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(57) ABSTRACT

A liquid crystal display device according to the present
invention includes an array substrate and a CF substrate. The
CF substrate includes a lattice-shaped light shielding pattern
between pixel electrodes and a columnar spacer at an
intersection of the light shielding patterns. The array sub-
strate and the CF substrate are disposed so as to face each
other with a liquid crystal layer interposed therebetween.
The intersection includes a portion in which signal lines
intersect each other and a portion in which the signal lines
do not intersect each other, whereby a step is provided on a
surface of the array substrate. The columnar spacer includes
a main spacer in the portion in which the signal lines
intersect each other and a sub-spacer in the portion in which
the signal lines do not intersect each other.

10 Claims, 12 Drawing Sheets

1255




US 10,642,090 B2

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS
2015/0301399 A1* 10/2015 Tamaki ............. GO2F 1/133504
349/96
2016/0370636 Al* 12/2016 Huang .. ... GO2F 1/13624
2018/0095317 AL*  4/2018 Song ...cccccovvvverennnn GOG6F 3/047

2018/0284516 Al* 10/2018 Kobayashi ........ GO2F 1/133345

FOREIGN PATENT DOCUMENTS

Jp 2003-121857 A 4/2003
Jp 2005-128357 A 5/2005
Jp 2015-129907 A 7/2015

* cited by examiner



U.S. Patent May 5, 2020 Sheet 1 of 12 US 10,642,090 B2

FIG. 1

100




U.S. Patent May 5, 2020 Sheet 2 of 12 US 10,642,090 B2

FI1G. 2

100

136

117
i \

>
N . w3 W

110

120



U.S. Patent May 5, 2020 Sheet 3 of 12 US 10,642,090 B2

FIG. 3
/18 113 123 1130 118
1228 122R )0 122G 1228
1i7 o o

118 R

i R, ¢ i '-““
! 1 by

L{g S : } 4 by
1 H 1 1y

i i by

! 1 by
i i

113s ' ; ; i;

% Ly ! RER

r I 1 1y

i t by d

i 1 by

b

118
X1-- {- -X2
/ » N~ 117
1230 114d
Vg



U.S. Patent May 5, 2020 Sheet 4 of 12 US 10,642,090 B2

FIG. 4

126 122R 122G

122B 124

xf} J \ RPA ‘\ 2
,, 125m 113 \ 125s m' Wff‘ 115

V4

L.,



U.S. Patent May 5, 2020 Sheet 5 of 12 US 10,642,090 B2

FIG. 5

114 112

/ A
f]?;md 1;/ , f{// 9
17, + 4 [y | gelin

NG V= | ) L ¢
- 3 3
7z » - .-

117, | il gl gl

17, \K
118,,,

118,
118 atl
Y - COLUMN DIRECTION

L‘X : ROW DIRECTION



U.S. Patent May 5, 2020 Sheet 6 of 12 US 10,642,090 B2

FIG. 6

S1 \[ CLEAN SUBSTRATE J { HOUNT CONTROL }/310

$2 \{ APRLY Qk}gg'}"ﬁw BOND POLARIZING PLATE |- 9

J

$3 \{ PERFPOR%MCE%LSIIGNNGMENT { DIVIDE CELL | S8

I

84\{ PRGTE AGENT ] CURE SEALING WENBER |- S7

\. 7

S9 \{ DROP LIQUID CRYSTAL J PERFORM BONDING | S6




U.S. Patent May 5, 2020 Sheet 7 of 12 US 10,642,090 B2

FI1G. 7
126 122R
122G
1228 121
\ )
) o1z |
i20f

‘ } ! * 1
X1 } \ J.J.Q\ 12533117”4 | 1151\,])(2
114 19125 113 =% g



U.S. Patent May 5, 2020 Sheet 8 of 12 US 10,642,090 B2

FIG. 8

118
122R
,Zlf? 1130
/; 14d
114s
114¢ 1718

1230 -

1228

X3 ' Al -X4




U.S. Patent May 5, 2020 Sheet 9 of 12 US 10,642,090 B2

FIG. 9

X4



U.S. Patent May 5, 2020 Sheet 10 of 12 US 10,642,090 B2

FIG. 10

7,

( ’f?n“&’y

s

g
L
118

i

=

Y e

=
—y

w1

=

Y e

24
i\

¥ 9]

112

18,5

md

/*-J

}1 [ L"\fzsm*g
7*([ B || w ¢ 8 118
N mid
L"‘\ns

Ll Pl o
)

o
e L ¢
i 2
1,
o
o
“Lre
-6
1
o

”**&\\\\\gilx*i
=

S Y : COLUMN DIRECTION

[“”"“’X : ROW DIRECTION

174



U.S. Patent May 5, 2020 Sheet 11 of 12 US 10,642,090 B2

FIG. 11

118

112¢

1228

122R

T
R
~ 118
117
12% j1z: ) 145
125 1255 114c 14



U.S. Patent May 5, 2020 Sheet 12 of 12 US 10,642,090 B2

FIG. 12

122R 122G
N : 1271
128 \ 123 122B r

.\ A\ F e /

k

7N 1 Y ’
X5 [\ zsm| /255,1,2 1o 112718 11 Y3
112
z z

L. L.,



US 10,642,090 B2

1
LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a liquid crystal display
device, particularly to a liquid crystal display device includ-
ing a columnar spacer that holds between substrates,
decreasing the number of driving circuit chips, and saving
manufacturing cost.

Description of the Background Art

As a technique of suppressing manufacturing cost by
decreasing the number of driving circuit (IC) chips in a
liquid crystal display device, for example, there is a tech-
nique called a double scanning line system that can decrease
the number of video signal line-side driving IC chips that are
a relatively expensive component.

For example, as disclosed in Japanese Patent Application
Laid-Open No. 2000-35589 or 2015-129907, the liquid
crystal display device of the double scanning line system is
a liquid crystal display device in which pixels are arranged
in a matrix form in a display region, two columns of pixels
are disposed while one of video signal lines (source wirings)
extending in a column direction is sandwiched therebe-
tween, and the two columns of pixels share the one video
signal line. Consequently, the number of video signal lines
is halved, and the number of driving IC chips for the video
signal lines can be decreased (also referred to as a half
source system because the number of video signal lines can
be halved). On the other hand, two adjacent pixels connected
to one video signal line in each row through a switching
element (for example, a thin film transistor (TFT)) are
required to be driven by individual scanning signal lines
(gate wirings). Consequently, two scanning signal lines are
disposed for each of the regions between the two rows of
pixels, and the number of scanning signal lines is doubled as
compared with the conventional case. From this point, this
system is called the double scanning line system.

