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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to formation of a con-
tact portion of an electrode in a liquid crystal display device.

BACKGROUND ART

[0002] An MVA (Multi-domain Vertical Alignment) liquid
crystal display device which includes vertical alignment lig-
uid crystal is used for securing a good contrast and a wide
viewing angle characteristic. This type of liquid crystal dis-
play device includes a liquid crystal layer divided into a
plurality of domains which differ from each other in a direc-
tion in which the liquid crystal molecules tilt when a voltage
is applied across the liquid crystal layer. This type of liquid
crystal display device, however, has the following problem:
Because (i) each domain has two dark lines occurring along
both side edges of a projection pattern which controls an
alignment direction of the liquid crystal molecules and (ii) a
retardation is reduced in a portion of the liquid crystal layer
which portion corresponds to a high portion of the projection
pattern, a transmittance of the liquid crystal panel is reduced
and accordingly a contrast ratio becomes lower. In addition,
this type of liquid crystal display device has such a problem
that a response speed of the liquid crystal molecules cannot be
increased because a controlled alignment of the liquid crystal
molecules is propagated with a delay to a portion which is not
in the vicinity of the projection pattern.

[0003] In order to solve these problems, there has been
proposed a liquid crystal display device provided with pixels
having the configuration shown in FIG. 5. The similar con-
figuration is disclosed in, for example, Patent Literatures 1
through 4.

[0004] FIG. 5 illustrates a configuration of a pixel PIXij
which is provided so as to correspond to a portion where an
numbered gate bus line GLi and a j-numbered source bus line
SLj intersect with each other, the configuration being viewed
in the substrate facing one side of the liquid crystal layer. The
pixel PIXjj is provided in a region surrounded by (i) auxiliary
capacitor bus lines CSLi and CSLi+1 which are adjacent to
each other and (ii) source bus lines SLj and SLj+1 which are
adjacent to each other. The auxiliary capacitor bus line CSLi
is provided in parallel with the gate bus line GL1, and the gate
bus line GLi is provided between the auxiliary capacitor bus
line CSLi and the auxiliary capacitor bus line CSLi+1.
[0005] A TFT section 111 is provided at the portion where
the gate bus line GLi and the source bus line SLj intersect with
each other. The TFT section 111 includes two gate electrodes,
i.e., gate electrodes 111g(1) and 111g(2). The gate electrode
111g(1) is an electrode drawn from the gate bus line GLi, and
intersects with the source bus line SLj so as to be closer to the
auxiliary capacitor bus line CSLi+1 than the gate bus line GLi
is. The gate electrode 111g(2) is apart of the gate bus line GLi
which part includes the portion where the gate bus line GLi
intersects with the source bus line SLj.

[0006] There formed a Si conductive layer right below the
source bus line SLj, which Si conductive layer is disposed
above the gate electrodes 111g(1) and 111g(2) so as to inter-
sect with the gate electrodes 111g(1) and 111g(2). A portion
of the Si conductive layer which portion is closer to the
auxiliary capacitor bus line CSLi+1 than the gate electrode
111g(1) is constitutes a source section 111s of the TFT sec-
tion 111, and a portion of the Si conductive layer which
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portion is closer to the auxiliary capacitor bus line CSLi than
the gate electrode 111g(2) is constitutes a drain section 1114
of'the TFT section 111. The source section 1115 is connected
with the source bus line SLj through a contact hole 111%. The
drain section 1114 is routed to the inside of the pixel region,
and is connected with a connecting wire 115 through a contact
hole 121/, which connecting wire 115 is disposed above the
drain section 111d. The connecting wire 115 is connected
with a pixel electrode 105 through a contact hole 1254, which
pixel electrode 105 is disposed above the connecting wire
115. Further, the drain section 1114 is routed from the inside
of the pixel region to a position above the auxiliary capacitor
bus line CSLi, and is connected with an auxiliary capacitor
electrode pad CSP which is disposed to be opposed to the
auxiliary capacitor bus line CSLi from above the auxiliary
capacitor bus line CSLi. The auxiliary capacitor bus line CSLi
and the auxiliary capacitor electrode pad CSP form an auxil-
iary capacitance Cs.

[0007] The pixel electrode 105 is made of a transparent
electrode, and includes a main line 1054, a main line 1055,
and stripe portions 105¢. The main line 1054 is provided to
extend in parallel with the source bus line SLj, and the main
line 1055 is provided to extend in parallel to the gate bus line
GLi. The main line 105a and the main line 1055 are cross-
connected with each other at a center of the pixel PIXij, on a
surface of the panel. Disposing the main line 1054 and the
main line 1055 as described above provides, in the pixel
electrode 105, four regions R1, R2, R3, and R4 divided by the
main line 105a and the main line 1054. Each of the regions
includes a plurality of stripe portions 105¢ extending in the
same direction which forms an angle of 45 degrees with
respect to the gate bus line GLi and the source bus line SLj.
The plurality of stripe portions 105¢ are connected with the
main lines 1054 and 1055. Each of the regions includes a
cut-out pattern 106 between a stripe portion 105¢ and its
adjacent stripe portion 105¢, in which cut-out pattern 106 no
transparent electrode is formed. This provides a striped elec-
trode pattern in which the stripe portions 105 are periodically
arranged in a direction orthogonal to the direction in which
the stripe portions 105¢ extend. A stripe line direction (in
which the stripe portions 105¢ extend) of a region differs by
90 degrees from that of its adjacent region neighboring across
the main line 1054 or the main line 1054. In a case where the
pixel electrode 105 region extends beyond the stripe portions
105¢ and reaches an outer peripheral of the pixel PIXij, the
stripe portions 105¢ are also connected with an outer periph-
eral region of the pixel electrode 105.

[0008] The contact between the connecting wire 115 and
the pixel electrode 105 through the contact hole 125/ is made
in the vicinity of a portion right below the main line 105a.

