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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device.

BACKGROUND ART

[0002] Display devices used in flat-screen televisions, pet-
sonal computers, and smartphones have active matrix type
liquid crystal display devices with thin film transistors as
switching elements. Examples of liquid crystal display
devices under development that have wide viewing angle
characteristics include liquid crystal display devices and the
like utilizing VA (vertical alignment) mode, IPS (in-plane
switching) mode, which is a horizontal electric field mode, or
FFS (fringe field switching) mode.

[0003] Known VA mode liquid crystal display devices
include MVA (multi-domain vertical alignment) mode liquid
crystal display devices, in which one pixel includes a plurality
of domains with liquid crystals that have differing orienta-
tions from each other. Also, CPA (continuous pinwheel align-
ment) mode liquid crystal display devices in which the liquid
crystal orientation direction continuously varies around a
rivet or the like formed on an electrode at the center of a pixel
are known.

[0004] Patent Document 1 discloses an MVA mode liquid
crystal display device provided with pixel electrodes each
having a plurality of fine slits (narrow cuts) extending in the
directions of azimuthal angles 45°, 135°, 225°, and 315°.
Pixel electrodes with this type of shape are called “fishbone-
like pixel electrodes” or “comb tooth pixel electrodes.” Lig-
uid crystal molecules are oriented parallel to the slits when a
voltage is being applied, whereby the four-domain alignment
structure can be realized.

[0005] Patent Document 1 discloses a configuration in
which a protruding structure is provided in a pixel area. The
protruding structure is for restricting the orientation of liquid
crystal molecules and for maintaining the cell gap (thickness
of the liquid crystal layer) as a spacer.

RELATED ART DOCUMENTS

Patent Documents

[0006] Patent Document 1: WO 2011/096390
[0007] Patent Document 2: Japanese Patent Application
Laid-Open Publication No. 2008-70763

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0008] Meanwhile, there have been attempts to reduce the
number of data drivers connected to data bus lines to decrease
the manufacturing cost of liquid crystal display devices. In
general, data drivers are more expensive than gate drivers that
are connected to gate bus lines. Therefore, in terms of cost, it
is advantageous to reduce the number of data drivers.

[0009] Furthermore, by reducing the number of data bus
lines, the space for wiring provided in the frame region (non-
display region provided towards the outside of the display
region of the liquid crystal display device) can be designed to
be narrow. As a result, a narrow frame region can be realized.
[0010] Patent Document 2 discloses a configuration for
reducing the number of data bus lines of a liquid crystal
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display device. In this liquid crystal display device, two pixels
aligned in the horizontal direction are connected to different
gate bus lines, with the data bus line being connected to both
of the pixels. This type of method in which two gate bus lines
are provided for a column of pixels aligned in one direction is
sometimes called a dual scan line method. With the dual scan
line method, the number of gate bus lines doubles, but the
number of data bus lines halves, and thus the number of
lead-out lines of the data bus line and the number of data
drivers in the frame area can be reduced.

[0011] However, the configuration of the liquid crystal dis-
play device disclosed in Patent Document 2 has two adjacent
gate bus lines provided between two pixels aligned in the
vertical direction. With this configuration, there have been
cases in which the aperture ratio of a pixel decreases due to
securing a space between two pixels to provide the two gate
bus lines.

[0012] The present invention was made to solve the above-
mentioned problems, and aims at providing a liquid crystal
display device with better display quality while reducing the
number of data bus lines.

Means for Solving the Problems

[0013] A liquid crystal display device according to one
aspect of the present invention has: a thin film transistor
substrate; an opposite substrate; a liquid crystal layer dis-
posed between the thin film transistor substrate and the oppo-
site substrate, the liquid crystal layer being formed of liquid
crystal material having a negative dielectric anisotropy; and a
black matrix disposed on an outside of the liquid crystal layer,
the black matrix having light-shielding characteristics,
wherein the thin film transistor substrate includes: a first gate
bus line extending along a first direction, and a second gate
bus line extending parallel and adjacent to the first gate bus
line; a first data bus line extending along a second direction
that intersects with the first direction; a first thin film transis-
tor and a second thin film transistor that are respectively
connected to the first gate bus line and the second gate bus line
and that are both connected to the first data bus line, the first
thin film transistor and the second thin film transistor being
disposed along the first direction side-by-side; and a first pixel
electrode and a second pixel electrode that are respectively
connected to the first thin film transistor and the second thin
film transistor through a first contact hole and a second con-
tacthole, respectively, the first pixel electrode and the second
pixel electrode being disposed along the first direction side-
by-side, wherein, when seen from a direction normal to the
thin film transistor substrate, the first gate bus line and the
second gate bus line cross the first pixel electrode and the
second pixel electrode and are disposed so as to overlap the
first pixel electrode and the second pixel electrode, and
wherein the black matrix has a first inter-pixel light-shielding
portion that covers both the first thin film transistor and the
first contact hole and a second inter-pixel light-shielding por-
tion that covers both the second thin film transistor and the
second contact hole.

[0014] Inoneaspect, the first thinfilm transistor, the second
thin film transistor, the first contact hole, and the second
contact hole are disposed so as to be sandwiched between the
first gate bus line and the second gate bus line.

[0015] In one aspect, the thin film transistor substrate fur-
ther includes: a first insulating layer formed on the first thin
film transistor and the second thin film transistor; an auxiliary
capacitance electrode formed on the first insulating layer, the
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auxiliary capacitance electrode having, for each of the first
contact hole and the second contacthole, at least one opening
corresponding thereto; and a second insulating layer formed
on the auxiliary capacitance electrode and formed below the
first pixel electrode and the second pixel electrode, wherein
the first contact hole and the second contact hole penetrate the
first insulating layer, the opening in the auxiliary capacitance
electrode, and the second insulating layer.

[0016] In one aspect, the auxiliary capacitance electrode
includes a first portion that overlaps the first inter-pixel light-
shielding portion of the black matrix, a second portion that
overlaps the second inter-pixel light-shielding portion of the
black matrix, and an opening that overlaps the first pixel
electrode and the second pixel electrode on an outside of the
first portion and the second portion.

[0017] In one aspect, the auxiliary capacitance electrode is
formed of a non-transparent conductive material.

[0018] Inoneaspect, inthe above-mentioned liquid crystal
display device, at least one protruding structure provided
between the thin film transistor substrate and the opposite
substrate, wherein the protruding structure overlaps at least
one of the first inter-pixel light-shielding portion and the
second inter-pixel light-shielding portion of the black matrix
when seen from the direction normal to the thin film transistor
substrate.

[0019] Inoneaspect, the protruding structure is at least one
portion of an orientation regulating structure and a protruding
structure formed as a columnar spacer.

[0020] In one aspect, the protruding structure further
includes: a first protruding structure that is located in a center
portion of the first pixel electrode and overlaps the first inter-
pixel light-shielding portion when seen from the direction
normal to the thin film transistor substrate, a second protrud-
ing structure that is located in a center portion of the second
pixel electrode and overlaps the second inter-pixel light-
shielding portion when seen from the direction normal to the
thin film transistor substrate.

[0021] 1In one aspect, the first protruding structure is dis-
posed so as to at least partially overlap the first thin film
transistor and the first contact hole, and wherein the second
protruding structure is disposed so as to at least partially
overlap the second thin film transistor and the second contact
hole.

[0022] In one aspect, the first protruding structure and the
second protruding structure respectively control the orienta-
tion of liquid crystal molecules in the liquid crystal layer such
that the liquid crystal molecules are respectively oriented
around the first protruding structure and the second protrud-
ing structure in a radial manner when voltage is applied.
[0023] Inoneaspect, the first pixel electrode and the second
pixel electrode respectively include a plurality of first branch
electrodes that extend in a third direction, a plurality of sec-
ond branch electrodes that extend in a fourth direction, a
plurality of third branch electrodes that extend in a fifth direc-
tion, and a plurality of fourth electrodes that extend in a sixth
direction, the third direction, the fourth direction, the fifth
direction, and the sixth direction being different from each
other.

[0024] In one aspect, the thin film transistor substrate fur-
ther includes: a second data bus line that extends along the
second direction and that is adjacent to the first data bus line;
and a pair of thin film transistors and a pair of pixel electrodes
that are connected to the second data bus line and arranged
along the first direction, wherein one of the first pixel elec-
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trode and the second pixel electrode connected to the first data
bus line and one of the pair of pixel electrodes connected to
the second data bus line are arranged along the first direction
so as to be sandwiched between the first data bus line and the
second data bus line.

