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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device which operates in a VA mode.

BACKGROUND ART

[0002] As a display device such as a display device of a
thin-screen television or a personal computer, or a small dis-
play device for a cellular phone or a smart phone, an active
matrix liquid crystal display device which uses a thin film
transistor (TFT: Thin Film Transistor) as a switching element
is widely utilized. In addition to conventional TN liquid crys-
tal display devices, other types of liquid crystal display
devices such as liquid crystal display devices utilizing a VA
(Vertical Alignment) mode as a vertical alignment mode or an
IPS (In-Plane-Switching) mode as a horizontal electric field
mode have been developed.

[0003] As a liquid crystal display device of VA mode, a
liquid crystal display device of MVA (Multi-domain Vertical
Alignment) mode, a liquid crystal display device of CPA
(Continuous Pinwheel Alignment) mode, and the like are
known. In the liquid crystal display device of MVA mode,
multiple domains in which orientation directions of liquid
crystal molecules are mutually different are formed in one
pixel. In the liquid crystal display device of CPA mode, ori-
entation directions of liquid crystal molecules are continu-
ously varied around a rivet or the like formed on an electrode
in the center portion of a pixel.

[0004] For example, Patent Document No. 1 describes a
liquid crystal display device comprising a plurality of pro-
jecting structures in a pixel region and operating in a VA
mode. The projecting structures disposed in the pixel region
are utilized for regulating the orientation of liquid crystal
molecules. Part of the projecting structure also functions as a
columnar spacer used for maintaining a cell gap (the thick-
ness of a liquid crystal layer).

[0005] Patent Document No. 2 describes a liquid crystal
display device of MVA mode in which many minute slits
(cuts) extending in directions of azimuth angles of 45°, 135°,
225°, and 315° are formed in a pixel electrode (also referred
to as a comb-like pixel electrode or a fishbone-shaped pixel
electrode). The azimuth angles are angles measured by
regarding the three o’clock direction as 0° and regarding the
anti-clockwise direction as a direction of positive angles. The
liquid crystal molecules are aligned in parallel to these slits,
thereby realizing four-divided domain structure. Patent
Document No. 3 describes a semi-transmissive liquid crystal
display device which can operate in the MVA mode.

CITATION LIST
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[0006] Patent Document No. 1: Japanese Laid-Open Patent
Publication No. 2005-309239

[0007] Patent Document No. 2: International Publication
No. WO 2009/154031

[0008] Patent Document No. 3: Japanese Laid-Open Patent
Publication No. 2009-69331
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SUMMARY OF INVENTION

Technical Problem

[0009] Patent Document No. 1 discloses a configuration
with a projection structure functioning as a columnar spacer,
the projection structure being disposed in a region in which a
storage capacitor (also referred to as an auxiliary capacitor) is
formed in the center portion of a pixel. The document also
discloses a configuration in which a BM (black matrix) is
provided on a counter substrate in a position corresponding to
the columnar spacer. However, a liquid crystal display device
includes a portion in which alignment disorder may occur
such as a contact hole in addition to the columnar spacer. For
this reason, the display quality may sometimes be degraded
only by providing the BM separately with respect to the
columnar spacer. In the configuration in which respective
regions to be light-shielded in the pixel region (e.g. contact
holes or TFTs) are dispersedly disposed, especially, it is
sometimes difficult to increase the aperture ratio in the small-
sized and high-definition liquid crystal display device.
[0010] The embodiment of Patent Document No. 2
describes a configuration in which a contact hole is provided
in the vicinity of a switching device (TFT), and a region
including the TFT and the contact hole is integrally covered
with a BM on a counter substrate. However, the liquid crystal
display device disclosed in Patent Document No. 2 is config-
ured in such a manner that the columnar spacer is provided in
a position which does not overlap with the pixel electrode
(e.g. four corners of a pixel).

[0011] Patent Document No. 3 describes a configuration in
which an auxiliary capacitor portion is formed by using a
drain electrode and an auxiliary capacitor line in the vicinity
of a TFT, and a contact hole is provided on the auxiliary
capacitor, thereby electrically conducting the pixel electrode
and the drain electrode. In this liquid crystal display device,
however, since a columnar spacer is disposed in the vicinity of
the boundary between a reflecting electrode and a transmis-
sion electrode in adjacent two pixels, the spacer is not dis-
posed in the pixel region.

[0012] In the liquid crystal display devices described in
Patent Document No. 2 and Patent Document No. 3, regions
to be preferably light-shielded are disposed proximately, so
that an increase in aperture ratio can be expected. In the case
where the pixel size is relatively larger, the configuration in
which the columnar spacer is not disposed in the pixel region
has a small influence on the aperture ratio, even if a space for
the columnar space can be ensured on the outside of the pixel
electrode without affecting display. In the case of high defi-
nition and a small pixel size, it is sometimes difficult to
provide a columnar spacer on the outside of the pixel region
without affecting display and without reducing the aperture
ratio.

[0013] In aliquid crystal display device which operates in
CPA mode, or in a liquid crystal display device of VA mode
which utilizes a fishbone-shaped pixel electrode, for
example, a columnar spacer which also functions as an ori-
entation regulating structure is sometimes provided in the
center portion of a pixel region. In such a case, in displaying
a black image, by means of a vertical alignment film on the
columnar spacer, the orientation of liquid crystal molecules in
the vicinity thereof is regulated. With such a configuration, if
a light-shielding member is not disposed for the columnar
spacer, the contrast ratio is degraded because of light leakage
or the like. On the other hand, if a light-shielding member is
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disposed for the columnar spacer, the reduction of pixel aper-
ture ratio (the reduction of luminance) is inevitably caused.
[0014] Particularly in a small-sized and high-definition lig-
uid crystal display device (a device with small dot pitch), the
minimum line width is defined by design rules (process
rules), so that the ratio of occupation area of lines to the pixel
area has a tendency to increase. For this reason, in the case
where lines having light-shielding property are used, such
lines may be a hindrance factor in increasing the aperture ratio
or in promoting the miniaturization and high definition.
Accordingly, particularly in the high-definition liquid crystal
display device in which lines having light-shielding property
are used for forming storage capacitors or the like, it has been
desired that the aperture ratio should be more improved.
Small-sized and high-definition display devices are utilized
in electronic books, smart phones, and the like, and the
demand thereof is further anticipated from now on.

[0015] The present invention has been conducted in order
to solve the above-mentioned problems, and the objective
thereof is to provide a liquid crystal display device which
performs bright display with an improved contrast ratio by
appropriately disposing a light-shielding region.

Solution to Problem

[0016] The liquid crystal display device according to an
embodiment of the present invention is a liquid crystal dis-
play device including: a TFT substrate, a counter substrate,
and a vertical alignment type liquid crystal layer sandwiched
between the TFT substrate and the counter substrate, wherein
the TFT substrate includes: a first substrate; a gate bus line
provided so as to extend along a first direction on the first
substrate; a source bus line provided so as to extend along a
second direction which intersects the first direction on the
first substrate; a TFT provided in the vicinity of the intersect-
ing portion of the gate bus line and the source bus line; an
interlayer insulating layer which covers the TFT; a pixel
electrode electrically connected to the TFT via a contact hole
formed in the interlayer insulating layer; a storage capacitor
bus line provided on the first substrate and a storage capacitor
electrode connected to the storage capacitor bus line; and a
storage capacitor counter electrode having a light-shielding
property electrically connected to the TFT and the pixel elec-
trode, the storage capacitor counter electrode constituting a
storage capacitor portion together with the storage capacitor
electrode with an insulating layer interposed therebetween,
and the counter substrate includes: a second substrate; and a
counter electrode provided on the second substrate, and
wherein the liquid crystal display device further comprises a
black matrix having a light-shielding property provided on
the first substrate or on the second substrate, and a columnar
spacer provided between the TFT substrate and the counter
substrate, the columnar spacer being disposed in a center
portion of a pixel region corresponding to the pixel electrode
s0 as to at least partially overlap with the storage capacitor
counter electrode, the contact hole being provided so as to
overlap with the storage capacitor counter electrode, and the
black matrix including a portion which integrally covers the
TFT and the columnar spacer.