[0009] A substrate having the above-described configura-
tion and a counter substrate opposed to this substrate sand-
wich a vertical alignment liquid crystal layer. Applying a
voltage to the pixel electrode 105 and an electrode of the
counter substrate causes the liquid crystal layer to be driven.
Further, the configuration in which the liquid crystal layer is
sandwiched by these two substrates is externally sandwiched
by two polarization plates, each of which polarization plates
is made of a linear polarization plate. One of the polarization
plates is set so that its light absorption axis is in parallel with
the main line 1054, and the other one of the polarization plates
is set so that its light absorption axis is in parallel with the
main line 1054.
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[0010] According to the above-described pixel PIXij, as
shown in (a) of FIG. 6, while liquid crystal molecules MLC
are driven, the liquid crystal molecules MLC tilt along a
direction in which the cut-out pattern 106 extends, due to an
effect of an electric field which is formed by the cut-out
pattern 106 and which changes periodically in a direction
orthogonal to the direction in which the cut-out pattern 106
extends. A side of each liquid crystal molecule ML.C which
side is depicted as wider in (a) of FIG. 6 points to the counter
substrate during a vertical alignment mode. This side of each
liquid crystal molecule tilts toward the main line 105a (or
1055). On the main line 105a (or 1055), the liquid crystal
molecules tilt in an up-to-down direction in FIG. 6 from its
vertical orientation state.

[0011] Since the light absorption axes of the two linear
polarization plates are set to form a cross defined by (i) the
direction parallel with the main line 1054 and (ii) the direction
orthogonal to the direction parallel with the main line 105a, a
dark line occurs on each of the main lines 1054 and 1055.
However, unlike in conventional ones, two dark lines do not
occur along both side edges of one projection pattern. There-
fore, a transmittance during a driving mode is significantly
improved. In addition, since the direction in which the liquid
crystal molecules MC tilt is not defined by tilting of other
liquid crystal molecules MLC, the liquid crystal molecules
can be quickly changed from a vertical orientation state to a
horizontal orientation state, and vice versa, that is, a response
speed is very high. Furthermore, since the regions R1 to R4
are different from each other in the direction in which the
liquid crystal molecules MLC tilt, the liquid crystal display
device can exhibit a wide viewing angle characteristic.
[0012] Patent Literature 1: Japanese Patent Application
Publication, Tokukai, No. 2002-107730 A (Publication Date:
Apr. 10, 2002)

[0013] Patent Literature 2: Japanese Patent Application
Publication, Tokukai, No. 2003-149647 A (Publication Date:
May 21, 2003)

[0014] Patent Literature 3: Japanese Patent Application
Publication, Tokukai, No. 2003-177418 A (Publication Date:
Jun. 27, 2003)

[0015] Patent Literature 4: Japanese Patent Application
Publication, Tokukai, No. 2003-255305 A (Publication Date:
Sep. 10, 2003)

[0016] Patent Literature 5: Japanese Patent Application
Publication, Tokukai, No. 2006-208881 A (Publication Date:
Aug. 10, 2006)

[0017] Patent Literature 6: Japanese Patent Application
Publication, Tokukai, No. 2002-289857 A (Publication Date:
Oct. 4,2002)

SUMMARY OF INVENTION

[0018] The above-described conventional liquid crystal
display device, however, has the following problem: Since the
contact between the connecting wire 115 and the pixel elec-
trode 105 made through the contact hole 125/ is in the vicin-
ity of the portion right below the main line 1054, there occurs
a region 121 around the contact portion between the wire 115
and the pixel electrode 105, in which region 121 an alignment
of the liquid crystal molecules MLC is disordered, as shown
in (b) of FIG. 6. The region 121 is quite likely to extend
beyond the main line 105a region (or the main line 1055
region). In such a case, a light-transmitting region includes a
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region in which an alignment of the liquid crystal molecules
MLC is disordered. Consequently, deterioration in a display
quality is apt to occur.

[0019] The present invention was made in view of the fore-
going problem, and an object of the present invention is to
provide a liquid crystal display device in which a contact is
made with a pixel electrode having a striped electrode pattern
having a periodical arrangement, while alignment disorder of
liquid crystal molecules is not reflected on a display.

[0020] In order to solve the foregoing problem, a liquid
crystal display device of the present invention includes: a
liquid crystal layer; two substrates by which the liquid crystal
layer is sandwiched; electrodes respectively provided in the
two substrates, the electrodes applying a voltage across the
liquid crystal layer; and signal lines including a gate bus line
and a source bus line, one of the two substrates being provided
with a selecting element of a pixel, said one of the two sub-
strates being provided with a first electrode serving as one of
the electrodes, the first electrode having a striped electrode
pattern which causes liquid crystal molecules to be aligned
along a stripe line direction when a voltage is applied across
the liquid crystal layer, a contact portion of the first electrode
with the selecting element being made in a region opposed to,
along a film thickness direction, a first region to which one of
the signal lines is allocated.

[0021] With this invention, since the contact portion of the
first electrode with the selecting element is made in the region
opposed to the signal line along the film thickness direction,
the contact portion is shielded from light to be transmitted
through the pixel such as light from the backlight. Conse-
quently, it is possible to prevent a display from being badly
affected by alignment disorder of the liquid crystal mol-
ecules, which alignment disorder occurs in the contact por-
tion. This makes it possible to carry out a high-quality display,
without impairing such a characteristic that the liquid crystal
molecules are aligned along the stripe line direction when a
voltage is applied across the liquid crystal layer.

[0022] Thus,itis possible to provide a liquid crystal display
device in which a contact is made with a pixel electrode
having a striped electrode pattern having a periodical arrange-
ment, while alignment disorder of liquid crystal molecules is
not reflected on a display.

