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(57) ABSTRACT

There is provided a liquid crystal display device that enables
increasing the capacitance between a pixel electrode and a
common electrode without bringing about a significant
decrease in the pixel aperture ratio. An In-Plane Switching
LCD device in which a drain signal is supplied from one
drain signal line to two pixel columns is configured such that
there is a section having no drain signal line between
adjacent pixels and a source electrode which is connected to
a pixel electrode of a thin-film transistor extends into a
contiguous pixel region that does not serve as an effective
pixel region to provide one electrode of a capacitive ele-
ment. A common electrode is formed in each pixel and the

(51) Imt. CL one electrode of the capacitive element is laid overlapping
GO2F 1/1362 (2006.01) the common electrode with an insulation film intervening
GO2F 1/1343 (2006.01) therebetween.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 13/010,013, filed Jan. 20, 2011, the entire
contents of which is herein incorporated by reference.

CLAIM OF PRIORITY

[0002] The present application claims priority from Japa-
nese Patent Application JP 2010-011670 filed on Jan. 22,
2010, the content of which is hereby incorporated by refer-
ence into this application.

FIELD OF THE INVENTION

[0003] The present invention relates to a liquid crystal
display device and particularly to a liquid crystal display
device in which a drain signal is supplied from one drain
signal line to two pixel columns.

BACKGROUND OF THE INVENTION

[0004] A liquid crystal display (LCD) device in which a
drain signal is supplied from one drain signal line to two
pixel columns is disclosed, e.g., in Japanese Published
Unexamined Patent Application No. 2-42420 as mentioned
below.

[0005] Such an LCD device is adapted such that, in a set
of pixels arranged row-wise among pixels arranged in a
matrix, pixels arranged alternately (e.g., odd positioned
pixels) are selected by a gate signal line (which may be
referred to as a first gate signal line) laid along one edge of
the set of pixels and other pixels (even positioned pixels) are
selected by a gate signal line (which may be referred to as
a second gate signal line) laid along the other edge of the set
of pixels.

[0006] The above LCD device is also configured such that
a drain signal line is laid to run between, e.g., an odd
positioned pixel and an even positioned pixel which line up
contiguously, but not laid between an even positioned pixel
and an odd positioned pixel which line up contiguously.
When an odd positioned pixel is selected by the first signal
gate line, the pixel is supplied with an image signal from a
drain signal line adjacent to this pixel. When an even
positioned pixel is selected by the second signal gate line,
the pixel is supplied with an image signal from a drain signal
line adjacent to this pixel.

[0007] Accordingly, an image signal can be supplied via
one drain signal line to two pixels disposed at either side of
this drain signal line, respectively. Therefore, the thus con-
figured LCD device produces an effect in which the number
of drain lines for supplying an image signal to each pixel can
be half the number required conventionally.

[0008] A liquid crystal display device referred to a so-
called In-Plane Switching L.CD is also known. For example,
such LCD is equipped for each pixel with a common
electrode including a planar pattern and a pixel electrode
including a plurality of linear patterns, superposed over the
common electrode with an insulation film intervening ther-
ebetween.

[0009] The thus configured LCD device can offer superior
viewing angle performance, because liquid crystal mol-
ecules are driven by generating an electric field having a
component parallel with substrate between the pixel elec-
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trode and the common electrode. By producing each of the
common and pixel electrodes with a translucent, electrically
conductive film such as, e.g., ITO (Indium Tin Oxide), the
pixel aperture ratio can be improved.

[0010] In the thus configured LCD device, the common
and pixel electrodes are configured to overlap one over the
other with an insulation film intervening therebetween. A
capacitive element is formed between the pixel and common
electrodes, the above insulation film acting as a dielectric
film for the capacitive element without requiring a special
region. When an image signal is supplied to a pixel elec-
trode, this capacitive element serves to store the image
signal longer in the pixel electrode over a long time.

SUMMARY OF THE INVENTION

[0011] An In-Plane Switching LCD device, when driven,
can provide the above-noted effect and is capable of imple-
menting a higher definition display.

[0012] In the case of a higher definition LCD device,
however, the capacitance between a pixel electrode and a
common electrode in each pixel becomes insufficient and
there is a need for creating an additional capacitive element
to further increase the capacitance. In this case, creating an
additional capacitive element within a pixel region without
entailing an increase in manufacturing man-hour narrows
the effective pixel region because of the above capacitive
element, which results in a significant decrease in the pixel
aperture ratio.

[0013] An object of the present invention is to provide a
liquid crystal display device that enables increasing the
capacitance between a pixel electrode and a common elec-
trode in each pixel without bringing about a significant
decrease in the pixel aperture ratio.

[0014] Taking into consideration the fact that a section
having no drain signal line exists between adjacent pixels in
the LCD structure in which a drain signal is supplied from
one drain signal line to two pixel columns, a liquid crystal
display device of the present invention is configured such
that a source electrode, which is connected to a pixel
electrode of a thin-film transistor, extends into a contiguous
pixel region that does not serve as an effective pixel region
or into a section of boundary with a contiguous pixel to
provide one electrode of a capacitive element. A common
electrode is formed in each pixel of In-Plane Switching LCD
and the above one electrode of the capacitive element can
easily be laid overlapping the common electrode with an
insulation film intervening therebetween.