[0025] In one aspect. the thin film transistor substrate fur-
ther includes a light-shielding member that extends along the
second direction in a gap between the two pixel electrodes
that are sandwiched between the first data bus line and the
second data bus line.

[0026] Inone aspect, the light-shielding member is formed
of a same material as the first data bus line and the second data
bus line or a same material as the first gate bus line and the
second gate bus line.

[0027] Inoneaspect, inthe above-mentioned liquid crystal
display device, a data driver connected to the first data bus line
and a gate driver connected to the first gate bus line and the
second gate bus line, wherein the data driver and the gate
driver are formed so as to be adjacent or formed integrally in
a periphery of a display region.

Effects of the Invention

[0028] According to a liquid crystal display device of an
embodiment of the present invention, excellent display qual-
ity can be realized while reducing the number of data bus
lines.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG.1is aplanview showinga liquid crystal display
device according to Embodiment 1 of the present invention.
[0030] FIG. 2 is a cross-sectional view showing a cross-
section along the line A-A in FIG. 1.

[0031] FIG. 3 is an enlarged plan view showing two pixels
that are disposed between two data bus lines in FIG. 1.
[0032] FIG. 4isa plan view showing Embodiment 1 of the
liquid crystal display device, in which FIG. 4(a) shows a TFT,
a pixel electrode, and the like, FIG. 4(b) shows an auxiliary
capacitance electrode, and FIG. 4(c) shows a black matrix and
a protruding structure.

[0033] FIG. 5is a plan view showing the entire TFT sub-
strate of Embodiment 1, and shows a display region, a driver
chip disposed towards the outside of a display region, and the
like.

[0034] FIG. 6 shows a modification example of the TFT
substrate shown in FIG. 5.

[0035] FIG. 7is aplan view showing a liquid crystal display
device according to Embodiment 2 of the present invention.
[0036] FIG. 8 is an enlarged plan view showing two pixels
that are disposed between two data bus lines in FIG. 7.
[0037] FIG. 9 shows two pixels disposed between two data
bus lines of the liquid crystal display device of a modification
example of Embodiment 2. FIG. 9(a) shows the entire struc-
ture of a pixel and FIG. 9(b) shows an auxiliary capacitance
electrode.

[0038] FIG. 10 is a plan view showing a liquid crystal
display device according to Embodiment 3 of the present
invention.

[0039] FIG. 11 is an enlarged plan view showing two pixels
disposed between two data bus lines in FIG. 10.

[0040] FIG. 12 is a plan view showing a liquid crystal
display device according to Embodiment 4 of the present
invention.
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[0041] FIG. 13 shows a circuit configuration of the liquid
crystal display device in one embodiment of the present
invention, in which FIG. 13(a) shows a circuit configuration
of Embodiment 1 shown in FIG. 1, and FIG. 13(b) shows a
circuit configuration of Embodiment 5.

[0042] FIG. 14 is a plan view showing a liquid crystal
display device according to another embodiment of the
present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0043] The liquid crystal display device of one embodi-
ment of the present invention is a VA mode (CPA mode or
MVA mode, for example) liquid crystal display device that is
formed of a liquid crystal material with a negative dielectric
anisotropy, and adopts a dual scan line method. In other
words, two gate bus lines (scan lines) are provided for oneline
of pixels that are aligned in the direction in which the gate bus
line extends (horizontal direction), and each data bus line
(signal line) that extends along the vertical direction is con-
nected to both of the two pixels that are adjacent to each other
at the line of pixels. In this configuration, the data bus line is
provided for every two pixels in the line of pixels mentioned
above.

[0044] According to this liquid crystal display device, the
number of data bus lines can be decreased, and thus the
number of data drivers can be decreased, leading to reduced
manufacturing cost. Furthermore, in the frame region, the
number of wiring lines connected to the data bus line can be
reduced, thus the area where the wiring lines are provided can
be made narrow. As a result, a narrow frame region can be
realized.

[0045] Furthermore, the liquid crystal display device of one
embodiment of the present invention concentrates the areas
that need to be shielded from light in certain areas and inte-
grally shields these areas with a light-shielding member
(black matrix). Thus, two gate bus lines that are adjacent to
each other are provided for each line of pixels and are dis-
posed so as to overlap a pixel electrode (typically, so as to
cross the center of the row of pixels). In a belt-shaped area
(area between a pair of gate bus lines, for example) that
includes a pair of gate bus lines disposed in this manner, TFT
as switching elements, contact holes for connecting the TFTs
with the respective pixel electrodes, and the like can be dis-
posed. Furthermore, by integrally covering the TFTs and the
contact holes with a black matrix, the aperture ratio can be
increased compared to providing a gate bus line and a TFT in
the vicinity of a pixel.

[0046] Here, the area that should be shielded from light is
described. First, the area where the TFTs are disposed is one
example of an area that should be shielded from light. If light
is radiated through the channel portion of a TFT, a change in
characteristics occur (change in leakage current in an OFF
state, for example). In particular, if a display device is used
outdoors, external light can enter from a diagonal direction
with ease. Therefore, it is preferable that the light-shielding
region that covers the TFTs be large.

[0047] Furthermore, it is preferable that the area where the
contact hole is formed and the peripheries thereof be shielded
from light as well. At the contact hole and the peripheries
thereof, orientation disorder of liquid crystal tends to occur,
because light leakage that leads to degradation of contrast
ratio occurs easily.

[0048] Furthermore, in the liquid crystal display device, a
protruding structure is occasionally provided either as a
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columnar spacer for maintaining a cell gap (thickness of the
liquid crystal layer), or as an orientation regulation member
for liquid crystal molecules. The periphery of the protruding
structure also tends to have orientation disorder of liquid
crystals. Therefore, it is preferable that this periphery also be
shielded from light.

[0049] In this manner, a liquid crystal display device has a
plurality of areas that should be shielded from light. Accord-
ing to the configuration of one embodiment of the present
invention, two gate bus lines that are formed of a non-trans-
parent conductive material are typically provided so as to
overlap pixel electrodes, and TFTs and contact holes disposed
in the vicinity thereof are integrally shielded from light by a
black matrix. In this case, a gate bus line is provided at a
boundary of a pixel, and thus the aperture ratio can be
improved as compared to a configuration in which the TFT
and the contact hole are shielded from light separately.

[0050] Furthermore, if the protruding structure is being
provided, a configuration in which the protruding structure is
disposed in an area between two gate bus lines (where TFTs
and contact holes are formed) can be adopted, and thus there
is no need to form a separate light-shielding region for the
protruding structure. Therefore, by providing a protruding
structure, the reduction of pixel aperture ratio can be pre-
vented. Thus, in the CPA mode, the MVA mode, and the like,
if a protruding structure is formed in the center portion of a
pixel as an orientation regulation member or a columnar
spacer, the configuration mentioned above is advantageous.

[0051] In addition, in a liquid crystal display device that is
configured in this manner according to one embodiment of
the present invention, an auxiliary capacitance may be formed
with an electrode (auxiliary capacitance electrode) disposed
directly below a pixel electrode with an insulating layer ther-
ebetween. In this case, an auxiliary capacitance can be
obtained with an auxiliary capacitance electrode and a pixel
electrode, and thus it is not necessary to provide electrodes
and wiring lines to form an auxiliary capacitance in the same
layer as a gate bus line.

[0052] This auxiliary capacitance electrode has an elec-
trode portion (capacitance forming portion) in the area near
the two gate bus lines (area between the two gate bus lines, for
example), and may have an opening (or area where auxiliary
capacitance electrode does not exist) in an area towards the
outside of the capacitance forming portion corresponding to a
pixel electrode. In this configuration, the auxiliary capaci-
tance electrode may be formed with a non-transparent elec-
trode material with a relatively high conductivity such as
molybdenum, and even if the auxiliary capacitance electrode
is non-transparent, a reduction of the aperture ratio does not
occur. Signal rounding can be prevented by using a material
with relatively high conductivity compared to when ITO,
170, or the like that is a transparent electrode with relatively
low conductivity is used.

[0053] A configuration with a TFT, a contact hole, and a
protruding structure disposed adjacent to each other in a
liquid crystal display device in the CPA mode or the like is
disclosed in WO 2012/147722 by the applicant of the present
invention. However, the liquid crystal display device dis-
closed in WO 2012/147722 s different from the liquid crystal
display device of the present invention in that only one gate
bus line is provided for a line of pixels. Therefore, there are
more data bus lines therein compared to the liquid crystal
display device of the present invention adopting the dual scan
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line method. All the content disclosed in WO 2012/147722 is
incorporated by reference in the present specification.
[0054] Embodiments of the present invention are described
below with reference to figures, but the present invention is
not limited to these embodiments.