[0023] Further, since the contact portion is made by using
the region opposed to the signal line along the film thickness
direction, which is an existing region, it is possible to prevent
alignment disorder of the liquid crystal molecules without
causing a reduction in an aperture ratio of the pixel.

[0024] In order to solve the foregoing problem, the liquid
crystal display device of the present invention is configured
such that: said one of the signal lines allocated to the first
region is the gate bus line.

[0025] With this invention, it is possible to provide a region
in which the contact portion can be easily formed.

[0026] Further, ina case where the gate bus line is disposed
so as to run through a center of the pixel, it is possible to form
the contact portion at the center of the pixel. This is effective
for a pixel having a small area.

[0027] In order to solve the foregoing problem, the liquid
crystal display device of the present invention is configured
such that: said one of the signal lines allocated to the first
region is the source bus line.

[0028] With this invention, it is possible to provide a region
in which the contact portion can be easily formed.
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[0029] In order to solve the foregoing problem, the liquid
crystal display device of the present invention is configured
such that: the signal lines include an auxiliary capacitor bus
line; and said one of the signal lines allocated to the first
region is the auxiliary capacitor bus line.

[0030] With this invention, it is possible to provide a region
in which the contact portion can be easily formed.

[0031] Further, in a case where the auxiliary capacitor bus
line is disposed so as to run through a center of the pixel, it is
possible to form the contact portion at the center of the pixel.
This is effective for a pixel having a small area.

[0032] In order to solve the foregoing problem, a liquid
crystal display device of the present invention includes: a
liquid crystal layer; two substrates by which the liquid crystal
layer is sandwiched; electrodes respectively provided in the
two substrates, the electrodes applying a voltage across the
liquid crystal layer; and signal lines including a gate bus line
and a source bus line, one of the two substrates being provided
with a selecting element of a pixel, said one of the two sub-
strates being provided with a first electrode serving as one of
the electrodes, the first electrode having a striped electrode
pattern which causes liquid crystal molecules to be aligned
along a stripe line direction when a voltage is applied across
the liquid crystal layer, a contact portion of the first electrode
with the selecting element being provided in a region opposed
to, along a film thickness direction, a first region to which a
light-shielding region for blocking light is allocated, the light
transmitting through the pixel unless the light-shielding
region is provided.

[0033] With this invention, since the contact portion of the
first electrode with the selecting element is provided in the
region opposed to, along the film thickness direction, the
light-shielding region for blocking the light which transmits
through the pixel unless the light-shielding region is pro-
vided, the contact portion is shielded from such the light, for
example, light from the backlight. Consequently, it is possible
to prevent a display from being badly affected by alignment
disorder of the liquid crystal molecules, which alignment
disorder occurs in the contact portion. This makes it possible
to carry out a high-quality display, without impairing such a
characteristic that the liquid crystal molecules are aligned
along the stripe line direction when a voltage is applied across
the liquid crystal layer.

[0034] Thus,itis possible to provide aliquid crystal display
device in which a contact is made with a pixel electrode
having a striped electrode pattern having a periodical arrange-
ment, while alignment disorder of liquid crystal molecules is
not reflected on a display.

[0035] In order to solve the foregoing problem, the liquid
crystal display device of the present invention is configured
such that: a member which blocks light in the first region is
electrically floated.

[0036] With this invention, in a case where it is not neces-
sary to intentionally apply a certain electric potential to the
member which blocks light in the first region, it is possible to
omit a configuration for applying an electric potential. This
makes it possible to improve flexibility in forming the first
region and to simplify steps of forming the first region.

[0037] In order to solve the foregoing problem, the liquid
crystal display device of the present invention is configured
such that: said liquid crystal display device includes a reflec-
tive region and a transmissive region each of which is pro-
vided in the pixel, and is capable of carrying out a display in
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a reflective display mode and in a transmissive display mode;
and the light-shielding region is the reflective region.

[0038] Withthisinvention, itis possible to cause an existing
region i.e., the reflective region to also serve as the light-
shielding region which blocks light to be transmitted through
the pixel.

[0039] In order to solve the foregoing problem, the liquid
crystal display device of the present invention includes a
black matrix, the light-shielding region being the black
matrix.

[0040] Withthisinvention, itis possible to cause an existing
region i.e., the black matrix to also serve as the light-shielding
region for blocking the light which transmits through the
pixel unless the light-shielding region is provided.

[0041] In order to solve the foregoing problem, the liquid
crystal display device of the present invention is configured
such that: the first electrode includes a main line by which the
striped electrode pattern is divided into a plurality of regions
and with which all of the plurality of regions of the striped
electrode pattern are electrically connected; each one of the
plurality of regions differs in the stripe line direction from its
adjacent region across the main line which serves as a border
therebetween; and the main line is provided so as to include
the contact portion.

[0042] With this invention, the region differs in the stripe
line direction from its adjacent region across the main line
which serves as a border therebetween and is connected with
each region of striped electrode pattern. Therefore, the
regions adjacent to each other differ from each other in a
direction in which the liquid crystal molecules tilt when a
voltage is applied across the liquid crystal layer. This provides
a wide viewing angle characteristic.

[0043] In order to solve the foregoing problem, the liquid
crystal display device of the present invention is configured
such that: the main line includes (i) a first main line section
disposed in parallel with the gate bus line and (ii) a second
main line section disposed in parallel with the source bus line,
the first main line section and the second main line section
being cross-connected with each other so as to divide the
striped electrode pattern into four regions; and the four
regions differ from each other in a direction in which the
liquid crystal molecules tilt.

[0044] With this invention, these four regions differ from
each other in a direction in which the liquid crystal molecules
tilt when a voltage is applied across the liquid crystal layer.
This provides a wide viewing angle characteristic.

