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ACTIVE MATRIX SUBSTRATE, LIQUID
CRYSTAL PANEL, LIQUID CRYSTAL
DISPLAY UNIT, LIQUID CRYSTAL DISPLAY
DEVICE AND TELEVISION RECEIVER

TECHNICAL FIELD

The present invention relates to an active matrix substrate
including a plurality of pixel electrodes in one pixel region,
and to a liquid crystal display device (pixel division system)
using such active matrix substrate.

BACKGROUND ART

In order to improve the dependence of view angle of y
(gamma) characteristics of liquid crystal display device (to
suppress the display whitening problem or the like, for
example), a liquid crystal display device in which a plurality
of sub-pixels provided in one pixel are controlled for different
luminance levels to display halftones by area gradation of the
sub-pixels (pixel division system; see Patent Document 1, for
example) is being proposed.

In an active matrix substrate disclosed in Patent Document
1 (see FIG. 41), three pixel electrodes (121a to 121¢), three
transistors (116, 421, and 422), and a control electrode 118
are provided in one pixel region, and a source electrode 116s
of the transistor 116 connected to a gate bus line 112(r), two
pixel electrodes 121a and 121¢, and a control electrode 118
overlapping the pixel electrode 1215 are electrically con-
nected to each other. With this configuration, a coupling
capacitance is formed where the pixel electrode 1215 and the
control electrode 118 overlap with each other, and the pixel
electrode 1215, which is electrically floating, is connected to
pixel electrodes 1214 and 121¢ through the coupling capaci-
tance (a capacitance coupling type active matrix substrate).

Also, a wiring 414 led out from a gate bus line 112(n-1) is
connected to gate electrodes 421g and 422g, a wiring 424 led
out from an auxiliary capacitance bus line 113 and a connect-
ing section 423 are connected to each other, a transistor 421
for discharge is connected to the gate electrode 421g, the pixel
electrode 1215, and the connecting section 423, and a tran-
sistor 422 for discharge is connected to the gate electrode
422¢, the pixel electrode 121c, and the connecting section
423.

Inaliquid crystal display device utilizing this active matrix
substrate, sub-pixels that correspond to the pixel electrodes
121a and 121c can be bright sub-pixels, and a sub-pixel that
corresponds to the pixel electrode 1215 can be a dark sub-
pixel. Halftones can be displayed by area gradation of bright
sub-pixels (two sub-pixels) and a dark sub-pixel (one sub-
pixel).

Also, when the previous gate bus line 112(»-1) is scanned
(when transistors 421 and 422 for discharge turn on), the three
pixel electrodes 121a to 121¢ can be connected to the auxil-
iary capacitance bus line 113. As a result, pixel electrode
1215, which is electrically floating, can be suppressed from
being burned.

RELATED ART DOCUMENTS
Patent Documents
Patent Document 1: Japanese Patent Application Laid-Open

Publication No. 2006-39290 (publication date: Feb. 9,
2006)
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SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

Inthe active matrix substrate shownin FIG. 41, the gate bus
line 112(n-1) and the auxiliary capacitance bus line 113 are
arranged in parallel with each other in the same layer. There-
fore, in order to provide transistors 421 and 422 for discharge
for connection to these bus lines, a wiring 424 led out from the
auxiliary capacitance bus line 113 and a wiring 414 led out
from the gate bus line 112(»-1) are necessary. However, by
providing the wirings 414 and 424, a dead space is formed in
the pixel region, and, as a result, the aperture ratio is lowered
and the load on the gate bus line is increased.

The present invention is aiming at suppressing the aperture
ratio reduction and the load increase on the gate bus line (scan
signal line) for capacitance coupling type active matrix sub-
strates equipped with transistors for discharge.

Means for Solving the Problems

An active matrix substrate of the present invention
includes: a scan signal line that extends in the row direction
when a data signal line extends in the column direction; a first
transistor connected to the data signal line and the scan signal
line; second and third transistors connected to the same scan
signal line that is different from the aforementioned scan
signal line; and a storage capacitance wiring, wherein a first
pixel electrode electrically connected to the first transistor
and a second pixel electrode connected to the first pixel elec-
trode through a capacitance are provided in a single pixel
region; the storage capacitance wiring is formed in the same
layer with the data signal line; the second transistor is elec-
trically connected to the storage capacitance wiring and the
first pixel electrode; and the third transistor is electrically
connected to the storage capacitance wiring and the second
pixel electrode.

Effects of the Invention

In an active matrix substrate of the present invention,
because the storage capacitance wiring is formed in the same
layer with the data signal line (this is different from the layer
of the scan signal line), an intersecting portion of the storage
capacitance wiring and the scan signal line can be provided.
Therefore, by disposing second and third transistors (transis-
tors for discharge) near the intersecting portion, the aperture
ratio reduction and the load increase on the gate bus line (scan
signal line) can be suppressed more than in a conventional
configuration (see FIG. 41). Also, this configuration has an
advantage over the case where the storage capacitance wiring
is provided in the same layer with the scan signal line, in that
the distances between the storage capacitance wiring and the
respective pixel electrodes are shorter, and therefore the stor-
age capacitance can be increased without changing the aper-
ture ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view showing a configuration example of
the present liquid crystal panel.

FIG. 2 is a cross-sectional arrow view showing the liquid
crystal panel of FIG. 1.

FIG. 3 is an equivalent circuit diagram of the liquid crystal
panel of FIG. 1.
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FIG. 4 is a timing chart showing the method for driving the
liquid crystal display device equipped with the liquid crystal
panel of FIG. 1.

FIG. 5 is a schematic view showing the liquid crystal panel
of FIG. 3 when the display is on.

FIG. 6 is a plan view showing a modification example of
the liquid crystal panel of FIG. 1.

FIG. 7 is a cross-sectional arrow view showing the liquid
crystal panel of FIG. 6.

FIG. 8 is a plan view showing another modification
example of the liquid crystal panel shown in FIG. 1.

FIG. 9 is a cross-sectional arrow view showing the liquid
crystal panel of FIG. 8.

FIG. 10 is a plan view showing another modification
example of the liquid crystal panel shown in FIG. 8.

FIG. 11 is a cross-sectional arrow view showing the liquid
crystal panel of FIG. 10.

FIG. 12 is a plan view showing yet another modification
example of the liquid crystal panel shown in FIG. 1.

FIG. 13 is a cross-sectional arrow view showing the liquid
crystal panel of FIG. 12.

FIG. 14 is a cross-sectional view showing the repair
method for the liquid crystal panel of FIGS. 12 and 13.

FIG. 15 is an equivalent circuit diagram showing another
configuration of the present liquid crystal panel.

FIG. 16 is a plan view showing a configuration example of
the liquid crystal panel of FIG. 15.

FIG. 17 is a plan view showing another configuration
example of the liquid crystal panel shown in FIG. 15.

FIG. 18 is an equivalent circuit diagram showing yet
another configuration of the present liquid crystal panel.

FIG. 19 is a schematic view showing the liquid crystal
panel of FIG. 18 when the display is on.

FIG. 20 is a plan view showing a configuration example of
the liquid crystal panel of FIG. 18.

FIG. 21 is an equivalent circuit diagram showing yet
another configuration of the present liquid crystal panel.

FIG. 22 is a timing chart showing the driving method for a
liquid crystal display device equipped with the liquid crystal
panel of FIG. 21.

FIG. 23 is a schematic view showing the liquid crystal
panel of FIG. 21 when the display is on.

FIG. 24 is a plan view showing a configuration example of
the liquid crystal panel of FIG. 21.

FIG. 25 is a plan view showing another configuration
example of the liquid crystal panel shown in FIG. 21.

FIG. 26 is a plan view showing yet another configuration
example of the liquid crystal panel shown in FIG. 21.

FIG. 27 is an equivalent circuit diagram showing the con-
figuration when the scan direction of the liquid crystal panel
of FIG. 15 is reversed.

FIG. 28 is a plan view showing a configuration example of
the liquid crystal panel of FIG. 27.

FIG. 29 is a plan view showing another configuration
example of the liquid crystal panel shown in FIG. 27.

FIG. 30 is a plan view showing yet another configuration of
the present liquid crystal panel.

FIG. 31 is a plan view showing yet another modification
example of the liquid crystal panel shown in FIG. 1.

FIG. 32 is a plan view showing yet another configuration of
the present liquid crystal panel.

FIG. 33(a) is a schematic view showing the configuration
of aliquid crystal display unit, and FIG. 33(%) is a schematic
view showing the configuration of a liquid crystal display
device.

FIG. 34 is a block diagram explaining an entire configura-
tion of the present liquid crystal display device.
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FIG. 35 is a block diagram explaining the functions of a
present liquid crystal display device.

FIG. 36 is a block diagram explaining the functions of a
present television receiver.

FIG. 37 is an exploded perspective view showing the con-
figuration of a present television receiver.

FIG. 38 is a cross-sectional view of an RGB multi-gap type
liquid crystal panel.

FIG. 39 is a plan view showing a configuration example of
the liquid crystal panel of FIG. 6 as it is modified to be an
RGB multi-gap type panel.

FIG. 40 is a plan view showing another configuration
example of the liquid crystal panel of FIG. 6 as it is modified
to be an RGB multi-gap type panel.

FIG. 41 is a plan view showing the configuration of a
conventional active matrix substrate.

DETAILED DESCRIPTION OF EMBODIMENTS

Examples of embodiments of the present invention are
described below with reference to FIGS. 1 to 40. In the
description below, it is assumed that the direction in which the
scan signal line extends is the row direction, for convenience.
Needless to say, however, when aliquid crystal display device
equipped with the present liquid crystal panel (or the active
matrix substrate used in the liquid crystal panel) is in use
(when viewed), the scan signal line can extend either hori-
zontal or vertical direction. Also, in figures showing the liquid
crystal panels, the alignment control structure is omitted as
appropriate.

FIG. 3 isanequivalent circuit diagram showing a portion of
a liquid crystal panel according to the present embodiment.
As shown in FIG. 3, the present liquid crystal panel includes
data signal lines (15 and 15k) that extend in the column
direction (up and down directions in the figure), scan signal
lines (167 and 16/) that extend in the row direction (left and
right directions in the figure), pixels (101 to 104) arranged in
row and column directions, storage capacitance wirings (18;
and 18%) that extend in the column direction (up and down
directions in the figure), and a common electrode (opposite
electrode) com, and the pixels have the same structure. The
pixel column that includes pixels 101 and 102 and the pixel
column that includes pixels 103 and 104 are adjacent to each
other, and the pixel row that includes pixels 101 and 103 and
the pixel row that includes pixels 102 and 104 are adjacent to
each other.

The present liquid crystal panel is a capacitance coupling
type liquid crystal panel equipped with transistors for dis-
charge, in which for a pixel 101, for example, a data signal
line 15/, a scan signal line 16/, and three transistors 12, 2125
(for discharge), and 212¢ (for discharge), and a storage
capacitance wiring 18; are provided, and for the pixel 101,
three pixel electrodes (17a to 17¢) are arranged in the column
direction.

In the pixel 101, a pixel electrode 17a (first pixel electrode)
is connected to a data signal line 15j through a transistor 12
(first transistor) connected to a scan signal line 165; a pixel
electrode 17a and a pixel electrode 17¢ (third pixel electrode)
are connected to each other; the pixel electrodes 17a and 17¢
and a pixel electrode 175 (second pixel electrode) are con-
nected to each other through a coupling capacitance CC;
transistors 2125 and 212¢ for discharge are connected to a
scan signal line 167, which is scanned immediately before a
scan signal line 16/; pixel electrodes 17a and 17¢ and a
storage capacitance wiring 18; are connected to each other
through a transistor 212¢; the pixel electrode 175 and a stor-
age capacitance wiring 18; are connected to each other
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through the transistor 212b; a storage capacitance CSac is
formed between the pixel electrodes 17a and 17¢ (including
the electrical connecting section) and storage capacitance
wiring 18;; a storage capacitance CSb is formed between the
pixel electrode 175 (including the electrical connecting sec-
tion) and the storage capacitance wiring 18;; a liquid crystal
capacitance CLa is formed between the pixel electrode 17a
and a common electrode com; a liquid crystal capacitance
CLb is formed between the pixel electrode 175 and the com-
mon electrode com; and a liquid crystal capacitance CLc is
formed between the pixel electrode 17¢ and the common
electrode com.