Embodiment 1

[0055] FIGS.1to 3 show a configuration of a liquid crystal
display device 100 related to Embodiment 1. The liquid crys-
tal display device 100 is a transmissive liquid crystal display
device that performs display by modulating light from aback-
light (not shown), and performs display in CPA mode. FIG. 1
is a plan view showing the main configuration of a TFT
substrate 110, and FIG. 2 is a cross-sectional view along the
line A-A in FIG. 1. Furthermore, FIG. 3 shows an enlarged
view of two pixel areas between two data bus lines 4 that are
adjacent to each other in the liquid crystal display device 100
shown in FIG. 1.

[0056] Asshown in FIG. 2, the liquid crystal display device
1001s formed of the TFT substrate 110, an opposite substrate
130, and a liquid crystal layer 120 disposed therebetween.
The liquid crystal layer 120 is formed with a liquid crystal
material having a negative dielectric anisotropy (AE<0).
[0057] Liquid crystal molecules of the liquid crystal layer
120 are oriented such that the liquid crystal molecules have a
pre-tilt angle close to 90° (more than or equal to 85° and less
than 90° when a voltage is not applied, for example) due to a
pair of vertical alignment films (not shown) provided so as to
come into contact with the liquid crystal layer 120 on the TFT
substrate 110 and the opposite substrate 130. Here, the pre-tilt
angle is the angle in the long axis direction of the liquid
crystal molecules with respect to the main surface of the
substrate.

[0058] By using the liquid crystallayer 120 that is a vertical
alignment type obtained in this manner and the polarizing
plates (not shown) that are respectively disposed in a crossed
Nicols state on the outside of the TFT substrate 110 and the
opposite substrate 130, a normally black mode can be real-
ized. There are cases in which a Y. plate (quarter wave plate)
is disposed between the respective polarizing plates and the
respective liquid crystal layers 120.

[0059] As shown in FIGS. 1 to 3, the TFT substrate 110 has
a transparent substrate 10 formed of glass or the like, a gate
busline 2 (2A, 2B) formed on the transparent substrate 10 and
a gate electrode 12, a gate insulating film 20 covering these, a
data bus line 4 and a source electrode 14 formed on the gate
insulating film 20, a drain electrode 15 provided adjacent to
the source electrode 14 with a gap therebetween, and the like.
[0060] The gate bus line 2 and the data bus line 4 extend
toward different directions (horizontal direction and vertical
direction in this embodiment), and a TFT 8 is formed near the
intersection of the two.

[0061] The TFT 8 is formed of the gate electrode 12, the
source electrode 14, the drain electrode 15, and the like. The
source electrode 14 and the drain electrode 15 are connected
to a semiconductor layer 13 disposed over the gate electrode
12 with a gate insulating film 20 therebetween. When a TFT
8 is in an ON state by applying an ON voltage to the gate
electrode 12, the source electrode 14 and the drain electrode
15 are electrically connected through the semiconductor layer
13.

[0062] IntheTFT substrate 110 ofthe present embodiment,
two gate bus lines, or a first gate bus line 2A and a second gate
bus line 2B, are provided fora group of pixels PR (hereinafter,
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also referred to as row of pixels) aligned in the horizontal
direction (ot, in the direction that the gate bus line 2 extends).
The first gate bus line 2A and the second gate bus line 2B are
parallel to each other and are disposed so as to be adjacent to
each other. In the present specification, if a gap between two
gate bus lines is smaller than a gap between one of the gate bus
lines and another gate bus line, then the aforementioned two
gate bus lines are occasionally referred to as “adjacent gate
bus lines.”

[0063] The adjacent first and second gate bus lines 2A and
2B are both disposed so as to cross the center of the row of
pixels PR. Needless to say, the respective firstand second gate
bus lines 2A and 2B may be disposed so as to extend from a
position offset from the center line of the row of pixels PR.
However, it is preferable that the center line of the gate bus
line that is right in the middle of the first gate bus line 2A and
the second gate bus line 2B and the center line of the row of
pixels PR match.

[0064] Furthermore, in the present embodiment, each pixel
has a vertically-long shape (25 pmx75 pm (WxL), for
example), and the pair of gate bus lines 2A and 2B extends so
as to cross the pixels. The configuration of the present
embodiment can be suitably applied if the pixel has a shape in
which the aspect ratio (ratio of the length of the horizontal
direction of the pixel [the direction in which the gate bus line
extends] to the length of the vertical direction thereof, or, the
vertical direction in which the gate bus line extends) is large.
By disposing two gate bus lines so as to cross a center portion
of a longer side of a pixel with a relatively narrow shape, the
areas that need to be shielded from light can be shielded
together more easily. However, the pixel does not need to have
anarrow shape and it is preferable that the aspect ratio thereof
be greater than or equal to one.

[0065] Meanwhile, the data bus line 4 extends in the verti-
cal direction and is disposed at an end (gap between adjacent
pixel electrodes 18) of the line of pixels PC aligned in the
vertical direction (hereinafter, column of pixels). Further-
more, in the liquid crystal display device 100, the data bus line
4 is provided adjacent to two pixels PXL and PXR aligned
along the horizontal direction so as to sandwich the data bus
line 4. In this configuration, the data bus line 4 is disposed at
aratio of two pixels to one data bus line for one row of pixels
PR. In other words, one data bus line 4 is provided for every
two columns of pixels PC, and the number of data bus lines is
halved compared to a conventional configuration with one
data bus line 4 for each column of pixels PC.

[0066] Inthe present configuration,a TFT 8R and a TFT 8L
located on the right side and the left side of the data bus line
4 are respectively provided for each pixel PXR and PXL
located on the right side and the left side of the data bus line
4, and these TFTs 8R and 8L are connected to the first gate bus
line 2A and the second gate bus line 2B, respectively.
[0067] Here, the TFT 8R on the right side is configured so
as to include a gate electrode 12A that is formed so as to
branch out from the first gate bus line 2A towards the bottom
(center portion of the pixel), a source electrode 14A that is
formed so as to branch out from the data bus line 4 towards the
right (center portion of the pixel), a drain electrode 15A
corresponding to the source electrode 14A, and a semicon-
ductor layer 13. Furthermore, the TFT 8L on the left side is
configured so as to include a gate electrode 12B that is formed
s0 as to branch out from the second gate bus line 2B towards
the top (center portion of the pixel), a source electrode 14B
that is formed so as to branch out from the data bus line 4
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towards the left (center portion of the pixel), a drain electrode
15B corresponding to the source electrode 14A, and a semi-
conductor layer 13.

[0068] In this manner, different gate bus lines 2A and 2B
are each connected to respective TFTs 8R and 8L that are
connected to the same data bus line 4, and thus the ON state
and OFF state of these two TFTs 8R and 8L can be controlled
independently. Therefore, even ifa common data bus line 4 is
used, a data signal can be inputted to the two TFT's 8R and 8L,
(or, two pixels PXR and PXL) independently.

[0069] Furthermore, as shown in FIG. 2, a passivation film
(SiNx film, for example) 22 that covers the TFT 8 and the
planarizing film (photosensitive organic film, for example) 24
on the passivation film 22 is formed over the TFT 8. Occa-
sionally, the passivation film 22 and the planarizing film 24
are together called a first insulating layer.

[0070] Overthefirstinsulating layer 22 and 24, an auxiliary
capacitance electrode 16 formed of a transparent or non-
transparent conductive material is provided. The auxiliary
capacitance electrode 16 is covered by a second insulating
layer (SiNx film, for example) 26, and the pixel electrode 18
is formed over the second insulating layer 26. The pixel
electrode 18 is formed with a transparent conductive material
such as ITO or I70.

[0071] Thepixel electrode 18 and the auxiliary capacitance
electrode 16 are insulated, and an auxiliary capacitance (stor-
age capacitance) is formed by the pixel electrode 18, the
auxiliary capacitance electrode 16, and the second insulating
layer 26. Furthermore, the auxiliary capacitance electrode 16,
an electrode portion (auxiliary capacitance opposite elec-
trode) of a drain connection part 15" mentioned later, and the
first insulating layers 22 and 24 sandwiched therebetween
also form an auxiliary capacitance.