One of features of the liquid crystal display device of the
double scanning line system is that the number of video
signal lines is halved, namely, the number of video signal
lines is smaller than the number of pixels (the number of
pixel columns) arranged in a row direction, so that an
inter-pixel region where the video signal line is not provided
is generated in a region between the two columns of pixels.
Specifically, in the region between two columns of pixels,
the inter-pixel region where one video signal line is disposed
and the inter-pixel region where no video signal line is
disposed (the video signal line is not provided) are alter-
nately arranged. Depending on the application purpose, a
system in which the number of video signal lines is doubled
and the number of scanning signal lines is halved, whereby
the number of driving IC chips for the scanning signal lines
is decreased can be adopted contrary to the liquid crystal
display device of the double scanning line system. However,
this system also has the feature including the inter-pixel
region where this video signal line is not provided.

In the liquid crystal display device of the double scanning
line system, as disclosed in Japanese Patent Application
Laid-Open No. 2015-129907, and a counter substrate (also
referred to as a color filter substrate in the case where a color
filter is provided) are provided opposite, via the liquid
crystal layer, to an array substrate on which video signal
lines and scanning signal lines having the features of the
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above-described double scanning line system are provided.
In the counter substrate, a light shielding layer (black matrix
(BM)) and a color filter, and the like are appropriately are
provided. Additionally. a columnar spacer (post spacer (PS),
also referred to as a column spacer) is disposed between the
array substrate and the counter substrate in order to control
the distance between the substrates, the distance correspond-
ing to a thickness of the liquid crystal layer.

Because the liquid crystal which performs the display
operation is basically excluded in the region where the
columnar spacer is disposed, the display operation cannot be
performed by turning on and off the liquid crystal. Addi-
tionally, desired alignment processing cannot be performed
on an alignment film within a certain range near the colum-
nar spacer to disorder the alignment of the liquid crystal, and
the desired display operation cannot be performed by turn-
ing on and off the liquid crystal. Additionally, in the region
where these columnar spacers are provided and the vicinity
region, not only the display operation cannot be performed
but also light leakage is generated. Consequently, it is
necessary to dispose the columnar spacer in a light shielding
region. Thus, the columnar spacer is basically disposed in
the light shielding region where the light shielding layer
(BM) is formed, namely, a region where at least the pixel
electrode is not provided, for example, a region where a
scanning signal wiring is provided, a region where a switch-
ing element (for example, the TFT) is provided, and a region
where the video signal line is provided. In the configuration
disclosed in the example of Japanese Patent Application
Laid-Open No. 2015-129907, according to the above typical
example, the columnar spacer CS is disposed near the region
facing the TFT which is covered with an organic protective
film PAC to planarize the surface in the light shielding
region. In the example of Japanese Patent Application Laid-
Open No. 2015-129907, the surface on the counter substrate
(upper substrate SUBS1) side on which the columnar spacer
CS is disposed is also planarized by a protective film OC.

On the other hand, in recent years, with widening the
operating temperature range, for example, a dual spacer
structure is frequently used in the liquid crystal display
device as countermeasures against a defect (also referred to
as a low-temperature bubble defect) that a bubble is gener-
ated in a cell because shrinkage of the columnar spacer
cannot follow a shrinkage amount of the liquid crystal when
the liquid crystal display device is placed at low tempera-
tures or a defect (also referred to as high-temperature
downward swelling or gravity unevenness) that a cell gap is
increased in a lower portion of a panel in a gravity direction
generated because expansion of the columnar spacer cannot
follow an expansion amount of the liquid crystal when the
liquid crystal display device is placed at high temperatures.
The dual spacer structure includes columnar spacers (main
spacers) that are provided always in contact with both the
array substrate and the counter substrate to have a function
of holding a substrate interval, and are disposed at relatively
low density. In addition, the dual spacer structure includes
columnar spacers (sub-spacers) that are provided in contact
with one of the array substrate and the counter substrate at
a normal time, and in the case where a large load is
temporarily applied from the outside, come into contact with
both the array substrate and the counter substrate to have a
fanction of distributing and receiving the load. However,
since the liquid crystal display device of the double scanning
line system is a technology relating to a low-price liquid
crystal display device which somewhat emphasizes low
cost, there are few products in which the dual spacer
structure guaranteeing quality in a wide operating tempera-
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ture range is applied to the liquid crystal display device of
the double scanning line system, and a literature specifically
disclosing a configuration in which the dual spacer structure
is applied to the liquid crystal display device of the double
scanning line system is not confirmed.

An ordinary liquid crystal display device in which one
video signal line and one scanning signal line are disposed
in each inter-pixel region in the column direction or the row
direction, namely, the configuration of the dual spacer
structure in the ordinary liquid crystal display device in
which the double scanning line system is not used is roughly
divided into two types, for example. as described in Japa-
nese Patent Application Laid-Open Nos. 2005-128357,
2002-182220, and 2003-121857.

First, one of the two types relates to the configuration of
the dual spacer structure in which the columnar spacers
provided on the counter substrate side have the same height,
and using a step formed on the surface on the array substrate
side, the columnar spacer disposed in the relatively pro-
jected portion is set to a main spacer while the columnar
spacer disposed in a relatively recessed portion is set to a
sub-spacer. As to a specific example of this configuration,
for example, as disclosed in Japanese Patent Application
Laid-Open No. 2005-128357, by separately providing, as
the relatively projected portion, a base pattern in a part of the
scanning signal line, the main spacer is disposed in the part,
in which the base pattern is provided, of the scanning signal
line, and the sub-spacer is provided in a part, in which the
base pattern is not disposed, of the scanning signal line. As
described in Japanese Patent Application Laid-Open No.
2002-182220, using the already-provided step formed on the
surface of the array substrate side, for example, the main
spacer is disposed in the relatively projected portion in the
light shielding region such as a TFT portion and an inter-
section of the scanning signal line and the video signal line,
and the sub-spacer is disposed in the relatively recessed
portion in the light shielding region such as a part of the
scanning signal line excluding the TFT portion and the
intersection of the scanning signal line and the video signal
line.

Second, for example, as described in Japanese Patent
Application Laid-Open No. 2003-121857, the other of the
two types relates to the configuration of the dual spacer
structure in which the columnar spacers provided on the
counter substrate side have two kinds of heights. In particu-
lar, in the case where the configuration in which the surface
of the array substrate side is covered with an organic resin
film (organic planarization film) having the function of
planarizing the surface of the array substrate is used, because
the step is not substantially formed on the surface of the
array substrate side, the configuration utilizing the step on
the surface of the array substrate side is hardly adopted, and
the configuration in which the columnar spacers provided on
the counter substrate side have two kinds of heights is
frequently adopted.