[0045] In order to solve the foregoing problem, the liquid
crystal display device of the present invention is configured
such that: the stripe line direction of each of the four regions
extends at an angle with respect to the first main line section
and the second main line section.

[0046] With this invention, a side-to-side viewing angle
and an up-and-down viewing angle with respect to the panel
can be uniformly widened.

[0047] In order to solve the foregoing problem, the liquid
crystal display device of the present invention is configured
such that: the stripe line direction of each of the four regions
forms an angle of 45 degrees with respect to the first main line
section and the second main line section.

[0048] With this invention, viewing angles in directions
from the surrounding of the panel can be uniformly widened.
[0049] In order to solve the foregoing problem, the liquid
crystal display device of the present invention is configured
such that: the liquid crystal layer includes a polymer for
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controlling at least one of (i) a pretilt angle of the liquid
crystal molecules and (ii) a direction in which the liquid
crystal molecules tilt while the liquid crystal molecules are
driven.

[0050] With this invention, it is possible to eliminate the
need for a projection pattern for alignment, an alignment film,
and rubbing.

[0051] In order to solve the foregoing problem, the liquid
crystal display device of the present invention is configured
such that: at least part of the main line is provided in the region
opposed to the first region along the film thickness direction.

[0052] With this invention, in a case where a linear polar-
ization plate is used as a polarization plate of the liquid crystal
display device and the main line of the first electrode exists in
parallel with an absorption axis of the linear polarization
plate, light which has been emitted from the backlight and
proceeds so as to transmit through the pixel is blocked by the
main line, and consequently a portion of the pixel which
portion corresponds to the main line appears as a dark line. In
order to avoid this, the main line is provided in the region
opposed to the first region along the film thickness direction.
That is, the first region, which is utilized to form the contact
portion of the first electrode with the selecting element, is
further utilized. This makes it possible to improve a transmit-
tance of the panel, as compared with a case where the first
region is provided in another portion through which light is
transmitted.

[0053] In a case where the main line is not shielded from
light, the following may occur: When a display surface is
observed at an oblique angle, not from the front, a different
tinge is observed due to the alignment of the liquid crystal
molecules in the main line region, and consequently a varia-
tion occurs in a display quality. On the other hand, by causing
the main line to be shielded from light by means of the first
region, it is possible to reproduce a tinge based on the align-
ment of only the liquid crystal molecules in the striped elec-
trode pattern. This provides a display quality with a wide
viewing angle. In a case where this effect is desired, the
light-shielding material may be electrically floated.

[0054] In order to solve the foregoing problem, the liquid
crystal display device of the present invention is configured
such that: the selecting element is a thin-film transistor.
[0055] With this invention, in a display device using the
TFT as the selecting element of the pixel, it is possible to
make a contact between the first electrode and the TFT, while
preventing alignment disorder of the liquid crystal molecules
from being reflected on a display.

[0056] In order to solve the foregoing problem, the liquid
crystal display device of the present invention is configured
such that: a source section of the thin-film transistor and a
region between the source section and a drain section of the
thin-film transistor are provided in a region being opposed to
the source bus line along the film thickness direction; and the
drain section is routed, to the contact portion, from the region
being opposed to the source bus line along the film thickness
direction.

[0057] With this invention, the source section and the
region between the source section and the drain section are
provided in the region opposed to the source bus line along the
film thickness direction. Therefore, in the liquid crystal dis-
play device including the TFT whose drain section is routed
from said region to the contact portion, it is possible to make
a contact between the first electrode and the drain section of
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the TFT, while preventing alignment disorder of the liquid
crystal molecules from being reflected on a display.

[0058] For a fuller understanding of the nature and advan-
tages of the invention, reference should be made to the ensu-
ing detailed description taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0059] FIG. 1, related to an embodiment of the present
invention, is a plan view illustrating a configuration of a pixel
included in a liquid crystal display device.

[0060] FIG. 2 is a cross-section view illustrating a cross
section along A-B-C-D line shown in FIG. 1.

[0061] FIG. 3 is a cross-section view illustrating an
example of a variation of the cross section shown in FIG. 2.

[0062] FIG.4isablock diagram illustrating a configuration
of'aliquid crystal display device including the pixel shown in
FIG. 1.

[0063] FIG. 5, related to a conventional art, is a plan view
illustrating a configuration of a pixel included in a liquid
crystal display device.

[0064] FIG. 6 is a plan view illustrating alignments of lig-
uid crystal molecules. (a) of FIG. 6 shows an alignment of
liquid crystal molecules observed in a region where no con-
tact hole exists. (b) of FIG. 6 shows an alignment of liquid
crystal molecules observed in a region where a contact hole
exists.

REFERENCE SIGNS LIST
[0065] 1 Liquid crystal display device
[0066] 15 Pixel electrode (first electrode)
[0067] 15a First main line section
[0068] 1556 Second main line section
DESCRIPTION OF EMBODIMENTS
[0069] One embodiment of the present invention is

described below with reference to FIG. 1 through FIG. 4.
[0070] FIG. 4 illustrates a configuration of a liquid crystal
display device 1 of the present embodiment.

[0071] The liquid crystal display device 1 is an active
matrix display device. The liquid crystal display device 1
includes: a gate driver 3 serving as a scanning signal line
driving circuit; a source driver 4 serving as a data signal line
driving circuit; a display section 2; a display control circuit 5
for controlling the gate driver 3 and the source driver 4; and a
power source circuit 6.