[0072] As mentioned above, over the pixel electrode 18, a
vertical alignment film (not shown) that is in contact with the
liquid crystal layer 120 is formed. The vertical alignment film
controls the orientation of the liquid crystal molecules in the
liquid crystal layer 120 such that the orientation of the long
axes thereof are substantially perpendicular to the substrate
surface when voltage is not applied.

[0073] The drain electrode 15 of the TFT 8 is connected to
the pixel electrode 18 at the drain connection part 15' through
the contact hole 19. The contact hole 19 is provided so as to
penetrate the first insulating layers 22 and 24, an opening 16H
(see FIG. 4(b)) of the auxiliary capacitance electrode 16, and
the second insulating layer 26. The pixel electrode 18 is
connected to the drain connection part 15' that is exposed at
the bottom surface of the contact hole 19. Furthermore, the
contact hole 19 is formed so as to pass through the opening
16H of the auxiliary capacitance electrode 16, and thus the
auxiliary capacitance electrode 16, the pixel electrode 18, and
the TFT 8 (drain electrode 15) are electrically insulated.

[0074] An opposite substrate 130 is usually disposed
towards the viewer’s side so as to face the TFT substrate 110
described above. The opposite substrate 130 is a transparent
substrate 30 formed of glass or the like. A black matrix BM
that is a light-shielding member, a color filter CF, an opposite
electrode 32 formed of a transparent conductive material, and
the like are provided on the transparent substrate 30. Further-
more, a vertical alignment film (not shown) is provided so as
to be in contact with the liquid crystal layer 120. The black
matrix BM is formed of a black resin or a metal film, for
example.
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[0075] Furthermore, in order to operate in CPA mode, a
protruding structure 34 is provided on the opposite substrate
130 for orientation control. The protruding structure 34 is
provided in the center portion of each pixel and the liquid
crystal molecules of the liquid crystal layer 120 are oriented
around the protruding structure 34 in a radial manner when
voltage is being applied. In this manner, by using the protrud-
ing structure 34 as a structure that controls orientation, opera-
tion in CPA mode in which the liquid crystal molecules cor-
responding to the respective pixels are oriented in a radial
manner when voltage is applied becomes possible, and thus
the viewing angle characteristics can be improved.

[0076] The tip of the protruding structure 34 shown in the
drawing is located in the liquid crystal layer 120, and the
protruding structure 34 does not come into contact with the
TFT substrate 110. However, to use the protruding structure
34 as a columnar spacer to maintain the cell gap (thickness of
the liquid crystal layer 120), the protruding structure 34 may
be configured to have a height in which the tip portion thereof
comes into contact with the TFT substrate 110 or be config-
ured to have a height in which a small gap exists. The pro-
truding structure 34 (also called a rivet) provided to control
orientation has a height of 0.7 um, for example, and the
protruding structure 34 provided as a columnar spacer has a
height of 3.2 um, for example.

[0077] The height of the protruding structure 34 provided
as a columnar spacer may have a plurality of types. A shorter
spacer (sub columnar spacer: 2.7 um in height, for example)
only functions so as to maintain the cell gap if there is pres-
sure from outside, and the shorter spacer can be suitably used
for a liquid crystal display device with a touch panel or the
like to maintain the cell thickness. Furthermore, by providing
asub columnar spacer that is shorter (or that has less volume),
the generation of vacuum bubbles in the cell caused by the
difference in the shrinkage factor between the liquid crystal
layer and the spacer when temperature changes can be
reduced.

[0078] In this manner, in the present embodiment, the pro-
truding structure 34 may be provided to control orientation, or
be provided as a spacer. Of course, the protruding structure 34
may have both functions. The protruding structure 34 can be
used as a spacet, so the size of the contact hole 19 should be
a size in which the protruding structure 34 does not fall
therein.

[0079] The cross-sectional shape of the protruding struc-
ture 34 (a projection to the substrate surface in the direction
normal to the substrate) may be a regular octagon, other
polygons, a circle, an oval, or the like. It is preferable that the
protruding structure 34 be a truncated shape, and the area of
the lower bottom surface (opposite substrate 130 side) be
smaller than the upper bottom surface (TFT substrate 110
side). In other words, it is preferable that the angle of the
surface of the opposite substrate 130 to the side face of the
protruding structure 34 be smaller than 90 degrees.

[0080] Furthermore, it is preferable that the permittivity of
the columnar spacer or the rivet (protruding structure 34) be
smaller than the permittivity of the liquid crystal material
forming the liquid crystal layer 120. This is done so that the
slope aspect of the liquid crystal molecules that is prompted
by the shape of the side faces of the columnar spacer or the
rivet does not become opposite to the direction that the elec-
tric field is making the liquid crystals incline towards.
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[0081] Below, the configuration of the liquid crystal display
device 100 s further described with reference to FIGS. 4(a) to
4(c).

[0082] FIG. 4(a) shows where the TFT 8 (8R, 8L), the
contact hole 19, and the pixel electrode 18 (18R, 18L) are
disposed on the TFT substrate 110. Here, two pixels sand-
wiched by the data bus lines 4 that are provided for every two
pixels are shown. More specifically, FIG. 4(a) mainly shows
aright side pixel PXR1 of the left and right pixels PXL1 and
PXR1 connected to the data bus line 41 on the left side of the
figure, and a left side pixel PX1.2 of the left and right pixels
PX1.2 and PXR2 that are connected to the data bus line 42 on
the right side. However, the left side pixel PXL2 that is con-
nected to the data bus line 42 on the right side has virtually the
same configuration as the left side pixel PXL1 that is con-
nected to the left side data bus line 41. Thus, needless to say,
the description of the left side pixel PXL2 provided below is
also true for other left side pixels PXL1.

[0083] As shown in FIG. 4(a), in the present embodiment,
the TFT 8R connected to the first gate bus line 2A and the
pixel electrode 18R are connected through the contact hole 19
in the right side pixel PXR1 that is connected to the data bus
line 41 on the left side. Furthermore, the TFT 8L that is
connected to the second gate bus line 2B and the pixel elec-
trode 18L are connected through the contact hole 19 in the left
side pixel PXL2 connected to the data bus line 42 on the right
side.

[0084] Allofthe TFTs 8R and 8L are disposed between the
two gate bus lines 2A and 2B that are adjacent to each other.
Furthermore, the contact hole 19 for connecting the TFTs §R
and 8L with the respective pixel electrodes 18R and 18L are
disposed so as to be sandwiched between the two gate bus
lines 2A and 2B that are adjacent to each other.

[0085] As mentioned above, the two gate bus lines 2A and
2B that are adjacent to each other extend so as to cross the
center portion of the row of pixels, and thus the TFTs 8R and
8L and the contacthole 19 that are sandwiched by the two gate
bus lines 2A and 2B are disposed so as to be adjacent to the
center portion of the row of pixels PR. Therefore, as shown in
FIG. 4(c), thetotal area of light shielding can be reduced if the
TFTs 8R and 8L and the contact hole 19 are integrally
shielded by the black matrix BM formed on the opposite
substrate 130 instead of shielding TFTs and contact holes
provided in separate locations. Due to this, the black matrix
BM has a central light shielding portion BMR that integrally
covers the TFT 8R and the contact hole 19 in the center
portion of the right side pixel PXR1, and a central light
shielding portion BML that integrally covers the TFT 8L and
the contact hole 19 in the center portion of the left side pixel
PX1.2.

[0086] Furthermore, as shown in FIG. 4(c), the liquid crys-
tal display device 100 has a protruding structure 34 that is an
orientation control member, a columnar spacer, or both pro-
vided in the center portion of the pixel. The area in which the
protruding structure 34 has been provided also tends to have
orientation disorder, and is an area that tends to have degra-
dation of contrast ratio. If the black matrix BM has a light-
shielding portion that shields the TFT 8 and the contact hole
19 at the center portion of a pixel as in the liquid crystal
display device 100, then there is no need to provide a separate
light-shielding portion for the protruding structure 34, and
thus the pixel aperture ratio can be improved.

[0087] Inthisconfiguration, as shown in FIG. 3 and the like,
when seen from the direction normal to the TFT substrate
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110, the protruding structure 34 is disposed such that the TFT
8 and the contact hole 19 at least partially overlap. In this
manner, the protruding structure 34, the TFT 8, and the con-
tacthole 19 are disposed so as to be adjacent, and by integrally
covering these with the central light-shielding portions BMR
or BML of the black matrix BM, the aperture ratio can be
improved.