[0017] In one embodiment, the source bus line is disposed
s0 as to extend along a peripheral portion of the pixel region,
and the TFT is disposed in the vicinity of the peripheral
portion of the pixel region.

[0018] Inoneembodiment,the columnar spacer is disposed
s0 as to at least partially overlap with the pixel electrode.
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[0019] Inone embodiment, the black matrix is disposed so
as to at least partially overlap with the storage capacitor
counter electrode.

[0020] Inoneembodiment, the black matrix includes a first
BM portion for light-shielding the TFT and a second BM
portion for light-shielding the columnar spacer, the first BM
portion overlapping with the second BM portion.

[0021] Inoneembodiment, the contact hole and the colum-
nar spacer are disposed so as to at least partially overlap with
each other.

[0022] Inone embodiment, the orientation of liquid crystal
molecules of the liquid crystal layer is radially regulated by
the columnar spacer when a voltage is applied.

[0023] In one embodiment, the pixel electrode includes a
plurality of first minute electrodes extending in a third direc-
tion, a plurality of second minute electrodes extending in a
fourth direction, a plurality of third minute electrodes extend-
ing in a fifth direction, and a plurality of fourth minute elec-
trodes extending in a sixth direction, the third direction, the
fourth direction, the fifth direction, and the sixth direction
being mutually different.

[0024] In one embodiment, the pixel electrode includes a
backbone portion formed in a boundary portion of the first to
fourth minute electrodes, and an additional storage capacitor
is formed in a region corresponding to the backbone portion.
[0025] Inoneembodiment, theliquid crystal display device
includes a plurality of pixel regions, and a projection structure
which is lower than the columnar spacer is provided in the
center portion of a pixel region which is different from the
pixel region in which the columnar spacer is provided among
the plurality of pixel regions.

[0026] Inoneembodiment, theliquid crystal display device
further includes a sub pixel electrode disposed adjacently to
the pixel electrode, and connected to the TFT via a capaci-
tance coupling.

[0027] Inoneembodiment, theliquid crystal display device
includes a plurality of pixel regions, and the position of the
contact hole with respect to the columnar spacer is different
between at least two pixel regions among the plurality of pixel
regions.

Advantageous Effects of Invention

[0028] According to the embodiments of the present inven-
tion, it is possible to improve the display characteristics of a
vertical alignment type liquid crystal display device which
operates in a VA mode.

BRIEF DESCRIPTION OF DRAWINGS

[0029] FIG.1 is a plan view showing the configuration of a
liquid crystal display device according to Embodiment 1 of
the present invention, in which (@) emphatically shows the
components on a TFT substrate, and (b) emphatically shows
the components on a counter substrate.

[0030] FIGS. 2 (a) and (b) are enlarged views showing the
center portion of a pixel in FIG. 1(a).

[0031] FIG. 3 is a plan view showing the configuration of a
liquid crystal display device according to a modified embodi-
ment of Embodiment 1, in which (a) emphatically shows a
TFT and a storage capacitor portion on a TFT substrate, and
(b) emphatically shows a BM on a counter substrate.

[0032] FIG. 4 is a plan view showing the configuration of a
liquid crystal display device in a modified embodiment of
Embodiment 1, and showing the case of a smaller pixel size.
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[0033] FIG.5 is a plan view showing the configuration of'a
liquid crystal display device according to Embodiment 2 of
the present invention, in which (@) emphatically shows the
components on a TFT substrate, and (b) emphatically shows
the components on a counter substrate.

[0034] FIG. 6 is an enlarged view showing the center por-
tion of a pixel in FIG. 5.

[0035] FIG.7 is a plan view showing the configuration of'a
liquid crystal display device according to Embodiment 3 of
the present invention.

[0036] FIG. 8 is an enlarged view showing the center por-
tion of a pixel in the liquid crystal display device shown in
FIG. 7, in which (a) emphatically shows a gate layer and a
source/drain layer, and (b) emphatically shows a fishbone-
shaped pixel electrode.

[0037] FIG.9 is a plan view showing the configuration of'a
liquid crystal display device in a modified embodiment of
Embodiment 3, and showing the case of a smaller pixel size.
[0038] FIG. 10 is a plan view showing the configuration of
a liquid crystal display device according to Embodiment 4 of
the present invention, in which (a) emphatically shows a gate
layer and a source/drain layer, and (b) emphatically shows a
BM.

[0039] FIG. 11 is a plan view showing the configuration of
a liquid crystal display device in a modified embodiment of
Embodiment 4, in which (a) and (b) show different modified
embodiments, respectively.

[0040] FIG. 12 is a plan view showing the configuration of
a liquid crystal display device according to Embodiment 5 of
the present invention, in which (a) shows the configuration
for operating in a CPA mode, and () shows the configuration
for operating in an MVA mode.

[0041] FIG. 13 is an enlarged view showing the center
portion of a pixel in the liquid crystal display device shown in
FIG. 12(b).

[0042] FIG. 14 is a plan view showing the configuration of
a liquid crystal display device in a modified embodiment of
Embodiment 5.

[0043] FIG. 15 is a plan view showing the configuration of
a liquid crystal display device according to Embodiment 6 of
the present invention, in which (a) emphatically shows a gate
layer and a source/drain layer, and (b) emphatically shows the
components on a counter substrate.

[0044] FIG. 16 is an enlarged view showing the center
portion of a pixel in the liquid crystal display device shown in
FIG. 15.

[0045] FIG. 17 is a plan view showing the configuration of
a liquid crystal display device according to Embodiment 7 of
the present invention.

DESCRIPTION OF EMBODIMENTS

[0046] A liquid crystal display device according to the
embodiments of the present invention is a liquid crystal dis-
play device which includes a columnar spacer in a pixel
region and operates in a VA mode (for example, a CPA mode
or an MVA mode). In the liquid crystal display device, a
region of which the contribution to display is low in the
vicinity of the columnar spacer and a region to be light-
shielded such as a TFT are covered with a BM, and a storage
capacitor forming region is formed so as to have a light-
shielding property. In addition, a contact hole is disposed in
this region, thereby preventing the display quality from being
degraded. These light-shielding regions are typically dis-
posed in an appropriate manner without being dispersed in a
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region including the center portion of the pixel, thereby
improving an aperture ratio. In the case of the operation in the
CPA mode, the columnar spacer disposed in the pixel region
can be positively utilized as an orientation regulating struc-
ture of liquid crystal molecules.

[0047] Thetechniquerelated to suchaliquid crystal display
device is disclosed by the inventors of the present invention in
International Publication No. WO 2011/096390. FIG. 16 and
other figures of International Publication No. WO 2011/
096390 show the configuration in which a columnar spacer is
disposed in the center portion of a pixel, and the columnar
spacer, a TFT, and a contact hole are integrally covered with
aBM. In this liquid crystal display device, however, a storage
capacitor to be formed in the pixel region is not formed by an
electrode with light-shielding property, but formed by using a
transparent electrode. International Publication No. WO
2011/096390 also discloses the configuration in which the
storage capacitor is formed by an electrode with light-shield-
ing property, but in such a case, the storage capacitor is
formed not in the pixel region but by utilizing a gap between
pixels. In addition, a source bus line is provided along a
backbone portion of a fishbone electrode (along a line for
dividing the pixel region into two parts), and a TFT is dis-
posed in the center portion of the pixel. Such a configuration
is described to be applied to the case of a pixel size of approxi-
mately 100 umx300 um, for example.