However, in the two examples described in Japanese
Patent Application Laid-Open Nos. 2005-128357 and 2002-
182220 that are a typical arrangement in the former structure
of the dual spacer structure, it is necessary to dispose the
columnar spacers in a part of the scanning signal line
excluding the TFT portion and the intersection of the scan-
ning signal line and the video signal line. As described
above, the alignment of the liquid crystal is disturbed in the
vicinity of the columnar spacer, and therefore generation of
light leakage is concerned. Consequently, it is necessary to
provide a wider light shielding region compared with the
light shielding region of the scanning signal line, which
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results in the degradation of the pixel aperture ratio. The
region, generated in the vicinity of the columnar spacer,
where the desired alignment processing is hardly performed
to disturb the alignment of the liquid crystal, is widely
formed on the downstream side in the alignment processing
direction of the columnar spacer. For the transverse electric
field system, the alignment processing is frequently per-
formed in a direction parallel to a direction of a wiring. In
such cases, when the columnar spacer is disposed in a part
of the scanning signal line excluding the TFT portion and the
intersection of the scanning signal line and the video signal
line, a region where the alignment of the liquid crystal is
disturbed is formed in a relatively large region outside the
region where the scanning signal line is formed, which
becomes the downstream side in the alignment processing
direction. Thus, in particularly for the transverse electric
field system, it is necessary to provide a wide light shielding
region, which results in large degradation of the pixel
aperture ratio. In a case where the region where the align-
ment of liquid crystal formed is disturbed in the vicinity of
the columnar spacer is not used as the light shielding region,
the light leakage of concern is generated, and therefore
contrast of a display image is degraded, namely, which leads
to degradation of display quality.

Additionally, there is a disadvantage that cost of the
process of forming the counter substrate on which the
columnar spacers are provided becomes high in the case
where the dual spacer structure, as the latter structure of the
dual spacer structure, in which the columnar spacers pro-
vided on the counter substrate side have two different
heights is adopted.

As described above, problems such as the degradation of
the pixel aperture ratio, the degradation of the contrast, and
the high cost remain in the configuration of the dual spacer
structure in the ordinary liquid crystal display device in
which the double scanning line system is not used. As a
matter of course, the cost reduction and the high quality in
a wide operating temperature range are not compatible
because the dual spacer structure using the double scanning
line system is not disclosed in any one of Japanese Patent
Application Laid-Open Nos. 2000-35589, 2015-129907,
2005-128357, 2002-182220, and 2003-121857. Addition-
ally, the cost reduction and the high quality in a wide
operating temperature range are not compatible with a high
pixel aperture ratio and the high display quality because
there is no description about a specific optimum structure in
the dual spacer structure using the double scanning line
system.

SUMMARY

An object of the present invention is to provide a liquid
crystal display device having characteristics such as the low
cost, the high quality in the wide operating temperature
range, the high pixel aperture ratio, and the high display
quality.

The liquid crystal display device of the present invention
includes an array substrate and a counter substrate. A pixel
electrode, a switching element, a plurality of scanning signal
lines, and a plurality of video signal lines are provided in the
array substrate. A plurality of pixel electrodes are arranged
in a matrix form in a display region where an image is
displayed. The switching element is connected to each of the
pixel electrodes. The plurality of scanning signal lines and
the plurality of video signal lines intersect each other, extend
in a row direction or a column direction, and are connected
to the switching element. The counter substrate is disposed
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opposite the array substrate with an interval while a liquid
crystal layer is interposed between the counter substrate and
the array substrate. A black matrix and a plurality of colum-
nar spacers are provided on the counter substrate. The black
matrix is constructed with a light shielding pattern. The light
shielding pattern is provided into a lattice shape so as to
overlap a region between the plurality of pixel electrodes
arranged in the matrix form. The plurality of columnar
spacers hold an interval between the counter substrate and
the array substrate within a fixed range. Either one of the
plurality of scanning signal lines and the plurality of video
signal lines are arranged in a region between any two rows
of pixel electrodes adjacent to each other. A region where
one signal line of the other of the plurality of scanning signal
lines and the plurality of video signal lines is disposed and
a region where one signal line of the other of the plurality of
scanning signal lines and the plurality of video signal lines
is not disposed are mixed in a region between any two
columns of pixel electrodes adjacent to each other. The
intersection of the light shielding patterns provided in the
lattice shape includes a portion in which the scanning signal
line and the video signal line intersect each other and a
portion in which the scanning signal line and the video
signal line do not intersect each other. A step having a
difference in height of a surface of the array substrate is
provided between the portion in which the scanning signal
line and the video signal line intersect each other and the
portion in which the scanning signal line and the video
signal line do not intersect each other. The columnar spacer
is provided at an intersection of light shielding patterns
provided into a lattice shape. The columnar spacer includes
amain spacer and a sub-spacer. The main spacer is provided
in the portion in which the scanning signal line and the video
signal line intersect each other, and abuts on the surface of
the array substrate. The sub-spacer is provided in the portion
in which the scanning signal line and the video signal line do
not intersect with each other. The sub-spacer does not abut
on the surface of the array substrate in a normal state, but
abuts on the surface of the array substrate when an interval
is narrowed within a fixed range.

According to the liquid crystal display device of the
present invention, the cost can be reduced, the generation of
the defect when the liquid crystal display device is placed at
low temperatures or high temperatures can be prevented, or
the degradation of the aperture ratio or the contrast of the
display image can be prevented.

These and other objects, features, aspects and advantages
of the present invention will become more apparent from the
following detailed description of the present invention when
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view illustrating a liquid crystal panel
in a liquid crystal display device according to a first pre-
ferred embodiment of the present invention;

FIG. 2 is a plan view illustrating the liquid crystal panel
in the liquid crystal display device of the first preferred
embodiment of the present invention;

FIG. 3 is a plan view illustrating a main part of the liquid
crystal panel in the liquid crystal display device of the first
preferred embodiment of the present invention;

FIG. 4 is a sectional view illustrating the main part of the
liquid crystal panel in the liquid crystal display device of the
first preferred embodiment of the present invention;
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FIG. 5 is a schematic plan view illustrating an electrical
connection relation of an array substrate in the liquid crystal
display device of the first preferred embodiment of the
present invention;

FIG. 6 is a flowchart illustrating a panel assembling step
in a process of manufacturing the liquid crystal panel of the
first preferred embodiment of the present invention,

FIG. 7 1s a sectional view illustrating a main part of a
liquid crystal panel in a liquid crystal display device accord-
ing to a modification of the first preferred embodiment of the
present invention;

FIG. 8 is a plan view illustrating a main part of a liquid
crystal panel in a liquid crystal display device according to
a second preferred embodiment of the present invention;

FIG. 9 is a sectional view illustrating the main part of the
liquid crystal panel in the liquid crystal display device of the
second preferred embodiment of the present invention;