[0088] Furthermore, the black matrix BM may be formed
so as to integrally cover the two TFTs 8R and 8L that are
sandwiched by two data bus lines that are adjacent to each
other and the two contact holes 19 (or, such that the central
light-shielding portion BMR and the central light shielding
portion BML are continuous). In the present embodiment,
each of the areas that should be shielded from light in the
respective plurality of pixels are concentrated ina belt-shaped
area that passes through the center portion of each pixel.
Therefore, the black matrix BM can integrally cover these
with ease. The black matrix BM does not have to only cover
these two TFTs 8R and 8L and the two contact holes 19, but
as shown in FIG. 4(c), the black matrix BM may have a
belt-shaped light-shielding portion that integrally covers a
plurality of TFTs 8 and contact holes 19 that are disposed in
the area (center portion of a row of pixels) sandwiched by the
two adjacent gate bus lines 2A and 2B. However, outside the
belt-shaped light-shielding region, the black matrix BM is
provided with an opening BMP at a location corresponding to
the pixel electrode 18.

[0089] The black matrix BM shown in FIG. 4(c) has a
light-shielding portion that covers the data bus line 4. This
light-shielding portion is there to avoid mixed colors from
occurring when there is a deviation in position when the TFT
substrate 110 and the opposite substrate 120 are bonded.
Furthermore, the response speed of the liquid crystal mol-
ecules in areas that are far from the protruding structure 34
(periphery of a pixel) tends to be slow, and tends to cause
residual images. The occurrence of residual images can be
suppressed by shielding the periphery area of a pixel from
light with the light-shielding portion.

[0090] Next, the configuration of the auxiliary capacitance
electrode 16 will be described with reference to FIG. 4(b) and
the like.

[0091] The auxiliary capacitance electrode 16 has a main
capacitance forming portion 16a for forming an auxiliary
capacitance between the auxiliary capacitance electrode 16
and the pixel electrode 18 in the center portion of a pixel (or,
the area where the TFT 8 and the contact hole 19 are provided
that needs to be shielded from light). The main capacitance
forming portion 16a can also form an auxiliary capacitance
between the auxiliary capacitance electrode 16 and the elec-
trode portion near the drain connection part 15'.

[0092] Furthermore, in the auxiliary capacitance electrode
16, an opening 16H for the contact hole is provided at a
location corresponding to the contact hole 19. Due to this, the
auxiliary capacitance electrode 16 and the pixel electrode 18
can be insulated. Furthermore, the pixel opening 16P is pro-
vided towards the outside of the main capacitance forming
portion 16a, in the area corresponding to the pixel electrode
18. In other words, the auxiliary capacitance electrode 16 has
a shape that overlaps with only a portion of the pixel electrode
18.

[0093] Inthis manner, if the auxiliary capacitance electrode
16 has the main capacitance forming portion 16a that has a
shape corresponding to the area that should be shielded from
light (area that is covered by BM) and a pixel opening 16P
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outside the main capacitance forming portion 16a, then even
if the auxiliary capacitance electrode 16 is formed of a metal
with light-shielding characteristics, hardly any reduction of
the pixel aperture ratio occurs. Therefore, the auxiliary
capacitance electrode 16 does not need to be formed of a
transparent electrode material such as ITO or IZO.

[0094] As a result, the auxiliary capacitance electrode 16
can be formed of a metal that has relatively high conductivity
and that is non-transparent such as molybdenum (Mo), cop-
per (Cu), aluminum (Al), titanium (T1), tungsten (W), silver
(Ag), or an alloy of these metals. Furthermore, the auxiliary
capacitance electrode 16 may be formed by layering these
metal films. Specifically, a multilayer film of Mo (80 nm in
thickness)/Al (20 nm in thickness) or a single layer film of Mo
(100 nm in thickness) can be used. The sum of the film
thickness is set to be between 20 nm and 450 nm, for example.
[0095] Furthermore, the auxiliary capacitance electrode 16
may be formed by layering a metal film and a transparent
conductive film. In this case, Mo, Cu, Al, Ti, W, Ag, or the
like, or an alloy of these metals can be used as a metal film,
and ITO, IZO, or the like can be used as a transparent elec-
trode. Specifically, a multilayer film of Mo (20 nm in thick-
ness)/ITO (50 nm in thickness) can be used, for example.
[0096] If the auxiliary capacitance electrode 16 is formed
by stacking the metal film (non-transparent conductive film)
and the transparent conductive film, then the metal film may
be patterned to have a shape with the opening 16P as shown in
FIG. 4(4), and the transparent conductive film may be formed
so as to spread across the entire pixel (or the entire display
region).

[0097] As described above, in the liquid crystal display
device 100 of the present embodiment, the auxiliary capaci-
tance electrode 16 that is non-transparent and formed of an
electrode material with high conductivity can be formed, and
thus signal rounding when a voltage is applied to the auxiliary
capacitance electrode 16 can be suppressed across the display
region. In particular, when the display region is large, the
auxiliary capacitance electrode 16 having high conductivity
is advantageous in preventing signal rounding.

[0098] Recently, a driving method in which the same volt-
age applied to the opposite electrode 32 is applied to the
auxiliary capacitance electrode 16 for each row of pixels after
changing the polarity, for example, is being widely used. If
the voltage applied to the auxiliary capacitance electrode 16
varies often in this manner, it is preferable that the auxiliary
capacitance electrode 16 be formed of an electrode material
with high electrical conductivity.

[0099] The main capacitance forming portion 16a may be
formed so as to overlap the two gate bus lines 2 in the center
of the pixel. In this case, the main capacitance forming por-
tion 16a exists between the gate bus line 2 and the pixel
electrode 18. As a result, the electric field between the pixel
electrode 18 and the gate bus line 2 can be shielded. There-
fore, the parasitic capacitance that may occur between the
gate bus line 2 and the pixel electrode 18 may be reduced.
[0100] Furthermore, the auxiliary capacitance electrode 16
may have a vertical connecting part 165 that extends verti-
cally and a horizontal connecting part 16¢ that extends hori-
zontally. A portion of the vertical connecting part 165 is
disposed to overlap the data bus line 4 so that the electric field
between the pixel electrode 18 and the data bus line 4 can be
shielded. As a result, the parasitic capacitance that can form
between the data bus line 4 and the pixel electrode 18 can be
reduced. Furthermore, by providing a horizontal connecting
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part 16¢, the area of the auxiliary capacitance electrode 16 can
be increased and the conductivity thereof can be improved.
However, it is possible to omit the vertical connecting part
165 and the horizontal connecting part 16¢.

[0101] Below, aconfiguration of the TFT substrate 110 and
the frame region R2 is described.

[0102] FIG. 5 shows the display region (pixel arrangement
region) R1 and the non-display region (frame region) R2 that
is provided outside of the display region R1 on the TFT
substrate 110. The frame region R2 is provided with a data
driver 4D connected to the data bus line 4 and a gate driver 2D
that is connected to the gate bus line 2.

[0103] In the TFT substrate 110, at the frame region R2
located at the left and right sides of the TFT substrate 110, the
gate driver 2D is formed directly (monolithically) on the TFT
substrate 110. The circuit that is the gate driver 2D can be
formed using the steps of forming the gate bus line 2, the data
bus line 4, the semiconductor layer 13 of the TFT 8, the
first/second insulating layer, or the like, without adding steps.
The gate driver 2D formed in this manner is connected to a
gate driver driving signal wiring line 2' and is driven through
a terminal portion by a driving device provided outside of the
TFT substrate.

[0104] Furthermore, the frame region R2 located on the
bottom side of the TFT substrate 110 is provided with the data
driver 4D. The data driver 4D is formed with an IC chip or the
like and is mounted on the TFT substrate 110, for example. As
mentioned above, the number of data bus lines 4 of the TFT
substrate 110 is half compared to a configuration of a con-
ventional TFT substrate that does not use the dual scan line
method. As a result, the number of data drivers 4D, which
have a relatively higher cost, can be reduced, and thus a liquid
crystal display device can be manufactured at a lower cost.
[0105] Furthermore, the frame region R2 of the TFT sub-
strate 110 is provided with an auxiliary capacitance electrode
main line 6. The auxiliary capacitance electrode main line 6 is
used to supply a prescribed voltage to the auxiliary capaci-
tance electrode 16. This auxiliary capacitance electrode main
line 6 may be used to supply voltage to the opposite electrode
32. In other words, the same voltage may be applied to the
auxiliary capacitance electrode 16 and the opposite electrode
32 through the auxiliary capacitance electrode main line 6.
[0106] FIG. 6 shows a modification example of a TFT
substrate 112. As opposed to the TFT substrate 110 shown in
FIG. 5, the TFT substrate 112 is provided with the gate driver
2D by mounting an IC chip or the like on the frame region R2
at the right side of the TFT substrate 112. In this manner, an
appropriate form can be adopted for the positioning of the
gate driver 2D.