In aliquid crystal display device equipped with the present
liquid crystal panel, scan is conducted from the bottom to top
of the figure (in the direction of the arrow). First, when the
previous scan signal line 161 is scanned (when the transistors
212¢ and 2124 for discharge are ON), the three pixel elec-
trodes 17a to 17¢ are connected to the storage capacitance
wiring 18/ for discharging the pixel electrodes. Next, the
current scan signal line 16f is scanned (transistor 12 turns
ON), and the pixel electrodes 17a and 17¢ are connected to a
data signal line 15;. Here, the pixel electrodes 17a and 17¢ are
connected to the pixel electrode 175 through the coupling
capacitance CC. Therefore, if the potential of the pixel elec-
trode 17a and the pixel electrode 17¢ after the transistor 12
turns OFF (after scan signal line 16; is scanned) is denoted as
“vac,” and the potential of the pixel electrode 175 after the
transistor 12 turns OFF (after scan signal line 16; is scanned)
is denoted as “vb,” then, Ivaclzlvbl (Ivbl, for example, refers
to the potential difference between the vb and the com
potential=Vcom). For the halftone display, the sub-pixel
including the pixel electrode 17a functions as a bright sub-
pixel, the sub-pixel including the pixel electrode 175 func-
tions as a dark sub-pixel, and the sub-pixel including the pixel
electrode 17¢ functions as a bright sub-pixel. Display can be
conducted by the area gradation of the two bright sub-pixels
and the one dark sub-pixel. With this configuration, the view
angle characteristics of the present liquid crystal display
device can be improved.

Also, because the three pixel electrodes of a pixel can be
discharged (to the storage capacitance wiring) immediately
before (1H prior) the data signal potential is written on the
pixel, burning of the sub-pixel that includes the pixel elec-
trode which will be floating can be suppressed, and the varia-
tion of the pixel charge rate according to the data signal
potentials written on the previous frame can also be mini-
mized.

FIG. 4 is a timing chart showing the method for driving the
aforementioned liquid crystal display device (normally black
mode). “Sj” and “Sk” refer to signal potentials supplied
respectively to data signal lines 157 and 154, “GPi” and “GPj”
refer to gate-on pulse signals supplied respectively to scan
signal lines 167 and 167, “Vac” refers to the electrical potential
of pixel electrodes 17a and 17¢, and “Vb” refers to the elec-
trical potential of the pixel electrode 175. “VAC” refers to
electrical potential of the pixel electrodes 17A and 17C pro-
vided in the pixel 103 (see FIG. 3), and “VB” refers to the
electrical potential of the pixel electrode 17B provided in the
pixel 103 (see FIG. 3).

In this driving method, as shown in FIG. 4, scan signal lines
are selected sequentially, the polarity of the signal potential
supplied to the data signal lines is reversed in every one
horizontal scan period (1H), the polarity of the signal poten-
tial supplied during the same horizontal scan period in each
frame is reversed for each frame, and during the same hori-
zontal scan period, signal potentials of opposite polarities are
supplied to two adjacent data signal lines.
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Specifically, in frame F1 out of consecutive frames F1 and
F2, scan signal lines are sequentially selected, and to a data
signal line 15/, a signal potential of negative polarity is sup-
plied during the (n-1)" horizontal scan period (including the
scan period of scan signal line 167), and a signal potential of
positive polarity is supplied during the n horizontal scan
period (including the scan period of scan signal line 16;), and
to a data signal line 15%, a signal potential of positive polarity
is supplied during the (n-1)" horizontal scan period, and a
signal potential of negative polarity is supplied during the n”
horizontal scan period. With this timing, as shown in FIG. 4,
at the end of the (n-1)" horizontal scan period, a relation of
Vac=Vb=VAC=VB=Vcom (the potential of the storage
capacitance wiring 18) is satisfied, and at the end of the n”
horizontal scan period, relations of [VaclzIVbl and
IVACIzIVBI aresatisfied. As showninFI1G. 5, a sub-pixel that
includes the pixel electrode 17a (positive polarity ) becomes a
bright sub-pixel (BR), a sub-pixel that includes the pixel
electrode 17b (positive polarity) becomes a dark sub-pixel
(DA), a sub-pixel that includes the pixel electrode 17¢ (posi-
tive polarity) becomes a bright sub-pixel (BR), a sub-pixel
that includes the pixel electrode 17A (negative polarity)
becomes a bright sub-pixel (BR), a sub-pixel that includes the
pixel electrode 17B (negative polarity) becomes a dark sub-
pixel (DA), and a sub-pixel that includes the pixel electrode
17C (negative polarity) becomes a bright sub-pixel (BR).

In F2, scan signal lines are sequentially selected, and to
data signal line 15/, a signal potential of positive polarity is
supplied during the (n-1)" horizontal scan period (including
the scan period of scan signal line 167), and a signal potential
of negative polarity is supplied during the n” horizontal scan
period (including the scan period of scan signal line 16;), and
to data signal line 15%, a signal potential of negative polarity
is supplied during the (n-1)” horizontal scan period, and a
signal potential of positive polarity is supplied in the n”
horizontal scan period. With this timing, as shown in FIG. 4,
at the end of the (n—1)" horizontal scan period, a relation of
Vac=Vb=VAC=VB=Vcom (potential of storage capacitance
wiring 18/)is satisfied, and at the end of the n” horizontal scan
period, a relation of [VaclzIVbl and IVACI=[VBI is satisfied.
A sub-pixel that includes the pixel electrode 174 (negative
polarity) becomes a bright sub-pixel, a sub-pixel that includes
the pixel electrode 175 (negative polarity) becomes a dark
sub-pixel, a sub-pixel that includes the pixel electrode 17¢
(negative polarity) becomes a bright sub-pixel, a sub-pixel
that includes the pixel electrode 17A (positive polarity)
becomes a bright sub-pixel, a sub-pixel that includes the pixel
electrode 17B (positive polarity) becomes a dark sub-pixel,
and a sub-pixel that includes the pixel electrode 17C (positive
polarity) becomes a bright sub-pixel.

A specific example of pixel 101 of FIG. 3 is shown in FIG.
1. In FIG. 1, members of the color filter substrate (opposite
substrate) are omitted, and only members of the active matrix
substrate are illustrated for simplicity.

In the present liquid crystal panel, a transistor 12 is dis-
posed near the intersecting portion of the data signal line 15§
and the scan signal line 16§, and a storage capacitance wiring
18; is provided vertically across the pixel region defined by
the data signal line 15; and the scan signal line 16;. The
storage capacitance wiring 18; is formed in the same layer
with the data signal line 15/, in parallel therewith. In the
aforementioned pixel region, a pixel electrode 17a (first pixel
electrode), a pixel electrode 175 (second pixel electrode), and
a pixel electrode 17¢ are arranged in this order in the column
direction, and the pixel electrode 17¢ is in proximity of the
transistor 12.
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The source electrode of the transistor 12 is connected to the
data signal line 15j, the drain electrode is connected to a drain
lead-outelectrode27, and the scan signal line 165 serves as the
gate electrode of the transistor 12. The drain lead-out elec-
trode 27 extends through under the pixel electrode 17a and
the pixel electrode 175 and to under the pixel electrode 17c,
and is connected to the pixel electrode 17a through a contact
hole 114, and is connected to the pixel electrode 17¢ through
a contact hole 11c¢.

Also, the storage capacitance wiring 18; extends from
above the current scan signal line 167 (where it intersects with
the scan signal line 16f), continues through under the pixel
electrode 174, pixel electrode 175, and pixel electrode 17¢,
and arrives above the previous scan signal line 167 (where it
intersects with the scan signal line 167). Transistors 2126 and
212¢ are provided in proximity of the intersecting portion of
the storage capacitance wiring 18; and the scan signal line
16i. A portion of previous scan signal line 16/ functions as the
respective gate electrodes of the transistors 2126 and 212¢; a
portion of the storage capacitance wiring 18/ functions as the
common source electrode for the transistors 2125 and 212¢;
the drain electrode of the transistor 2125 is connected to the
drain lead-out electrode 127, the drain electrode of the tran-
sistor 212¢ is connected to pixel electrode 17¢ through a
contact hole 111c; the drain lead-out electrode 127 extends
through under the pixel electrode 17¢ and arrives under the
pixel electrode 17b, and is connected to the pixel electrode
175 through a contact hole 11154.

In the present liquid crystal panel, capacitances are formed
at locations where the drain lead-out electrode 27 and the
pixel electrode 1756 overlap through an interlayer insulating
film, and where the drain lead-out electrode 127 and the pixel
electrode 17¢ overlap through an interlayer insulating film.
The sum of the capacitances is a coupling capacitance CC
(see FIG. 3). Further, capacitances are formed at locations
where the storage capacitance wiring 18; and the pixel elec-
trode 17a overlap through an interlayer insulating film, and
where the storage capacitance wiring 18; and the pixel elec-
trode 17¢ overlap through an interlayer insulating film. The
sum of the capacitances is a storage capacitance CSac (see
FIG. 3). Further, a capacitance is formed at a location where
the storage capacitance wiring 185 and the pixel electrode 175
overlap through an interlayer insulating film. This capaci-
tance is a storage capacitance CSb (see F1G. 3).

FIG. 2 is a cross-sectional arrow view taken along the line
X-Y of FIG. 1. As shown in the figure, the present liquid
crystal panel includes an active matrix substrate 3, a color
filter substrate 30 facing the active matrix substrate, and a
liquid crystal layer 40 interposed between the substrates (3
and 30). In the active matrix substrate 3, a scan signal line 16/
is formed on a glass substrate 31, and a gate insulating film 43
is formed to cover the scan signal line 16i. Over the gate
insulating film 43, a drain lead-out electrode 27, a storage
capacitance wiring 18j, a drain lead-out electrode 127, and a
data signal line 157 are formed. Although not included in the
cross-sectional view, over the gate insulating film 43, semi-
conductor layers for transistors 12, 2125, and 212¢ (i layer
and n+ layer), and a source electrode and drain electrode in
contact with the n+ layer are formed. Further, an interlayer
insulating film 51 is formed to cover the metal layer com-
posed of data signal line, drain lead-out electrode, and storage
capacitance wiring and the like. Pixel electrodes 176 and 17¢
are formed on the interlayer insulating film 51, and an align-
ment film 9 is formed to cover the pixel electrodes. Although
notincluded in the cross-sectional view of FIG. 2, portions of
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the interlayer insulating film 51 is removed at the locations
where contact holes 11a, 11c, 1115, and 111¢ of FIG. 1 are
formed.

The gate insulating film 43 may have a single-layered
structure of inorganic insulating film (silicon nitride SiNx, for
example), or a multi-layered structure of a thick organic insu-
lating film (an insulating film made of SOG material, for
example) and a thinner inorganic insulating film (silicon
nitride SiNx, for example). Also, the interlayer insulating film
51 may have a single-layered structure of inorganic insulating
film (silicon nitride SiNx, for example), or a multi-layered
structure of a thin inorganic insulating film (silicon nitride
SiNx, for example) and a thicker organic insulating film. With
amulti-layered interlayer insulating film 51, parasitic capaci-
tance of the pixel electrode and respective signal lines is
reduced, and therefore the pixel electrode can be made larger
(for higher aperture ratio), for example. In this case, in order
to secure the coupling capacitance, the interlayer insulating
film 51 may (locally) be thinned at the locations where the
film overlaps the drain lead-out electrode 27 and the pixel
electrode 175, and where the film overlaps the drain lead-out
electrode 127 and pixel electrode 17¢ (by removing the thick
organic insulating film, for example).

On the other hand, for the color filter substrate 30, a black
matrix 13 and a colored layer (color filter layer) 14 are formed
on a glass substrate 32, and over which a common electrode
(com) 28 is formed, and, furthermore, over which an align-
ment film 19 is formed.

Next, a method for manufacturing the present liquid crystal
panel is described. The method for manufacturing the liquid
crystal panel includes the steps of: manufacturing the active
matrix substrate; manufacturing the color filter substrate; and
assembling the substrates in which the substrates are bonded
together and the liquid crystal is filled.

First, over a substrate made of glass, plastic, or the like, a
metal film of titanium, chrome, aluminum, molybdenum,
tantalum, tungsten, copper, or the like, an alloy film of such
metals, or a layered film (thickness: 1000 A-3000 A) of such
metals are deposited by sputtering. Then, patterning is con-
ducted by a photolithographic technology (Photo Engraving
Process; hereinafter referred to as “PEP technology™) to form
scan signal lines (gate electrodes of respective transistors).

Next, over the entire substrate with the scan signal lines
formed thereon, an inorganic insulating film (thickness:
approx. 3000 A-5000 A) made of silicon nitride or silicon
oxide is deposited by CVD (Chemical Vapor Deposition) to
form a gate insulating film.

Subsequently, an intrinsic amorphous silicon film (thick-
ness: 1000 A-3000 A) and an n+ amorphous silicon film
(thickness: 400 A-700 A) doped with phosphorus are con-
tinuously deposited over the gate insulating film (over the
entire substrate) by CVD. Then, the films are patterned by
PEP technology to form an island-shaped multi-layered body
of silicon composed of the intrinsic amorphous silicon layer
and the n+ amorphous silicon layer on the gate electrode.

