reference
to FIG. 7.

[0081] As shown in FIG. 7, the common wiring 2 is pro-
vided in a layer different from the metal layer (in this exem-
plary embodiment, between the metal layer and the metal
film) in the third exemplary embodiment. The counter elec-
trode is connected to the data wiring via the contact hole.
[0082] The common voltage is applied to the pixel elec-
trode 4, and the data wiring 3 and the counter electrode 5 are
in the same electric potential, a leakage electric field from the
data signal does not affect the direction of the liquid crystal
molecule even if the conventional shield common wiring is
not provided. Since the data wiring 3 acts as the counter
electrode 5, one of the counter electrodes 5 can be omitted.
The area of the opening can be enlarged to improve the
aperture ratio.

[0083] In FIG. 7, although an electrode is not provided on
the data wiring 3 for purposes of illustration, an electrode of
the uppermost layer may be arranged also on the data wiring.
FIG. 7 is an exemplification. Insofar as the pixel electrode 4 is
formed in the same layer as the common wiring 2, the counter
electrode 5 is formed in the uppermost layer, and the common
wiring 2 and the pixel electrode 4 are connected to the source
and drain electrodes of the TFT 6, respectively, while the
counter electrode 5 is connected to the data wiring 3, shape,
arrangement, quantity or material of each wiring and elec-
trode can be changed appropriately.
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[0084] The invention is not limited to the above exemplary
embodiments, and the pixel electrode 3 and the counter elec-
trode 4 may have a straight line shape. The domain stabiliza-
tion pole 7 or the reverse-rotation prevention structure 8 may
be omitted. In each above-mentioned exemplary embodi-
ment, the TFT 6 has an inverted stagger type (a bottom gate-
type) in which the gate electrode is arranged below the semi-
conductor layer the source/drain electrode is arranged above
the semiconductor layer. However, the TFT may also have a
stagger type (a top gate-type) in which the source/drain elec-
trode is arrange below the semiconductor layer and the gate
electrode is arranged above the semiconductor layer.
[0085] The LCD panel according to the exemplary embodi-
ment includes a liquid crystal sandwiched between the active
matrix substrate described above and an opposed substrate.
[0086] Inthe exemplary embodiment, since the data wiring
and the counter electrode are in the same electric potential, a
leakage electric field from the data signal does not affect the
direction of the liquid crystal molecule even if a wiring for
electrically shielding the data wiring is not provided. Since
the data wiring acts as the counter electrode, the area used as
an opening can be secured widely to improve the aperture
ratio.
[0087] According to the active matrix substrate and the IPS
type LCD panel having the active matrix substrate of the
exemplary embodiment, the aperture ratio can be made large.
[0088] Since the common voltage is applied in the pixel
electrode, and the data wiring and the counter electrode are in
the same electric potential, a leakage electric field from the
data signal does not disturb the direction of the liquid crystal
molecule. A wiring for electrically shielding the data wiring is
not necessary.
[0089] Since the data wiring acts as the counter electrode,
one of the counter electrodes can be omitted.
[0090] The area used as an opening between the pixel elec-
trode and the counter electrode can be secured widely, then
the aperture ratio is high and a bright display characteristic
can be obtained.
[0091] Whilethe invention has been particularly shown and
described with reference to exemplary embodiments thereof,
the invention is not limited to these embodiments. It will be
understood by those of ordinary skill in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the invention as defined
by the claims.
[0092] Further, it is the inventor’s intention to retain all
equivalents of the claimed invention even if the claims are
amended during prosecution.
What is claimed is:
1. An active matrix substrate, comprising:
a substrate;
a gate wiring formed on the substrate;
a data wiring formed on the substrate so as to cross the gate
wiring;
a common wiring formed on the substrate extending
approximately parallel to the gate wiring;
a pixel formed in a region surrounded by the gate wiring
and the data wiring, including:
a pixel electrode; and
a counter electrode arranged alternately with the pixel
electrode and connected to the data wiring; and
a switching element formed in a vicinity of an intersection
of the gate wiring and the data wiring, including:
a first electrode connected to the common wiring; and
a second electrode connected to the pixel electrode.
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2. The active matrix substrate according to claim 1,
wherein the pixel electrode is formed in a same layer as the
gate wiring and the common wiring, and

the counter electrode is formed in a same layer as the data
wiring.

3. The active matrix substrate according to claim 1,
wherein the pixel electrode is formed in a first layer upper
than the gate wiring, the common wiring and the data wiring,
and is connected to the second electrode via a first contact
hole, and

the counter electrode is formed in a second layer upper than
the gate wiring, the common wiring and the data wiring,
and is connected to the data wiring via a second contact
hole.

4. The active matrix substrate according to claim 3, further

comprising:

a second counter electrode formed in a third layer upper
than the data wiring, and in a second region overlapping
with the data wiring in a normal direction to the sub-
strate.

5. The active matrix substrate according to claim 1,
wherein the pixel electrode is formed in a layer upper than the
gate wiring, the common wiring and the data wiring, and is
connected to the second electrode via a contact hole, and

the counter electrode is formed in a same layer as the data
wiring.

6. The active matrix substrate according to claim 1,
wherein the common wiring is formed in a layer upper than
the gate wiring,

the pixel electrode is formed in a same layer as the common
wiring, and

the counter electrode is formed in a same layer as the data
wiring.

7. The active matrix substrate according to claim 1,
wherein the common wiring is formed in a first layer upper
than the gate wiring;

the pixel electrode is formed in a second layer upper than
the gate wiring, the common wiring and the data wiring,
and is connected to the second electrode via a first con-
tact hole, and

the counter electrode is formed in a third layer upper than
the gate wiring, the common wiring and the data wiring,
and is connected to the data wiring via a second contact
hole.

8. The active matrix substrate according to claim 7,

wherein the common wirings neighboring each other are
connected along the data wiring.
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9. The active matrix substrate according to claim 1,
wherein the common wiring is formed in a first layer upper
than the gate wiring,

the pixel electrode is formed in a same layer as the common

wiring, and

the counter electrode is formed in a second layer upper than

the gate wiring, the common wiring and the data wiring,
and is connected to the data wiring via a contact hole.

10. A liquid crystal display panel of an in plane switching
type, comprising:

an active matrix substrate, including:

a substrate;

a gate wiring formed on the substrate;

a data wiring formed approximately orthogonal to the
gate wiring;

a common wiring formed approximately parallel to the
gate wiring;

the pixel formed in a region surrounded by the gate
wiring and the data wiring, including:
a pixel electrode; and
a counter electrode arranged alternately with the pixel

electrode and connected to the data wiring; and

a switching element formed in a vicinity of an intersec-
tion of the gate wiring and the data wiring, including:
a first electrode connected to the common wiring; and
a second electrode connected to the pixel electrode;

an opposed substrate opposing to the active matrix sub-

strate; and

a liquid crystal sandwiched between the active matrix sub-

strate and the opposed substrate.

11. A method of manufacturing the active matrix substrate,
comprising;

forming a gate wiring including a gate electrode, a com-

mon wiring approximately parallel to the gate wiring,
and a pixel electrode approximately orthogonal to the
common wiring on a substrate; and

forming a data wiring approximately parallel to the pixel

electrode and passing a vicinity of the gate electrode, a
counter electrode connected to the data wiring and
arranged alternately with the pixel electrode, and a
switching element having a first electrode connected to
the common wiring and a second electrode connected to
the pixel electrode.
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