[0015] Constituents of the present invention, for example,
may be set forth as below

[0016] (1) A liquid crystal display device of the present
invention including:

[0017] a first substrate and a second substrate placed to
sandwich a liquid crystal layer therebetween; and

[0018] pixels over a plane, which faces the liquid crystal
layer, of the first substrate, each pixel including a first
electrode of a planar pattern and a second electrode includ-
ing a plurality of linear patterns placed over or under the first
electrode with an insulation film intervening therebetween,
wherein one of the first and second electrodes serves as a
pixel electrode which is supplied with a signal which is
independent per pixel and the other electrode serves as a
common electrode,
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[0019] wherein a first gate signal line and a second gate
signal line extending in a first direction are formed to
sandwich a plurality of pixels disposed side by side in the
first direction,

[0020] given that two adjacent pixels disposed side by side
between the first and second gate signal lines are referred to
as a first pixel and a second pixel,

[0021] wherein a first drain signal line and a second drain
signal line extending in a second direction perpendicular to
the first direction are laid to sandwich these first pixel and
second pixel therebetween,

[0022] wherein the first pixel is configured such that an
image signal from the first drain signal line is supplied to the
pixel electrode via a first thin-film transistor which is driven
by a signal from the first gate signal line and placed close to
the first gate signal line,

[0023] wherein the second pixel is configured such that an
image signal from the second drain signal line is supplied to
the pixel electrode via a second thin-film transistor which is
driven by a signal from the second gate signal line and
placed close to the second gate signal line,

[0024] wherein a source electrode, which is electrically
connected to the pixel electrode of the first thin-film tran-
sistor, has an extension part extending into a region of the
second pixel, close to the first gate signal line, the extension
part being formed overlapping the common electrode
formed in the second pixel, when viewed from a planar view,
with a second insulation film intervening between the exten-
sion part and the common electrode, and

[0025] wherein a source electrode, which is electrically
connected to the pixel electrode of the second thin-film
transistor, has an extension part extending into a region of
the first pixel, close to the second gate signal line, the
extension part being formed overlapping the common elec-
trode formed in the first pixel, when viewed from a planar
view, with the second insulation film intervening between
the extension part and the common electrode.

[0026] (2) The liquid crystal display device of the present
invention set fourth in (1),

[0027] wherein the source electrode of the first thin-film
transistor has an extension part running in a region between
the pixel electrode of the first pixel and the pixel electrode
of the second pixel, when viewed from a planar view, the
extension part being formed overlapping the common elec-
trode formed in the region with the second insulation film
intervening between the extension part and the common
electrode, and

[0028] wherein the source electrode of the second thin-
film transistor has an extension part running in a region
between the pixel electrode of the second pixel and the pixel
electrode of the first pixel, when viewed from a planar view,
the extension part being formed overlapping the common
electrode formed in the region with the second insulation
film intervening between the extension part and the common
electrode.

[0029] (3) The liquid crystal display device of the present
invention set fourth in (1), wherein the source electrode of
the first thin-film transistor is equipped with a first pad that
provides a contact with the pixel electrode of the first pixel,
the first pad being adjacent to the first thin-film transistor and
the first gate signal line, and the source electrode of the
second thin-film transistor is equipped with a second pad
that provides a contact with the pixel electrode of the second
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pixel, the second pad being adjacent to the second thin-film
transistor and the second gate signal line.

[0030] (4) The liquid crystal display device of the present
invention set fourth in (3), wherein the first pad is formed
between the source electrode of the first thin-film transistor
and the extension part of the source electrode extending into
the region of the second pixel, close to the first gate signal
line, and the second pad is formed between the source
electrode of the second thin-film transistor and the extension
part of the source electrode extending into the region of the
first pixel, close to the second gate signal line.

[0031] (5) The liquid crystal display device of the present
invention set fourth in (1),

[0032] wherein a first light shielding film and a second
light shielding film are formed on a plane, which faces the
liquid crystal layer, of the second substrate, the first light
shielding film covering at least the first gate signal line and
the first thin-film transistor and the second light shielding
film covering at least the second gate signal line and the
second thin-film transistor, when viewed from a planar view,
[0033] wherein the extension part of the source electrode
of the first thin-film transistor is formed, at least in part,
overlapping the first light shielding film, and

[0034] wherein the extension part of the source electrode
of the second thin-film transistor is formed, at least in part,
overlapping the second light shielding film.

[0035] (6) A liquid crystal display device of the present
invention including:

[0036] a first substrate and a second substrate placed to
sandwich a liquid crystal layer therebetween; and

[0037] pixels arranged in a matrix over a plane, which
faces the liquid crystal layer, of the first substrate, each pixel
including a first electrode of a planar pattern and a second
electrode including a plurality of linear patterns placed over
or under the first electrode with an insulation film interven-
ing therebetween, wherein one of the first and second
electrodes serves as a pixel electrode which 1s supplied with
a signal which is independent per pixel and the other
electrode serves as a common electrode,

[0038] wherein a first gate signal line and a second gate
signal line extending in a first direction are formed to
sandwich a plurality of pixels disposed side by side in the
first direction,

[0039] given that two adjacent pixels disposed side by side
between the first and second gate signal lines are referred to
as a first pixel and a second pixel,

[0040] wherein a first drain signal line and a second drain
signal line extending in a second direction perpendicular to
the first direction are laid to sandwich these first pixel and
second pixel therebetween,

[0041] wherein the first pixel is configured such that an
image signal from the first drain signal line is supplied to the
pixel electrode via a first thin-film transistor which is driven
by a signal from the first gate signal line and placed close to
the first gate signal line,

[0042] wherein the second pixel is configured such that an
image signal from the second drain signal line is supplied to
the pixel electrode via a second thin-film transistor which is
driven by a signal from the second gate signal line and
placed close to the second gate signal line,

[0043] wherein a source electrode, which is electrically
connected to the pixel electrode of the first thin-film tran-
sistor, has an extension part running in a region between the
pixel electrode of the first pixel and the pixel electrode of the
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second pixel, when viewed from a planar view, the extension
part being formed overlapping the common electrode
formed in the region with a second insulation film interven-
ing between the extension part and the common electrode,
and

[0044] wherein a source electrode, which is electrically
connected to the pixel electrode of the second thin-film
transistor, has an extension part running in a region between
the pixel electrode of the second pixel and the pixel elec-
trode of the first pixel, when viewed from a planar view, the
extension part being formed overlapping the common elec-
trode formed in the region with the second insulation film
intervening between the extension part and the common
electrode.