Next, over the entire substrate with the multi-layered body
of silicon is formed thereon, a metal film of titanium, chrome,
aluminum, molybdenum, tantalum, tungsten, copper, or the
like, an alloy film of such metals, or a layered film (thickness:
1000 A-3000 A) of such metals is deposited by sputtering.
Then, patterning is conducted by the PEP technology to form
data signal lines, source electrodes and drain electrodes of
transistors, storage capacitance wirings, and drain lead-out
electrodes (metal layer formation).

Further, using the source electrode and the drain electrode
as a mask, the n+ amorphous silicon layer constituting the
multi-layered body of silicon is etched away to form a tran-
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sistor channel. Here, although the semiconductor layer may
be formed of amorphous silicon film as described above, a
polysilicon film may alternatively be deposited. Also, the
amorphous silicon film or the polysilicon film may optionally
be subjected to a laser annealing treatment for improved
crystallinity. This treatment makes the electrons in the semi-
conductor layer move faster, and therefore improves the char-
acteristics of the transistor (TFT).

Next, aninterlayer insulating film is formed over the entire
substrate on which data signal lines and the like have been
formed. Specifically, using a mixed gas of SiH, gas, NH; gas,
and N, gas, an inorganic interlayer insulating film (passiva-
tion film) made of SiNx and having a thickness of about 3000
A is formed to cover the entire surface of the substrate by
CVD. Further, an organic interlayer insulating film made of a
positive photosensitive acrylic resin and having a thickness of
about 3 um is formed by spin coating or die coating as nec-
essary.

Subsequently, using the PEP technology, the interlayer
insulating film is etched away to form contact holes. Next, a
transparent conductive film (thickness: 1000 A-2000 A)
made of ITO (Indium Tin Oxide), IZO (Indium Zinc Oxide),
zine oxide, tin oxide, or the like is deposited on the interlayer
insulating film in which the contact holes have been formed,
over the entire substrate by sputtering. Then, the film is pat-
terned by PEP technology to form pixel electrodes.

Lastly, polyimide resin is printed for a thickness of 500 A
to 1000 A over the entire substrate with the pixel electrodes
formed thereon. Then, through baking and a unidirectional
rubbing treatment using a rotating cloth, an alignment film is
formed. The active matrix substrate is manufactured in this
manner.

Below, steps for manufacturing the color filter substrate are
described.

First, over a substrate made of glass, plastic, or the like
(over the entire substrate), a chrome thin film or a resin
containing a black pigment is deposited. Then, using the PEP
technology, the film is patterned to form a black matrix. Next,
in intervals in the black matrix, a color filter layer (thickness:
approx. 2 um) of red, green, and blue is formed by patterning
using a pigment dispersing method or the like.

Next, on the color filter layer over the entire substrate, a
transparent conductive film (thickness: approx. 1000 A)
made of ITO, 170, zinc oxide, tin oxide or the like is depos-
ited to form a common electrode (com).

Lastly, polyimide resin is printed to a thickness of 500 A to
1000 A over the entire substrate with the common electrode
formed thereon. Then, through baking and a unidirectional
rubbing treatment using a rotating cloth, an alignment film is
formed. The color filter substrate can be manufactured in this
manner.

Below, the assembly process is described.

First, a sealing material made of a thermosetting epoxy
resin or the like 1s applied on either the active matrix substrate
or the color filter substrate by screen printing in a frame-like
pattern with an opening, which will be the inlet for the liquid
crystal. On the other substrate, ball-shaped spacers made of
plastic or silica and having a diameter equivalent to the thick-
ness of the liquid crystal layer are dispersed.

Next, the active matrix substrate and the color filter sub-
strate are bonded together, and the sealing material is cured.

Lastly, liquid crystal material is introduced into the space
surrounded by the active matrix substrate, the color filter
substrate, and the sealing material by a decompression pro-
cedure. Then, a UV-curable resin is applied to the inlet for the
liquid crystal and is subjected to UV radiation to seal in the
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liquid crystal material and thereby to form a liquid crystal
layer. The liquid crystal panel is manufactured in this manner.

Inthe present liquid crystal panel, the capacitance coupling
type active matrix substrate, which is equipped with transis-
tors for discharge, has a storage capacitance wiring formed in
the same layer with the data signal line, in parallel therewith.
This arrangement allows the placement of a transistor for
discharge near an intersecting portion of a scan signal line and
astorage capacitance wiring, which eliminates the needto use
lead-out lines from the storage capacitance wiring or from the
scan signal line, as in a conventional case (see FIG. 41), to
provide transistors for discharge. As a result, the aperture
ratio reduction and the load increase on the scan signal line
can be suppressed.

Also, because the storage capacitance wiring is formed in
the metal layer (in the same layer with the data signal line), the
distance between the respective pixel electrodes and the stor-
age capacitance wiring is shorter compared to the case where
the storage capacitance wiring is formed in the gate layer (in
the same layer with the scan signal line). Consequently, the
storage capacitance can be made larger without changing the
overlapping area of the pixel electrode and the storage capaci-
tance wiring (that is, without changing the aperture ratio).
Also, the overlapping area of the pixel electrode and the
storage capacitance wiring can be made smaller to improve
the aperture ratio without changing the storage capacitance.

Also, because coupling capacitances are formed at two
locations (where the drain lead-out electrode 27 and the pixel
electrode 175 overlap, and where the drain lead-out electrode
127 and the pixel electrode 17¢ overlap), even if the drain
lead-out electrodes 27 and 127 are made thinner to increase
the aperture ratio, the necessary coupling capacitance can still
be obtained.

Also, because the storage capacitance wiring is formed in
the same layer with the data signal line, a portion of the
storage capacitance wiring can be used as the common source
electrode for transistors for discharge (2126 and 212¢). Con-
sequently, contact holes do notneed to be provided, unlike the
case with the conventional configuration. As a result, prob-
lems such as poor contact at the contact holes or disturbed
liquid crystal orientation caused by the contact holes can be
avoided.

Also, if a problem such as a short-circuit occurs in the
transistor 12 connected to the data signal line, by cutting the
drain lead-out electrode 27 between the drain electrode of the
transistor 12 and the contact hole 114, the corresponding
pixel can be made dark (because, in each frame, when the
previous scan signal line 16/ is scanned, the electrical poten-
tial of the storage capacitance wiring 187 is supplied to the
pixel electrodes 17a and 17¢).

As shown in FIG. 6, which illustrates a liquid crystal panel
that is modified from the one in FIG. 1, and FIG. 7, which is
a cross-sectional view taken along the line X-Y of FIG. 6, a
capacitance electrode 47 can also be disposed under the stor-
age capacitance wiring 187 in such manner as to overlaps with
the pixel electrodes 17a to 17¢, so that the capacitance elec-
trode 47 is connected to the pixel electrode 17a through a
contact hole 81a. As shown in FIGS. 6 and 7, the capacitance
electrode 47 is formed in the same layer with the scan signal
line 16/, and at a location where the contact hole 81a is
formed, the gate insulating film 43 and the interlayer insulat-
ing film 51 are removed so that the pixel electrode 174 and the
capacitance electrode 47 are in contact with one another.
According to the configuration illustrated in FIGS. 6 and 7, a
storage capacitance can be formed also at a location where the
storage capacitance wiring 18; and the capacitance electrode
47 overlap through the gate insulating film 43. As a result, a
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storage capacitance CSac of FIG. 3 can be made larger while
leaving the aperture ratio almost intact.

In this case, as shown in FIG. 6, preferably the width of the
capacitance electrode 47 is made slightly greater than that of
the storage capacitance wiring 185 so that the two edges of the
storage capacitance wiring 18; extending in the column direc-
tion fall between the two edges of the capacitance electrode
47 extending in the column direction. With this configuration,
the value of the storage capacitance is unlikely to vary even if
the alignment and formation width of the capacitance elec-
trode 47 are inconsistent. Also, because the a coupling capaci-
tance can be formed at a location where the capacitance
electrode 47 and the pixel electrode 175 overlap with each
other only through the gate insulating film 43 and the inter-
layer insulating film 51 (the overlapping portion of the
capacitance electrode 47 and the pixel electrode 175 minus
the overlapping portion of the capacitance electrode 47, the
pixel electrode 17b, and the storage capacitance wiring 18;),
the drain lead-out electrodes 27 and 127 can be made thinner,
accordingly.

Alternatively, the width of the storage capacitance wiring
18j may be made slightly greater than that of the capacitance
electrode 47 so that the two edges of the capacitance electrode
47 extending in the column direction fall between the two
edges of the storage capacitance wiring 18; extending in the
column direction. With this configuration, the value of the
storage capacitance is unlikely to vary even if the alignment
and formation width of the storage capacitance wiring 18; are
inconsistent. Also, the portion where the storage capacitance
wiring 18; and the pixel electrodes 17a to 17¢ overlap with
each other through the interlayer insulating film 51 becomes
larger. and accordingly the storage capacitance value can be
made larger.

Multi-gap type liquid crystal panels in which the liquid
crystal layer has different thicknesses for R (red), G (green),
B (blue) pixels to compensate for retardation wavelength
dependence and to suppress the coloring have been proposed.
However, in this type of liquid crystal panel where the liquid
crystal capacity differs for R, G, and B pixels, the lead-in
voltage when the transistor is OFF is different for R, G, and B
pixels, which can cause problems such as burning and flick-
ers. Therefore, if the liquid crystal panel of FIG. 6 is modified
to be a multi-gap type liquid crystal panel as shown in FIG.
38, where dR (the thickness of the liquid crystal layer for R
pixel)>dG (the thickness of the liquid crystal layer for G
pixel)>dB (the thickness of the liquid crystal layer for B
pixel), preferably the storage capacitance value is modified
for R, G, and B pixels. More specifically, it is preferable that
the relation of R pixel storage capacitance>G pixel storage
capacitance>B pixel storage capacitance is satisfied.

As shown in FIG. 39, for example, by making the capaci-
tance electrode 47 for R pixel long enough to overlap the pixel
electrodes 17a to 17¢, by making the capacitance electrode 47
for G pixel long enough to overlap the pixel electrodes 174
and 175 only, and by making the capacitance electrode 47 for
B pixel long enough to overlap the pixel electrode 174 only,
and, furthermore, by using a transparent electrode as the
capacitance electrode 47 for each pixel, variation in the liquid
crystal capacitance can be compensated by the storage
capacitance, without the need to change the aperture ratio for
R, G, and B pixels. As aresult, a consistent lead-in voltage can
be obtained for R, G, and B pixels. With this configuration,
burning and flickers can be suppressed.

Alternatively, as shown in FIG. 40, by forming the capaci-
tance electrode 47 of each pixel so that the two edges of the
capacitance electrode 47 extending in the column direction
fall between the two edges of the storage capacitance wiring
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18 extending in the column direction, and by satisfying the
relation of the capacitance electrode 47 width for R pixel>the
capacitance electrode 47 width for G pixel>capacitance elec-
trode 47 width for B pixel, variation in the liquid crystal
capacitance can be compensated by the storage capacitance
without the need to change the aperture ratio of R, G, and B
pixels. As a result, a consistent lead-in voltage can be
obtained for R, G, and B pixels. With this configuration,
burning and flickers can be suppressed.

As shown in FIG. 8, which illustrates a liquid crystal panel
that is modified from the one in FIG. 6, and FIG. 9, which is
a cross-sectional view taken along the line X-Y of FIG. 8, the
aperture ratio can also be improved by making the drain
lead-out electrode 27 shorter so that it overlaps the pixel
electrode 17a only, and by transferring its function to the
capacitance electrode 47. That is, the drain electrode of the
transistor 12 is connected to the pixel electrode 17a through
the contacthole 11a; the capacitance electrode 47 is provided
under the storage capacitance wiring 185 in such manner as to
overlap with the pixel electrodes 17a to 17¢; the capacitance
electrode 47 is connected to the pixel electrode 17a through
the contact hole 81a, and also to the pixel electrode 17¢
through the contact hole 81c¢; and further, the portion of the
capacitance electrode 47 that overlap the pixel electrode 17
is made wider. The capacitance electrode 47 is formed in the
same layer with the scan signal line 167; at the location where
the contacthole 81a is formed, the gate insulating film 43 and
the interlayer insulating film 51 are removed so that the
capacitance electrode 47 and the pixel electrode 17a are in
contact with each other; at the location where the contact hole
81c is formed, the gate insulating film 43 and the interlayer
insulating film 51 are removed so that the capacitance elec-
trode 47 and the pixel electrode 17¢ are in contact with each
other.