[0072] Thedisplay section 2 includes: gate bus lines GL1 to
GLm as a plurality of (m number of) scanning signal lines
(signal lines); source bus lines SL.1 to SLn as a plurality of (n
number of) data signal lines (signal lines) intersecting with
their respective gate bus lines GL1 to GLm; and a plurality of
(mxn number of) pixels PIX provided in portions where their
respective gate bus lines GL1 to GLm and their respective
source bus lines SL1 to SLn intersect with each other. The
display section 2 also includes auxiliary capacitor bus lines
(signal lines) CSL (not illustrated) which are arranged in
parallel with the gate bus lines GL1 to GLm (see FIG. 1
described later). Each auxiliary capacitor bus line CSL is
allocated to one pixel row including n pixels arranged in the
direction in parallel with the gate bus lines GL1 to GLm.
[0073] The plurality of pixels PIX are arranged in a matrix
so as to constitute a pixel array. Each of the pixels PIX
includes a TFT section (selecting element) 11, a liquid crystal
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capacitance CL, and an auxiliary capacitance Cs. The liquid
crystal capacitance CL is formed by a pixel electrode, a
counter electrode opposed to the pixel electrode, and a liquid
crystal layer sandwiched by the pixel electrode and the
counter electrode. A voltage Vcom is applied to the counter
electrode by the power source circuit 6. The liquid crystal
capacitance CL and the auxiliary capacitance Cs constitute a
pixel capacitance, and a parasitic capacitance formed
between the pixel electrode and wiring on the periphery
thereof also exists as another capacitance constituting the
pixel capacitance.

[0074] The display control circuit 5 supplies, to the gate
driver 3, a gate start pulse GSP and a gate clock GCK. The
display control circuit 5 supplies, to the source driver 4, a
source start pulse SSP, a source clock SCK, and display data
DA.

[0075] Next, the following describes a configuration of the
pixel PIX with reference to FIG. 1.

[0076] FIG. 1 illustrates a configuration of the pixel PIXij
which is provided so as to correspond to a portion where an
i-numbered gate bus line GLi and a j-numbered source bus
line SLj intersect with each other, the configuration being
viewed in the substrate facing one side of the liquid crystal
layer. The PIXijj is provided in a region surrounded by (i)
auxiliary capacitor bus lines CSLi and CSLi+1 which are
adjacent to each other and (ii) source bus lines SLj and SLj+1
which are adjacent to each other. The auxiliary capacitor bus
line CSLi is provided in parallel with the gate bus line GLi,
and the gate bus line GLi is provided between the auxiliary
capacitor bus line CSLi and the auxiliary capacitor bus line
CSLu+1. The gate bus line GLi herein is provided so as to
divide equally a region between the auxiliary capacitor bus
line CSLi and the auxiliary capacitor bus line CSLi+1.
[0077] The TFT section 11 is provided at the portion where
the gate bus line GLi and the source bus line SLj intersect with
each other. The TFT section 11 includes two gate electrodes
i.e., gate electrodes 11g(1) and 11g(2). The gate electrode
11g(1) is an electrode drawn from the gate bus line GLi, and
intersects with the source bus line SLj so as to be closer to the
auxiliary capacitor bus line CSLi+1 than the gate bus line GLi
is. The gate electrode 111g(2) is a part of the gate bus line GLi
which part includes the portion where the gate bus line GLi
intersects with the source bus line SLj.

[0078] There formed a Si conductive layer right below the
source bus line SLj, which Si conductive layer is provided
above the gate electrodes 11g(1) and 11g(2) so as to intersect
with the gate electrodes 11g(1) and 11g(2). The Si conductive
layer is, for example, an n+ Si layer used as a contact layer in
source/drain regions of the TFT section 11. A portion of the Si
conductive layer which portion is closer to the auxiliary
capacitor bus line CSLi+1 than the gate electrode 11g(1) is
constitutes a source section 11s of the TFT section 11, and a
portion of the Si conductive layer which portion is closer to
the auxiliary capacitor bus line CSLi than the gate electrode
11g(2) is constitutes a drain section lid of the TFT section 11.
[0079] Thus, the TFT section 11 includes two gate elec-
trodes, that is, the TFT section 11 includes two TFTs arranged
in series. Alternatively, the TFT section 11 may include only
one TFT.

[0080] The source section 1 is connected with the source
bus line SIj through a contact hole 11/. The drain section 11d
is routed to the inside of the pixel region, and is connected
with a connecting wire 35 (see FI1G. 2 described later) through
a contact hole 214, which connecting wire 35 is disposed
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above the drain section 114. The contact hole 21/ herein is
provided right below a first main line section 154 included in
apixel electrode 15 (described later). The connecting wire 35
is connected with the pixel electrode 15 through a contact
hole 25/, which pixel electrode 15 is disposed above the
connecting wire 35. The contact hole 25/ is provided above
the gate bus line GLi. The contact hole 25/ herein is provided
right below a portion where the first main line section 15a and
a second main line section 155, each included in the pixel
electrode 15, are cross-connected with each other.

[0081] Further, the drain section 11d is routed through a
portion right below the first main line section 154 so as to
extend from the position of the contact hole 21/ to a position
above the auxiliary capacitor bus line CSLi, and is connected
with an auxiliary capacitor electrode pad CSP which is dis-
posed to be opposed to the auxiliary capacitor bus line CSLi
from above the auxiliary capacitor bus line CSLi. The auxil-
iary capacitor bus line CSLi and the auxiliary capacitor elec-
trode pad CSP form an auxiliary capacitance Cs.