FIG. 10 is a schematic plan view showing an electrical
connection relationship of an array substrate in the liquid
crystal display device of the second preferred embodiment
of the present invention;

FIG. 11 is a plan view illustrating a main part of a liquid
crystal panel in a liquid crystal display device according to
a third preferred embodiment of the present invention; and

FIG. 12 is a sectional view illustrating the main part of the
liquid crystal panel in the liquid crystal display device of the
third preferred embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Preferred Embodiment

A configuration of a liquid crystal panel 100 used in a
liquid crystal display device according to a first preferred
embodiment will be described with reference to FIGS. 1 to
5. FIGS. 1 and 2 illustrate a sectional view and a plan view
of the entire configuration of the liquid crystal panel, respec-
tively, and FIG. 1 corresponds to a sectional view taken
along line A-B in FIG. 2. FIGS. 3 and 4 are detailed
explanatory views illustrating arrangement of each pattern
such as a signal line provided on an array substrate that is of
a main part of the present invention and disposition of a
columnar spacer and a black matrix, which are provided on
a color filter substrate 3, FIG. 3 is a plan view illustrating a
planar arrangement of these components, and FIG. 4 corre-
sponds to a sectional view taken along line X1-X2 in FIG.
3. FIG. 5 is a schematic plan view illustrating an electrical
connection relation of the signal line and the like mainly
provided on the array substrate.

Note that, the figures are schematically drawn, but do not
reflect an exact size of the constituent in the figures or the
like. In particular, for the components disposed between the
color filter substrate and the array substrate, a distance
between the color filter substrate and the array substrate, a
length in the direction perpendicular to a substrate surface,
and the like are exaggerated for convenience compared with
thicknesses of the color filter substrate and the array sub-
strate. In addition, in order to avoid complication of the
drawings, omission of parts other than the main part of the
present invention and simplification of a part of the con-
figuration are performed as appropriate. The same holds true
for the following drawings. Furthermore, in the following
drawings, the same component as that described with ref-
erence to the previous drawing is designated by the same
reference numeral as that used in the previous drawing, and
the description thereof will be omitted as appropriate.
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By way of example, a description will be given of the case
where the present invention is applied to the transverse
electric field system liquid crystal panel operated using a
thin film transistor (TFT) as a switching element, particu-
larly, a fringe field switching (FFS) system liquid crystal
panel.

As illustrated in FIGS. 1 and 2, the liquid crystal panel
100 includes a TFT array substrate (hereinafter, referred to
as an array substrate) 110, a color filter substrate (CF
substrate) 120, and a sealing member 130. Switching ele-
ments such as TFTs and pixel electrodes are arrayed on the
array substrate 110 in an array form. The CF substrate 120
that is a counter substrate including a display region 200
where an image is displayed, and the CF substrate is
disposed opposite the array substrate 110. The sealing mem-
ber 130 is disposed so as to surround a region corresponding
to the display region 200, and the sealing member 130 seals
a gap between the CF substrate 120 and the array substrate
110.

Aliquid crystal layer 140 is sealed by the sealing member
130, and sandwiched at least in the region corresponding to
the display region 200 in the gap between the CF substrate
120 and the array substrate 110. The sealing member 130 is
formed in a frame region 190 disposed outside the region
corresponding to the display region 200. Both the array
substrate 110 and the CF substrate 120 have a rectangular
outer shape. The outer shape of the array substrate 110 is
larger than that of the CF substrate 120, and includes a
protrusion that partially protrudes from an outer end face of
the CF substrate 120. The array substrate 110 and the CF
substrate 120 are disposed while overlapping each other. As
illustrated in FIG. 2, the protrusions of the array substrate
110 are provided on two adjacent sides of the CF substrate
120, and the protrusions are provided on two adjacent sides
of the array substrate 110.

In FIG. 2, a rectangular area constituting the display
region 200 is surrounded by a dotted line, and is a boundary
with the frame region 190. The frame region 190 as used
herein means a frame-shaped region, which surrounds the
display region 200 and is located outside the display region
200, that is, a whole region excluding the display region 200,
in a region that is located on the array substrate 110 or CF
substrate 120 of the liquid crystal panel 100 or sandwiched
between the array substrate 110 and the CF substrate 120,
and the display region 200 is also used for the whole region
that is located on the array substrate 110 or CF substrate 120
of the liquid crystal panel 100 or sandwiched between the
array substrate 110 and the CF substrate 120. In this speci-
fication, the frame region 190 and the display region 200 are
used in the same meaning.

As illustrated in FIGS. 3 and 4, many columnar spacers (a
main spacer 125m and a sub-spacer 125s) that form and hold
the gap, within a predetermined fixed range, between the
array substrate 110 and the CF substrate 120 are disposed in
the display region 200 (not illustrated in FIGS. 1 and 2). The
columnar spacers (the main spacer 125m and the sub-spacer
125s) which form and hold a gap within a predetermined
fixed range between the substrates are characteristic con-
figurations of the present invention, so that the columnar
spacers will separately be described in detail.

A detailed configuration of the CF substrate 120 will be
described below. Each component of the CF substrate 120 is
disposed on a glass substrate 121 made of typical glass that
is a transparent substrate having a thickness of about 0.7
mm. In at least the display region 200 on one surface of the
glass substrate 121, the CF substrate 120 includes an align-
ment film (not illustrated), a color filter 122 (122R, 122G,
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and 122B are given as red (R), green (G), and blue (B) that
are three primary colors, respectively), a black matrix (BM)
123, and an overcoat layer (OC layer) 124. The alignment
film aligns liquid crystal. The color filter 122 is disposed
below the alignment film. The BM 123 is a light shielding
layer that is provided to shield gaps between the color filters
122R to 122B or the frame region 190 disposed outside the
region corresponding to the display region 200. The OC
layer 124 is provided below the alignment film and covers
the surfaces of the color filters 122R to 122B and the BM
123, and is a planarization film constructed with a transpar-
ent resin film that planarizes the surface of the CF substrate
120 by planarizing a surface step formed between the color
filters 122R to 122B and the BM 123.

For example, a color material layer in which a pigment,
dye, or the like is dispersed in a photosensitive resin can be
selected as the color filters 122R to 122B. The color filters
122R to 122B function as a filter selectively transmitting
light in a specific wavelength range such as red, green, and
blue, and patterns of the color material layers having dif-
ferent colors are regularly arrayed. For example, what is
called a resin BM in which a carbon black pigment or a
titanium black pigment is dispersed in a photosensitive resin
may be used as the BM 123, or what is called a Cr-BM made
of metallic Cr in which a Cr oxide film having a certain
antireflection function is provided on the surface may be
used as the BM 123. The BM 123 constructed with the resin
BM is selected in the first preferred embodiment. As illus-
trated in the sectional view of FIG. 1 or the plan view of FIG.
3, a BM opening 1230 constituting an opening disposed
corresponding to a pixel electrode 112 of each pixel is
provided in the light shielding pattern provided particularly
in the display region 200 of the BM 123, and constructed
with a lattice-shaped light shielding pattern. That is, the
lattice-shaped light shielding pattern of the BM 123 pro-
vided in the display region 200 is provided while overlap-
ping the area between the pixel electrodes 112. The patterns
of the respective color material layers of the color filters
122R to 122B described above are provided in a region
covering at least the BM opening 1230 along a Y direction
in FIG. 2.