In the liquid crystal panel shown in FIGS. 8 and 9, a
capacitance is formed where the capacitance electrode 47
(especially the portion with a greater width) and the pixel
electrode 175 overlap with each other through the gate insu-
lating film 43 and the interlayer insulating film 51 only (the
overlapping portion of the capacitance electrode 47 and the
pixel electrode 175 minus the overlapping portion of the
capacitance electrode 47, the pixel electrode 175, and the
storage capacitance wiring 18;) and where the drain lead-out
electrode 127 and the pixel electrode 17¢ overlap with each
other through the interlayer insulating film. The sum of the
capacitances is a coupling capacitance CC (see F1G. 3). Fur-
ther, capacitances are formed at locations where the storage
capacitance wiring 18; and the pixel electrode 17a overlap
with each other through the interlayer insulating film 51,
where the storage capacitance wiring 18; and the pixel elec-
trode 17¢ overlap with each other through the interlayer insu-
lating film 51, and where the storage capacitance wiring 18/
and capacitance electrode 47 overlap with each other through
the gate insulating film 43. The sum of the capacitances is a
storage capacitance CSac (see FIG. 3). Further, a capacitance
is formed at a location where the storage capacitance wiring
18/ and the pixel electrode 176 overlap with each other
through an interlayer insulating film. This capacitance is a
storage capacitance CSb (see FIG. 3). In this configuration,
because a capacitance (coupling capacitance) is formed
where the drain lead-out electrode 127 and the pixel electrode
17¢ overlap with each other through an interlayer insulating
film, a portion with a greater width may not need to be formed
for the capacitance electrode 47 depending on the size of the
capacitance.

As shown in FIG. 10, which illustrates a liquid crystal
panel that is modified from the one in FIG. 8, and FIG. 11,
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which is a cross-sectional view taken along the line X-Y of
FIG. 10, the contact hole 11a and the contact hole 81a can be
combined to make a contact hole 41a, and the contact hole
111c and the contact hole 81¢ can be combined to make a
contact hole 141¢. For example, at the location where the
contact hole 41a is formed, the interlayer insulating film 51 is
removed, and the drain lead-out electrode 27 is also removed
so that the entire portion that is removed overlap the central
region of the removed portion of the interlayer insulating film
51. Further, the portion of the gate insulating film 43 located
under the removed portion of the drain lead-out electrode 27
is removed. Because of this arrangement, the pixel electrode
17a is in contact with the drain lead-out electrode 27 and with
the capacitance electrode 47. Since the alignment of the liquid
crystal tends to become disturbed in proximity of the contact
holes, by reducing the number of contact holes as in the
configuration described above, disturbance of the liquid crys-
tal alignment can be suppressed.

The contact hole 41a, for example, can be formed as
described below. That is, by using a mixed gas of CF, and O,
for etching the interlayer insulating film, the interlayer insu-
lating film 51 is removed at the location where the contact
hole 41a is formed till the surface of the drain lead-out elec-
trode 27 (Al, for example) is exposed to stop the etching, and
at the location where a portion of the drain lead-out electrode
27 is removed, the interlayer insulating film 51 and the gate
insulating film 43 are removed till the surface of the capaci-
tance electrode 47 (Al, for example) is exposed to stop the
etching. Also, through this process, the gate insulating film
and the interlayer insulating film located above the end por-
tion of the scan signal line can also be removed to expose the
end portion of the scan signal line (to connect the end portion
of the scan signal line to an external connection terminal). For
the etchant, besides the mixed gas described above, buffered
hydrofluoric acid (BHF), which is a mixture of hydrofluoric
acid (HF) and ammonium fluoride (NH,F), can also be used.

As shown in FIG. 12, which illustrates a liquid crystal
panel that is modified from the one in FIG. 1, and FIG. 13,
which is a cross-sectional view taken along the line X-Y of
FIG. 12, a bridging electrode 77 that overlaps with both the
drain lead-out electrode 27 and the storage capacitance wit-
ing 18j can be provided in the same layer with the scan signal
line, for use to repair the pixel if the transistor 12 becomes
defective. In this configuration, if a problem, such as a short-
circuit, occurs in the transistor 12, as shown in FIG. 14, the
bridging electrode 77 and the drain lead-out electrode 27 are
short-circuited by melting their intersecting portion, the
bridging electrode 77 and the storage capacitance wiring 18;
are short-circuited by melting their intersecting portion, and
the drain lead-out electrode 27 is cut off between the drain
electrode of the transistor 12 and the contact hole 11a. As a
result, the potential of the storage capacitance wiring 18; is
constantly supplied to the pixel electrodes 17a and 17¢ of the
pixel having a defective transistor 12, and the pixel can be
repaired to be a dark dot. Also, from the perspective of main-
taining the aperture ratio, the bridging electrode 77 is prefer-
ably be disposed to overlap the alignment control structure (a
light-shielding object, such as a linear protrusion) provided
on the color filter substrate.

Although three pixel electrodes are provided for one pixel
for the liquid crystal panel shown in FIG. 3, alternatively two
pixel electrodes can be provided for one pixel, as shown in
FIG. 15. In the liquid crystal display device equipped with the
liquid crystal panel of FIG. 15, a sub-pixel that includes the
pixel electrode 17a serves as a bright sub-pixel, and a sub-
pixel that includes the pixel electrode 17b serves as a dark
sub-pixel for the halftone display, and the display is con-
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ducted by the area gradation of the bright sub-pixels and dark
sub-pixels. A specific example of pixel 101 of FIG. 15 is
shown in FIG. 16. In the present liquid crystal panel, a tran-
sistor 12 is disposed near the intersecting portion of the data
signal line 15/ and the scan signal line 165, and a storage
capacitance wiring 18; is provided vertically across the pixel
region defined by the data signal line 157 and the scan signal
line 16;. The storage capacitance wiring 18; is formed in the
same layer with the data signal line 15/, in parallel therewith.
In the pixel region, the pixel electrode 174 (first pixel elec-
trode)and the pixel electrode 175 (second pixel electrode) are
arranged in the column direction, and the pixel electrode 174
is in proximity of the transistor 12.

The source electrode of the transistor 12 is connected to the
data signal line 15/, the drain electrode is connected to the
drain lead-out electrode 27, and the scan signal line 167 serves
as the gate electrode of the transistor 12. The drain lead-out
electrode 27 extends through under the pixel electrode 17a
and arrives under the pixel electrode 174, and is connected to
the pixel electrode 175 through the contact hole 114.

Also, the storage capacitance wiring 18; extends from
above the current scan signal line 16/ (where it intersects with
the scan signal line 16f), continues through under the pixel
electrode 174 and pixel electrode 175, and arrives above the
previous scan signal line 16/ (where it intersects with the scan
signal line 16/). Transistors 212a and 2125 are provided near
the intersecting portion of the storage capacitance wiring 18
and the scan signal line 16i. A portion of the previous scan
signal line 16/ functions as the gate electrodes of the transis-
tors 212a and 212b; a portion of the storage capacitance
wiring 187 functions as the common source electrode of the
transistors 212a and 21254 the drain electrode of the transistor
212a is connected to the drain lead-out electrode 127; the
drain electrode of the transistor 2125 is connected to the pixel
electrode 175 through the contact hole 1114; and the drain
lead-out electrode 127 extends through under the pixel elec-
trode 175 and arrives under the pixel electrode 17a, and is
connected to the pixel electrode 17a through the contact hole
111a.

In the present liquid crystal panel, capacitances are formed
at locations where the drain lead-out electrode 27 and the
pixel electrode 17a overlap with each other through an inter-
layer insulating film, and where the drain lead-out electrode
127 and the pixel electrode 175 overlap with each other
through an interlayer insulating film. The sum of the capaci-
tances is a coupling capacitance CC (see FIG. 15). Further, a
capacitance is formed at a location where the storage capaci-
tance wiring 18/ and the pixel electrode 17a overlap with each
other through an interlayer insulating film. This capacitance
is a storage capacitance CSa (see FIG. 15). Also, a capaci-
tance 1s formed at a location where the storage capacitance
wiring 18; and the pixel electrode 176 overlap through an
interlayer insulating film. This capacitance is a storage
capacitance CSb (see FI1G. 15).

In the present liquid crystal panel, as in the case with the
liquid crystal panel of FIG. 1, the aperture ratio reduction and
the load increase on the scan signal line can be suppressed on
the capacitance coupling type active matrix substrate
equipped with transistors for discharge. Additionally, the
storage capacitance between the pixel electrode and the stor-
age capacitance wiring can be made larger without changing
the aperture ratio. Also, the drain lead-out electrodes (27 and
127) can be made narrower to increase the aperture ratio,
while the necessary coupling capacitance value can still be
obtained. Additionally, even if a problem such as a short-
circuit occurs in the transistor connected to the data signal
line, the pixel can be repaired for a dark dot.
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Although in the liquid crystal panel of FIG. 16, the drain
lead-out electrode 27 is connected to the pixel electrode 175
(the pixel electrode distal to the current scan signal line 16/),
alternatively, as shown in FIG. 17, the drain lead-out elec-
trode 27 can also be made shorter to be connected to the pixel
electrode 17a (the pixel electrode proximal to the current scan
signal line 16j) through the contact hole 11a. In this case,
because a coupling capacitance is formed where the drain
lead-out electrode 127 and the pixel electrode 175 overlap
through the interlayer insulating film, a separate coupling
capacitance does not need to be formed. In the liquid crystal
display device equipped with the liquid crystal panel of FIG.
17, a sub-pixel that includes the pixel electrode 17a becomes
a bright sub-pixel, and a sub-pixel that includes the pixel
electrode 175 becomes a dark sub-pixel for the halftone dis-
play.

As shown in FIG. 18, the pixel shown in FIG. 17 and the
pixel shown in FIG. 16 may be arranged alternately in the row
direction (with a consistent configuration in the column direc-
tion). With this configuration, as shown in FIG. 19, bright
sub-pixels and dark sub-pixels can be arranged in a checkered
pattern (bright sub-pixels and dark sub-pixels are arranged
alternately for both the row and column directions), which
improves the display quality. In this case, as shownin FIG. 20,
by arranging the drain lead-out electrode 27 in the same
manner in the pixels 101 and 103 (in both pixels, the drain
lead-out electrode 27 is arranged so that one end of the elec-
trode is located near the scan signal line 164, and the other end
is located near the scan signal line 16;). which are disposed
next to each other in the row direction, consistent configura-
tions can be obtained for all the bright sub-pixels, and for all
the dark sub-pixels, and the same aperture ratio can be
achieved for pixels of all three colors. With this arrangement,
the display quality can be improved (by suppressing the
uneven chromaticity for the white display, for example).

In the liquid crystal panel shown in FIGS. 1, 15, and 18,
pixel electrodes of respective pixels are arranged in the col-
umn direction, and the pixels in the same column are con-
nected to the same data signal line, but the configuration is not
limited to this. As shown in FIG. 21, for example, pixel
electrodes in each pixel can be arranged in the row direction
so that odd-numbered pixels within a column are connected to
one of the adjacent two data signal lines, and even-numbered
pixels are connected to the other of the two data signal lines.

For example, in pixel 101, which is interposed between the
data signal lines 15/ and 15k, the pixel electrode 17a is
arranged close to the data signal line 15/, and the pixel elec-
trode 17b is arranged close to the data signal line 15k; the
pixel electrode 17a is connected to the data signal line 15§
through the transistor 12a connected to the scan signal line
16;: the pixel electrode 17a and the pixel electrode 175 are
connected together through the coupling capacitance CC1,
the transistors 212a and 2124 for discharge are connected to
the scan signal line 167, which is scanned immediately before
the scan signal line 16/; the pixel electrode 17a and the stor-
age capacitance wiring 18; are connected together through
the transistor 212a; and the pixel electrode 175 and the stor-
age capacitance wiring 18; are connected together through
the transistor 2124.

In pixel 102, which is disposed adjacent to the pixel 101 in
the column direction, the pixel electrode 17¢ is arranged close
to the data signal line 15, and the pixel electrode 17/ is
arranged close to data signal line 15%; pixel electrode 17f1s
connected to the data signal line 154 through the transistor 12/
connected to the scan signal line 16/; the pixel electrode 17/
and the pixel electrode 17e are connected together through the
coupling capacitance CC2; the transistors 212¢ and 212/ for
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discharge are connected to the scan signal line 16/, which is
scanned immediately before the scan signal line 167; the pixel
electrode 17¢ and the storage capacitance wiring 18j are
connected together through the transistor 212e; and the pixel
electrode 17fand the storage capacitance wiring 18; are con-
nected together through the transistor 212f

In pixel 103, which is interposed between the data signal
lines 15k and 15/, the pixel electrode 17 A is arranged close to
the data signal line 154, and the pixel electrode 17B is
arranged close to the data signal line 15/, pixel electrode 17A
is connected to the data signal line 15k through the transistor
12A connected to the scan signal line 167; the pixel electrode
17A and the pixel electrode 17B are connected together
through the coupling capacitance CC3; the transistors 212A
and 212B for discharge are connected to the scan signal line
16/, which is scanned immediately before the scan signal line
167 the pixel electrode 17 A and the storage capacitance wir-
ing 18k are connected together through the transistor 212A;
and the pixel electrode 17B and the storage capacitance wit-
ing 18% are connected together through the transistor 212B.