[0107] Furthermore, as shown in FIG. 1, in the liquid crys-
tal display device 100 of the present embodiment, the position
of the contacthole 19 in a pixel differs depending on the pixel,
and thus the relative position with the protruding structure 34
located in the center portion of the pixel differs. In this case,
advantages described below can be obtained.

[0108] There are cases in which the relative position of the
protruding structure (columnar spacer) 34 and the contact
hole 19 changes from the prescribed position due to position
change during the step of bonding the opposite substrate 130
to the TFT substrate 110, or the step of forming the protruding
structure 34 that is a columnar spacer on the opposite sub-
strate 130. In this case, if the relative position of the protrud-
ing structure 34 and the contact hole 19 is the same in all
pixels, then if a position change occurs in a specific direction,
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the area of the protruding structure 34 in contact with the TFT
substrate 110 changes greatly. As a response to this, by having
a plurality of forms with different relative positions, when
mass production or the like takes place, then even if different
degrees of position change occurs during each manufacturing
step, fluctuations in the contact area of the protruding struc-
ture 34 can be prevented.

[0109] In the configuration described above, the light
shielded regions with low contribution to display are arranged
together in the region in the center of a pixel. As a result, these
regions can be shielded from light more efficiently compared
to a case in which these regions are dispersed. By arranging
these regions to be adjacent to each other, light leakage can be
suppressed and the contrast ratio can be improved while
improving the aperture ratio of the pixels. In the present
embodiment, if the protruding structure 34 for controlling
orientation is disposed in the center portion of a pixel to
realize CPA mode, a high pixel aperture ratio can be achieved.
[0110] Furthermore, by providing the auxiliary capacitance
electrode 16 between the TFT 8 and the pixel electrode 18,
and by having a portion of the auxiliary capacitance electrode
16 exist between the data bus line 4, the gate bus line 2 and the
pixel electrode 18, the electric field generated therebetween
can be shielded, and a high display quality with minimal
influence from flickering and shadowing can be obtained.
Furthermore, by forming the auxiliary capacitance electrode
16 with a metal that is non-transparent and has high conduc-
tivity, even if the display region is large, a high display quality
can be obtained without lowering the aperture ratio and being
affected by flickering and shadowing.

Embodiment 2

[0111] FIGS. 7 and 8 show a liquid crystal display device
200 of Embodiment 2. The liquid crystal display device 200
of the present embodiment is different from the liquid crystal
display device 100 of Embodiment 1 in that the present
embodiment uses a fishbone-like pixel electrode 28 as a pixel
electrode and that display takes place in the MVA mode.
Constituting elements that are shared with Embodiment 1
will be assigned the same reference characters, and duplicate
explanations will be avoided.

[0112] As shown in FIG. 8, the fishbone-like pixel elec-
trode 28 has a plurality of narrow electrode portions (branch
electrodes) that extend in the directions of azimuthal angles
45°, 135°, 225°, and 315°. Between the narrow electrode
portions 285, a narrow cutout (slit) 28¢ that extends in the
corresponding direction is provided. Furthermore, the respec-
tive narrow electrode portions 285 are connected to a back-
bone portion (trunk portion) that extend along the vertical
direction (direction in which the data bus line extends).

[0113] The direction in which the narrow electrode portion
285 (or the slit 28¢) extends differs among the four regions Al
to A4 determined by vertically and horizontally dividing a
pixel in four. These four regions Al to A4 correspond to the
four liquid crystal orientation regions (liquid crystal
domains) Al to A4 in a single pixel. The orientation state of
the liquid crystal molecules within the respective regions are
the same and the orientation state of the liquid crystal mol-
ecules differ among different domains.

[0114] Specifically, when a voltage is applied between the
pixel electrode 28 and the opposite electrode 32 (see FIG. 2),
in the respective domains Al to A4, the liquid crystal mol-
ecules are aligned so as to be parallel with the direction in
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which the slit 28¢ extends and such that the upper edge
portion of the liquid crystal molecules tilt towards the inside
of the pixel.

[0115] Furthermore, a protruding structure 34 is also pro-
vided in the center portion of the pixels in the liquid crystal
display device 200. The protruding structure 34 can also be
used to control orientation in this MVA mode liquid crystal
display device 200. Details are explained below.

[0116] The protruding structure 34 is in a regular octagon
shape or the like in a plan view with four sides that are
substantially perpendicular to the respective orientation
direction (azimuthal angles 45°, 135°, 225°, 315°) of the
liquid crystal molecules in each domain Al to A4. Further-
more, the protruding structure 34 has a truncated shape in
which the angle of the surface of the opposite substrate 130 to
the side face of the protruding structure 34 is smaller than 90
degrees.

[0117] Because the vertical alignment film is also formed
on the side face of the protruding structure 34, the protruding
structure 34 also controls the orientation of the liquid crystal
molecules. The direction of the orientation control (direction
in which the liquid crystal molecules tilt) is the direction
perpendicular to a side face of the protruding structure 34.
[0118] The liquid crystal molecules in the domains Al to
A4 surrounding the protruding structure 34 attempts to be
horizontally oriented to the protruding structure 34, but
because the side face of the protruding structure 34 has a face
that is perpendicular to the orientation direction of the liquid
crystal molecules, the direction in which the orientation
direction is controlled by the protruding structure 34 and the
direction in which the orientation direction is controlled by
the domains Al to A4 matches (or the two directions are
close). Furthermore, the orientation direction of the boundary
region (or the liquid crystal molecules on the backbone por-
tion 284) of the domains Al to A4 in which the orientation
direction of the liquid crystal molecules is unstable can be
directed towards the protruding structure 34. Thus, an orien-
tation disorder is less likely to occur, and a display with
excellent transmittance, contrast ratio, or viewing angle char-
acteristics can be obtained.

[0119] Furthermore, a high quality display can be provided
by preventing transmittance from being different for each
domain and the occurrence of roughness or the like. In this
manner, when a plurality of domains around the center of the
pixel region are determined by the pixel electrode 28, it is
suitable to dispose a protruding structure 34 in the center of
the pixel region so that orientation disorder is less likely to
occur.

[0120] Tt is preferable that the orientation direction of the
liquid crystal molecules of the respective domains Al to A4
have an azimuthal angle of 45° to the polarizing axis of the
polarizing plate (the three to nine o’clock direction and
twelve to six o’clock direction) disposed on the outside of the
liquid crystal panel.

[0121] Next, the auxiliary capacitance electrode 16 of the
liquid crystal display device 200 is described. In the present
embodiment, the auxiliary capacitance electrode 16 has a
similar shape to the shape shown in FIG. 4(5), and the auxil-
iary capacitance is formed of the main capacitance forming
portion 16a disposed in the center portion of the pixel and of
the center portion of the pixel of the fishbone-like pixel elec-
trode 28. Here, as shown in FIG. 8, the center portion of a
pixel of the fishbone-like pixel electrode 28 does not have the
slit 28¢. Thus, a relatively large (or, similar to the liquid
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crystal display device 100 in Embodiment 1) auxiliary
capacitance can be formed in the center portion of the pixel
between the fishbone-like pixel electrode 28 and the main
capacitance forming portion 16a of the auxiliary capacitance
electrode.

[0122] FIGS. 9(a) and 9(b) show a configuration of a liquid
crystal display device 202 that is a modification example with
adifferent form of auxiliary capacitance electrode 16' formed
so as to correspond to the fishbone-like pixel electrode 28.
[0123] Thebackbone portion 28a of the fishbone-like pixel
electrode 28 is positioned at the boundary of the liquid crystal
domain Al to A4, and the liquid crystal molecules disposed
on the backbone portion 28a do not contribute much to the
display. Thus, as shown in FIG. 9(b), the auxiliary capaci-
tance electrode 16' may be provided with an additional
capacitance forming portion 164 provided along the back-
bone portion 284 so as to overlap (or, so as to pass through the
center of the pixel opening 16P) the backbone portion 28a.
[0124] Theauxiliary capacitance electrode 16' in this modi-
fication example of the liquid crystal display device 202 may
be formed of a non-transparent metal (molybdenum or the
like). This is because the additional capacitance forming por-
tion 164 is disposed below the backbone portion 28a and
therefore does not greatly lower the display quality.