Although not illustrated in the drawing, since the align-
ment film material to be the alignment film after the forma-
tion of the columnar spacer is applied to the alignment film
formed on the surface of the CF substrate 120, the alignment
film material is also applied to the surface of the columnar
spacer, even though the alignment film is mainly formed in
the region other than the portion, in which the columnar
spacer is formed, in the display region 200. The alignment
film material is formed relatively thin on the surface of the
columnar spacer, but the alignment film material does not
have a substantial function as an alignment film subjected to
alignment processing on the surface of the columnar spacer.

Furthermore, the columnar spacers (the main spacer 125m
and the sub-spacer 125s) are provided between the array
substrate 110 and the CF substrate 120, and provided while
fixed to the surface on side of the CF substrate 120,
particularly to the surface of the overcoat layer (OC layer)
124.

An antistatic transparent conductive layer 126 that is
grounded is provided on the other surface of the glass
substrate 121 of the CF substrate 120, that is, on the surface
opposite to the surface on which the color filters 122R to
122B, the BM 123, and the like are provided. In the antistatic
transparent conductive layer 126, a transparent conductive
film such as an indium thin oxide (ITO) film is provided to
cover at least the display region 200 of the glass substrate
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121. The antistatic transparent conductive layer 126, and is
effective in preventing a display defect due to charging of
static electricity and external electric field in the transverse
electric field system liquid crystal panel. On the other
surface of the CF substrate 120, a polarizing plate 132 is
provided outside the antistatic transparent conductive layer
126.

A detailed configuration of the array substrate 110 will be
described below. Similarly to the CF substrate 120, each
component of the array substrate 110 is disposed on a glass
substrate 111 made of typical glass that is a transparent
substrate having a thickness of about 0.7 mm. The descrip-
tion will be given in order from the components provided in
the display region 200 of the array substrate 110. In the
display region 200, the array substrate 110 includes an
alignment film (not illustrated), a pixel electrode 112 and a
counter electrode 113, a TFT 114, an insulating film 115, and
a plurality of scanning signal lines (hereinafter, also referred
to as gate wirings) 117 and a plurality of video signal lines
(hereinafter, also referred to as source wirings) 118. The
alignment film aligns the liquid crystal on one surface of the
glass substrate 111. The pixel electrode 112 and the counter
electrode 113 are provided below the alignment film, and the
pixel electrode 112 and the counter electrode 113 are a pair
of electrodes to which a voltage generating an electric field
in a direction parallel to the substrate surface of the array
substrate 110 or the CF substrate 120 to drive the liquid
crystal is applied. The TFT 114 is a switching element that
writes a voltage in the pixel electrode 112 which is one of the
pair of electrodes. The insulating film 115 covers the TFT
114. The plurality of scanning signal lines 117 and the
plurality of video signal line 118 are wirings through which
signals are supplied to the TFT 114.

As illustrated in FIG. 3, the TFT 114 includes a semicon-
ductor layer 114¢ that serves as an active layer of a transis-
tor, a gate electrode (in this case, common to part of the gate
wiring 117) of a transistor that is provided while overlapping
the semiconductor layer 114¢, a source electrode 114s, and
a drain electrode 114d. The TFT 114 is electrically con-
nected to the source wiring 118 through the source electrode
1145 and to each pixel electrode 112 through the drain
electrode 1144.

As to the pixel electrode 112 and the counter electrode 113
which are the pair of electrodes to which the voltage driving
the liquid crystal is applied, in the first preferred embodi-
ment, as illustrated in FIG. 3, the pixel electrode 112 which
is one of the electrodes is constructed with a flat plate-
shaped transparent conductive film pattern, and the counter
electrode 113 which is the other electrode includes a slit
electrode 113s constructed with a plurality of slit-shaped
openings provided in parallel in a region overlapping the
pixel electrode 112, and the counter electrode 113 is con-
structed with a transparent conductive pattern including a
counter electrode (opening) 1130 constituting the opening
provided in the region overlapping the semiconductor layer
114c¢ of the TFT 114, particularly in the formation region of
the slit electrode 113s, the counter electrode 113 overlaps the
pixel electrode 112 with the insulating film 115 interposed
therebetween.

The above configuration of the pixel electrode 112 and the
counter electrode 113 is optional, and a tooth electrode
having a tooth shape may be used as both the pixel electrode
112 and the counter electrode 113, which are typically used
as the electrode for the transverse electric field system in the
conventional technique. Alternatively, as another mode of
the FFS system, a vertical relationship of the shapes and
disposition of the pixel electrode 112 and the counter
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electrode 113 are reversed, the pixel electrodes 112 is
disposed above the counter electrode 113 as a pattern
including a slit electrode constructed with a plurality of
slit-shaped openings provided in parallel, the counter elec-
trode 113 having the flat plate shape is disposed below the
pixel electrode 112, and the TFT 114 may be connected to
the pixel electrode 112 constructed with the pattern includ-
ing the slit electrode to apply the voltage.

The insulating film 115 constituting the array substrate
110 is indicated as a simplified insulating film into which the
insulating films insulating the semiconductor layer 114c, the
gate electrode, the source electrode 114s, and the drain
electrode 114d, which constitute the TFT 114, from one
another, and the insulating film covering the TFT 114 or the
insulating film formed between the pixel electrode 112 and
the counter electrode 113 are integrated. However, between
the electrodes, the insulating film 115 is constructed with a
single-layer transparent insulating film or laminated film
including a plurality of transparent insulating films.

As to the planar arrangement, a connection relation, and
the like of the gate wiring 117, the source wiring 118, the
TFT 114, the pixel electrode 112, and the counter electrode
113, which are provided on the array substrate 110, as
illustrated in FIGS. 2, 3, and 5, the plurality of pixel
electrodes 112 are arranged in a matrix form in the display
region 200, and connected to the TFTs 114. A plurality of
gate wirings 117 and a plurality of source wirings 118 are
provided so as to extend in a row direction and a column
direction, respectively. In the first preferred embodiment,
assuming that the X direction illustrated in the drawings is
the row direction and that the Y direction is the column
direction, the gate wiring 117 extends in the row direction,
and the source wiring 118 extends in the column direction.
The plurality of gate wirings 117 and the plurality of source
wirings 118 are provided so as to intersect each other.