FIG. 22 is a timing chart showing the method for driving
the liquid crystal display device (normally black mode). “Sj”
and “Sk” denote signal potentials supplied to the data signal
lines 15j and 15k, respectively; “GPi” and “GPj” denote gate-
on pulse signals supplied to the scan signal lines 16; and 16y,
respectively; “Va” denotes the potential of the pixel electrode
17a; “Vb” denotes the potential of the pixel electrode 175;
“Ve” denotes the potential of the pixel electrode 17e; “V{?
denotes the potential of the pixel electrode 17/, “VA™ denotes
the potential of the pixel electrode 17A; and “VB” denotes the
potential of the pixel electrode 17B.

In this driving method, as shown in FIG. 22, scan signal
lines are selected sequentially, the polarity of the signal
potential supplied to the data signal lines is reversed for every
one vertical scan period (1V), and signal potentials of oppo-
site polarities are supplied to two adjacent data signal lines.

Specifically, in frame F1 out of consecutive frames F1 and
F2, scan signal lines are sequentially selected, and to the data
signal line 15/, a signal potential of positive polarity is sup-
plied during the (n-1)" horizontal scan period (including the
scan period of scan signal line 16), and a signal potential of
positive polarity is supplied also during the n” horizontal scan
period (including the scan period of scan signal line 16;), and
to the data signal line 15%, a signal potential of negative
polarity is supplied during the (n-1)” horizontal scan period,
and a signal potential of negative polarity is supplied also
during the n* horizontal scan period. With this timing, as
shown in FIG. 22, at the end of the (n—1)" horizontal scan
period, relations of Va=Vb=VA=VB=Vcom (the potential of
the respective storage capacitance wirings 187 and 18%) and
[Vfl=IVel are satisfied, and at the end of the n” horizontal scan
period, relations of | ValzI Vbl and IVAIz|VB| are satisfied. As
shown in FIG. 23, a sub-pixel that includes the pixel electrode
17a (positive polarity) becomes a bright sub-pixel (BR), a
sub-pixel that includes the pixel electrode 175 (positive polar-
ity) becomes a dark sub-pixel (DA), a sub-pixel that includes
the pixel electrode 17A (negative polarity) becomes a bright
sub-pixel (BR), a sub-pixel that includes the pixel electrode
17B (negative polarity) becomes a dark pixel (DA), a sub-
pixel that includes the pixel electrode 17¢ (negative polarity)
becomes a dark sub-pixel (BR), and a sub-pixel that includes
the pixel electrode 17f (negative polarity) becomes a bright
sub-pixel (DA).

Also, in frame F2, scan signal lines are sequentially
selected. and to the data signal line 15/, a signal potential of
negative polarity is supplied during the (n-1)" horizontal
scan period (including the scan period of the scan signal line
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16i), and a signal potential of negative polarity is supplied
during the n™ horizontal scan period (including the scan
period of the scan signal line 165), and to data signal line 15%,
a signal potential of positive polarity is supplied during the
(n-1)" horizontal scan period (including the scan period of
the scan signal line 167), and a signal potential of positive
polarity is supplied also during the n” horizontal scan period.
With this timing, as shown in FIG. 22, atthe end of the (n-1)"
horizontal scan period, relations of Va=Vb=VA=VB=Vcom
(the potential of the storage capacitance wirings 18; and 18%)
and [V{1z| Vel are satisfied, and at the end of the n™ horizontal
scan period, relations of 1ValzIVbl and IVAIzIVBI are satis-
fied. A sub-pixel that includes the pixel electrode 17a (nega-
tive polarity) becomes a bright sub-pixel (BR), a sub-pixel
that includes the pixel electrode 175 (negative polarity)
becomes a dark sub-pixel (DA), a sub-pixel that includes the
pixel electrode 17A (positive polarity) becomes a bright sub-
pixel (BR), a sub-pixel that includes the pixel electrode 17B
(positive polarity ) becomes a dark sub-pixel (DA), a sub-pixel
that includes the pixel electrode 17e (positive polarity)
becomes a dark sub-pixel (BR), and a sub-pixel that includes
the pixel electrode 17f (positive polarity) becomes a bright
sub-pixel (DA).

According to the configuration described above, display
can be conducted by the area gradation of the bright sub-
pixels and the dark sub-pixels arranged in the row direction,
and therefore the view angle characteristics of the liquid
crystal display device can be improved. Also, because the two
pixel electrodes of a pixel can be discharged (to the storage
capacitance wiring) immediately before (1H prior) the data
signal potential is written on the pixel, burn-in of the sub-
pixel that includes a pixel electrode which will be floating can
be suppressed, and variation of the pixel charge rate accord-
ing to the data signal potentials written on the previous frame
can also be minimized.

Further, as shown in FIG. 23, while the data signal lines are
driven by the V-line inversion drive (signal potentials of the
same polarity are supplied to a particular data signal line
during one vertical scan period), the polarity distribution of
the signal potential written on pixels can be that of the dot-
inversion. As a result, power consumption is suppressed and
flickering is reduced. Further, because bright sub-pixels and
dark sub-pixels are arranged in a checkered pattern, (bright
sub-pixels and dark sub-pixels are arranged alternately for
both the row and column directions), uneven streaks, which
can be generated by columns composed of bright pixels, are
suppressed, and clear displays can be achieved.

Specific examples of pixels 101 to 104 of FIG. 21 are
shown in FIG. 24. In FIG. 24, members of the color filter
substrate (opposite substrate) are omitted, and only members
of the active matrix substrate are illustrated for simplicity.

In pixel 101, a transistor 12a is disposed near the intersect-
ing portion of the data signal line 15 and scan signal line 16;,
and a storage capacitance wiring 18; is provided vertically
across the pixel region defined by the data signal lines 15/ and
15k and the scan signal line 16;. The storage capacitance
wiring 18; is formed in the same layer with the data signal line
15/, in parallel therewith. In the aforementioned pixel region,
the pixel electrode 17a and the pixel electrode 175 are
arranged in the row direction so that the pixel electrode 17a is
disposed close to the transistor 124, and the respective pixel
electrodes overlap with the storage capacitance wiring 18;.

Also, the source electrode of the transistor 12a is connected
to the data signal line 15/, and the drain electrode is connected
to the pixel electrode 17a, and the scan signal line 165 serves
as the gate electrode of the transistor 12a. Further, the pixel
electrode 17a is connected to the capacitance electrode 37a
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extending in the row direction through the contact hole 181a.
The capacitance electrode 37a is formed in the same layer
with the scan signal line, and extends from under the pixel
electrode 17a, crosses under the storage capacitance wiring
18;. and arrives under the pixel electrode 17.

Also, the storage capacitance wiring 18; extends from
above the current scan signal line 167 (where it intersects with
the scan signal line 16/), continues through under the edges of
the pixel electrode 17a and the pixel electrode 175, and
arrives above the previous scan signal line 16; (where it inter-
sects with the scan signal line 167). Transistors 212a and 2125
are provided in proximity of the intersecting portion of the
storage capacitance wiring 18j and the scan signal line 16i. A
portion of the previous scan signal line 16/ functions as gate
electrodes of the transistors 2124 and 2125; a portion of the
storage capacitance wiring 18; functions as the common
source electrode for the transistors 212a and 2125; the drain
electrode of the transistor 212« is connected to the pixel
electrode 175 through the contact hole 111e; and the drain
electrode of the transistor 2125 is connected to the pixel
electrode 174 through the contact hole 1114.

With this configuration, in pixel 101, a capacitance is
formed at a location where the capacitance electrode 37a and
the pixel electrode 175 overlap through the gate insulating
film and the interlayer insulating film only (the overlapping
portion of the capacitance electrode 37a and the pixel elec-
trode 175 minus the overlapping portion of the capacitance
electrode 37a, pixel electrode 175, and the storage capaci-
tance wiring 18;). This capacitance is a coupling capacitance
CCI1 (see FIG. 21). Further, capacitances are formed at loca-
tions where the storage capacitance wiring 18; and the pixel
electrode 174 overlap through an interlayer insulating film,
and where the storage capacitance wiring 18; and the capaci-
tance electrode 37a overlap through a gate insulating film.
The sum of these capacitances is a storage capacitance CSa
(see FIG. 21). Also, a capacitance is formed at a location
where the storage capacitance wiring 18; and the pixel elec-
trode 175 overlap through an interlayer insulating film. This
capacitance is a storage capacitance CSb (see FIG. 21).

In pixel 102, a transistor 12/7s disposed near the intersect-
ing portion of the data signal line 154, which is adjacent to the
data signal line 15/, and the scan signal line 16/, and the
storage capacitance wiring 18; is disposed vertically across
the pixel region defined by the data signal lines 15/ and 15k
and the scan signal line 16i. The storage capacitance wiring
18; is formed in the same layer with the data signal line 15£,
in parallel therewith. In the aforementioned pixel region, the
pixel electrode 17¢ and the pixel electrode 17fare arranged in
the row direction so that the pixel electrode 17/1s in proximity
of the transistor 12f; and the respective pixel electrodes over-
lap the storage capacitance wiring 18;.

The source electrode of the transistor 12f'is connected to
the data signal line 15k, and the drain electrode is connected
to the pixel electrode 17f. The scan signal line 16i serves as the
gate electrode of the transistor 12f. Further, the pixel electrode
17f1s connected to capacitance electrode 37/ extending to the
row direction through a contact hole 181/ The capacitance
electrode 37f1s formed in the same layer with the scan signal
line, and extends from under the pixel electrode 17, crosses
under the storage capacitance wiring 18;, and arrives under
the pixel electrode 17e.

The storage capacitance wiring 18j extends from above the
current scan signal line 16/ (where it intersects with the scan
signal line 16f), continues through under the edges of the
pixel electrode 17¢ and pixel electrode 17f, and arrives above
the previous scan signal line 16/ (where it intersects with the
scan signal line 16%). Transistors 212¢ and 212fare disposed
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near the intersecting portion ofthe storage capacitance wiring
18j and scan signal line 16%. A portion of the previous scan
signal line 16/ functions as the gate electrodes of the transis-
tors 212e and 212f; a portion of the storage capacitance wiring
18; functions as the common source electrode of the transis-
tors 212e and 212f; the drain electrode of the transistor 212¢
is connected to the pixel electrode 17 through a contact hole
111e; and the drain electrode of the transistor 212f'is con-
nected to the pixel electrode 17fthrough a contact hole 111/

With this configuration, in pixel 102, a capacitance is
formed at a location where the capacitance electrode 37fand
the pixel electrode 17e overlap through the gate insulating
film and the interlayer insulating film. This capacitance is a
coupling capacitance CC2 (see FIG. 21). Further, capaci-
tances are formed at locations where the storage capacitance
wiring 18; and the pixel electrode 17f overlap through the
interlayer insulating film, and where the storage capacitance
wiring 187 and capacitance electrode 37f overlap through the
gate insulating film. The sum of these capacitances is a stor-
age capacitance CSf (see FIG. 21). Also, a capacitance is
formed at alocation where the storage capacitance wiring 187
and the pixel electrode 17¢ overlap through the interlayer
insulating film. This capacitance is a storage capacitance CSe
(see FIG. 21).

In pixel 103, the transistor 12A is disposed near the inter-
secting portion of the data signal line 15k and the scan signal
line 16/, and the storage capacitance wiring 18% is provided
vertically across the pixel region defined by the data signal
lines 15k and 15/ and the scan signal line 16/. The storage
capacitance wiring 18% is formed in the same layer with the
data signal line 15%, in parallel therewith. In the aforemen-
tioned pixel region, the pixel electrode 17A and the pixel
electrode 17B are arranged in the row direction so that the
pixel electrode 17A is in proximity of the transistor 12A, and
the respective pixel electrodes overlap the storage capaci-
tance wiring 18k

The source electrode of the transistor 12A is connected to
the data signal line 15%, and the drain electrode is connected
to the pixel electrode 17A. The scan signal line 167 serves as
the gate electrode of the transistor 12A. Further, the pixel
electrode 17A is connected to the capacitance electrode 37A
extending in the row direction through the contact hole 181A.
The capacitance electrode 37A 1s formed in the same layer
with the scan signal line, and extends from under the pixel
electrode 17A, crosses under the storage capacitance wiring
184, and arrives under the pixel electrode 17B.

The storage capacitance wiring 18k extends from above the
current scan signal line 16/ (where it intersects with the scan
signal line 16), crosses under the edges of the pixel electrode
17A and pixel electrode 17B, and arrives above the previous
scan signal line 16/ (where it intersects with the scan signal
line 16i). Transistors 212A and 212B are disposed near the
intersecting portion of the storage capacitance wiring 18k and
scan signal line 16i. A portion of the previous scan signal line
16i functions as the gate electrodes of the transistors 212A
and 212B; a portion of the storage capacitance wiring 18%
functions as the common source electrade of the transistors
212A and 212B; the drain electrode of the transistor 212A is
connected to the pixel electrode 17A through a contact hole
111A,; the drain electrode of the transistor 212B is connected
to the pixel electrode 17B through a contact hole 111B.