[0045] (7) The liquid crystal display device of the present
invention set fourth in (6),

[0046] wherein the source electrode of the first thin-film
transistor has an extension part extending into a region of the
second pixel, close to the first gate signal line, the extension
part being formed overlapping the common electrode
formed in the second pixel, when viewed from a planar view,
with the second insulation film intervening between the
extension part and the common electrode, and

[0047] wherein the source electrode of the second thin-
film transistor has an extension part extending into a region
of the first pixel, close to the second gate signal line, the
extension part being formed overlapping the common elec-
trode formed in the first pixel, when viewed from a planar
view, with the second insulation film intervening between
the extension part and the common electrode.

[0048] (8) The liquid crystal display device of the present
invention set fourth in (6), wherein the source electrode of
the first thin-film transistor is equipped with a first pad that
provides a contact with the pixel electrode of the first pixel,
the first pad being adjacent to the first thin-film transistor and
the first gate signal line, and the source electrode of the
second thin-film transistor is equipped with a second pad
that provides a contact with the pixel electrode of the second
pixel, the second pad being adjacent to the second thin-film
transistor and the second gate signal line.

[0049] (9) The liquid crystal display device of the present
invention set fourth in (6), wherein the first pad is formed
between the source electrode of the first thin-film transistor
and the extension part of the source electrode running in the
region between the pixel electrode of the first pixel and the
pixel electrode of the second pixel and the second pad is
formed between the source electrode of the second thin-film
transistor and the extension part of the source electrode
running in the region between the pixel electrode of the
second pixel and the pixel electrode of the first pixel.
[0050] (10) Aliquid crystal display device including a first
substrate and a second substrate sandwiching a liquid crystal
layer therebetween and pixels over a plane which faces the
liquid crystal layer of the first substrate, each pixel including
a pixel electrode which is supplied with an image signal and
a common electrode placed over or under the pixel electrode
with a first insulation film intervening therebetween,
wherein a plurality of pixels are disposed to make pixel rows
along a first direction and make pixel columns along a
second direction perpendicular to the first direction, the
liquid crystal display device further including two gate lines
laid for one pixel row and one image signal line laid for two
pixel columns, wherein each pixel row includes a first pixel
including a first thin-film transistor which is connected to a
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first gate signal line and a second pixel including a second
thin-film transistor which is connected to a second gate
signal line, a source electrode of the first thin-film transistor
is electrically connected to the pixel electrode of the first
pixel and has a first extension part extending into a region of
the second pixel and laid overlapping the common electrode
of the second pixel with a second insulation film intervening
between the extension part and the common electrode, and
a source electrode of the second thin-film transistor is
electrically connected to the pixel electrode of the second
pixel, extends into a region of the first pixel, and is laid
overlapping the common electrode formed in the first pixel
with the second insulation film intervening therebetween.
[0051] (11) Aliquid crystal display device including a first
substrate and a second substrate sandwiching a liquid crystal
layer therebetween and pixels over a plane which faces the
liquid crystal layer of the first substrate, each pixel including
a pixel electrode which is supplied with an image signal and
a common electrode placed over or under the pixel electrode
with a first insulation film intervening therebetween,
wherein a plurality of pixels are disposed to make pixel rows
along a first direction and make pixel columns along a
second direction perpendicular to the first direction, the
liquid crystal display device further including two gate lines
laid for one pixel row and one image signal line laid for two
pixel columns, wherein each pixel row includes a first pixel
including a first thin-film transistor which is connected to a
first gate signal line and a second pixel including a second
thin-film transistor which is connected to a second gate
signal line, a source electrode of the first thin-film transistor
is electrically connected to the pixel electrode of the first
pixel and has a first extension part extending along the first
direction between the first pixel and the second pixel, a
source electrode of the second thin-film transistor is elec-
trically connected to the pixel electrode of the second pixel
and has a second extension part extending along the first
direction between the first pixel and the second pixel, and
the first extension part and the second extension part are laid
facing each other across a gap therebetween.

[0052] The foregoing constituents are only exemplary and
the present invention can be modified appropriately without
departing from the scope of the technical concept thereof.
Examples of further constituents of the present invention
other than those set forth above will be made apparent from
the description throughout the specification of the present
application or the drawings.

[0053] The thus configured liquid crystal display device
becomes capable of increasing the capacitance between a
pixel electrode and a common electrode without bringing
about a significant decrease in the pixel aperture ratio.
[0054] Other advantageous effects of the present invention
will be made apparent from the description throughout the
specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] FIG. 11is a plane view showing a structure of pixels
in a display region according to a first embodiment of a
liquid crystal display device of the present invention;
[0056] FIG. 2 is a diagram depicting an equivalent circuit
in the display region according to the first embodiment of the
liquid crystal display device of the present invention,
[0057] FIG. 3 is a cross-sectional diagram along a line
MI-1IT in FIG. 1;
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[0058] FIG. 4 is a structural diagram of a second embodi-
ment of a liquid crystal display device of the present
invention;

[0059] FIG. 5 is a structural diagram of a third embodi-
ment of a liquid crystal display device of the present
invention;

[0060] FIG. 6 is a structural diagram of a fourth embodi-
ment of a liquid crystal display device of the present
invention;

[0061] FIG. 7is a structural diagram of a fifth embodiment
of a liquid crystal display device of the present invention;
and

[0062] FIG. 8 is a structural diagram of the fifth embodi-
ment of the liquid crystal display device of the present
invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT

[0063] In the following, exemplary embodiments of the
present invention will be described with reference to the
relevant drawings. In the respective is drawings and exem-
plary embodiments, same or similar components are
assigned the same reference designators and their descrip-
tions are not repeated.