In the first preferred embodiment, as illustrated in FIG. 3,
the slit electrode 113s serving as the slit-shaped opening
provided in the counter electrode 113 described above is
provided while a longitudinal direction of the slit electrode
1135 1s set to the Y direction, namely, the column direction
that is an extending direction of the source wiring 118. In the
case where the pixel electrode 112 and the counter electrode
113 are tooth electrode having the tooth shape, similarly, the
longitudinal direction of the tooth electrode may be set to in
the column direction that is the extending direction of the
source wiring 118. Even in the case where pixel electrodes
112 is formed by a pattern including the slit electrode
constructed with the plurality of slit-shaped openings pro-
vided in parallel, which is another form of the pixel elec-
trode 112 and the counter electrode 113, the longitudinal
direction of the slit electrode provided on the side of the
pixel electrode 112 may be set to the column direction that
is the extending direction of the source wiring 118.

In a typical transverse electric field system liquid crystal
panel, the slit electrode or the tooth electrode pattern con-
stituting the pixel electrode 112 or the counter electrode 113
is frequently designed to be disposed line-symmetrically
with two extending directions and to perform division
alignment as a bent shape in one pixel or between two
adjacent pixels. In the case where the division alignment
setting is adopted in the first preferred embodiment, for
example, the slit electrode or the tooth electrode pattern
constituting the pixel electrode 112 or the counter electrode
113 may be formed into the bent shape having two longi-
tudinal directions (extending methods) inclined in positive
and negative directions at the same angle of 30 degrees or



US 10,642,090 B2

11

less with respect to the column direction that is the extending
direction of the source wiring 118.

In the first preferred embodiment, what is called the
double scanning line system is used as a method for sup-
plying a display potential to the pixel electrode 112 through
the gate wiring 117, the source wiring 118, and the TFT 114.
For example, assuming that N pixel electrodes 112 arranged
in a matrix form are arranged in the row direction (X
direction) and that M pixel electrodes 112 are arranged in the
column direction (Y direction), as illustrated in a schematic
plan view of FIG. 5, the source wirings 118 (118, to0 118,,,,)
are provided so as to divide the pixel electrodes 112 arranged
in N columns into each two columns, and each source wiring
118 is connected to the pixel electrode 112 through the two
TFTs 114 disposed on both sides of the pixel electrode 112.
That is, in the source wirings 118 (118, to 118, ,,), an
inter-pixel region where one source wiring 118 is disposed
and an inter-pixel region where the source wiring 118 is not
disposed are alternately disposed in each region sandwiched
between any two columns of pixel electrodes 112 adjacent to
each other, so that a total of N/2 source wirings 118 are
provided.

On the other hand, two gate wirings 117 (117 ,t0 117, )
are provided for each of the pixel electrodes 112 arranged in
M rows so as to sandwich the pixel electrode 112 from both
sides in the vertical direction, and the gate wirings 117
disposed sandwiching the TFTs 114 from both sides are
alternately connected to the two TFTs 114 disposed on both
sides of each of the N/2 source wirings 118. That is, two gate
wirings 117 (117, to 117, _,) are provided in each region
sandwiched between any two rows of pixel electrodes 112
adjacent to each other, and a total of 2M gate wirings 117 are
provided.

As described above, the two TFTs 114 disposed on both
sides of each source wiring 118 are connected to upper and
lower gate wirings 117, so that the TFTs 114 are disposed at
different positions on the upper and lower sides with respect
to the pixel electrode 112 on both sides of each source wiring
118. FIG. 5 illustrates an example in which the TFTs 114 are
disposed at different positions on the upper and lower sides
with respect to the pixel electrode 112 in each column, that
is, an example in which the two TFTs 114 disposed between
the source wirings 118 are disposed at different positions on
the upper and lower sides with respect to the pixel electrode
112. However, since the scanning signal voltage can be
supplied to the two TFTs 114 disposed on both sides of each
source wiring 118 through the different gate wirings 117, the
two TFTs 114 disposed between the source wirings 118 may
be disposed at the same position on the upper or lower side
with respect to the pixel electrode 112, and alternately be
disposed the upper and lower sides in units of two columns.

The configuration provided in the frame region 190 of the
array substrate 110 will be described below. A signal termi-
nal 116 that receives a signal supplied to the TFT 114 from
the outside is provided on the surface of the frame region
190 on the array substrate 110, particularly on the surface on
the side where the CF substrate 120 is provided in the
protrusion that protrudes partially from the end face of the
CF substrate 120. As illustrated in the drawing, the signal
terminals 116 are provided in the frame region 190 of two
sides of the array substrate 110 in correspondence with the
protrusions provided on the two adjacent sides of the array
substrate 110, one of the signal terminals 116 provided on
the side in the Y direction in the drawings supplies a
scanning signal to the gate wiring 117, and the other signal
terminal 116 provided on the side in the X direction in the
drawings supplies a video signal to the source wiring 118.
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Although the signal terminal 116 is configured in an inte-
grated manner in the drawings, in the detailed configuration,
a plurality of rectangular pads separated corresponding to a
plurality of signals are arrayed along the end of the substrate.

A control substrate 135 is connected to each pad of the
signal terminal 116, the control substrate 135 being provided
with, for example, a control integrated circuit (IC) chip that
generates a control signal controlling the driving IC through
a flexible flat cable (FFC) 136 constituting connection
wiring. The control signal from the control substrate 135 is
input to an input side of a source driving IC chip 133 for the
source wiring 118 or the gate driving IC chip 134 for the gate
wiring 117, which is attached to the protrusion, through the
signal terminal 116, and an output signal output from an
output side of the source driving IC chip 133 or the gate
driving 1C chip 134 is supplied to the TFT 114 in the display
region 200 through many signal extraction wirings (not
illustrated) drawn from the display region 200 and the gate
wiring 117 or the source wiring 118.

In the first preferred embodiment, since the double scan-
ning line system is used, and the number of source wirings
118 is decreased to a half of the number of columns of the
pixel electrodes 112, so that the number of the source driving
IC chips 133 for the source wirings 118 is also decreased.

The antistatic transparent conductive layer 126 formed on
the surface of the CF substrate 120 is grounded. Although
the detailed connection structure is not described with
reference to the drawings, for example, a ground pad is
provided on the protrusion of the array substrate 110, and the
antistatic transparent conductive layer 126 and the ground
pad are connected to each other by a conductive paste or a
conductive tape. A silver paste that is a typical conductive
paste agent can be used as the conductive paste. A base
material, made of a metal foil such as an Al foil or a Cu foil,
on which a conductive adhesive is applied, and a commer-
cially available conductive tape can be used as the conduc-
tive tape.