[0125] By providing the capacitance forming portion 164
below the backbone portion 28a. an additional auxiliary
capacitance is formed between the fish bone portions 284 and
thus a larger auxiliary capacitance can be secured.

[0126] Next, a configuration using PSA (polymer sustained
alignment) technology is explained.

[0127] PSA technology has an orientation maintaining
layer to control the orientation direction of liquid crystal
molecules when voltage is not applied. The orientation main-
taining layer is typically formed as a polymer layer by pho-
topolymerization of a photopolymerizable monomer that has
been mixed into liquid crystal material beforehand, and this
photopolymerization typically occurs when voltage is being
applied to the liquid crystal layer after the liquid crystal cells
have been formed. Depending on the orientation maintaining
layer, when a voltage is not applied to the liquid crystals, it is
possible to maintain (store) a pre-tilt angle slightly tilted (2°
to 3°, for example) from a direction perpendicular to the
substrate face and an orientation direction. As a result, the
response speed of the liquid crystal orientation when voltage
is applied can be improved.

[0128] As in the present embodiment, it is preferable that
the orientation direction of the liquid crystal molecules
prompted by the slit 28¢ of the pixel electrode 28, and the
orientation direction ofthe liquid crystal molecules prompted
by the protruding structure 34 be similar. In this case, when
PSA processing takes place, the orientation of the liquid
crystal can be maintained at a desired orientation more reli-
ably, and roughness and unevenness in the manufactured
liquid crystal display device due to PSA processing can be
suppressed. Furthermore, because the response speed can be
improved, an orientation anomaly that occurs when a liquid
crystal panel surface is pressed by a finger or the like can be
returned to the normal orientation quicker. As a result, this is
suitable when a touch panel or the like is provided on the
surface of the liquid crystal panel.

[0129] PSA technology can not only be used together with
the fishbone-like pixel electrode 28, but can also be used in
the CPA mode liquid crystal display device 100 of Embodi-
ment 1, and can achieve improved response speed.
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Embodiment 3

[0130] FIGS.10and 11 show aliquid crystal display device
300 of Embodiment 3. The liquid crystal display device 300
of the present embodiment is different from the liquid crystal
display device 100 of Embodiment 1 in that a light-shielding
member 44 is provided between two adjacent data bus lines
41 and 42 at a boundary of two pixels PX1 and PX2 that are
adjacent to each other in the horizontal direction.

[0131] In this manner, typically, by forming the light-
shielding member 44 in the same step with the same material
as a gate bus line 2 or a data bus line 4 (a light-shielding
member formed in this manner is sometimes called a dummy
electrode) in portions where there is no data bus line 4, the
following advantages can be obtained.

[0132] There are cases in which during the photolithogra-
phy step to form a pixel electrode 18, the pixel electrode 18
deviates greatly towards the right side to the data bus line 4
(or, the pixel electrode of the left side pixel PXL2 deviates so
much that it overlaps the data bus line 42), and an opposite
substrate 130 (BM) is also bonded with similar deviations. If
the light-shielding member 44 does not exist at this point, the
pixel electrode of the right side pixel PXR1 and the data bus
line 41 do not overlap, so the aperture ratio thereof does not
decrease, but the aperture ratio of the left side pixel PXL2
decreases. In order to minimize the difference in aperture
ratio between the two pixels PXL1 and PXL.2 adjacent to each
other in the horizontal direction between adjacent data bus
lines 41 and 42, it is preferable that the light-shielding mem-
ber 44 for adjusting the aperture ratio be provided.

[0133] A configuration in which the light-shielding mem-
ber 44 is provided is especially effective in cases where the
auxiliary capacitance electrode 16 is formed of a transparent
electrode material (ITO or the like). If the auxiliary capaci-
tance electrode 16 is formed of a non-transparent electrode
material, by forming the auxiliary capacitance electrode 16 so
as to have a vertical connecting part 165 (see FIG. 4(b)), the
vertical connecting part 165 can function similarly to the
light-shielding member 44.

[0134] The light-shielding member (dummy electrode) 44
described above does not need to be provided so as to be
separate from the data bus lines 41 and 42. The data bus lines
41 and 42 and the dummy electrode 44 may be electrically
connected through a branched portion of the data bus line that
extends in the horizontal direction between two pixels aligned
in the vertical direction, for example. However, needless to
say, the dummy electrode 44 is only connected to one of the
adjacent data bus lines 41 and 42.

Embodiment 4

[0135] FIG. 12 shows a TFT substrate 410 provided in a
liquid crystal display device of Embodiment 4. The TFT
substrate 410 is different from the configuration shown in
FIGS. 5§ and 6 in that the data driver and the gate driver are
integrally formed. This integrated driver 2D4D is disposed on
the right side of the TFT substrate 410. In this type of con-
figuration, the width of the other three frame regions of the
TFT substrate 410 can be made narrower.

[0136] In a configuration in which the integrated driver
2D4D is provided on one side of the TFT substrate 410, an
auxiliary capacitance electrode main line 6 may be provided
so as to connect to an external circuit of the TFT substrate 410
through a region where the integrated driver 2D4D is
mounted. Furthermore, in a case in which the integrated
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driver 2D4D supplies a signal to the auxiliary capacitance
electrode main line 6, the auxiliary capacitance electrode
main line 6 and the integrated driver 2D4D may be directly
connected.

Embodiment 5

[0137] FIG. 13(a) shows a circuit configuration corre-
sponding to the liquid crystal display device 100 of Embodi-
ment 1, and FIG. 13(b) shows a circuit configuration of a
liquid crystal display device 500 of Embodiment 5.

[0138] In the liquid crystal display device 100 of Embodi-
ment 1, TFTs 8R and 8L of two pixels (two pixels aligned in
the horizontal direction) sandwiched between two adjacent
data bus lines 4 were connected to different gate bus lines 2A
and 2B.

[0139] However, as in the liquid crystal display device 500
of Embodiment 5, two TFTs 8R and 8L that are sandwiched
between two adjacent data bus lines 4 may be connected to the
same gate bus line (first gate bus line 2A, for example).
However, the TFTs 8L and 8R of the left and right pixels
connected to the common data bus line 4 (or, the two TFTs 8L
and 8R that are aligned in the horizontal direction with the
data bus line 4 therebetween) are connected to different gate
bus lines 2A and 2B, respectively.

[0140] Even with this type of configuration, in the respec-
tive pixels, the gate bus lines are provided so as to cross a
pixel, and by disposing the TFT and the contact hole so as to
be adjacent between the two gate bus lines, for example, and
by integrally shielding these from light with a black matrix,
the pixel aperture ratio can be improved.

[0141] Embodiments of the present invention has been
described above, but the present invention may have other
various configurations.

[0142] AsshowninFIG. 14, a pair of adjacent gate bus lines
2A" and 2B' provided for each horizontal row of pixels PR
may have a portion that is bent.

[0143] In the configuration shown in FIG. 14, the TFTs 8L
and 8R and the contact hole 19 are not disposed so as to be
sandwiched between the gate bus line 2A" and 2B'. However,
even in the present embodiment, it is preferable that the TFT
8L and 8R and the contact hole 19 be arranged in the area
sandwiched by line portions 2AE and 2BE that are located
furthest towards the outside of the respective gate bus lines
2A" and 2B', or namely, in a belt-shaped region BR that
extends in the center portion of the column of pixels.

[0144] According to this type of configuration, the gate bus
lines 2A"and 2B', the TFT's 8L and 8R, and the contact hole 19
(including the protruding structure 34 of the present embodi-
ment) are disposed so as to be adjacent. Thus, itis possible to
integrally cover these with the black matrix BM as shown in
FIG. 4(c). As a result, the aperture ration can be improved
more than if the respective areas that should be shielded from
light (and portions formed of a light-shielding material) are
disposed in separate locations.

[0145] Furthermore, inthe configuration shown in FIG. 14,
the opening 16H' for the contact hole in the auxiliary capaci-
tance electrode 16 is linked to a pixel opening 16P where the
contact hole 19 is formed in the edge portions of the belt-
shaped region BR. In the present specification, the opening
16H' for the contact hole provided in the auxiliary capaci-
tance electrode 16 may be connected to another opening 16P
in this manner, and thus may be formed as a cutout portion.