First Embodiment

<Display Region of an Equivalent Circuit>

[0064] FIG. 2 is a diagram of an equivalent circuit that is
formed in a display region of a plane, which faces a liquid
crystal layer, of one substrate (hereinafter referred to as a
first substrate SUB1) of a pair of substrates placed facing
each other across the liquid crystal layer. This equivalent
circuit adopts a driving method in which a drain signal is
supplied from one drain signal line to two pixel columns. In
this equivalent circuit, two gate signal lines are laid along
one pixel row. Among a large number of pixels arranged in
amatrix in the display region, this equivalent circuit depicts,
e.g., six adjacent pixels with signal lines corresponding to
their positions in a practical geometric layout.

[0065] First, in FIG. 2, in an upper stage, e.g., three pixels
are arranged side by side in the x direction and, in a lower
stage, e.g., three pixels are arranged side by side in the x
direction. In this case, for example, the pixels in the lower
stage are shifted by a half pitch with respect to the corre-
sponding pixels in the upper stage. All pixels are assumed to
be arranged such that the direction in which the pixels are
shifted will be reversed alternately in each of stages that will
continue downward. However, all pixels may be arranged
straight in the y direction of FIG. 2 without being shifted in
this way.

[0066] A first gate signal line GL1 is laid along one edge
(the lower edge as shown) of a first pixel row (denoted by
PG1 in FIG. 2) which includes the pixels in the upper stage
and a second gate signal line GI.2 is laid along the other edge
(the upper edge as shown) thereof. In addition, a first gate
signal line GL1 is laid along one edge (the upper edge as
shown) of a second pixel row (denoted by PG2 in FIG. 2)
which includes the pixels in the lower stage and a second
gate signal line GL2 is laid along the other edge (the lower
edge as shown) thereof. The reason why the positions of the
first and second gate signal lines GL.1 and GL2 for the first
pixel row PG1 are opposite to the positions of the first and
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second gate signal lines GL1 and GL2 for the second pixel
row PG2 is that the components of each pixel in the pixel
row PG1 and those of each pixel in the pixel row PG2 are
disposed in positions inverted in a vertical direction. Two
gate signal lines GL are laid along one pixel row in this way,
so that each pixel in each pixel row is selected by the first
gate signal line GL.1 and the second gate signal line GI.2.

[0067] Here, two adjacent pixels, e.g., in the first pixel row
PG are referred to as a first pixel PIX1 and a second pixel
PIX2, respectively. The reason for this is that the first pixel
PIX1 and the second pixel PIX2 include the same compo-
nents, but the positions of these components viewed from a
planar view are inverted in vertical and horizontal directions
in a positional relationship.

[0068] In particular, the first pixel PIX1 is configured such
that a signal (image signal) from a drain signal line DL
(denoted by DL1 in FIG. 2) is supplied to its pixel electrode
PX via a thin-film transistor TFT (denoted by TFT1 in FIG.
2) which is driven (turned ON) by a signal (scan signal) from
the first gate signal line GL1 and placed close to the first gate
signal line GL1. The drain signal line DL1 which is con-
nected to the first pixel is laid along an opposite side from
the second pixel PIX2 and extends along the y direction of
FIG. 2. The second pixel PIX2 is configured such that a
signal (image signal) from a drain signal line DL (denoted
by DL2 in FIG. 2) is supplied to its pixel electrode PX via
a thin-film transistor TFT (denoted by TFT2 in FIG. 2)
which is driven (turned ON) by a signal (scan signal) from
the second gate signal line GL2 and placed close to the
second gate signal line GL2. The drain signal line DL2
which is connected to the second pixel is laid along an
opposite side from the first pixel PIX1 and extends along the
y direction of FIG. 2.

[0069] Such constitutive relationship between the first
pixel PIX1 and the second pixel PIX2 holds true for first
pixels PIX1 and second pixels PIX1 which are disposed in
order repeatedly in the x direction of FIG. 2 in the first pixel
row PG1. Thus, the drain signal lines DL1 and DL2 are
configured to allow the supply of an image signal to each
pixel on either side thereof, so that there is no drain signal
line DL between the first and second pixels PIX1 and PIX2.
The drain signal lines DL1 and DL2 are formed in a pattern
extending in a meandering line, because the pixels in each
pixel row PG shifted by a half pitch with respect to those in
one row above in a direction reversed alternately in each of
stages that will continue downward, as described above.

[0070] In each of the first and second pixels PIX1 and
PIX2, a common electrode CT is formed which produces an
electric field between it and a pixel electrode PX. The
electric field that is produced between the pixel electrode PX
and the common electrode CT is adapted to have a compo-
nent acting in ¢ parallel with the first substrate SUBI, so that
display can be implemented in a so-called In-Plane Switch-
ing mode. Concrete configurations of the pixel electrode PX
and the common electrode CT will be described later, using
FIG. 1. The common electrodes CT of the respective pixels
at least in each pixel row GP are connected in common by
a common signal line CL. A reference signal is supplied to
each common electrode CT, whereas a pixel signal is
supplied to each pixel electrode PX via a drain signal line
DL and a thin-film transistor TFT. A voltage difference
between these signals acts to produce the above electric
field.
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[0071] As shown within a domain framed by a dashed-
dotted line in FIG. 2, in the corresponding first pixel
(denoted by PIX1' in FIG. 2) and second pixel (denoted by
PIX2' in FIG. 2) in the second row PG2, their components
are disposed in positions vertically inverted with respect to
the components of the above-mentioned first pixel PIX1 and
second pixel PIX2 in the first row PG1. Except for this,
however, the positional relationship between the first pixel
and second pixel in the second row PG2 is the same as that
between the first pixel and second pixel in the first row PG1.
[0072] FIG. 8 is a diagram for a case where the first pixel
row and the second pixel row are constructed in a similar
fashion. The structures of pixels in both rows are inverted as
shown in FIG. 2, whereas, are not inverted in FIG. 8. A first
gate signal line GL1 is laid along one edge (the lower edge
as shown) of the first pixel row (denoted by PG1 in FIG. 8)
which includes the pixels in the upper stage and a second
gate signal line GL2 is laid along the other edge (the upper
edge as shown) thereof. In addition, a first gate signal line
GL1 is laid along one edge (the lower edge as shown) of the
second pixel row (denoted by PG2 in FIG. 8) which includes
the pixels in the lower stage and a second gate signal line
GL2 is laid along the other edge (the upper edge as shown)
thereof. Other details are the same as those in FIG. 2 and,
therefore, their description is omitted.