[0048] On the other hand, in the embodiments of the
present invention, typically, an electrode formed from the
same material as that of a gate bus line and an electrode
formed from the same material as that of a source bus line are
used, thereby forming a storage capacitor with an insulating
film of the same material as that of the gate insulating film
interposed between the electrodes. With such a configuration,
it is unnecessary to additionally provide a transparent elec-
trode for forming a storage capacitor and an insulating film
between the transparent electrode and the pixel electrode, so
as to be advantageous in the production process and the
production cost. In the embodiments of the present invention,
a storage capacitor portion formed by using a material with
light-shielding property is arranged so as to overlap with the
contact hole, so that the alignment disorder region of liquid
crystal molecules occurring in the contact hole portion and
around the portion can be efficiently light-shielded. In this
configuration, it is not necessary to ensure a margin in view of
the displacement in laminating substrates, as compared with
the case where the alignment disorder region of the contact
hole portion is light-shielded by the BM. As the margin for the
displacement in laminating substrates, about 5 pum is required,
for example. Accordingly, in the case of a smaller pixel size
(for example, 50 pmx150 pm), the configuration of the
present invention is also preferable.

[0049] In addition, in the present invention, the above of a
source bus line is not covered with a transparent electrode for
forming a storage capacitor. Accordingly, the load of the
source bus line is low, and the present invention is suitable for
mobile equipment for which the reduction of power con-
sumption is required.

[0050] Hereinafter, the embodiments of the present inven-
tion will be described with reference to the accompanying
drawings, but the present invention is not limited to these
embodiments.
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Embodiment 1

[0051] FIG. 1(a) and FIG. 1(5) show the configuration of a
liquid crystal display device 100 according to Embodiment 1
of the present invention. FIG. 1(a) mainly shows the compo-
nents on a TFT substrate (an active matrix substrate) 110 in
the liquid crystal display device 100. FIG. 1(b) mainly shows
the components on a counter substrate 120. In the liquid
crystal display device 100, between the TFT substrate 110
and the counter substrate 120, a vertical alignment type liquid
crystal layer formed by using a liquid crystal material having
negative dielectric anisotropy (A€<0) is sandwiched. The
orientation of liquid crystal molecules is regulated so that the
liquid crystal molecules have a tilt angle closer to 90° (for
example, equal to or more then 85° and less than 90°) in no
voltage application by a vertical alignment film (not shown)
disposed on the side of the liquid crystal layer of respective
substrate. The liquid crystal display device 100 with the
above-described configuration operates in a VA mode.
Although not shown in the figure, a polarizing plate is dis-
posed on the outer side of each of the TFT substrate 110 and
the counter substrate 120, and a backlight unit is provided on
the outer side of the TFT substrate 110. Between each of the
polarizing plates and the liquid crystal layer, a /4 wavelength
plate may sometimes be disposed.

[0052] In the liquid crystal display device 100 of this
embodiment, the size of a pixel (dot) is set to be 50 pmx150
um (the diagonal of about 4.7 inches of VGA system). In this
specification, the term “pixel (dot)” indicates the minimum
unit of monochromatic display, and a picture element which
can perform full-color display can be obtained by three dots
of RGB (red, green, and blue), for example.

[0053] As shown in FIG. 1(a), on the TFT substrate 110, a
plurality of gate bus lines 2 extending in an X direction (in a
first direction) and a plurality of source bus lines 4 extending
inaY direction (in a second direction) are disposed so as to be
orthogonal to each other. In the vicinity of the crossing point
of'the gate bus line 2 and the source bus line 4,2 TFT 10 as an
active element is formed for each pixel.

[0054] TheTFT 10is constituted, as shown in FIG. 2(a), by
a gate electrode 10G formed integrally with the gate bus line
2, a source electrode 10S formed integrally with the source
bus line 4, a drain electrode 10D which becomes electrically
conductive with the source electrode 10S when an ON volt-
age is applied to the gate electrode 10G, and the like. In
general, between the source electrode 10S and the drain elec-
trode 10D, a semiconductor layer is provided so as to be
opposite to the gate electrode 10G via a gate insulating film.
[0055] Inaddition, as shown in FIG. 1(a), the TFT substrate
110 includes a storage capacitor bus line (a Cs bus line) 6 and
a storage capacitor electrode (a Cs electrode) 8, and a storage
capacitor counter electrode (a Cs counter electrode) 16 con-
nected to the drain electrode 10D (shown in FIG. 2) of the
TFT 10 and a pixel electrode 12. On the pixel electrode 12, a
vertical alignment film (not shown) for maintaining the pre-
tilt angle of liquid crystal molecules to be closer to 90° (in no
voltage application) is provided.

[0056] The storage capacitor counter electrode 16 is pro-
vided so as to be overlapped with the storage capacitor elec-
trode 8 in the same layer as the source/drain layer of the TFT
10 via an insulating layer such as a gate insulating film. The
storage capacitor electrode 8 and the storage capacitor
counter electrode 16 are opposite to each other via the insu-
lating film (for example, a gate insulating film), thereby con-
stituting a storage capacitor portion 80 (see FIG. 2). The drain
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electrode 10D of the TFT 10 and the pixel electrode 12 are
electrically connected via a contact hole 14 provided in an
interlayer insulating layer (not shown) located on the TFT 10.
FIG. 1(a) also shows the position of a columnar spacer 24
provided on the counter substrate 120.

[0057] As shown in FIG. 1(b), the counter substrate 120
includes a black matrix (BM) 20 having an opening portion
22 provided on a transparent substrate, a counter electrode
(not shown), and the columnar space 24 provided on the
counter electrode. For performing color display, color filters
22R, 22G, and 22B of R (red), G (green), and B (blue), for
example, are provided in a region corresponding to the open-
ing portion 22. It is noted that an alternative configuration in
which the color filters are provided on the side of the TFT
substrate 110 (so-called color filter on TFT) may be adopted.
In addition, a vertical alignment film is provided on the side of
the liquid crystal layer of the counter substrate 120.

[0058] The columnar spacer 24 has a function of maintain-
ing the gap between the TFT substrate 110 and the counter
substrate 120 (a cell gap). In this embodiment, the columnar
spacer 24 also has a function as a structure for regulating the
orientation of liquid crystal molecules, and one columnar
spacer 24 is provided for each of all pixels. The cross-sec-
tional shape of the columnar spacer 24 (the projected shape
onto a substrate surface when viewed from a normal direction
of the substrate surface) is not limited to a regular octagon
which is shown in the figure, but may be any other type of
polygon, or may alternatively be a circle, an ellipse, or the
like. It is preferred that the columnar spacer 24 may have a
frustum shape, and that the area of the upper bottom surface
(on the side of the TFT substrate 110) may be smaller than the
area of the lower bottom surface (on the side of the counter
substrate 120). In other words, it is preferred that the angle
formed by the surface of the counter substrate 120 and the
side face of the columnar spacer 24 may be smaller than 90
degrees.

[0059] As is seen from FIG. 1(a) and FIG. 1(b), in this
embodiment, in each pixel region Px, the columnar spacer 24
is provided substantially in the center position thereof. Due to
the orientation regulating force of the columnar spacer 24, in
each pixel, liquid crystal molecules are oriented radially
around the columnar spacer 24 in the application of voltage.
In other words, the liquid crystal display device 100 of this
embodiment operates in the CPA mode.

[0060] In addition, the TFT 10, the storage capacitor elec-
trode 8 and the storage capacitor counter electrode 16 (a
portion in which the storage capacitor electrode 8 and the
storage capacitor counter electrode 16 are overlapped when
viewed from the normal direction of the substrate surface is
referred to as a storage capacitor portion 80), and the contact
hole 14 are collectively arranged so as to be proximate to each
other in the center portion of the pixel region. As described
above, the columnar spacer 24 on the counter substrate 120 is
also disposed in the center portion of the pixel region Px, and
is partially overlapped with the storage capacitor counter
electrode 16. In such a configuration, a portion 20x which is
continuously formed in the BM 20 is overlapped with all of
the TFT 10/the Cs electrode (the storage capacitor electrode)
8/the Cs counter electrode (the storage capacitor counter elec-
trode) 16/the contact hole 14/the columnar spacer 24 in the
plan view (when viewed from the normal direction of the
substrate surface).