The liquid crystal panel 100 of the first preferred embodi-
ment is configured as described above. In the liquid crystal
panel 100, a backlight unit (not illustrated) that is a light
source is disposed opposite the substrate surface of the array
substrate 110 through an optical sheet (not illustrated) hav-
ing a function of adjusting light from the backlight unit on
the opposite side to the display surface formed in the display
region 200 of the CF substrate 120, and these members are
accommodated in a casing (not illustrated) in which the
display surface portion of the display region 200 is opened
to form the liquid crystal display device of the first preferred
embodiment.

With reference to a plan view of FIG. 3 and a sectional
view of FIG. 4, a description will now be given of the
arrangement of components such as the columnar spacers
(the main spacer 125m and the sub-spacer 125s) provided on
the CF substrate 120 and the BM 123, the columnar spacers
being one of the characteristic configurations of the present
invention, and particularly the positional relationship
between the signal lines disposed on the side of the array
substrate 110.

As to the planar arrangement of the BM 123 constructed
with the lattice-shaped light shielding pattern of the first
preferred embodiment, as illustrated in the plan view of FIG.
3, the inter-pixel region where one source wiring 118 is
disposed and the inter-pixel region where the source wiring
118 is not disposed are alternately repeated in the inter-pixel
regions in the column direction between the pixel electrodes
112. However, the light shielding patterns of the BM 123 are
disposed in both the inter-pixel region where one source
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wiring 118 is disposed and the inter-pixel region where the
source wiring 118 is not disposed. In particular, in the first
preferred embodiment, the light shielding patterns of the
BM 123 disposed in both the inter-pixel region where one
source wiring 118 is disposed and the inter-pixel region
where the source wiring 118 is not disposed are provided
with the same width. That is, the light shielding patterns
provided along the column direction in the BM 123 are
provided with the same width between the columns.

When the image is displayed, generation of a vertical
stripe and vertical unevenness along the column direction
due to generation of luminance unevenness can be prevented
by providing the light shielding patterns with the same width
in this manner, and high display quality is desirably
obtained. In the case where the design in which emphasis is
placed on an aperture ratio rather than the display quality is
performed, compared with the light shielding pattern of the
BM 123 disposed in the inter-pixel region where one source
wiring 118 is disposed, the light shielding pattern of the BM
123 disposed in the inter-pixel region where the source
wiring 118 is not disposed may be provided so as to be
thinned. In this case, the high aperture ratio can be obtained
although the display quality is slightly inferior to that of
equal width.

On the other hand, the two gate wirings 117 are provided
in the inter-pixel region in the row direction between the
pixel electrodes 112. In the inter-pixel region in the row
direction between the pixel electrodes 112, as described
above, the light shielding pattern of the BM 123 is disposed
in the entire inter-pixel region in the row direction so as to
cover the two gate wirings 117, which are provided adjacent
and parallel to each other, including the gap between the two
gate wirings 117.

The configuration of the columnar spacer of the first
preferred embodiment will be described in detail below. As
described above, the columnar spacers (the main spacer
125m and the sub-spacer 125s) of the first preferred embodi-
ment are fixedly attached to the surface on the side of the CF
substrate 120, so that a dual spacer structure in which two
kinds of columnar spacers are provided in a mixed manner
is used as the partial structure of the CF substrate 120 in
order to prevent both a defect of swelling toward the bottom
at high temperatures and a defect of poor foaming at low
temperatures and to ensure resistance to external impact on
the display surface.

More specifically, the sectional view of FIG. 4 illustrates
the state in which an external pressure is not applied to the
surfaces of the array substrate 110 and the CF substrate 120
of the liquid crystal panel 100, namely, the state in which a
substrate interval is a predetermined value (cell gap value).
However, in FIG. 4, the main spacer 125m abuts on both the
array substrate 110 and the CF substrate 120. Although not
illustrated, furthermore, the main spacer 125m abuts on the
array substrate 110 and the CF substrate 120 even if the
substrate interval becomes narrower than the predetermined
value (cell gap value) by applying the external pressure and
the like to the surfaces of the array substrate 110 and the CF
substrate 120. That is, the main spacer 125m is provided
while abutting on the CF substrate 120, and constantly abuts
on the surface of the array substrate 110 to keep the substrate
interval at the cell gap value, and therefore the main spacer
125m functions as the main spacer in the dual spacer
structure.

On the other hand, the sub-spacer 125s abuts on the side
of the CF substrate 120, but does not abut on the array
substrate 110 as illustrated in FIG. 4, which shows the state
in which the external pressure and the like is not applied.
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Unlike the main spacer 125m, the sub-spacer 125s is not
provided while always abutting on the surface of the array
substrate 110. However, the sub-spacer 125s is elastically
deformed when the array substrate 110 and the CF substrate
120 are brought close to each other within a deformable
range of the main spacer 125m by applying external pressure
and the like to the surfaces of the array substrate 110 and the
CF substrate 120, and the sub-spacer 1255 abuts on the array
substrate 110 to maintain the substrate interval within a
predetermined fixed range when the substrate interval
becomes narrower than the above cell gap value. That is, the
sub-spacer 125s does not abut on the surface of the array
substrate 110 at a normal time. When the space between the
array substrate 110 and the CF substrate 120 is narrowed
within a predetermined fixed range to bring the array sub-
strate 110 and the CF substrate 120 close to each other, and
the sub-spacer 125s abuts on the surface of the array
substrate 110 to maintain the substrate interval, thereby
functioning as a sub-spacer in the dual spacer structure.

As 1o the planar arrangement of the main spacer 125m and
the sub-spacer 125s, the main spacer 125m and the sub-
spacer 125s are disposed at the intersection of the lattice-
shaped light shielding patterns provided between the BM
openings 1230 in the BM 123 as illustrated in the plan view
of FIG. 3. The intersection corresponds to the position of
each lattice point in the lattice-shaped light shielding pat-
tern. For the double scanning line system, the inter-pixel
region where one source wiring 118 is disposed and the
inter-pixel region where the source wiring 118 is not dis-
posed are alternately disposed in each region sandwiched
between any two columns of pixel electrodes 112 adjacent to
each other, so that a portion in which the gate wirings 117
and the source wirings 118 intersect each other and a portion
in which the gate wirings 117 and the source wirings 118 do
not intersect each other, namely, a portion in which only the
gate wiring 117 is provided are basically alternately pro-
vided along the row direction at the intersection of the
lattice-shaped light shielding patterns in the BM 123.