<Pixel Structure>

[0073] FIG. 1 shows a plan view of pixels formed on the
plane, which faces the liquid crystal layer of the first
substrate SUB1, and depicts a structural part within the
domain Q framed by a dashed-dotted line in FIG. 2. FIG. 3
is a diagram showing a cross section along a line III-III in
FIG. 2, wherein the cross section of the first substrate is
depicted together with a second substrate SUB2 placed
oppositely across the liquid crystal layer.

[0074] In FIG. 1, gate signal lines GL are formed on the
plane (surface), which faces the liquid crystal layer, of the
first substrate SUB1 (see FIG. 3). The gate signal lines GL
extend in the x direction of FIG. 1. From top in FIG. 1, the
second gate signal line GL2 and the first gate signal line GL.1
which are the gate signal lines GL for the first pixel row PG1
and the first gate signal line GL1 and the second gate second
gate signal line GL.2 which are the gate signal lines GL for
the second pixel row PG2 are formed.

[0075] For example, taking the first pixel row PG1 as an
example, the first pixel row includes a projection PJ1 from
the gate signal line GL1 toward the region of formation of
the first pixel PIX1 and a projection PJ2 from the gate signal
line GI.2 toward the region of formation of the second pixel
PX2. The projection PJ1 serves as a gate electrode GT1 of
a thin-film transistor TFT1 and the projection PJ2 serves as
a gate electrode GT2 of a thin-film transistor TFT2. The
thin-film transistor TFT1 is formed close to the first drain
signal line DL1 which will be described later and the
thin-film transistor TFT2 is formed close to the second drain
signal line DL2 which will be described later.

[0076] Over the surface of the first substrate, an insulation
film GI (see FIG. 3) covering the gate signal lines GL, inter
alia, is formed. This insulation film GI serves as a gate
insulation film in the region of formation of a thin-film
transistor TFT.

[0077] Taking the first pixel PIX1 in the first pixel row
PG1 as an example, an island shaped semiconductor layer
AS made from, e.g., amorphous silicon is formed in a
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portion of the insulation film GT overlying the gate electrode
GT2. This semiconductor layer AS, for example, has a
semicircular shape. This semiconductor layer AS becomes a
semiconductor layer of a thin-film transistor TFT1. By
forming a drain electrode DT and a source electrode ST
facing each other on the upper surface of the semiconductor
layer, the thin-film transistor TFT1 of a so-called Metal
Insulator Semiconductor (MIS) structure is formed. Here,
the drain electrode DT is formed together with formation of
the first drain signal line DL1, so that it is formed by using
an extension part of the first drain signal line DL1. The
source electrode ST is formed together with formation of the
drain electrode DT and formed in conjunction with a pad PD
(denoted by PD1 in FIG. 1) placed close to the first gate
signal line GL1. The drain electrode DT and the source
electrode ST of the thin-film transistor TFT operate replac-
ing each other depending on bias application condition. In
this specification, however, for the sake of simplicity, an
electrode which is connected to the drain signal line DL is
defined as the drain electrode DT and an electrode which is
connected to the pixel electrode PX is defined as the source
electrode ST. These electrodes will be so mentioned here-
inafter. The drain electrode DT has a curved pattern along a
circular portion of the semiconductor layer AS and the
source electrode ST is placed facing the concave side of the
drain electrode DT. Thereby, the channel width of the
thin-film transistor TFT1 can be broadened. The pad PD1 is
placed close to the first gate signal line GL1 and provides a
contact with the pixel electrode PX which will be described
later in the first pixel PIX1. This pad PD1 has an extension
part EX (denoted by EX1 in FIG. 1) which is formed
together with the pad PD1. This extension part EX1 extends
close to the first gate signal line GL1 and into the region of
formation of the second pixel PIX2. This extension part EX1
serves as one electrode TM (denoted by TM1 in FIG. 1) of
a capacitive element CE which will be described later. The
extension part EX1 will be discussed later.

[0078] For the second pixel PIX in the first pixel row PG1,
a thin-film transistor TFT2 and a pad PD (denoted by PD2
in FIG. 1) is formed in a similar fashion. The pad PD2 also
has an extension part EX (denoted by EX2 in FIG. 1) which
is formed together with the pad PD2. In this case, these
components are formed in positions inverted in vertical and
horizontal directions with respect to the corresponding com-
ponents of the first pixel PIX1. That is, the thin-film tran-
sistor TFT2 is formed, overlying the gate electrode GT2 of
the second gate signal line GL2. The drain electrode DT of
the thin-film transistor TFT2 is formed by using an extension
part of the second drain signal line DL2. The source elec-
trode ST thereof is formed in conjunction with a pad PD2
placed close to the second gate signal line GL2. The
extension part EX2 extends close to the second gate signal
line GL2 and into the region of formation of the first pixel
PIX1. This extension part EX2 also serves as one electrode
TM (denoted by TM2 in FIG. 1) of a capacitive element CE
which will be described later.

[0079] Over the surface of the first substrate SUBI, a
passivating film PAS (see FIG. 3) covering the thin-film
transistor, drain signal lines DL, etc., inter alia, is formed.
This passivating film PAS includes a laminated body in
which, e.g., a passivating film PAS1 (see FIG. 3) made of,
e.g., an inorganic insulation film and a passivating film PAS2
(see FIG. 3) made of an organic insulation film are laminated
in order. By virtue of the organic insulation film that can be
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formed by depositing the upper passivating film PAS2, the
surface of the passivating film PAS can be planarized.