[0061] Hereinafter, a light-shielding region of the liquid
crystal display device 100 will be described. In the liquid
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crystal display device 100, the following light-shielding
regions (a) to (d) are provided.

[0062] (a) a BM region required for light-shielding the
columnar spacer 24: It is preferred to light-shield the region
up to the outside of 2 pm to 4 um (about 3.0 um in this
embodiment) from the columnar spacer 24, for example, in
view of the deviation of alignment and the variation of line
width when the columnar spacer 24 is formed on the BM 20
of the counter substrate 120. The diameter of the lower bot-
tom surface of the columnar spacer 24 (the distance between
opposite two sides in the case of octagon) is set to be about 15
pm.

[0063] (b)aBMregionrequired forlight-shielding the TFT
10: When a channel portion of the TFT 10 is irradiated with
light, the characteristic change (for example, the change in
magnitude of leakage current in the OFF condition) occurs.
Accordingly, it is preferred that the channel portion is light-
shielded by the BM. For example, in the case where the cell
gap is set to be 3 um, in view of the existence of light incident
in the orthogonal direction with respect to the normal direc-
tion of the substrate surface and the occurrence of displace-
ment in bonding the counter substrate, it is necessary to
provide a region of about 7 to 15 um from the channel region
as the BM region (about 7.5 um in this embodiment). Espe-
cially, in the on vehicle use, the outdoor use, or the like, since
the device is used under the environment in which the light
from outside is easily incident in the orthogonal direction, it is
preferred that the BM region is ensured to be larger.

[0064] (c) Storage capacitor forming region: In this
embodiment, an electrode which constitutes a storage capaci-
tor has the light shielding property. The storage capacitor
forming region (the storage capacitor portion) 80 is a region
which does not contribute to display in the case where the
display device is of a transmission type. A storage capacitor
can be alternatively formed by providing a transparent elec-
trode under the pixel electrode via an insulating film. How-
ever, a region corresponding to the thus-formed storage
capacitor is not included in the light-shielding storage capaci-
tor forming region 80 described herein.

[0065] In the environment of outdoor use, light from out-
side may sometimes be reflected from the Cs electrode 8 or
the Cs counter electrode 16, thereby causing color uneven-
ness to occur. For this reason, it is preferred that the BM 20
may be disposed in the storage capacitor forming region in
view of the display quality.

[0066] (d) Contact hole region: For example, an interlayer
insulating film (an acrylic photosensitive resin film or the
like) of about 3 pm is disposed between the drain electrode (or
the storage capacitor counter electrode) and the pixel elec-
trode, and the pixel electrode is formed thereon. With such a
configuration, in the contact hole 14 (for example, a square
shape having a side of about 7.5 pm) and the surrounding
portion thereof, light leakage may easily occur due to liquid
crystal alignment disorder in the inclined portion of the inter-
layer insulating film. In this embodiment, the contact hole 14
is formed on the storage capacitor portion 80, so as to light-
shield the alignment disorder region.

[0067] The above-mentioned regions (a) to (d) are consid-
ered to be regions of which the contribution to display is low
(or which do not contribute to display). That is, it is preferred
that light from these regions may not be observed, and the
region is desired to be light-shielded by the BM or to have the
light-shielding property.
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[0068] The light-shielding storage capacitor portion 80 is
formed in the following manner, for example. First, in the step
of providing a gate bus line and a gate electrode, by using the
same material as that of the gate bus line or the like (e.g., an
Al film, a Cu film, an Mo film, a Ti film, a Cr film, or the like,
or an alloy film thereof, or a multi-layer metal film (a
Ti—Al—Ti film or an Mo—Al film), a storage capacitor
storage bus line and a storage capacitor electrode are formed.
Next, a gate insulating film is provided so as to cover the
storage capacitor electrode. Thereafter, in the step of forming
a source bus line and a drain electrode, by using the same
material as that of the source bus line or the like (e.g., an Al
film, a Cu film, an Mo film, a Ti film, a Cr film, or the like, or
an alloy film thereof, or a multi-layer metal film (an
Mo—Al—Mo film or a Ti—Al film), a storage capacitor
counter electrode is formed so as to be opposite to the storage
capacitor electrode on the gate insulating film. A storage
capacitor portion 80 is obtained by the storage capacitor
electrode and the storage capacitor counter electrode which
are oppositely arranged via a gate insulating film (for
example, an SiNx film or the like having the thickness of
about 0.3 to 0.7 um).

[0069] In the above-described configuration, the light-
shielding region of which the contribution to display is low is
put in the center portion of the pixel. Accordingly, it is pos-
sible to more efficiently perform the light shielding, as com-
pared with the case where these regions are dispersed. These
regions are disposed so as to be proximate to each other, it is
possible to improve the aperture ratio of a pixel while the
occurrence of light leakage is suppressed and the contrast
ratio is improved.

[0070] Asdescribed above, FIG. 2 shows the center portion
of the pixel region of the TFT substrate 110 shown in FIG. 1
in an enlarged manner. FIG. 2 also shows the position of the
columnar spacer 24 provided on the counter substrate 120.
The final position of the columnar spacer 24 in the TFT 10 is
determined in the step of sticking the TFT substrate 110 and
the counter substrate 120 together.

[0071] In the counter substrate 120, a partial region of the
BM 20 required for light-shielding the TFT 10 is indicated as
a region 20a. A partial region of the BM 20 which covers the
columnar spacer 24 and the surrounding thereof is indicated
as a region 205b. As is seen from the figure, in this embodi-
ment, these regions 20a and 205 overlap each other. This does
not mean that these regions are separately provided actually
so as to overlap each other, but means that the respective
regions 20a and 205 defined in the BM 20 have the above-
described overlap relationship.

[0072] As is seen from the figure, in this embodiment, the
storage capacitor portion 80 and the region 205 are arranged
to overlap each other. Such an arrangement is realized by
providing the storage capacitor portion 80 in the vicinity of
the TFT 10 and providing the columnar spacer 24 in the
position corresponding to the storage capacitor portion 80 in
the counter substrate 120, and by locating the BM 20 so as to
cover at least the entire of the columnar spacer 24 and the
entire of the TFT 10.

[0073] Inaddition,a BM 20c on the source bus line 4 shown
in FIG. 2(b) is provided for the purpose of avoiding colors
from mixing when sticking displacement is caused between
the TFT substrate 110 and the counter substrate 120. The
provision of the BM 20c¢ additionally provides the following
advantage. Specifically, in a portion away from the columnar
spacer 24 as the orientation regulating structure (an end por-
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tion of the pixel region), the response of liquid crystal is
inferior, so that afterimage may easily occur. Accordingly, the
covering of the portion with the BM 20c¢ also provides the
countermeasure for afterimage. In this embodiment, in order
to form the BM pattern with high yield, the BM 20c¢ on the
source bus line and a BM integral portion 20x including the
BM 20q and the BM 205 of the region (a) and the region (b)
are continuously (integrally) formed.

[0074] In this embodiment, on the counter substrate 120,
opening portions 22 disposed in upper and lower positions
with the BM integral portion 20x sandwiched therebetween
for one pixel region Px (i.e., portions which are not covered
with the BM 20, and in which color filters are located) are
provided. A portion in which the opening portion 22 and the
pixel electrode 12 overlap each other is defined as a display
area in one pixel. These display areas disposed in the upper
and lower positions of the BM integral portion 20x are formed
s0 as to have substantially the same size. The columnar spacer
24 is disposed substantially in the center portion of the pixel
electrode 12. With such a configuration, the viewing charac-
teristics in the vertical direction in the figure can be made
uniform.