With this configuration, in pixel 103, a capacitance is
formed at alocation where the capacitance electrode 37A and
the pixel electrode 17B overlap through the gate insulating
film and the interlayer insulating film. This capacitance is a
coupling capacitance CC3 (see FIG. 21). Further, capaci-
tances are formed at locations where the storage capacitance
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wiring 18/ and the pixel electrode 17A overlap through the
interlayer insulating film, and where the storage capacitance
wiring 18; and the storage electrode 37A overlap through the
gate insulating film. The sum of these capacitances is a stor-
age capacitance CSA (see FIG. 21). Also, a capacitance is
formed at a location where the storage capacitance wiring 187
and the pixel electrode 17B overlap through the interlayer
insulating film. This capacitance is a storage capacitance CSB
(see FIG. 21).

In the present liquid crystal panel, as in the case with the
liquid crystal panel of FIG. 1, the aperture ratio reduction and
the load increase on the scan signal line can be suppressed on
the capacitance coupling type active matrix substrate
equipped with transistors for discharge. Also, the storage
capacitances between the pixel electrodes and storage capaci-
tance wirings can be improved without changing the aperture
ratio. If the liquid crystal panel of FIG. 24 is in the VA
(vertical alignment) TN mode, a capacitance electrode (37a
or the like) may be arranged at dark lines.

The liquid crystal panel of FIG. 24 may be modified to be
the one shown in FIG. 25, where two capacitance electrodes
are arranged for each pixel symmetrically with respect to a
point. For example, in pixel 101, the pixel electrode 17a is
connected to a capacitance electrode 374 formed in the same
layer with the scan signal line through the contact hole 181a,
and the capacitance electrode 37a extends from under the
pixel electrode 17a in the row direction, extends sideways
under the storage capacitance wiring 18j, and further extends
in the row direction to arrive under the pixel electrode 175.
The pixel electrode 175 is connected to a capacitance elec-
trode 3756 formed in the same layer with the scan signal line
through the contact hole 1815. The capacitance electrode 375
extends from under the pixel electrode 175 in the row direc-
tion, extends sideways under the storage capacitance wiring
18;. and further extends in the row direction to arrive under
the pixel electrode 17a.

With this configuration, in pixel 101, capacitances are
formed at locations where the capacitance electrode 37a and
the pixel electrode 175 overlap through the gate insulating
film and the interlayer insulating film, and where the capaci-
tance electrode 37b and the pixel electrode 17a overlap
through the gate insulating film and the interlayer insulating
film. The sum of these capacitances is a coupling capacitance
CC1 (see FIG. 21). Further, capacitance are formed at loca-
tions where the storage capacitance wiring 18j and pixel
electrode 174 overlap through the interlayer insulating film,
and where the storage capacitance wiring 18; and the capaci-
tance electrode 37a overlap through the gate insulating film.
The sum of these capacitances is a storage capacitance CSa
(see FIG. 21). Also, capacitances are formed at locations
where the storage capacitance wiring 18; and the pixel elec-
trode 175 overlap through the interlayer insulating film, and
where the storage capacitance wiring 187 and the capacitance
electrode 37b overlap through the gate insulating film. The
sum of these capacitances is a storage capacitance CSb (see
FIG. 21).

According to the aforementioned configuration, because
coupling capacitances are formed at two locations, the value
of the coupling capacitance CC1 can be made larger. Also,
even if problems such as poor contacts at the contact hole
181a and broken wires in the capacitance electrode 37a occur,
bright sub-pixels and dark sub-pixels can still be formed
using the capacitance electrode 37b. Also, because both the
capacitance electrodes 37¢ and 37b have a portion that
extends sideways in both directions, the value of the storage
capacitances CSa and CSb can be made larger. Additionally,
the configuration in which the capacitance electrode 37a and
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the capacitance electrode 37b are arranged symmetrically
with respect to a point on the storage capacitance wiring 18;
has an advantage that the value of coupling capacitance CC1
is compensated even if the pixel electrodes 174 and 175 are
misaligned slightly in the row direction against the gate layer.

As shown in FIG. 26, which illustrates a liquid crystal
panel that is modified from the one in FIG. 25, the contact
hole 114 and the contact hole 181a can be combined to make
a contact hole 414, the contact hole 11fand the contact hole
181f can be combined to make a contact hole 41f; and the
contact hole 11 A and the contact hole 181A can be combined
to make a contact hole 41A. For example, at a location where
the contact hole41a is formed, the interlayer insulating film is
removed, and the drain lead-out electrode is also removed so
that the entire portion that is removed overlap the central
region of the removed portion of the interlayer insulating film.
Further, the portion of the gate insulating film located under
the removed portion of the drain lead-out electrode is
removed. Because of this arrangement, the pixel electrode
17aisin contact with the drain lead-out electrode and with the
capacitance electrode 38a. Since the alignment of the liquid
crystal tends to become disturbed in proximity of the contact
holes, by reducing the number of contact holes as in the
configuration described above, disturbance of the liquid crys-
tal alignment can be suppressed.

FIG. 27 illustrates the liquid crystal panel shown in FIG.
15, but in FIG. 27, the scan direction is from the top to bottom
in the figure. FIG. 28 is a specific example of FIG. 27. In the
present liquid crystal panel, a transistor 12 is disposed near
the intersecting portion of the data signal line 15f and the scan
signal line 167, and a storage capacitance wiring 18 is pro-
vided vertically across the pixel region defined by the data
signal line 157 and the scan signal line 16;. The storage capaci-
tance wiring 18 is formed in the same layer with the data
signal line 15/, in parallel therewith. In the aforementioned
pixel region, a pixel electrode 174 (first pixel electrode) and a
pixel electrode 175 (second pixel electrode) are arranged in
the column direction, and the pixel electrode 17a is in prox-
imity of the transistor 12.

Also, the source electrode of the transistor 12 is connected
to the data signal line 15/, and the drain electrode is connected
to the pixel electrode 17a. The scan signal line 16 serves as
the gate electrode of the transistor 12.

Also, the storage capacitance wiring 18; extends from
above the previous scan signal line 16/ (where it intersects
with the scan line 16i), continues through under the pixel
electrode 175 and the pixel electrode 174, and arrives above
the current scan signal line 16j (where it intersects with the
scan signal line 167). Transistors 212a and 2124 are disposed
near the intersecting portion ofthe storage capacitance wiring
18 and the scan signal line 16i. A portion of the previous scan
signal line 16/ functions as the gate electrodes of the transis-
tors 212a and 2125, and a portion of the storage capacitance
wiring 187 functions as the common source electrode of the
transistors 212a and 2125. The drain electrode of the transis-
tor 212a is connected to the drain lead-out electrode 127, the
drain electrode of the transistor 2125 is connected to the pixel
electrode 175 through the contact hole 1115, and the drain
lead-out electrode 127 extends through under the pixel elec-
trode 17b, arrives under the pixel electrode 174, and is con-
nected to the pixel electrode 17a through contact hole 111a.

In the present liquid crystal panel, a capacitance is formed
at a location where the drain lead-out electrode 127 and the
pixel electrode 176 overlap through the interlayer insulating
film. This capacitance is a coupling capacitance CC (see FIG.
27). Further, a capacitance is formed at a location where the
storage capacitance wiring 18/ and the pixel electrode 17a
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overlap through the interlayer insulating film. This capaci-
tance is a storage capacitance CSa (see FIG. 27). Also, a
capacitance is formed at a location where the storage capaci-
tance wiring 187 and the pixel electrode 175 overlap through
the interlayer insulating film. This capacitance is a storage
capacitance CSb (see FIG. 27).

Unlike the case where the drain electrode of the transistor
12 is connected to the drain lead-out electrode that overlaps
the pixel electrode 175, in the configuration described above,
such drain lead-out electrode is not necessary, and therefore,
the aperture ratio can be improved accordingly.

The liquid crystal panel of FIG. 28 can be modified into the
configuration shown in FIG. 29, in which the pixel electrode
17a is V-shaped when observed in the row direction, and the
pixel electrode 175 surrounds the pixel electrode 17a. That is,
the pixel electrode 17a is composed of two sides E1 and E2,
each forming a 315 degree angle against the scan signal line,
two sides E3 and E4, each forming a 45 degree angle against
the scan signal line, a side E5 connecting one end of the side
E1 to one end of the side E2 and parallel with the data signal
line, a side E6 connecting one end of the side E3 to one end of
the side E4 and parallel with the data signal line, and a side E7
connecting the other end of the side E2 to the other end of the
side E4 and parallel with the data signal line.

In the configuration described above, the space between
the side E1 and a portion of the inner periphery of the pixel
electrode 175 that faces the side E1, the space between the
side E2 and a portion of the inner periphery of the pixel
electrode 175 that faces the side E2, the space between the
side E3 and a portion of the inner periphery of the pixel
electrode 175 that faces the side E3, and a space between the
side E4 and a portion of the inner periphery of the pixel
electrode 175 that faces the side E4 can function as alignment
control structures. Also, in FIG. 29, a capacitance electrode
67 extends from the drain lead-out electrode 127, forming a
315 degree angle against the scan signal line in order to
increase the value of the coupling capacitance. The capaci-
tance electrode 67 is formed in such manner as to overlap the
alignment control structure (linear protrusions, for example)
on the color filter substrate. However, this (the capacitance
electrode 67) does not need to be disposed if the drain lead-
out electrode 127 alone is enough to provide the necessary
coupling capacitance value.

The liquid crystal panel of FIG. 28 can also be modified
into a configuration shown in FIG. 30, in which a isosceles
trapezoid-shaped pixel electrode having a base along the data
signal line and a pixel electrode that is symmetrical with the
aforementioned pixel electrode with respect to a point, and
pixel electrodes that fit in with these two pixel electrodes are
provided in one pixel region.

In the present liquid crystal panel, a transistor 12 is pro-
vided near the intersecting portion of the data signal line 15;j
and the scan signal line 16§, and a storage capacitance wiring
18; is disposed vertically across the pixel region defined by
the data signal line 15; and the scan signal line 16f. The
storage capacitance wiring 18; is formed in the same layer
with the data signal line 15/, in parallel therewith. In the
aforementioned pixel region, pixel electrodes 17au and 17av
and a pixel electrode 175 are arranged. Here, the pixel elec-
trode 17au is disposed near the transistor 12, and has an
isosceles trapezoid shape, in which the legs are an edge E1
forming a 315 degree against the scan signal line and an edge
E2 forming a 45 degree angle against the scan signal line, and
the base is the edge that extends along the data signal line 15;.
The pixel electrode 17av is arranged symmetrically with the
pixel electrode 17au with respect to the center of the pixel,
and has an isosceles trapezoid shape, in which the legs are an
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edge E3 forming a 45 degree angle against the scan signal line
and an edge E4 forming a 315 degree angle against the scan
signal line, and the base is the edge that extends along the data
signal line 15%. The source electrode of the transistor 12 is
connected to the data signal line 15j, the drain electrode is
connected to the pixel electrode 17au, and the scan signal line
16; serves as the gate electrode of the transistor 12. Also, the
pixel electrode 17au is connected to a connecting electrode
227 through a contact hole 211au, and the connecting elec-
trode 227 is connected to the pixel electrode 17av through a
contact hole 211av.

Also, the storage capacitance wiring 18; extends from
above the previous scan signal line 16i (where it intersects
with the scan signal line 16i), crosses under the pixel elec-
trode 175, pixel electrode 17av, pixel electrode 175, pixel
electrode 17au, and pixel electrode 17b, and arrives above the
current scan signal line 16; (where it intersects with the scan
signal line 16j). The transistors 212a and 2125 are provided
near the intersecting portion ofthe storage capacitance wiring
18j and the scan signal line 16i. A portion of the previous scan
signal line 16/ functions as the gate electrodes of the transis-
tors 212a and 212b; a portion of the storage capacitance
wiring 187 functions as the common source electrode of the
transistors 212a and 21254; the drain electrode of the transistor
212a is connected to the drain lead-out electrode 127; the
drain electrode of the transistor 2125 is connected to the pixel
electrode 175 through a contact hole 1115; the drain lead-out
electrode 127 extends through under the pixel electrode 175,
arrives under the pixel electrode 17av, and is connected to the
pixel electrode 17av through a contact hole 111aw.