[0080] A common electrode CT is formed on the upper
surface of the passivating film PAS. The common electrode
CT is produced by a translucent, electrically conductive film
made from, e.g., Indium Tin Oxide (ITO). The common
electrode CT is configured as a strip-shaped component that
is disposed so as to cover all pixels PIX in common in the
same pixel row PG and thus provided with the common
signal line CL shown in FIG. 2. That is, the common
electrode CT is formed as a planar pattern in each pixel PIX
and in continuity with the common electrode CT of an
adjacent pixel PIX in the same pixel row PG. In this case,
when viewed from a planar view, the common electrode CT
is formed such that its one edge (the lower edge as shown)
is positioned close to or overlapping the first gate signal line
GL1 and its other edge (the upper edge as shown) is
positioned close to or overlapping the second gate signal line
GL2. In addition, the common electrode CT has a cut-out
portion LK in a section where it overlaps with the above-
mentioned pad PD. The pad PD needs to be connected to the
pixel electrode PX which will be described later through a
contact hole (denoted by TH in FIG. 1). In this case, a short
circuit between the pixel electrode PX and the common
electrode CT circuit can be avoided by the above cut-out
portion LK. The common electrode CT may be formed so as
to continue over the image display region.

[0081] Over the surface of the first substrate SUB1, an
insulation film IN (see FIG. 3) covering the common elec-
trode, inter alia, is formed. On the upper surface of this
insulation film IN, pixel electrode elements PX are formed
in every region of each pixel PIX. The pixel electrode
elements PX are produced by a translucent, electrically
conductive film made from, e.g., Indium Tin Oxide (ITO).
The pixel electrode elements PX are formed as a plurality of
linear patterns (e.g., three patterns are shown in FIG. 2) that
extend in the y direction of FIG. 2 and are disposed side by
side. The pixel electrode elements PX of linear patterns
shown in FIG. 2 have a shape longer in the y direction than
in the x direction, In this case, both ends of the plurality of
pixel electrode elements PX of linear patterns are, respec-
tively, connected in common and a common connection
point near the thin-film transistor TFT is connected to the
above-mentioned pad PD through the contact hole TH
defined in the insulation film IN and the passivating film
PAS. Thereby, each pixel electrode element PX is electri-
cally connected to the source electrode ST of the thin-film
transistor TFT.

[0082] Here, the pixel electrode elements PX are formed,
superposed over the common electrode CT with the insula-
tion film IN intervening therebetween, resulting in that
capacitive elements are formed between each pixel electrode
element PX and the common electrode CT, the insulation
film IN acting as a dielectric film for the capacitive elements.
Due to recent demands for higher definition liquid crystal
display devices, the above capacitive elements in each pixel
would become unable to provide a sufficient capacitance, as
already noted. For this reason, in the first embodiment,
taking the first pixel PIX1 in the first pixel row PB1 as an
example, the source electrode ST of the thin-film transistor
TFT1 is positioned close to the first gate line GL1 and
provided with the extension part EX extending into the
region of formation of the second pixel PIX2, as described
above. In this case, since no drain line DL runs in a boundary
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section between the first pixel PIX1 and the second pixel
PX2, the above extension part EX1 that is formed together
with the formation of the drain signal line DL can be
disposed, as an independent electrode, extending into the
region of formation of the second pixel PIX2. The extension
part EX1 is formed, overlapping (underlying) the common
electrode CT with the passivating film PAS intervening
therebetween, as shown in FIG. 3, thus resulting in that a
capacitive element CE is formed between the extension part
EX1 and the common electrode CT, the passivating film PAS
acting as a dielectric film for the capacitive element. Since
the extension part EX1 and the pixel electrode PX have
equal potentials, the above capacitive element CE can act to
increase the capacitance between the pixel electrode PX and
the common electrode CT. Here, the extension part EX1 is
disposed close to the first gate signal line GL1 in order to
prevent the extension part EX1 from entering the effective
pixel region (an aperture region of a black matrix BM which
will be described later) of the second pixel PIX2.

[0083] As for the first pixel PIX1' and the second pixel
PIX2' in the second pixel row PG2, their structure is the
same as described above, although their components are
disposed in the positions vertically inverted with respect to
the components of the above first and second pixels PIX1
and PIX2.

[0084] Moreover, an alignment film covering the pixel
electrode PX, inter alia, is formed over the surface of the first
substrate SUB1, but the depiction of this alignment film is
omitted. This alignment film comes in direct contact with
liquid crystals and is adapted to determine an orientation in
which liquid crystal molecules are initially aligned.

[0085] In FIG. 1, a black matrix (light shielding film)
formed on a plane, which faces the liquid crystal layer, of a
second substrate SUB2 (see FIG. 3) is also shown superim-
posedly in the plane view. This black matrix BM is formed
around a boundary between adjacent pixel rows PG, as
shown in FIG. 1. In FIG. 1, a black matrix which covers the
first gate signal line GL1, first thin-film transistor TFT1, pad
PD1, and extension part EX1 in the first pixel row PGI is
denoted by BM1 and a black matrix which covers the second
gate signal line GL2, second thin-film transistor TFT2, pad
PD2, and extension part EX2 is denoted by BM2. In this
case, for example, the black matrix BM1 is positioned back
to back with respect to another black matrix BM (this black
matrix BM is also denoted by BM1 in FIG. 1) which covers
the first gate signal line GL1 in the second pixel row PG2,
thin-film transistor TFT, pad PD, and extension part EX
disposed close to the first gate line. Therefore, these black
matrixes are formed in a combined form.

[0086] Over the plane, which faces the liquid crystal layer,
of the second substrate SUB2, color filters, a planarizing
film, etc, are formed, besides the above black matrixes, but
their depiction is omitted.