[0075] As shown in the figure, the contact hole 14 is also
disposed in the pixel center portion. In this embodiment, the
position of the columnar spacer 24 and the position of the
contact hole 14 overlap each other. In such an arrangement,
preferably, the size of the contact hole 14 is not too large with
respect to the size of the columnar spacer 24, but is preferably
smaller than the size of the columnar spacer 24. If the size of
the contact hole 14 is too large, the columnar spacer 24 is
fallen into the inside of the contact hole 14, so that the colum-
nar spacer 24 may not function as the spacer for maintaining
the cell gap. In this embodiment, the contact hole 14 is set to
have a substantially square shape in section having the size of
7.5 umx7.5 um (the shape of the contact hole in the substrate
plane). The sectional shape of the lower bottom surface of the
columnar spacer 24 functioning as the orientation regulating
structure/the spacer is set to be a regular octagon in which the
distance between opposite two sides is 15 um.

[0076] Next, with reference to FIG. 3(a) and FIG. 3(b), the
configuration of a liquid crystal display device 100A as a
modified example of Embodiment 1 will be described.

[0077] As shown in FIG. 3(a) and FIG. 3(b), in the liquid
crystal display device 100A, a BM 20A is disposed so as to
selectively and integrally cover a TFT 10 and a columnar
spacer 24. Unlike the configuration shown in FIG. 1(a) and
FIG. 1(b), the BM 20A does not cover the entire of a storage
capacitor portion 80. The BM 20A only partially covers a
contact hole 14. In other words, as compared with the liquid
crystal display device 100 shown in FIG. 1 and FIG. 2, the
area of BM is reduced in the liquid crystal display device
100A.

[0078] Also inthe liquid crystal display device 100A in this
modified embodiment, it is possible to obtain display with
high aperture ratio (high luminance) and high contrast ratio
by commonly providing the above-described regions (a) to
(d) of which the contribution to display is low (or which do
not contribute to display) or by disposing them proximately to
each other. As shown as an additional opening portion 22a in
FIG. 3(b), the opening portion of the pixel is increased as a
whole, so that it is possible to perform display with higher
luminance. It is noted that since the storage capacitor portion
80 has the light-shielding property as described above, the
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display quality will not be degraded due to the alignment
disorder caused in the contact hole 14 and the surrounding
portion thereof.

[0079] FIG. 4 shows the configuration in which the liquid
crystal display device shown in FIG. 1 (the VGA system
having the pixel size (dot pitch) of 50 pmx150 um) is applied
to a high-definition liquid crystal display device having a
smaller pixel size. The configuration shown in FIG. 4 is the
case applied to the wide XGA system having the pixel size of
30 umx90 um (1280xRGBx800 pixels, and the diagonal of
about 5.35 inches).

[0080] In this case, on the TFT substrate 110, the TFT 10,
the storage capacitor portion 80, and the contact hole 14 are
disposed proximately to each other, and the columnar spacer
24 provided on the counter substrate 120 is formed in a
position so as to overlap with them, so that it is possible to
provide a BM which can integrally cover entirely the region
which does not contribute to display and preferably be light-
shielded. Accordingly, the degradation of contrast ratio
caused by light leakage can be prevented, and the aperture
ratio can be improved.

[0081] In the above-described embodiment, the configura-
tion in which the columnar spacer 24 is provided on the side
of the counter substrate 120 is described. Alternatively, the
columnar spacer 24 may be provided on the side of the TFT
substrate 110.

Embodiment 2

[0082] FIG. 5(a)and FIG. 5(b) show aliquid crystal display
device 102 of Embodiment 2. FIG. 6 shows the center portion
of a pixel region in FIG. 5(a) and FIG. 5(5) in an enlarged
manner. The same components as those in Embodiment 1 are
designated by the same reference numerals, and the descrip-
tions thereof are omitted.

[0083] In this embodiment, on a counter substrate 122, a
columnar spacer 24a (a pattern of octagon shown in FIG. 5
and FIG. 6), and a sub columnar spacer 245 (a pattern of circle
shown in FIG. 5 and FIG. 6) which is formed to be lower than
the columnar spacer 24a are provided.

[0084] In the liquid crystal display device 100 of Embodi-
ment 1 shown in FIG. 1, one kind of columnar spacer 24 is
disposed for each of all pixels. In Embodiment 2, in part of the
pixel, the sub columnar spacer 245 is disposed instead of the
columnar spacer 24a. The sub columnar spacer 245 is formed
ona BM and a counter electrode of the counter substrate 122,
similarly to the columnar spacer 24a. However, as compared
with the columnar spacer 24a, the height of the sub columnar
spacer 24b is shorter. Therefore, in such cases where any
pressure is applied from the outside, the top end portion
thereof comes into contact with the TFT substrate 112. For
example, the height of the columnar spacer 24aq is set to be
3.0£0.2 um, and the height of the sub columnar spacer 245 is
set to be 2.7+£0.2 pm.

[0085] In addition to the sub columnar spacer 245, a pro-
jection (hereinafter referred to as “a rivet””) which has a height
shorter than the sub columnar spacer 245 may be included.
The rivet has only the orientation regulating function, and
does not substantially contribute to the maintaining of the cell
thickness. The height of the rivet is set to be, for example,
0.8+0.2 um.

[0086] Alternatively, the sub columnar spacer 245 is not
provided, but only the columnar spacer 24a and the rivet may
be disposed on the counter substrate 122. The shapes of the
columnar spacer 24a, the sub columnar spacer 245, and the
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rivet in plan view may be the same, or may be different.
Alternatively, the diameters of the columnar spacer 24q, the
sub columnar spacer 245, and the rivet in plan view may be
the same, or may be different.

[0087] The dielectric constants of the sub columnar spacer
24b and the rivet are preferred to be smaller than that of liquid
crystal. The reason is that the tilt direction of liquid crystal
molecules promoted in accordance with the shape of the side
face of the spacer or the rivet and the direction in which the
electric field causes the liquid crystal to tilt will not be oppo-
site to each other.

[0088] As described above, some of the columnar spacers
24a may be replaced by the sub columnar spacers 245 or the
rivets having shorter heights, thereby reducing the occurrence
of air bubbles in the liquid crystal layer when the temperature
changes.

[0089] For example, in the case where the liquid crystal
panel is stored at a low temperature (e.g. -30° C.), vacuum
bubbles may sometimes occur because of the difference
between the contraction rate of liquid crystal and the contrac-
tion rate of other members (in this case, the columnar spacer).
Particularly in the case of the high-definition liquid crystal
display device, if the columnar spacers 24a are disposed for
every pixel, the number of columnar spacers to be provided is
equal to or larger than the required number for maintaining
the cell thickness. As a result, the risk of bubble occurrence
may undesirably be increased. In such a case, some of the
columnar spacers 24a may be changed to the rivets or the sub
columnar spacers 245 having smaller volumes, thereby
adequately adjusting the arrangement density.

[0090] Especially in the small-sized and high-definition
liquid crystal display device, it may sometimes be sufficient
that the number of spacers required for maintaining the cell
gap be smaller than the number of pixels. The configuration of
this embodiment can suitably be used for such a case.

[0091] As for the arranging formation of the columnar
spacers 24a and the sub columnar spacers 245, for example,
the columnar spacers 24a may be disposed for all of the B
(blue) pixels, and the sub columnar spacers 245 may be dis-
posed for other pixels (the R (red) pixels and the G (green)
pixels). Alternatively, for example, the columnar spacers 24a
may be disposed for four B pixels among twenty seven pixels,
the sub columnar spacers 245 may be disposed for five B
pixels among the twenty seven pixels, and the rivets may be
disposed for eighteen pixels of the other colors (R and G).
Since the B pixels have low transmittance, the degradation of
display quality caused by the alignment disorder is hard to be
observed even if the columnar spacers 24a are disposed.
Accordingly, it is preferred that the columnar spacers 24a
may be disposed for the B pixels.

[0092] The sub columnar spacers 24b are, for example,
suitably used as cell thickness maintaining members when a
touch panel or the like is provided on the surface of a liquid
crystal panel. Alternatively, if the sub columnar spacers 245
and the rivets are used instead of the columnar spacers 24q, in
the case where the liquid crystal injection is performed by
ODF (One Drop Filling) in the manufacture of liquid crystal
cell, the dropped liquid crystal can be advantageously dis-
persed more uniformly.