[0082] The pixel electrode (first electrode) 15 is made of a
transparent electrode, and includes the first main line section
15a, the second main line section 156, and stripe portions 15¢.
The first main line section 15a is provided to extend in parallel
with the source bus line SLj, and the second main line section
155 is provided to extend in parallel with the gate bus line
GLi. The first main line section 154 and the second main line
section 155 are cross-connected with each other at a center of
the pixel PIXij, on a surface of the panel. The first main line
section 15a and the second main line section 155 constitute a
main line in one pixel electrode 15. The second main line
section 156 is disposed above the gate bus line GLi. Dispos-
ing the first main line section 154 and the second main line
section 155 as described above provides, in the pixel elec-
trode 15, four regions R1, R2, R3, and R4 divided by the first
main line section 15a and the second main line section 155.
[0083] Each of the regions includes a plurality of stripe
portions 15¢ extending in the same direction which forms an
angle of 45 degrees with respect to the gate bus line GLi and
the source bus line SLj. The plurality of stripe portions 15¢ are
connected with the first main line section 15a and the second
main line section 155. Each of the regions includes a cut-out
pattern 16 between a stripe portion 15¢ and its adjacent stripe
portion 15¢, in which cut-out pattern 106 no transparent elec-
trode is formed. This provides a line-and-space striped elec-
trode pattern in which the stripe portions 15 are arranged
periodically in a direction orthogonal to the direction in
which the stripe portions 15¢ extend. A stripe line direction
(in which the stripe portions 105¢ extend) of a region differs
by 90 degrees from its adjacent region neighboring across the
first main line section 154 or the second main line section 1556
each of which serves as a border therebetween. In a case
where the pixel electrode 15 region extends beyond the stripe
portions 15¢ and reaches an outer peripheral of the pixel
PIXij, the stripe portions 15¢ are also connected with an outer
peripheral region of the pixel electrode 15.

[0084] A substrate having the above-described configura-
tion and a counter substrate opposed to this substrate sand-
wich a vertical alignment liquid crystal layer. Applying a
voltage to the pixel electrode 15 and an electrode of the
counter substrate causes the liquid crystal layer to be driven.
Further, the configuration in which the liquid crystal layer is
sandwiched by these two substrates is externally sandwiched
by two polarization plates, each of which polarization plates
is made of a linear polarization plate. One of the polarization
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plates is set so that its light absorption axis is in parallel with
the first main line section 15a, and the other one of the
polarization plates is set so that its light absorption axis is in
parallel with the second main line section 155.

[0085] The liquid crystal layer used herein is the one in
which a liquid crystal composition made of liquid crystal
mixed with a polymerizable component (hereinafter, simply
referred to as monomer) such as a monomer or an oligomer is
filled between the substrates. Under the condition that a volt-
age is applied to the substrates and the liquid crystal mol-
ecules are tilted, the monomer is polymerized so that a poly-
mer is yielded. This provides a liquid crystal layer in which
the liquid crystal molecules are tilted at a predetermined
pretilt angle even after application of a voltage is stopped,
thereby defining a liquid crystal alignment direction. Also,
the polymer defines a direction in which the liquid crystal tilt
while the liquid crystal is driven. As the monomer, a material
which can be polymerized by heat or light (ultraviolet ray) is
chosen. The polymer may be the one which defines at least
one of (i) a pretilt angle and (ii) a direction in which liquid
crystal tilt while the liquid crystal is driven. Use of such a
polymer eliminates the need for a projection pattern for align-
ment, an alignment film, and rubbing. Consequently, for a
pixel having a small area, it is possible to improve a transmit-
tance and simplify steps.

[0086] Next, FIG. 2 shows a cross-section view along A-B-
C-D line shown in FIG. 1.

[0087] Onatransparent insulating substrate 31, abase coat-
ing 32, the gate bus line GLi, an insulating film 33, the drain
section 114, an insulating film 34, the connecting wire 35, an
insulating film 36, a planarizing film 37, and the pixel elec-
trode 15 are formed in this order. The contact hole 217% is
formed through the insulating film 34. The contacthole 25/ is
formed through the insulating film 36 and the planarizing film
37. Here, the connecting wire 35 can be formed of a source
metal in a layer in which the source bus line SLi is formed.
The base coating 32, the insulating film 34, and the insulating
film 36 may be made of e.g., a SiN film or SiO,, and the
planarizing film 37 may be made of e.g., a polyimide film or
an acrylic resin film.

[0088] FIG. 3 shows a cross-section view of an example of
a variation of the layered structure shown in FIG. 2.

[0089] Intheconfiguration shown in FIG. 3, the connecting
wire 35 shown in FIG. 2 is omitted, and a contact with a pixel
electrode 15 is made directly from a drain section 11d. A
contact hole 25/ is formed through an insulating film 34 and
a planarizing film 37. The contact hole 21/ and the insulating
film 36 are no longer necessary. Alternatively, an insulating
film 36 may be used instead of the insulating film 34.

[0090] As a counter substrate, the one having a conven-
tional configuration can be used, for example, the one includ-
ing a color filter and a black matrix.

[0091] According to the configurations shown in FIG. 1
through FIG. 3, since an upper portion of the contact hole 25/
serving as a contact portion of the pixel electrode 15 with the
TFTsection 11 is disposed in a region opposed to, along a film
thickness direction, a region (first region) to which a signal
line i.e., the gate bus line GLi is allocated, the contact portion
is shielded from light to be transmitted through the pixel (e.g.,
light from a backlight). Consequently, it is possible to prevent
a display from being badly affected by alignment disorder of
the liquid crystal molecules, which alignment disorder occurs
in the contact portion. This makes it possible to carry out a
high-quality display, without impairing such a characteristic
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that liquid crystal molecules are aligned along a stripe line
direction when a voltage is applied across the liquid crystal
layer. In addition, the contact portion is formed by using an
existing region, that is, the region opposed to, along the film
thickness direction, the region to which a signal line i.e., the
gate bus line GLi is allocated. This makes it possible to
prevent alignment disorder of the liquid crystal molecules,
without causing a reduction in an aperture ratio of the pixel.