In the present liquid crystal panel, a capacitance is formed
at a location where the drain lead-out electrode 127 and the
pixel electrode 17av overlap through the interlayer insulating
film. This capacitance is a coupling capacitance. Further,
capacitances are formed at locations where the storage
capacitance wiring 18; and the pixel electrode 17av overlap
through the interlayer insulating film, and where the storage
capacitance wiring 18j and the pixel electrode 17au overlap
through the interlayer insulating film. The sum of these
capacitances is a storage capacitance. Also, a capacitance is
formed at alocation where the storage capacitance wiring 187
and the pixel electrode 175 overlap through the interlayer
insulating film. This is a storage capacitance.

In the configuration described above, a space between a
side E1 and a portion of the outer periphery of the pixel
electrode 17hthat faces the side E1, a space between a side E2
and a portion of the outer periphery of the pixel electrode 175
that faces the side E2, a space between a side E3 and a portion
of the outer periphery of the pixel electrode 175 that faces the
side E3, and space between a side E4 and a portion of the outer
periphery of the pixel electrode 175 that faces the side E4 can
function as alignment control structures.

Although in the liquid crystal panel shown in FIGS. 1 to 3,
two transistors for discharge connected to the previous scan
signal line are provided, and the drain electrode of one of the
transistors is connected to a pixel electrode 17¢ (a pixel elec-
trode corresponding to a bright sub-pixel), and the other drain
is connected to a pixel electrode 175 (a pixel electrode cor-
responding to a dark sub-pixel), this configuration does not
serve as a limitation in any way. For example, as shown in
FIG. 31, in another possible configuration, only one transistor
for discharge that is connected to the previous scan signal line
is provided, and its drain electrode is connected to a pixel
electrode 175 (a pixel electrode corresponding to a dark sub-
pixel).

That s, in FIG. 31, only a transistor 212 is provided as the
transistor for discharge in which the scan signal line 16/
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serves as the gate electrode. The source electrode of the
transistor 2125 is connected to the storage capacitance wiring
18;. and the drain electrode is connected to the pixel electrode
175 through a drain lead-out electrode 127 and a contact hole
1115. Other than that, this configuration is identical to the one
shown in FIG. 1. In this case, the pixel electrode 175, which
is electrically floating, is discharged when the scan signal line
16i is scanned. Consequently, dark sub-pixels are prevented
from being burned. Also, similar to the liquid crystal panel of
FIG. 1, in the capacitance coupling type active matrix sub-
strate equipped with transistors for discharge, the aperture
ratio reduction and the load increase on the scan signal lines
can be suppressed. Additionally, the storage capacitance
between the pixel electrode and the storage capacitance wit-
ing can be increased without changing the aperture ratio.
Also, because coupling capacitances are formed at two loca-
tions, necessary coupling capacitance can be obtained even if
the drain lead-out electrodes (27 and 127) are made narrower
for higher aperture ratio.

Furthermore, with a configuration as shown in FIG. 32, the
aperture ratio reduction and the load increase on the scan
signal line can also be suppressed for the capacitance cou-
pling type active matrix substrate equipped with transistors
for discharge. In the liquid crystal panel shown in FIG. 32, the
shapes of the three pixel electrodes (17av, 17au, and 17b) and
their relation of connection, and also the location of the tran-
sistor 12 and its relation of connection are the same as those
of the liquid crystal panel of FIG. 30 except that the storage
capacitance wiring 318; is formed in the same layer with the
previous scan signal line 16/ so that it extends along the scan
signalline 16/, and overlaps the pixel electrodes 17av and 175
through the insulating layer. A portion of the previous scan
signal line 16/ functions as the gate electrodes of the transis-
tors 212a and 2125; the common source electrode of the
transistors 212a and 2125 is connected to the storage capaci-
tance wiring 318; through a drain lead-out electrode 327 and
a contact hole 311; the drain electrode of the transistor 212a
is connected to the pixel electrode 17av through a contact hole
111av; and the drain electrode of the transistor 2125 is con-
nected to the pixel electrode 175 through a contact hole 1114.
Although two transistors 212a and 2125 are provided in FIG.
32 as transistors for discharge, alternatively, only the transis-
tor 2125, not transistor 2124, for example, may be provided.

In the present embodiments, a liquid crystal display unit
and a liquid crystal display device are constituted as follows.
That s, two polarizing plates A and B are attached on respec-
tive sides of the liquid crystal panel so that the polarizing axis
of the polarizing plate A and the polarizing axis of the polar-
izing plate B cross each other at a right angle. For the polar-
izing plates, an optical compensation sheet or the like may be
layered as necessary. Next, as shown in FIG. 33(a), drivers
(gate driver 202 and source driver 201) are connected. Here,
connection of a driver by TCP system is described as an
example. First, ACF is temporarily pressure-bonded to the
terminal section of the liquid crystal panel. Next, TCP with a
driver mounted thereon is punched out from the carrier tape,
aligned to the panel terminal electrode, and heated for per-
manent pressure-bonding. Then, a circuit substrate 209
(PWB) and TCP input terminals for coupling the driver TCPs
are connected together by ACF. The liquid crystal display umt
200 is thus complete. Subsequently, as shown in FIG. 33(),
a display control circuit 209 is connected to drivers (201 and
202) of the liquid crystal display unit through circuit sub-
strates 203 for unification with a illumination device (back-
light unit) 204, to complete a liquid crystal display device
210.
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FIG. 34 is a block diagram showing a configuration of a
liquid crystal display device. As shown in the figure, the liquid
crystal display device includes a display section (liquid crys-
tal panel), a source driver (SD), a gate driver (GD), and a
display control circuit. The source driver drives the data sig-
nal lines, the gate driver drives the scan signal lines, and the
display control circuit controls the source driver and the gate
driver.

The display control circuit receives a digital video signal
Dv representing images to be displayed, a horizontal synchro-
nization signal HSY and a vertical synchronization signal
VSY corresponding to the digital video signal Dv, and a
control signal Dc for controlling the display action, from an
external signal source (a tuner, for example). The display
control circuit generates signals for displaying images repre-
sented by the digital video signal Dv on the display section,
according to the received signals Dv, HSY, VSY, and Dc, and
outputs them. These are a data start pulse signal SSP, a data
clock signal SCK, a digital image signal DA (the signal cor-
responding to the video signal Dv) representing the image to
be displayed, a gate start pulse signal GSP, a gate clock signal
GCK, and a gate driver output control signal (scan signal
output control signal) GOE.

More specifically, the video signal Dv is subjected to the
timing adjustment and the like in the internal memory as
necessary, and then is output from the display control circuit
as a digital image signal DA. The display control circuit
generates: a data clock signal SCK, which is composed of
pulses corresponding to the respective pixels of the images
represented by the digital image signal DA; a data start pulse
signal SSP, which, according to the horizontal synchroniza-
tion signal HSY, shifts to a high level (H level) for a prede-
termined period of time for every horizontal scan period; a
gate start pulse signal GSP, which, according to the vertical
synchronization signal VSY, shifts to H level for a predeter-
mined period oftime for every frame period (one vertical scan
period); a gate clock signal GCK according to the horizontal
synchronization signal HSY; and a gate driver output control
signal GOE according to the horizontal synchronization sig-
nal HSY and the control signal Dec.

Among the signals generated by the display control circuit
as described above, the digital image signal DA, the polarity
inversion signal POL for controlling the polarity of signal
potentials (data signal potentials), the data start pulse signal
SSP, and the data clock signal SCK are input to the source
driver, and the gate start pulse signal GSP, the gate clock
signal GCK, and the gate driver output control signal GOE are
input to the gate driver.

The source driver sequentially generates analog potentials
(signal potentials) corresponding to the pixel values of
images represented by the digital image signal DA at respec-
tive scan signal lines for every horizontal scan period, based
on the digital image signal DA, data clock signal SCK, data
start pulse signal SSP, and polarity inversion signal POL, and
outputs these data signals to the data signal lines.

The gate driver generates the gate-on pulse signal accord-
ing to the gate start pulse signal GSP, the gate clock signal
GCK, and the gate driver output control signal GOE, and
outputs the signals to the scan signal lines to selectively drive
the scan signal lines.

As described above, the data signal line and the scan signal
line in the display section (liquid crystal panel) are driven by
the source driver and the gate driver, and signal potentials are
written from the data signal lines to the pixel electrodes
through transistors (TFT) connected to the selected scan sig-
nal lines. Consequently, voltages are applied to the liquid
crystal layer for respective sub-pixels, by which the amount
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of the light from the backlight that is transmitted is controlled,
and images represented by the digital video signal Dv are
displayed on respective sub-pixels.

Next, a configuration example of the present liquid crystal
display device as applied to a television receiver is described.
FIG. 35 is a block diagram showing the configuration of a
liquid crystal display device 800 for television receiver. The
liquid crystal display device 800 includes a liquid crystal
display unit 84, a Y/C separation circuit 80, a video chroma
circuit 81, an A/D converter 82, a liquid crystal controller 83,
a backlight driver circuit 85, a backlight 86, a microcomputer
87, and a gradation circuit 88. The liquid crystal display unit
84 is composed of a liquid crystal panel and a source driver
and a gate driver for driving the liquid crystal panel.

In the liquid crystal display device 800 having a configu-
ration described above, first, a composite color image signal
Scv, which is a television signal, is input from outside to the
Y/C separation circuit 80. There, the signal is separated into a
luminance signal and a color signal. The luminance signal
and the color signal are converted to analog a RGB signal
corresponding to three primary colors ofthe light by the video
chroma circuit 81. Further, this analog RGB signal is con-
verted to a digital RGB signal by the A/D converter 82. The
digital RGB signal is input to the liquid crystal controller 83.
In the Y/C separation circuit 80, horizontal and vertical syn-
chronization signals are also obtained from the composite
color image signal Scv, which is input from outside. These
synchronization signals are also input to the liquid crystal
controller 83 through the microcomputer 87.

To the liquid crystal display unit 84, the digital RGB signal
is input from the liquid crystal controller 83, together with the
timing signal according to the aforementioned synchroniza-
tion signals at a predetermined timing. Also, in the gradation
circuit 88, gradation potentials of respective three primary
colors R, G, and B for color display are generated, and the
gradation potentials are also supplied to the liquid crystal
display unit 84. In the liquid crystal display unit 84, signals
for driving (data signals=signal potentials and scan signals,
and the like) are generated by the internal source driver, the
gate driver, and the like according to the RGB signals, the
timing signals, and gradation potentials. According to the
signals for driving, color images are displayed on the internal
liquid crystal panel. In order for the images to be displayed by
the liquid crystal display unit 84, the light needs to be radiated
from behind the liquid crystal panel in the liquid crystal
display unit. In the liquid crystal display device 800, the
backlight driver circuit 85 drives the backlight 86 under the
control of the microcomputer 87, and irradiates the backside
of the liquid crystal panel with the light. Overall system
control, including the processes described above, is con-
ducted by the microcomputer 87. Not only image signals
according to television broadcasting, but signals of images
captured by cameras and of other images supplied via internet
connection can also be used as image signals input from
outside (composite color image signal). In the liquid crystal
display device 800, image display according to various image
signals is possible.

When the liquid crystal display device 800 is used to dis-
play images of television broadcasting, as shown in FIG. 36,
a tuner section 90 is connected to the liquid crystal display
device 800 to constitute a television receiver 701. The tuner
section 90 extracts signals ofa channel to be received from the
waves (high frequency signals) received through an antenna
(not shown), and converts the extracted signals to a middle
frequency signal. The tuner section 90 then detects the middle
frequency signal to retrieve composite color image signal Scv
as a television signal. The composite color image signal Scv
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is input to the liquid crystal display device 800 as described
above. Images according to the composite color image signal
Scv are displayed by the liquid crystal display device 800.

FIG. 37 is an exploded perspective view showing a con-
figuration of a television receiver. As shown in the figure, the
television receiver 701 includes a first case 801 and a second
case 806, in addition to the liquid crystal display device 8§00,
as its constituting elements, and the liquid crystal display
device 800 is held in the first case 801 and the second case
806. In the first case 801, there is an opening portion 801a that
transmits the image to be displayed on the liquid crystal
display device 800. The second case 806 covers the back side
of the liquid crystal display device 800. An operation circuit
805 for operating the display device 800 is provided in the
second case 806, and a supporting member 808 is attached at
the bottom the second case 806.

The present invention is not limited to the embodiments
described above. Any appropriate modifications of the
embodiments described above based on the common techni-
cal knowledge, and any combinations of them are also
included in embodiments of the present invention. Also,
operations and effects and the like stated in the descriptions of
embodiments are merely examples.

An active matrix substrate of the present invention is char-
acterized in that it includes: a scan signal line that extends in
the row direction when a data signal line extends in the
column direction; a first transistor connected to the data sig-
nal line and the scan signal line, second and third transistors
connected to the same scan signal line that is different from
the aforementioned scan signal line; and a storage capaci-
tance wiring, where a first pixel electrode electrically con-
nected to the first transistor and a second pixel electrode
connected to the first pixel electrode through a capacitance
are provided in one pixel region; the storage capacitance
wiring is formed in the same layer with the data signal line;
the second transistor is electrically connected to the storage
capacitance wiring and the first pixel electrode; and the third
transistor is electrically connected to the storage capacitance
wiring and the second pixel electrode.