[0093] Inthe configuration with smaller dot pitch as shown
in FIG. 4, the configuration in which the columnar spacers
and rivets having different heights as described in Embodi-
ment 2 can be applied.
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[0094] As described above, in the case where the columnar
spacers 24a are not provided for all of the pixels, it is suffi-
cient to arrange the columnar spacers 24a so that the arrange-
ment density is uniform over the entire display area of the
liquid crystal panel. With such a configuration, the rivets or
the like for orientation regulation disposed instead of the
columnar spacers 24a can have any arbitrary shape which is
more suitable for orientation regulation.

Embodiment 3

[0095] FIG. 7 shows a liquid crystal display device 103 in
Embodiment 3. The liquid crystal display device 103 is dif-
ferent from the liquid crystal display device 100 of Embodi-
ment 1 in that the liquid crystal display device 103 includes a
fishbone-shaped pixel electrode 12F on a TFT substrate 113.
The same components as those in Embodiment 1 or 2 are
designated by the same reference numerals, and the descrip-
tions thereof are omitted.

[0096] Such a liquid crystal display device including the
fishbone-shaped pixel electrode is described, for example, in
International Publication No. WO 2011/096390 by the appli-
cant of the present invention, the entire contents of which are
incorporated by reference herein.

[0097] In this embodiment, in order to improve the
response speed of liquid crystal orientation in voltage appli-
cation, PSA (Polymer Sustained Alignment) technique may
be used. The PSA technique is a technique in which an ori-
entation maintaining layer for applying pre-tilt to liquid crys-
tal in no voltage application is formed. The orientation main-
taining layer is formed as a polymer layer in the following
manner. After a liquid crystal cell is formed, a photo-poly-
merizable monomer which is previously mixed in a liquid
crystal material is photo-polymerized typically in the condi-
tion where a voltage is applied across the liquid crystal layer.
By the orientation maintaining layer, the liquid crystal in no
voltage application can be maintained (memorized) to have a
pre-tilt angle in a direction slightly inclined (e.g., 2° to 3°)
from the direction perpendicular to the substrate surface and
the orientation direction.

[0098] The PSA technique can be applied to Embodiment 1
or the like in addition to the combination with the fishbone-
shaped pixel electrode, thereby attaining the eftect of the
increase in response speed.

[0099] FIG. 8(a) and FIG. 8(b) show the vicinity of the
center portion of one pixel region in FIG. 7 in an enlarged
manner. FIG. 8(a) emphatically shows a gate layer including
a storage capacitor electrode and a source/drain layer includ-
ing a storage capacitor counter electrode. FIG. 8(5) emphati-
cally shows a fishbone-shaped pixel electrode 12F. In this
specification, the gate layer includes a gate bus line, a gate
electrode, a storage capacitor bus line, and a storage capacitor
electrode. The source/drain layer includes a source bus line, a
source electrode, a drain electrode, and a storage capacitor
counter electrode.

[0100] In the fishbone-shaped pixel electrode 12F, for
example, as shown in the figure, branch minute electrodes
having a width (w1) of about 3.4 um are disposed with an
interval (w2) of about 3.2 pm, thereby forming a slit 12S. The
fishbone-shaped pixel electrode 12F has a backbone portion
12B (a stem portion) extending in the center of the pixel
region in parallel to the source bus line 4, and a plurality of
minute electrodes extending in directions which are different
from each other are connected to the backbone portion 12B.
The backbone portion 12B has, for example, a width (w3) of
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about 5 um. As described above, in this embodiment, minute
electrodes (minute slits) are formed so that one pixel is
roughly divided into four orientation regions (domains) A1 to
A4.

[0101] When a voltage is applied between the pixel elec-
trode 12F and the counter electrode, in each domain, liquid
crystal molecules 50 are oriented so as to be parallel to the
direction in which the slit 12S extends and so that upper end
portions of the liquid crystal molecules 50 (end portions on
the side of a common electrode) are tilted toward the inside of
the pixel.

[0102] In this embodiment, the columnar spacer 24 has a
planar shape of regular octagon or the like with four sides
perpendicular to respective orientation directions (azimuth
angles 0f45°,135°,225°,315°) of liquid crystal molecules in
the respective domains Al to A4. In addition, the columnar
spacer 24 has a frustum shape in which an angle formed by the
surface of the counter substrate and the side face of the colum-
nar spacer 24 is smaller than 90 degrees. Since a vertical
alignment film is also formed on the side face of the columnar
spacer 24, the orientation regulating force to the liquid crystal
molecules 50 works by means of the columnar spacer 24. The
direction of the orientation regulation (the direction in which
the liquid crystal molecules 50 are to be tilted) is the direction
perpendicular to the side face of the columnar spacer 24.
[0103] As shown in FIG. 8(a), the liquid crystal molecules
50 in the domains A1 to A4 around the columnar spacer 24 are
intended to be oriented toward the columnar spacer 24, but the
side face of the columnar spacer 24 has a face perpendicular
to the orientation direction. Thus, the direction of orientation
regulation by the columnar spacer 24 agrees with the direc-
tion of orientation regulation by the domains A1 to A4 (or the
directions are closer to each other). In addition, the orienta-
tion direction of a boundary region between the domains Al
to A4 (i.e. the liquid crystal molecules on the backbone por-
tion 12B) in which the orientation direction of the liquid
crystal molecules 50 is unstable can be oriented toward the
columnar spacer 24. Accordingly, it is possible to obtain
display with good transmittance, contrast ratio, or viewing
angle characteristics in which the alignment disorder hardly
occurs. In addition, a defect in which transmittances of
respective domains are different is reduced, so that it is pos-
sible to provide high quality display in which the occurrence
of'roughness or the like is avoided. As described above, in the
case where a plurality of domains are defined around the
center of the pixel region by the fishbone-shaped pixel elec-
trode 12F, a columnar spacer 24 is preferably disposed in the
center of the pixel region, whereby the alignment disorder is
hard to occur.

[0104] Preferably, the orientation directions of liquid crys-
tal molecules in the respective domains Al to A4 form an
angle of 45° with respect to the polarizing axes (the three-
o’clock to nine-o’clock direction and the twelve-o’clock to
six-0’clock direction) of the polarizing plate disposed on the
outside of the liquid crystal panel.

[0105] FIG.9 shows the case in which the present invention
is applied to the wide XGA system (1280xRGBx800 pixels,
and the diagonal of about 5.35 inches) having the pixel size of
30 umx90 pm. In accordance with the minimum line width
defined by the limits in the production process or the like, the
shapes of'the pixel electrode and the storage capacitor portion
are different from those in the liquid crystal display device
103 shown in FIG. 7 and FIG. 8, but the display apparatus can
operate similarly to the liquid crystal display device 103.
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[0106] As described above, if the orientation direction of
liquid crystal molecules promoted by the slits of the pixel
electrode is similar to the orientation direction of liquid crys-
tal molecules promoted by the columnar spacer, as in this
embodiment, the liquid crystal molecules can be more surely
maintained in the desired orientation, when the PSA process-
ing is performed, thereby suppressing the occurrence of
roughness and irregularity. In addition, the response speed
can be improved, so that the abnormal alignment caused
when the liquid crystal panel surface is pressed by a finger or
the like can be returned to the normal alignment earlier. For
example, it is suitable for the case where the touch panel or the
like is set on the surface of the liquid crystal panel.

Embodiment 4

[0107] FIG. 10(a) and FIG. 10(b) show a liquid crystal
display device 104 of Embodiment 4. FIG. 10(a) emphati-
cally shows a gate layer and a source/drain layer, and FIG.
10(b) emphatically shows a BM 20. In Embodiment 4, in the
configuration utilizing the fishbone-shaped pixel electrode
12F in Embodiment 3, an additional storage capacitor portion
82 is formed in a region corresponding to the backbone por-
tion 12B of the fishbone-shaped pixel electrode 12F. The
same components as those in Embodiments 1 to 3 are desig-
nated by the same reference numerals, and the descriptions
thereof are omitted.