[0092] Intheabove configuration shown as an example, the
contact portion is provided in the region opposed to, along the
film thickness direction, the region to which the gate bus line
GLiis allocated. However, the present invention is not limited
to this. Alternatively, the contact portion may be provided in
a region opposed to, along the film thickness direction, a
region (first region) to which the source bus line SLi, which is
a signal line, or the auxiliary capacitor bus line CSLi, which
is a signal line, is allocated. Each of these signal lines pro-
vides a region in which the contact portion can be easily
formed. In a configuration in which the gate bus line GLi or
the auxiliary capacitor bus line CSLi is disposed so as to run
through a center of the pixel, it is possible to form a contact
portion at the center of the pixel. This is especially effective
for a pixel having a small area, as described later. Note that a
material of the above-mentioned signal lines is not limited to
metal, but may be e.g., a Si conductive layer.

[0093] It is preferable that the contact portion is formed in
a region opposed to, along the film thickness direction, a
region (first region) to which a light-shielding region for
blocking light to be transmitted through the pixel is allocated.
Examples of the light-shielding region encompass a reflective
region ofa liquid crystal display device in which the reflective
region and a transmissive region are provided in a pixel and
which is capable of display in a reflective display mode and in
a transmissive display mode. Further, examples of the region
which is not the transmissive region encompass a region
overlapping a black matrix region of the counter substrate.
With these configurations, an existing region can serve as the
light-shielding region for blocking light to be transmitted
through the pixel. A member which blocks light in the first
region may be electrically floated. In a case where it is not
necessary to intentionally apply a certain electric potential to
the member which blocks light in the first region, it is possible
to omit a configuration for applying an electric potential. This
makes it possible to improve flexibility in forming the first
region and to simplify steps of forming the first region.

[0094] Further, in the configurations shown in FIG. 1
through FIG. 3, the second main line section 155, which is at
least part of the main line, is provided in the region opposed
to, along the film thickness direction, the first region to which
the gate bus line GLi is allocated. In a case where a linear
polarization plate is used as a polarization plate of a liquid
crystal display device and a main line of a pixel electrode
exists in parallel with an absorption axis of the linear polar-
ization plate, light which has been emitted from the backlight
and proceeds so as to transmit through the pixel is blocked by
the main line, and consequently a portion of the pixel which
portion corresponds to the main line appears as a dark line. In
order to avoid this, as shown in FIG. 1 through FIG. 3, the
main line is provided in the region opposed to the first region
along the film thickness direction. This means that the first
region, which is utilized to form the contact portion of the
pixel electrode 15 with the TFT section 11, is further utilized.
Therefore, it is possible to improve a transmittance of the
panel, as compared with a case where the first region is
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provided in another portion through which light is transmit-
ted. In such a case, any of all first regions described above is
available as the first region.

[0095] In a case where the main line is not shielded from
light, the following may occur: When a display surface is
observed at an oblique angle, not from the front, a different
tinge is observed due to the alignment of the liquid crystal
molecules in the main line section, and consequently a varia-
tion occurs in a display quality. On the other hand, by causing
the main line to be shielded from light by means of the first
region, it is possible to reproduce a tinge based on the align-
ment of only the liquid crystal molecules in the striped elec-
trode pattern. This provides a display quality with a wide
viewing angle. In a case where this effect is desired, the
light-shielding material may be electrically floated.

[0096] As each pixel has a smaller area in a liquid crystal
panel in a mobile apparatus, for example, an area of a contact
portion of a pixel electrode 15 with a TFT section 11 becomes
relatively larger. In view of this, in terms of improvement in a
display quality, it is very important to form a contact portion
in a light-shielded region as in the present embodiment, for
the purpose of preventing alignment disorder of the liquid
crystal from occurring in a region(s) contributing to a display.
Now, in a case where the contact portion is formed in an end
section of the pixel PIXjj (e.g., in the region opposed to the
auxiliary capacitor bus line CSLi along the film thickness
direction as shown in FIG. 1), the smaller the pixel PIXjj is
made, the smaller a width of the signal line (e.g., auxiliary
capacitor bus line CSLi) located at the end section of the pixel
becomes. On the other hand, an area of the contact portion
does not change so much. Consequently, the contact portion
region extends beyond the signal line region. Ifthis may cause
a short circuit between the contact portion and an adjacent
pixel, it is possible to avoid the problem of a short circuit by
forming the contact portion in the region inside the pixel
PIXij as shown in FIG. 1. Thus, there is a considerable dif-
ference between (i) forming such a contact portion with the
TFT section 11 in the pixel PIXij which includes, in the region
inside thereof, dark line regions such as the first main line
section 15a and the second main line section 1556 of the pixel
electrode 15 and which has the striped electrode pattern hav-
ing the periodical arrangement and (ii) forming such a contact
portion in a pixel having other configurations.

[0097] Inthe configuration shown in FIG. 1, the pixel elec-
trode 15 is divided into the four regions R1 to R4 by the main
line. However, the present invention is not limited to this, but
the pixel electrode 15 may be divided into a plurality of
regions. In such a configuration, a region and its adjacent
region differ from each other in the stripe line direction, and
therefore differ from each other in the direction in which the
liquid crystal molecules tilt. On this account, these regions
differ from each other in the direction in which the liquid
crystal molecules tilt when a voltage is applied across the
liquid crystal layer. This provides a wide viewing angle char-
acteristic. Further, since the respective stripe line directions
are set at an angle with respect to the first main line section
15a and the second main line section 155, a side-to-side
viewing angle and an up-and-down viewing angle are uni-
formly widened. Furthermore, by setting, to 45 degrees, the
angles that the respective stripe line directions form with
respect to the first main line section 15a and the second main
line section 1556, viewing angles in every direction from the
surrounding of the panel are uniformly widened.
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[0098] The present invention is not limited to the descrip-
tion of the embodiments above, but may be altered by a
skilled person within the scope of the claims. An embodiment
based on a proper combination of technical means disclosed
in different embodiments is encompassed in the technical
scope of the present invention.