[0087] In the thus configured liquid crystal display device,
the black matrix BM1 is formed such that each of its
longitudinal sides somewhat protrudes into the regions of
the pixels, taking account of an alignment offset in boding
the first substrate SUB1 and the second substrate SUB2
together. For this reason, for example, in the second pixel
PIX2 in the first pixel row PG1, a region that is close to the
first gate signal GL1 and covered by the black matrix BM
was a so-called dead space. In the above-described first
embodiment, in this dead space, by forming the capacitive
element CE for the first pixel PIX1, a decrease in the pixel
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aperture ratio is avoided. In this case, if an increase in the
capacitance of the capacitive element CE is prioritized over
the pixel aperture ratio, the above extension part EX1 of the
source electrode ST may be configured to have a larger area,
so that the extension part EX1 may partially be exposed
from the black matrix BMI1. In this way, an effect is
produced that it is possible to increase the capacitance
between the pixel electrode and the common electrode
without entailing a significant decrease in the pixel aperture
ratio.

[0088] In the present embodiment, two pixel regions exist
within a region surrounded by two gate signal lines and two
drain signal lines, a region defined by a pixel electrode is
assumed as one pixel region, and a boundary section exists
between the pixel regions. A region through which light
from a backlight passes, further limited by a black matrix, is
assumed as an effective pixel region.

Second Embodiment

[0089] FIG. 4 is a structural diagram showing a second
embodiment of a liquid crystal display device of the present
invention, where pixel structure is depicted corresponding to
FIG. 1.

[0090] In FIG. 4, a difference in the pixel structure in
comparison with FIG. 1 lies in the extension part EX of a
source electrode of a thin-film transistor TFT. Specifically, in
the first pixel PIX1, the extension part EX (denoted by EX10
in FIG. 4) which is formed together with a pad PD1 extends
in a boundary section betweer, e.g., the first pixel PIX1 and
the second pixel PIX2, when viewed from a planar view, i.e.,
extends so that it is positioned between the pixel electrode
(elements) PX in the first pixel PIX1 and the pixel electrode
(elements) PX in the second pixel PIX2. In the second pixel
PIX2 also, similarly, the extension part EX (denoted by
EX20 in FIG. 4) which is formed together with a pad PD2
extends in a boundary section between, e.g., the first pixel
PIX1 and the second pixel PIX2, when viewed from a planar
view, 1.e., extends so that it is positioned between the pixel
electrode (elements) PX in the first pixel PIX1 and the pixel
electrode (elements) PX in the second pixel PIX2. Both the
extension part EX10 and the extension part EX20 are
positioned in the boundary between the first pixel PIX1 and
the second pixel PTX2 and the forward end of the extension
part EX10 and the forward end of the extension part EX20
face each other across a gap therebetween without being
coupled together.

[0091] The boundary section between the first pixel PIX1
and the second pixel PIX2 is a region where no drain signal
line DL is formed. This region is defined to have a relatively
broad width so that an electric field from the pixel electrode
(elements) PX of the first pixel PIX1 has no effect on the
second pixel PIX2 and an electric field from the pixel
electrode (elements) PX of the second pixel PIX2 has no
effect on the first pixel PIX1. Accordingly, in this region,
capacitive elements CE (denoted by CE1 in FIG. 4) are
formed between each of the above extension parts EX10,
EX20 and the common electrode CT, the passivating film
PAS acting as a dielectric film for the capacitive elements.
It is thus possible to make an increase in the capacitance
without entailing a decrease in the pixel aperture ratio.
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Third Embodiment

[0092] FIG. 5 is a structural diagram showing a third
embodiment of a liquid crystal display device of the present
invention, where the pixel structure is depicted correspond-
ing to FIG. 1.

[0093] In FIG. 5, a difference in the pixel structure in
comparison with FIG. 1 is adding the extension parts EX10,
EX20 shown in the second embodiment (FIG. 4) to the basic
structure shown in FIG. 1. That is, taking the first pixel PIX1
in the pixel row PG1 as an example, additional capacitive
elements CE1 are provided in the structure, besides the
capacitive elements CE.

[0094] Accordingly, it is possible to make an increase in
the capacitance without entailing a decrease in the pixel
aperture ratio.

Fourth Embodiment

[0095] In the embodiments described hereinbefore, the
pixels are constructed in such a manner that, for each pixel
PX, a common electrode CT including a planar pattern is
formed on the passivating film PAS and a plurality of pixel
electrode elements PX including linear patterns are formed
over the common electrode with the insulation film IN
intervening therebetween, However, it will be obvious that
the above common electrode CT may be formed in an
underlying layer with respect to the above passivating film
PAS.

[0096] FIG. 6 is a cross-sectional diagram (a cross section
along a line VI-V1in FIG. 1) showing a fourth embodiment,
where the common electrode CT is formed, for example, on
the surface of the first substrate SUB1. That is, the common
electrode CT is formed in the same layer as the gate signal
line GL, which is not shown, without being electrically
connected to the gate signal line GL. Thus, the pattern of the
common electrode CT viewed in a planar view is vertically
the same as the pattern of the common electrode CT shown
in FIG. 1.

[0097] Over the first substrate SUBI, an insulation film GI
covering the above common electrode CT (gate signal GL),
inter alia, is formed. On the surface of this insulation film GI,
a drain signal line DL is formed. Here, one electrode (the
above-mentioned extension part EX) ofa capacitive element
CE is formed together with the drain signal line DL.
Accordingly, a capacitive element CE is formed, the insu-
lation film GI acting as a dielectric film for the capacitive
element of which the other electrode is the common elec-
trode CT.

[0098] Over the first substrate SUB1, a passivating film
PAS covering the drain signal line DL, extension part EX,
etc., inter alia, is further formed. On the surface of this
passivating film PAS, pixel electrode elements PX are
formed. Each pixel electrode element PX is electrically
connected to the source electrode ST of the thin-film tran-
sistor TFT through a contact hole, not shown, which is
defined in the passivating film PAS.