[0108] In this embodiment, a Cs bus line 6A is located in a
space between the fishbone-shaped pixel electrodes 12F
which are vertically adjacent to each other in the figure, and
the Cs capacitor portion 82 is additionally disposed in the
backbone portion 12B of the fishbone-shaped pixel electrode
12F. The Cs capacitor portion 82 is constituted by a Cs line (a
Cs electrode) extending from the Cs bus line 6 A, an insulating
film provided thereon, and a Cs counter electrode provided
thereon as an additional portion extending from the Cs
counter electrode 16 shown in Embodiment 3 or the like.

[0109] To the Cs bus line 6 A, via the Cs line which overlaps
with the backbone portion 12B (the Cs electrode which con-
stitutes the above-mentioned Cs capacitor portion 82), a stor-
age capacitor electrode 8 provided in the pixel center portion
(the region in which the columnar spacer 24 is disposed) is
connected. Similarly to Embodiment 3, the storage capacitor
portion 80 positioned in the pixel center is also formed.

[0110] The backbone portion 12B of the fishbone-shaped
pixel electrode 12F is positioned on the boundary between the
regions (domains) having different liquid crystal orientations,
and is the portion of which the contribution to display is low.
For example, even when a voltage of white display is applied,
the boundary portion often becomes a dark line. In addition,
the orientation regulating force by the slits is weak, so that the
alignment disorder may easily occur. This embodiment has
the configuration in which the Cs capacitor portion is added to
the region, so that the storage capacitor can be increased while
the degradation of display quality is suppressed.

[0111] The space portion between fishbone-shaped pixel
electrodes 12F which are vertically adjacent to each other in
the figure is also a portion of which the contribution to display
is low, so thatthe Cs bus line 6 A is disposed in this portion. As
described above, the Cs capacitor portion 82 is formed in the
region Cs of which the contribution to display is low, so that
the degradation of display quality can be prevented. By the
provision of the Cs capacitor portion 82, even when the size of
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the Cs capacitor portion 80 in the center portion of the pixel
electrode is made smaller, it is possible to ensure sufficient Cs
capacitance.

[0112] FIG. 11(a) shows a liquid crystal display device
104A in a modified embodiment of Embodiment 4. In this
modified embodiment, the additional Cs capacitor portion 84
is also formed on the lower side with the columnar spacer 24
sandwiched therebetween. With such a configuration, Cs
capacitance can be increased. Alternatively, the aperture ratio
can be improved while the Cs capacitance is maintained to the
same extent.

[0113] FIG. 11(b) shows a liquid crystal display device
104B in another modified embodiment of Embodiment 4. In
this another modified embodiment, the additional Cs capaci-
tor 86 is also formed on the Cs bus line 6A. With such a
configuration, the Cs capacitance can be increased. Alterna-
tively, the aperture ratio can be improved while the Cs capaci-
tance is maintained to the same extent.

[0114] In Embodiment 3 shown in FIG. 8(a), the distance
L0 from the edge of the pixel electrode 12 to the Cs bus line
6 (corresponding to the size of the display area) is set to be
46.25 um, for example. On the other hand, in the liquid crystal
display device 104 shown in FIG. 10(a) and FIG. 10(b), the
distance L1 from the edge of the pixel electrode 12 to the Cs
electrode 8 can be set to be 48.25 um. In the liquid crystal
display device 104A shown in FIG. 11(a), the distance [.2
from the edge of the pixel electrode 12 to the Cs electrode 8
can be set to be 50.25 um. In the liquid crystal display device
104B shown in FIG. 11(5), the distance L3 from the Cs bus
line 6A to the Cs electrode 8 can be set to be 49.5 um.

[0115] According to this embodiment, while the Cs capaci-
tance can be ensured to the same extent as in Embodiment 3,
the region which contributes to display in one pixel can be
increased. The region for which the orientation regulation is
weak and of which the contribution to display is low, such as
the region between pixels vertically adjacent to each other is
light-shielded, so that display defect such as that roughness or
the like is visually recognized can be suppressed. Also by the
columnar spacer in this embodiment, similarly to Embodi-
ment 3, the effects such as the improvement in response speed
can be attained by utilizing the orientation regulating force of
the columnar spacer.

Embodiment 5

[0116] FIG.12(a)shows a liquid crystal display device 105
in Embodiment 5. FIG. 12() shows a liquid crystal display
device 105A in a modified embodiment of Embodiment 5 in
which a fishbone-shaped electrode is used. FIG. 13 shows the
center portion of a pixel region in the liquid crystal display
device 105A shown in FIG. 12(5) in an enlarged manner. The
same components as those in Embodiments 1 to 4 are desig-
nated by the same reference numerals, and the descriptions
thereof are omitted.

[0117] This embodiment describes the configuration in
which Embodiment 1 and Embodiment 3 are applied to a
pixel having substantially square shape. For example, this
embodiment is suitable for the case where color filters of four
colors (RGB+White, RGB+Yellow, or the like) are used, or
the case of monochrome display with no color filters. In this
embodiment, the pixel size is set to be, for example, 75
umx75 pm.
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[0118] FIG. 12(a) illustrates the configuration in which
four color pixels of RGB+White are arranged, but the
arrangement of the respective colors is not limited to the
shown one.

[0119] In this embodiment, as the result of the correspon-
dence with square pixels, the contact hole and the columnar
spacer do not overlap with each other. These are separately
disposed with a distance, and the distance W4 (see FIG. 13) is
set to be 5 um, for example.

[0120] A BM 20d (the width thereof is 5.5 um in this
embodiment) is provided also in the space between pixel
electrodes vertically adjacent to each other in the figure. This
is provided for the purpose of preventing the colors from
being mixed in the vertical direction in the case of four color
filters. In the case of no color filters, it is unnecessary to
provide the BM 20d.

[0121] As a further modified example, FIG. 14 shows a
liquid crystal display device 105B in the case where the
modified embodiment of Embodiment 4 shown in FIG. 11(6)
is adapted to square pixels. In a position corresponding to the
gap portion, BM 204, which is disposed between pixel elec-
trodes vertically adjacent to each other in the case of four
color filters, an additional Cs capacitor portion 86 is provided.
As a result, the aperture ratio can be improved while the
storage capacitance is adequately obtained.

Embodiment 6

[0122] FIG. 15(a) and FIG. 15(b) show a liquid crystal
display device 106 in Embodiment 6. FIG. 16 shows a pixel
region in the liquid crystal display device 106 shown in FIG.
15 in an enlarged manner. The same components as those in
Embodiments 1 to 5 are designated by the same reference
numerals, and the descriptions thereof are omitted.

[0123] Theliquidcrystal display device 106 includes, in the
pixel region, in addition to a main pixel electrode 12F1
directly connected to a TFT 10, a sub pixel electrode 12F2
connected to the TFT 10 via a coupling capacitor (not directly
connected electrically, and in a floating condition). To the
main pixel electrode 12F1, a predetermined voltage is applied
based on a signal from a source bus line 4. On the other hand,
to the sub pixel electrode 12F2 connected via the coupling
capacitor, a voltage different from the voltage applied to the
main pixel electrode 12F1 is applied. Accordingly, in one
pixel region, two pixel regions Px1 and Px2 having different
orientation conditions are provided.

[0124] The above-described configuration in which a plu-
rality of pixel regions Px1 and Px2 with different orientations
are provided in one pixel is referred to as a multi-pixel type,
and is known as a technique for improving the viewing angle
characteristics. The size of a pixel including the pixel regions
Px1 and Px2 is 75 pmx225 um. As shown in the figure, both
of'the pixel electrodes 12F1 and 12F2 are of the fishbone type
which is similar to Embodiment 3.