In the configuration described above, the storage capaci-
tance wiring is formed in the same layer with the data signal
line (this is different from the layer of the scan signal line),
and therefore an intersecting portion of the storage capaci-
tance wiring and the scan signal line can be obtained. As a
result, by disposing second and third transistors (transistors
for discharge) near the intersecting portion, aperture ratio
reduction and load increase on the gate bus line (scan signal
line) can be suppressed more than in the conventional con-
figuration (see FIG. 41). Also, the configuration has an advan-
tage in that the distances between the storage capacitance
wiring and the respective pixel electrodes are shorter than in
the case where the storage capacitance wiring is disposed in
the same layer with the scan signal line, and therefore the
storage capacitance can be increased without changing the
aperture ratio.

The present active matrix substrate may also have a con-
figuration in which the first transistor is connected to the
current scan signal line, and the second and the third transis-
tors are connected to the previous scan signal line.

The present active matrix substrate may also have a con-
figuration in which the second and the third transistors are
disposed near the intersecting portion of the previous scan
signal line and the storage capacitance wiring.

The present active matrix substrate may also have a con-
figuration in which the storage capacitance wiring extends in
the column direction.
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The present active matrix substrate may also have a con-
figuration in which the storage capacitance wiring overlap the
first and second pixel electrodes through an interlayer insu-
lating film covering the channels of the respective transistors.

The present active matrix substrate may also have a con-
figuration in which a first capacitance electrode electrically
connected to a first pixel electrode is provided, and the first
capacitance electrode and the second pixel electrode overlap
through an insulating layer.

The present active matrix substrate may also have a con-
figuration in which the first capacitance electrode is formed in
the same layer with the data signal line.

The present active matrix substrate may also have a con-
figuration in which the first capacitance electrode is formed in
the same layer with the scan signal line.

The present active matrix substrate may also have a con-
figuration in which the first capacitance electrode and a stor-
age capacitance wiring overlap through a gate insulating film.

The present active matrix substrate may also have a con-
figuration in which a portion of a drain lead-out electrode led
out from the drain electrode of the first transistor functions as
the first capacitance electrode.

The present active matrix substrate may also have a con-
figuration in which the first pixel electrode, the drain lead-out
electrode led out from the drain electrode of the first transis-
tor, and the first capacitance electrode are connected together
through the same contact hole.

The present active matrix substrate may also have a con-
figuration in which a bridging electrode that overlaps the first
capacitance electrode and the storage capacitance wiring is
provided.

The present active matrix substrate may also have a con-
figuration in which the first capacitance electrode has two
edges that are parallel to each other, the storage capacitance
wiring also has two edges that are parallel to each other, and
the both edges of the storage capacitance wiring fall between
the edges of the first capacitance electrode when observed in
aplan view.

The present active matrix substrate may also have a con-
figuration in which the first capacitance electrode has two
edges that are parallel to each other, the storage capacitance
wiring also has two edges that are parallel to each other, and
the both edges of the first capacitance electrode fall between
the edges of the storage capacitance wiring.

The present active matrix substrate may also have a con-
figuration in which the first and second pixel electrodes are
arranged in the column direction.

The present active matrix substrate may also have a con-
figuration in which the first and second pixel electrodes are
arranged in the row direction.

The present active matrix substrate may also have a con-
figuration in which the a third pixel electrode electrically
connected to the first pixel electrode is provided.

The present active matrix substrate has a configuration in
which a second capacitance electrode electrically connected
to the second pixel electrode is provided, and the second
capacitance electrode and the first pixel electrode overlap
through an insulating layer.

The present active matrix substrate may also have a con-
figuration in which a second capacitance electrode electri-
cally connected to the second pixel electrode is provided, and
the second capacitance electrode and the third pixel electrode
overlap through an insulating layer.

The present active matrix substrate may also have a con-
figuration in which a portion of the drain lead-out electrode
led out from the drain electrode of the third transistor func-
tions as the second capacitance electrode.



US 8,570,453 B2

29

The present active matrix substrate may also have a con-
figuration in which, in one of two pixel regions arranged next
to each other in the column direction, the first transistor is
connected to one of two adjacent data signal lines, and in the
other of the two aforementioned pixel regions, the first tran-
sistor is connected to the other of the two data signal lines.

The present active matrix substrate may also have a con-
figuration in which the first pixel electrode provided in one of
the aforementioned two pixel regions and the second pixel
electrode provided in the other pixel region are adjacent to
each other in the column direction.

The present active matrix substrate may also have a con-
figuration in which the storage capacitance wiring extends in
the column direction and overlaps with the first and the sec-
ond pixel electrodes and the space between them.

The present active matrix substrate may also have a con-
figuration in which first and second capacitance electrodes
are formed in the same layer with the scan signal line, and the
first capacitance electrode connected to the first pixel elec-
trode through a contact hole crosses under the storage capaci-
tance wiring and arrives under the second pixel electrode,
while the second capacitance electrode connected to the sec-
ond pixel electrode through a contact hole crosses under the
storage capacitance wiring and arrives under the first pixel
electrode.

The present active matrix substrate may also be charactet-
ized in that it includes: a scan signal line that extends in the
row direction when a data signal line extends in the column
direction; a first transistor connected to the data signal line
and the scan signal line; a second transistor connected to
another scan signal line that is different from the aforemen-
tioned scan signal line; and a storage capacitance wiring,
where a first pixel electrode electrically connected to the first
transistor and a second pixel electrode connected to the first
pixel electrode through a capacitance are provided in one
pixel region; the storage capacitance wiring is formed in the
same layer with the data signal line; and the second transistor
is electrically connected to the storage capacitance wiring and
the second pixel electrode. In this case, the active matrix
substrate may also have a configuration in which the first
transistor is connected to the current scan signal line, and the
second transistor is connected to the previous scan signal line.
The active matrix substrate may also have a configuration in
which the second transistor is provided near the intersecting
portion of the previous scan signal line and the storage capaci-
tance wiring. Also, the active matrix substrate may have a
configuration in which the storage capacitance wiring
extends in the column direction.

The present liquid crystal panel is characterized in that it is
equipped with the aforementioned active matrix substrate.

The present liquid crystal display unit is characterized in
that it is equipped with the aforementioned liquid crystal
panel and drivers.

The present liquid crystal display device is characterized in
that it includes the aforementioned liquid crystal display unit
and a light source device. Also, the present liquid crystal
display device is characterized in that it is equipped with the
aforementioned active matrix substrate, and that it supplies
signal potentials of the same polarity to respective data signal
lines during a vertical period.

The present television receiver is characterized in that it
includes the aforementioned liquid crystal display device and
a tuner section that receives the television broadcasting.
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INDUSTRIAL APPLICABILITY

An active matrix substrate of the present invention and a
liquid crystal panel equipped with the active matrix substrate
is suitable, for example, for a liquid crystal television.

DESCRIPTION OF REFERENCE CHARACTERS

101-104 pixel

12, 2125, 212c transistor

15, 15k data signal line

16, 16/ scan signal line

17a, 175 pixel electrode

18;, 18k storage capacitance wiring
27,127 drain lead-out electrode
43 gate insulating film

51 interlayer insulating film

701 television receiver

800 liquid crystal display device

The invention claimed is:

1. An active matrix substrate comprising: scan signal lines
that extend in a row direction; data signal lines that extend in
a column direction, the scan signal lines and the data signal
lines intersecting each other and defining a matrix of pixel
regions; a first transistor connected to a data signal line and a
scan signal line in each of the pixel regions; second and third
transistors connected to a same scan signal line that is differ-
ent from said scan signal line in each of the pixel regions; and
a storage capacitance wiring,

wherein a first pixel electrode electrically connected to said

first transistor and a second pixel electrode connected to
said first pixel electrode through a capacitance are pro-
vided in each of the pixel regions,

wherein said storage capacitance wiring is formed in a

same layer with the data signal lines,

wherein said second transistor is electrically connected to

said storage capacitance wiring and said first pixel elec-
trode in each of the pixel regions, and

wherein said third transistor is electrically connected to

said storage capacitance wiring and said second pixel
electrode in each of the pixel region.

2. The active matrix substrate according to claim 1,
wherein said first transistor is connected to a current scan
signal line, and said second and third transistors are con-
nected to a previous scan signal line.

3. The active matrix substrate according to claim 2,
wherein said second and third transistors are provided near an
intersecting portion of said previous scan signal line and said
storage capacitance wiring.

4. The active matrix substrate according to claim 1,
wherein said storage capacitance wiring extends in the col-
umn direction.

5. The active matrix substrate according to claim 1,
wherein said storage capacitance wiring overlaps said first
and second pixel electrodes through an interlayer insulating
film that covers channels of respective transistors.

6. The active matrix substrate according to claim 8, further
comprising a first capacitance electrode electrically con-
nected to the first pixel electrode, wherein said first capaci-
tance electrode and said second pixel electrode overlap with
each other through an insulating layer.

7. The active matrix substrate according to claim 6,
wherein said first capacitance electrode is formed in a same
layer with the scan signal lines.
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8. The active matrix substrate according to claim 7,
wherein said first capacitance electrode and said storage
capacitance wiring overlap with each other through a gate
insulating film.

9. The active matrix substrate according to claim 7,
wherein said first pixel electrode, a drain lead-out electrode
led out from the drain electrode of the first transistor, and said
first capacitance electrode are connected together by a single
contact hole.

10. The active matrix substrate according to claim 8,
wherein the first capacitance electrode has two edges that are
parallel to each other, the storage capacitance wiring has two
edges that are parallel to each other, and the both edges of the
storage capacitance wiring fall between the edges of the first
capacitance electrode when observed in a plan view.

11. The active matrix substrate according to claim 8,
wherein the first capacitance electrode has two edges that are
parallel to each other, the storage capacitance wiring has two
edges that are parallel to each other, and the both edges of the
first capacitance electrode fall between the edges of the stor-
age capacitance wiring when observed in a plan view.

12. The active matrix substrate according to claim 1,
wherein the first and the second pixel electrodes are arranged
in the column direction.

13. The active matrix substrate according to claim 1,
wherein the first and the second pixel electrodes are arranged
in the row direction.

14. The active matrix substrate according to claim 1, fur-
ther comprising a third pixel electrode that is electrically
connected to the first pixel electrode.

15. The active matrix substrate according to claim 1, fur-
ther comprising a second capacitance electrode electrically
connected to the second pixel electrode, wherein said second
capacitance electrode and said first pixel electrode overlap
with each other through an insulating layer.

16. The active matrix substrate according to claim 14,
further comprising a second capacitance electrode electri-
cally connected to the second pixel electrode, wherein the
second capacitance electrode and the third pixel electrode
overlap through an insulating layer.

17. The active matrix substrate according to claim 15,
wherein a portion of a drain lead-out electrode led out from
the drain electrode of the third transistor functions as said
second capacitance electrode.
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18. The active matrix substrate according to claim 13,
wherein, in one of two pixel regions arranged next to each
other in the column direction, the first transistor is connected
to one of two adjacent data signal lines, and in the other of said
two pixel regions, the first transistor is connected to the other
of said two data signal lines.

19. The active matrix substrate according to claim 18,
wherein the first pixel electrode provided in one of said two
pixel regions and the second pixel electrode provided in
another pixel region are adjacent to each other in the column
direction.

20. The active matrix substrate according to claim 13,
wherein said storage capacitance wiring extends in the col-
umn direction and overlaps with the first and the second pixel
electrodes and a space between them.

21. The active matrix substrate according to claim 20,
further comprising first and second capacitance electrodes in
a same layer with the scan signal line, wherein said first
capacitance electrode connected to the first pixel electrode
through a contact hole crosses under the storage capacitance
wiring and arrives under the second pixel electrode, while
said second capacitance electrode connected to the second
pixel electrode through a contact hole crosses under the stor-
age capacitance wiring and arrives under the first pixel elec-
trode.

22. The active matrix substrate according to claim 21,
wherein said first and second capacitance electrodes are
formed symmetrically with each other with respect to a point
oraline.

23. A liquid crystal panel comprising the active matrix
substrate according to claim 1.

24. A liquid crystal display unit comprising the liquid
crystal panel according to claim 23 and a driver.

25. A liquid crystal display device comprising the liquid
crystal display unit according to claim 24 and a light source
device.

26. A liquid crystal display device comprising the active
matrix substrate according to claim 19, wherein signal poten-
tials of a same polarity are supplied to respective data signal
lines during one vertical period.

27. A television receiver comprising the liquid crystal dis-
play device according to claim 25 and a tuner section that
receives a television broadcasting.
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