[0099] As describe above, aliquid crystal display device of
the present invention includes: a liquid crystal layer; two
substrates by which the liquid crystal layer is sandwiched;
electrodes respectively provided in the two substrates, the
electrodes applying a voltage across the liquid crystal layer;
and signal lines including a gate bus line and a source bus line,
one of the two substrates being provided with a selecting
element of a pixel, said one of the two substrates being pro-
vided with a first electrode serving as one of the electrodes,
the first electrode having a striped electrode pattern which
causes liquid crystal molecules to be aligned along a stripe
line direction when a voltage is applied across the liquid
crystal layer, a contact portion of the first electrode with the
selecting element being made in a region opposed to, along a
film thickness direction, a first region to which one of the
signal lines is allocated.

[0100] With this, it is possible to provide a liquid crystal
display device in which a contact is made with a pixel elec-
trode having a striped electrode pattern having a periodical
arrangement, while alignment disorder of liquid crystal mol-
ecules is not reflected on a display.

[0101] The invention being thus described, it will be obvi-
ous that the same way may be varied in many ways. Such
variations are not to be regarded as a departure from the spirit
and scope of the invention, and all such modifications as
would be obvious to one skilled in the art are intended to be
included within the scope of the following claims.

INDUSTRIAL APPLICABILITY

[0102] The present invention may be suitably applied to a
liquid crystal display device of a mobile use.

1. A liquid crystal display device of an active matrix type,

comprising;

a liquid crystal layer;

two substrates by which the liquid crystal layer is sand-
wiched;

electrodes respectively provided in the two substrates, the
electrodes applying a voltage across the liquid crystal
layer; and

signal lines including a gate bus line and a source bus line,

one of the two substrates being provided with a selecting
element of a pixel, said one of the two substrates being
provided with a first electrode serving as one of the
electrodes, the first electrode having a striped electrode
pattern which causes liquid crystal molecules to be
aligned along a stripe line direction when a voltage is
applied across the liquid crystal layer,

a contact portion of the first electrode with the selecting
clement being made in a region opposed to, along a film
thickness direction, a first region to which one of the
signal lines is allocated.

2. The liquid crystal display device as set forth in claim 1,

wherein:

said one of the signal lines allocated to the first region is the
gate bus line.

3. The liquid crystal display device as set forth in claim 1,

wherein:
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said one of the signal lines allocated to the first region is the
source bus line.

4. The liquid crystal display device as set forth in claim 1,

wherein:

the signal lines include an auxiliary capacitor bus line; and

said one of the signal lines allocated to the first region is the
auxiliary capacitor bus line.

5. A liquid crystal display device of an active matrix type,

comprising:

a liquid crystal layer;

two substrates by which the liquid crystal layer is sand-
wiched;

electrodes respectively provided in the two substrates, the
electrodes applying a voltage across the liquid crystal
layer; and

signal lines including a gate bus line and a source bus line,

one of the two substrates being provided with a selecting
element of a pixel, said one of the two substrates being
provided with a first electrode serving as one of the
electrodes, the first electrode having a striped electrode
pattern which causes liquid crystal molecules to be
aligned along a stripe line direction when a voltage is
applied across the liquid crystal layer,

a contact portion of the first electrode with the selecting
element being provided in a region opposed to, along a
film thickness direction, a first region to which a light-
shielding region for blocking light is allocated, the light
transmitting through the pixel unless the light-shielding
region is provided.

6. The liquid crystal display device as set forth in claim 5,

wherein:

a member which blocks light in the first region is electri-
cally floated.

7. The liquid crystal display device as set forth in claim 5,

wherein:

said liquid crystal display device includes a reflective
region and a transmissive region each of which is pro-
vided in the pixel, and is capable of carrying out a
display in a reflective display mode and in a transmissive
display mode; and

the light-shielding region is the reflective region.

8. The liquid crystal display device as set forth in claim 5,
further comprising a black matrix, the light-shielding region
being the black matrix.

9. The liquid crystal display device as set forth in claim 1,
wherein:

the first electrode includes a main line by which the striped
electrode pattern is divided into a plurality of regions
and with which all of the plurality of regions of the
striped electrode pattern are electrically connected;
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each one of the plurality of regions differs in the stripe line
direction from its adjacent region across the main line
which serves as a border therebetween; and

the main line is provided so as to include the contact por-
tion.

10. The liquid crystal display device as set forth in claim 9,

wherein:

the main line includes (i) a first main line section disposed
in parallel with the gate bus line and (ii) a second main
line section disposed in parallel with the source bus line,
the first main line section and the second main line
section being cross-connected with each other so as to
divide the striped electrode pattern into four regions; and

the four regions differ from each other in a direction in
which the liquid crystal molecules tilt.

11. The liquid crystal display device as set forth in claim

10, wherein:

the stripe line direction of each of the four regions extends
at an angle with respect to the first main line section and
the second main line section.

12. The liquid crystal display device as set forth in claim

11, wherein:

the stripe line direction of each of the four regions forms an
angle of 45 degrees with respect to the first main line
section and the second main line section.

13. The liquid crystal display device as set forth in claim 1,

wherein:

the liquid crystal layer includes a polymer for controlling at
least one of (i) a pretilt angle of the liquid crystal mol-
ecules and (ii) a direction in which the liquid crystal
molecules tilt while the liquid crystal molecules are
driven.

14. The liquid crystal display device as set forth in claim 9,

wherein:

at least part of the main line is provided in the region
opposed to the first region along the film thickness direc-
tion.

15. The liquid crystal display device as set forth in claim 1,

wherein:

the selecting element is a thin-film transistor.

16. The liquid crystal display device as set forth in claim

15, wherein:

a source section of the thin-film transistor and a region
between the source section and a drain section of the
thin-film transistor are provided in a region being
opposed to the source bus line along the film thickness
direction; and

the drain section is routed, to the contact portion, from the
region being opposed to the source bus line along the
film thickness direction.

* * * #* ok
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