[0125] Inthe configuration of this embodiment, in the main
pixel region Px1, the same configurations as descried in
Embodiments 1 to 4 can be adopted. A columnar spacer 24 is
provided in the center portion of a main pixel electrode 12F1,
and a rivet 24c is provided in the center portion of a sub pixel
electrode 12F2. The rivet 24¢ regulates the orientation of
liquid crystal molecules 50 in the sub pixel region Px2.
[0126] The coupling capacitor of the sub pixel electrode
12F2 is formed in an overlap portion (the cross shape)
between the backbone portion of the sub pixel electrode 12F2
and the extended portion 18 of the drain electrode of the TFT
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with an insulating film sandwiched therebetween. Two Cs bus
lines 6 A and 6B are disposed between adjacent gate bus lines
2, and they are disposed, respectively, in spaces between the
main pixel electrodes 12F1 and the sub pixel electrodes 12F2
vertically adjacent to each other. In this embodiment, simi-
larly to the configuration shown in FIG. 11(5) and the like, the
Cs capacitor portion 86 is also formed on the Cs bus line.

[0127] Such a multi-pixel configuration is suitably utilized,
for example, in television, digital signage, or the like. The
display quality can be improved especially when viewed from
the diagonal direction.

Embodiment 7

[0128] FIG.17 shows a liquid crystal display device 107 in
Embodiment 7. This embodiment is different from Embodi-
ment 3 in the arrangement of contact holes 14A and 14B. In
this embodiment, the positional relationship of the contact
holes 14A and 14B with respect to the columnar spacer 24 is
different between pixels. In this embodiment, there are two
kinds of positions ofthe contactholes 14A and 14B. The same
components as those in Embodiment 1 to 6 are designated by
the same reference numerals, and the descriptions thereof are
omitted.

[0129] In the step of sticking the counter substrate to the
TFT substrate, there may occur any positional deviation
between them (for example, about 5 pm). When a columnar
spacer and a sub columnar spacer are to be formed on the
counter substrate, any positional deviation with respect to the
counter electrode by several micrometers may occur.

[0130] In the case where the positional relationships
between the columnar spacers and the contact holes are the
same in all of the pixels, if the positional deviation occurs in
one specific direction, the contact area of the columnar spacer
with the TFT substrate is easily varied largely. On the other
hand, if a plurality of positional relationships are provided as
described above, it is possible to prevent the contact area from
being varied between products produced in mass production.
When the plurality of positional relationships are set, it is
desired that the respective numbers of contact holes 14A and
14B having different positional relationships are equally set
in the display area. In addition, it is desired that the contact
holes 14 A and 14B may be provided in such a manner that the
respective contact holes 14A and 14B having predetermined
positional relationships be uniformly disposed in the display
area.

[0131] Herein, the configuration in which the positions of
the contact holes are changed in the modified embodiment of
Embodiment 3 is described, but the configuration can be
applied in the other embodiments.

[0132] The embodiments of the prevent invention are
described above, but other various kinds of configurations can
be adopted. For example, the present invention can be applied
to the case where pixels are arranged in a delta array. Alter-
natively, the present invention can be applied to a semi-trans-
mission type liquid crystal display device by providing a
reflective electrode around a pixel electrode.

INDUSTRIAL APPLICABILITY

[0133] The present invention can be widely used in liquid
crystal display devices of various applications. The present
invention can be suitably utilized as a small-sized and high-
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definition liquid crystal display device of VA mode which is
provided in an electronic book, a smart phone, or the like, for
example.

REFERENCE SIGNS LIST

[0134] 100 Liquid crystal display device
[0135] 110 TFT substrate

[0136] 120 Counter substrate

[0137] 2 Gate bus line

[0138] 4 Source bus line

[0139] 6 Storage capacitor bus line

[0140] 8 Storage capacitor electrode

[0141] 10 TFT

[0142] 12 Pixel electrode

[0143] 14 Contact hole

[0144] 16 Storage capacitor counter electrode
[0145] 20 Black matrix

[0146] 22 Opening portion

[0147] 24 Columnar spacer

[0148] 80 Storage capacitor forming region (Storage

capacitor portion)
[0149] Px Pixel region
1. A liquid crystal display device comprising: a TFT sub-
strate, a counter substrate, and a vertical alignment type liquid
crystal layer sandwiched between the TFT substrate and the
counter substrate, wherein

the TFT substrate includes:

a first substrate;

a gate bus line provided so as to extend along a first direc-
tion on the first substrate;

a source bus line provided so as to extend along a second
direction which intersects the first direction on the first
substrate;

aTFT provided in the vicinity of the intersecting portion of
the gate bus line and the source bus line;

an interlayer insulating layer which covers the TFT;

a pixel electrode electrically connected to the TFT via a
contact hole formed in the interlayer insulating layer;

a storage capacitor bus line provided on the first substrate
and a storage capacitor electrode connected to the stor-
age capacitor bus line; and

a storage capacitor counter electrode having a light-shield-
ing property electrically connected to the TFT and the
pixel electrode, the storage capacitor counter electrode
constituting a storage capacitor portion together with the
storage capacitor electrode with an insulating layer
interposed therebetween, and

the counter substrate includes:

a second substrate; and

a counter electrode provided on the second substrate, and
wherein

the liquid crystal display device further comprises a black
matrix having a light-shielding property provided on the
first substrate or on the second substrate, and

acolumnar spacer provided between the TFT substrate and
the counter substrate, the columnar spacer being dis-
posed in a center portion of a pixel region corresponding
to the pixel electrode so as to at least partially overlap
with the storage capacitor counter electrode,

the contact hole being provided so as to overlap with the
storage capacitor counter electrode, and

the black matrix including a portion which integrally cov-
ers the TFT and the columnar spacer.
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2. The liquid crystal display device of claim 1, wherein the
source bus line is disposed so as to extend along a peripheral
portion of the pixel region, and the TFT is disposed in the
vicinity of the peripheral portion of the pixel region.

3. The liquid crystal display device of claim 1, wherein the
columnar spacer is disposed so as to at least partially overlap
with the pixel electrode.

4. The liquid crystal display device of claim 1, wherein the
black matrix is disposed so as to at least partially overlap with
the storage capacitor counter electrode.

5. The liquid crystal display device of claim 1, wherein the
black matrix includes a first BM portion for light-shielding
the TFT and a second BM portion for light-shielding the
columnar spacer, the first BM portion overlapping with the
second BM portion.

6. The liquid crystal display device of claim 1, wherein the
contact hole and the columnar spacer are disposed so as to at
least partially overlap with each other.

7. The liquid crystal display device of claim 1, wherein the
orientation of liquid crystal molecules of the liquid crystal
layer is radially regulated by the columnar spacer when a
voltage is applied.

8. The liquid crystal display device of claim 1, wherein the
pixel electrode includes a plurality of first minute electrodes
extending in a third direction, a plurality of second minute
electrodes extending in a fourth direction, a plurality of third
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minute electrodes extending in a fifth direction, and a plural-
ity of fourth minute electrodes extending in a sixth direction,
the third direction, the fourth direction, the fifth direction, and
the sixth direction being mutually different.

9. The liquid crystal display device of claim 8, wherein the
pixel electrode includes a backbone portion formed in a
boundary portion of the first to fourth minute electrodes, and
an additional storage capacitor is formed in a region corre-
sponding to the backbone portion.

10. The liquid crystal display device of claim 1, wherein
the liquid crystal display device comprises a plurality of pixel
regions, and a projection structure which is lower than the
columnar spacer is provided in the center portion of a pixel
region which is different from the pixel region in which the
columnar spacer is provided among the plurality of pixel
regions.

11. The liquid crystal display device of claim 1, further
comprising a sub pixel electrode disposed adjacently to the
pixel electrode, and connected to the TFT via a capacitance
coupling.

12. The liquid crystal display device of claim 1, wherein
the liquid crystal display device comprises a plurality of pixel
regions, and the position of the contact hole with respect to the
columnar spacer is different between at least two pixel
regions among the plurality of pixel regions.
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