Fifth Embodiment

[0099] In the embodiments described hereinbefore, the
common electrode CT is formed so as to be positioned in an
underlying layer with respect to the pixel electrode elements
PX. However, this is not restrictive. It will be obvious that
the common electrode CT may be formed in an upper layer
than the pixel electrode elements PX.
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[0100] FIG. 7 is a diagram depicting an alternative pixel
structure corresponding to FIG. 6. In FIG. 7, on the upper
surface of the passivating film PAS, a pixel electrode PX is
formed. This pixel electrode PX is formed as a planar pattern
formed independently for each pixel. This pixel electrode
PX is electrically connected to the source electrode ST of the
thin-film transistor TFT through a contact hole, not shown,
which is defined in the passivating film PAS. On the upper
surface of this pixel electrode PX, a plurality of common
electrode elements CT including linear patterns are formed.
These common electrode elements CT are produced as
follows: a plurality of liner patterns are produced by defining
(cutting) a plurality of slits (denoted by ST in FIG. 7)
arranged side by side in a translucent, electrically conductive
film formed over the display region. Accordingly, in a region
where one electrode (extension part EX) of a capacitive
element CE, not shown, is formed, the common electrode
CT is formed so as to be superposed over this region. A
capacitive element CE is formed, the above insulation film
IN and passivating film PAS acting as a dielectric film for the
capacitive element.

[0101] While the present invention has been described
using its exemplary embodiments, the LCD and pixel struc-
tures described hereinbefore in each embodiment are only
exemplary and the present invention can be modified appro-
priately without departing from the scope of the technical
concept thereof. The LCD and pixel structures described in
each embodiment may be combined and applied, unless
conflicting with each other.

What is claimed is:

1. A liquid crystal display device comprising:

a first gate signal line and a second gate signal line
extending in a first direction,

a first drain signal line and a second drain signal line
extending in a second direction,

a first pixel and a second pixel surrounded by the first gate
signal line, the second gate signal line, the first drain
signal line, and the second drain signal line,

a first thin film transistor provided in the first pixel,

a second thin film transistor provided in the second pixel,
and

a first electrode corresponding to each of the first pixel
and the second pixel,

wherein the first thin film transistor has a first source
electrode which has a first portion extending in the first
direction and a second portion extending in the second
direction from the first portion,

wherein the second thin film transistor has a second
source electrode which has a third portion extending in
a opposite direction to the first direction from the
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second thin film transistor and a forth portion extending
in a opposite direction to the second direction from the
third portion,

wherein the first portion, the second portion, the third
portion, and the fourth portion are formed in a same
layer which is a different layer from the first electrode,
and

wherein at least one of the first portion and the second
portion forms a capacitive element with the first elec-
trode, and at least one of the third portion and the fourth
portion forms a capacitive element with the first elec-
trode.

2. The liquid crystal display device according to claim 1,

wherein the first thin film transistor is provided close to
the first gate signal line, and the second thin film
transistor is provided close to the second gate signal
line.

3. The liquid crystal display device according to claim 2,

wherein the second portion is extending in the second
direction from an end of the first portion toward the
second gate signal line,

the fourth portion is extending in a opposite direction to
the second direction from an end of the third portion
toward the first gate signal line.

4. The liquid crystal display device according to claim 2,

wherein the second portion extends from a middle part of
the first portion, and the fourth portion extends from a
middle part of the third portion.

5. The liquid crystal display device according to claim 1,

wherein each of a part of the first portion, a part of the
second portion, a part of third portion and a part of the
fourth portion is covered by a light shielding film.

6. The liquid crystal display device according to claim 1,

wherein the first portion and the second portion are
integrally formed, and the third portion and the fourth
portion are integrally formed.

7. The liquid crystal display device according to claim 1,

wherein the second portion and the fourth portion are
separated.

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

wherein the second portion and the fourth portion are
provided between the first pixel and the second pixel.

9. The liquid crystal display device according to claim 1,

wherein at least part of each of the first portion, the second
portion, the third portion and the fourth portion are
overlapped with the first electrode.

* ok % % ¥



THMBW(EF)

[ i (S RIR) A ()

RF(EFR)AGE)

HAT R E(ZFRR)AGE)

FRI& B A

L5
H M2 TF S0k
S\EREERR

BEG®)

RH-—MREFETEE ,
MASSHBREARLENEERE. N—DRRESLARMRETRE
HRRESHENRLCOEEREERESEHESERZBFERE

RBERRE

US20170146879A1 NI (»&E)B

US15/427448 FER
HHR &t B ARERER

B A& RINC.
WTRSEERCO. , LTD.

B AR RINC.
MTRBERCO. , LTD.

NAGAMI TAKAHIRO

NAGAMI, TAKAHIRO

GO02F1/1362 G02F1/1343 HO1L27/12 GO2F1/1368

patsnap

2017-05-25

2017-02-08

GO02F1/136286 G02F1/1368 G02F1/136209 H01L27/1251 G02F1/134363 HO1L27/124 GO2F1/134336

G09G3/3659 G09G2300/0478 G09G2310/0202
2010011670 2010-01-22 JP
US10281785

Espacenet USPTO

HEtB BB R e RN BN @AHNEER

RARES LN MEETGERRANERBREESASH — BT oo
BEELHBERE , ZRETAETREEXSUREBR TN — W

MNER, EENMERPERAKER  ARBERHH - P ERELH
BREEBNE , HEEALEZER, [ I

e N 7~PAS)
=y
T
0 61 TS:H su}m 6 X D\LZ

PAS


https://share-analytics.zhihuiya.com/view/daabef2b-81b3-43d2-9ccf-3d8ce6082643
https://worldwide.espacenet.com/patent/search/family/044308715/publication/US2017146879A1?q=US2017146879A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220170146879%22.PGNR.&OS=DN/20170146879&RS=DN/20170146879