[0146] Furthermore, as another configuration, the color fil-
ter CF and the black matrix BM may be provided on the TFT
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substrate 110 without providing them on the opposite sub-
strate 130. The black matrix BM may be disposed at an
appropriate location towards the outside of the liquid crystal
layer 120. Furthermore, the protruding structure 34 that is
used as an orientation regulating protrusion, a columnar
spacer, or the like does not need to be formed on the opposite
substrate 130 and may be provided on the TFT substrate 110.
[0147] Furthermore, a case in which the pixels are aligned
in the horizontal direction or the vertical direction has been
described above, but the pixels may be aligned in a delta
pattern. If a delta pattern is adopted, then for each row of
pixels, the orientation of the pixels is shifted by half a pixel
pitch, and the data bus line is extended in a crank-like shape,
but by disposing two adjacent gate bus lines so as to cross a
center portion of the pixels, a configuration with a similar
configuration to the embodiment described above can be
achieved. Furthermore, by having the periphery of the pixel
electrode or the like as a reflective electrode, a transflective
liquid crystal display device can be configured.

[0148] Furthermore, as disclosed in WO 2012/147722, not
only the pixel electrode directly connected to the TFT, but a
sub pixel in a floating state that is connected through a cou-
pling capacitance may be provided to form a multi-pixel
configuration.

INDUSTRIAL APPLICABILITY

[0149] Theliquid crystal display device in one embodiment
of the present invention is widely used in various liquid crys-
tal display devices and small-sized/high resolution display
devices used in smartphones.

DESCRIPTION OF REFERENCE CHARACTERS

[0150] 100 liquid crystal display device

[0151] 110 TFT substrate

[0152] 120 liquid crystal layer

[0153] 130 opposite substrate

[0154] 2 gate bus line

[0155] 2A first gate bus line

[0156] 2B second gate bus line

[0157] 4,41, 42 data bus line

[0158] 6 auxiliary capacitance electrode main line
[0159] 8, 8R, 8L TFT (thin film transistor)
[0160] 10, 30 transparent substrate

[0161] 12 gate electrode

[0162] 14 source electrode

[0163] 15 drain electrode

[0164] 15' drain connection part

[0165] 16 auxiliary capacitance electrode
[0166] 18, 28 pixel electrode

[0167] 19 contact hole

[0168] 20 gate insulating film

[0169] 22 passivation film (first insulating film)
[0170] 24 planarizing film (first insulating film)
[0171] 26 second insulating layer

[0172] 32 opposite electrode

[0173] 34 protruding structure

[0174] PXR, PXL pixel

[0175] PR row of pixels

[0176] PC column of pixels

[0177] BM black matrix (light-shielding member)
[0178] CF color filter
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1. A liquid crystal display device, comprising:

a thin film transistor substrate;

an opposite substrate;

a liquid crystal layer disposed between the thin film tran-
sistor substrate and the opposite substrate, the liquid
crystal layer being formed of liquid crystal material
having a negative dielectric anisotropy; and

a black matrix disposed on an outside of the liquid crystal
layer, the black matrix having light-shielding charactet-
istics,

wherein the thin film transistor substrate includes:

a first gate bus line extending along a first direction, and
a second gate bus line extending parallel and adjacent
to the first gate bus line;

a first data bus line extending along a second direction
that intersects with the first direction;

afirst thin film transistor and a second thin film transistor
that are respectively connected to the first gate bus line
and the second gate bus line and that are both con-
nected to the first data bus line, the first thin film
transistor and the second thin film transistor being
disposed along the first direction side-by-side; and

a first pixel electrode and a second pixel electrode that
are respectively connected to the first thin film tran-
sistorand the second thin film transistor through a first
contact hole and a second contact hole, respectively,
the first pixel electrode and the second pixel electrode
being disposed along the first direction side-by-side,

wherein, when seen from a direction normal to the thin film
transistor substrate, the first gate bus line and the second
gate bus line cross the first pixel electrode and the second
pixel electrode and are disposed so as to overlap the first
pixel electrode and the second pixel electrode, and

wherein the black matrix has a first inter-pixel light-shield-
ing portion that covers both the first thin film transistor
and the first contact hole and a second inter-pixel light-
shielding portion that covers both the second thin film
transistor and the second contact hole.

2. The liquid crystal display device according to claim 1,
wherein the first thin film transistor, the second thin film
transistor, the first contact hole, and the second contact hole
are disposed so as to be sandwiched between the first gate bus
line and the second gate bus line in a plan view.

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

wherein the thin film transistor substrate further comprises:

afirstinsulating layer formed on the first thin film transistor
and the second thin film transistor;

an auxiliary capacitance electrode formed on the first insu-
lating layer, said auxiliary capacitance electrode having,
for each of the first contact hole and the second contact
hole, at least one opening corresponding thereto; and

a second insulating layer formed on the auxiliary capaci-
tance electrode and formed below the first pixel elec-
trode and the second pixel electrode,

wherein the first contact hole and the second contact hole
penetrate the first insulating layer, the opening in the
auxiliary capacitance electrode, and the second insulat-
ing layer.

4. The liquid crystal display device according to claim 3,
wherein the auxiliary capacitance electrode includes a first
portion that overlaps the first inter-pixel light-shielding por-
tion of the black matrix, a second portion that overlaps the
second inter-pixel light-shielding portion of the black matrix,
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and an opening that overlaps the first pixel electrode and the
second pixel electrode outside of said first portion and said
second portion.

5. The liquid crystal display device according to claim 4,
wherein the auxiliary capacitance electrode is formed of a
non-transparent conductive material.

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

at least one protruding structure provided between the thin
film transistor substrate and the opposite substrate,

wherein said at least one protruding structure overlaps at
least one of the first inter-pixel light-shielding portion
and the second inter-pixel light-shielding portion of the
black matrix when seen from the direction normal to the
thin film transistor substrate.

7. The liquid crystal display device according to claim 6,
wherein said at least one protruding structure is at least either
of a protruding structure formed as an orientation regulating
structure or a protruding structure formed as a columnar
spacer.

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

wherein said at least one protruding structure further com-
prises:

a first protruding structure that is located in a center portion
of the first pixel electrode and overlaps the first inter-
pixel light-shielding portion when seen from the direc-
tion normal to the thin film transistor substrate,

a second protruding structure that is located in a center
portion of the second pixel electrode and overlaps the
second inter-pixel light-shielding portion when seen
from the direction normal to the thin film transistor
substrate.

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

wherein the first protruding structure is disposed so as to at
least partially overlap the first thin film transistor and the
first contact hole when seen from the direction normal to
the thin film transistor substrate, and

wherein the second protruding structure is disposed so as to
at least partially overlap the second thin film transistor
and the second contact hole when seen from the direc-
tion normal to the thin film transistor substrate.

10. The liquid crystal display device according to claim 8,
wherein the first protruding structure and the second protrud-
ing structure respectively control the orientation of liquid
crystal molecules in the liquid crystal layer such that the
liquid crystal molecules are respectively oriented around the
first protruding structure and the second protruding structure
in a radial manner when voltage is applied.

11. The liquid crystal display device according to claim 1,
wherein the first pixel electrode and the second pixel elec-
trode respectively include a plurality of first branch electrodes
that extend in a third direction, a plurality of second branch
electrodes that extend in a fourth direction, a plurality of third
branch electrodes that extend in a fifth direction, and a plu-
rality of fourth electrodes that extend in a sixth direction, said
third direction, said fourth direction, said fifth direction, and
said sixth direction being different from each other.

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

wherein the thin film transistor substrate further comprises:

a second data bus line that extends along the second
direction and that is adjacent to the first data bus line;
and
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a pair of thin film transistors and a pair of pixel elec-
trodes that are connected to the second data bus line
and arranged along the first direction,

wherein one of the first pixel electrode and the second pixel
electrode connected to the first data bus line and one of
the pair of pixel electrodes connected to the second data
bus line are arranged along the first direction so as to be
sandwiched between the first data bus line and the sec-
ond data bus line.

13. The liquid crystal display device according to claim 12,
wherein the thin film transistor substrate further includes a
light-shielding member that extends along the second direc-
tion in a gap between the two pixel electrodes that are sand-
wiched between the first data bus line and the second data bus
line.

14. The liquid crystal display device according to claim 13,
wherein the light-shielding member is formed of a same
material as the first data bus line and the second data bus line
or asame material as the first gate bus line and second gate bus
line.

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

a data driver connected to the first data bus line and a gate
driver connected to the first gate bus line and the second
gate bus line,

wherein the data driver and the gate driver are formed so as
to be adjacent or formed integrally in a periphery of a
display region.
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