Thus, at the intersection of the lattice-shaped light shield-
ing patterns in the BM 123, a step due to the difference in
the presence or absence of the source wiring 118 is formed
on the array substrate 110. As long as a planarization layer
that planarizes the step is provided above the source wiring
118, the steps having different heights on the surface of the
array substrate 110 are provided in the portion in which the
gate wiring 117 and the source wiring 118 intersect each
other and the portion in which the gate wiring 117 and the
source wiring 118 do not intersect each other at the inter-
section of the lattice-shaped light shielding pattern in the
BM 123.

As described above, at the intersection of the lattice-
shaped light shielding patterns in the BM 123 in which both
the main spacer 125m and the sub-spacer 125s are disposed,
the steps having different heights of the surface of the array
substrate 110 are provided in the portion in which the gate
wiring 117 and the source wiring 118 intersect each other
and the portion in which the gate wiring 117 and the source
wiring 118 do not intersect each other. In the first preferred
embodiment, as illustrated in the plan view of FIG. 3,
farthermore, the main spacer 125m is disposed at the inter-
section of the BM 123 in the portion in which the gate wiring
117 and the source wiring 118 intersect each other, and the
sub-spacer 125s is disposed at the intersection of the BM
123 in the portion in which only the gate wiring 117 is
disposed while the source wiring 118 is not provided. In
FIG. 3, one main spacer 125m and one sub-spacer 125s are
illustrated. However, in the display region 200, many main
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spacers 125m and many sub-spacers 125s are regularly
arranged, and an arrangement rule and arrangement density
of main spacers 125m and sub-spacers 125s may be set as
appropriate. However, all the plurality of main spacers 125m
are disposed at the intersections of the gate wirings 117 and
the source wirings 118, and the plurality of sub-spacers 125s
are disposed in the portions in each of which only the gate
wiring 117 is disposed.

Although the main spacer 125m and the sub-spacer 125s
of the first preferred embodiment function as the dual spacer
structure as described above, the columnar resin pattern that
is fixedly provided on the surface of the CF substrate 120
while provided with the same thickness is formed as a
common member in the main spacer 125m and the sub-
spacer 125s of the first preferred embodiment. Thus, the
main spacer 125m and the sub-spacer 125s are provided at
the same height on the surface of the CF substrate 120. In
other words, the main spacer 125m and the sub-spacer 125s
are provided at the same height from the substrate surface of
the glass substrate 121. The reason why the structure on the
CF substrate 120 functions as the dual spacer structure
despite the fact that there is no difference between the main
spacer 125m and the sub-spacer 125s is that the step is
formed on the surface of the array substrate 110 on which the
main spacer 125m and the sub-spacer 125s are disposed
while facing each other.

As illustrated in the sectional view of FIG. 4, the step
provided on the surface of the array substrate 110 provided
to cause the main spacer 125m and the sub-spacer 125s to
function as the dual spacer structure depends on the presence
or absence of the source wiring 118 in the array substrate 110
in the portion facing the main spacer 125m and the sub-
spacer 125s, and corresponds to the step due to the presence
or absence of the source wiring 118 formed at the intersec-
tion of the BM 123 in the case of the use of the double
scanning line system, as described above. As described
above, the main spacer 125m and the sub-spacer 125s of the
first preferred embodiment effectively functions as the
columnar spacer having the dual spacer structure because of
a relation between the characteristic arrangement of the gate
wiring 117 and the source wiring 118 in the double scanning
line system and the planar arrangement of the main spacer
125m and the sub-spacer 125s.

An example of a method for manufacturing the liquid
crystal display device of the first preferred embodiment will
be described below. An outline of each step will be sequen-
tially described with reference to the flowchart illustrated in
FIG. 6 with respect to the process of manufacturing the
characteristic liquid crystal panel of the present invention.

First, in a substrate preparation step, a mother array
substrate from which the array substrate 110 is taken out and
a mother CF substrate that is a mother substrate from which
the CF substrate 120 is taken out are prepared before being
bonded to each other. A predetermined number of array
substrates 110 or CF substrates 120 having the same con-
figuration are arranged and formed on each mother substrate.
As described with reference to FIGS. 1 to 3, the mother array
substrate having the configuration of the array substrate 110
and the mother CF substrate having the configuration of the
CF substrate 120 can be manufactured by appropriately
combining the known method for manufacturing the array
substrate and the CF substrate of the FFS mode liquid crystal
display device and a repetition of the known deposition step
and patterning step when the detailed configuration of the
array substrate 110 is understood. Thus, a more specific
description of the method for manufacturing the mother
array substrate and the mother CF substrate will be omitted.
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In the first preferred embodiment, the columnar resin
pattern provided with the same thickness is formed in the
main spacer 125m and the sub-spacer 125s provided on the
mother CF substrate. The columnar resin patterns having the
same thickness can be formed according to a typical mother
CF substrate manufacturing method, for example, by pet-
forming the patterning such that a photosensitive resin film
is left at the formation positions of the main spacer 125m and
the sub-spacer 125s by a common patterning step after the
photosensitive resin film is applied and formed on the entire
surface of the mother CF substrate.

In a later-described modification of the present invention,
there is an example in which the columnar resin pattern
constituting the columnar spacer is constructed with colum-
nar resin patterns having different thicknesses. In this case,
the columnar resin pattern can be formed using a halftone
mask (also referred to as a gray tone mask, a halftone
exposure mask, and a gradation exposure mask) technique
which is a known method for forming the dual spacer
structure having the different heights.

A substrate cleaning step of cleaning the substrate is
performed on the mother array substrate on which the array
substrate 110 prepared as described above is formed (S1).
Subsequently, in an alignment film material coating step, an
alignment film material is applied and formed on one surface
of the mother array substrate (S2). In the alignment film
material coating step, for example, the alignment film mate-
rial made of an organic film is applied by a printing method,
and baked and dried by a hot plate or the like. Subsequently,
in an alignment processing step, alignment processing such
as rubbing is performed on the alignment film material, and
the surface of the alignment film material is aligned to form
an alignment film on the side of the array substrate 110 (53).
As to direction of the alignment processing such as rubbing,
the alignment processing is performed in the extending
direction of the longitudinal direction of the slit electrode
113s or the direction substantially parallel to the column
direction (the Y direction in the plan view of FIG. 2) that is
the extending direction of the source wiring 118 agreeing
with the extending direction of the slit electrode 113s.
Similarly to S1 to S3, an alignment film on the side of the
CF substrate 120 is also formed, on the mother CF substrate
on which the CF substrate 120 is formed, by performing
cleaning, the application of the alignment film material, and
the alignment processing such as rubbing.

Subsequently, in a seal paste agent-applying step, a paste
agent of an adhesive constituting the sealing member 130 is
discharged from a dispenser nozzle and applied to one
surface of the mother array substrate or the mother CF
substrate using a seal dispenser device. The paste agent is
applied in a pattern shape surrounding the display region
200 of the liquid crystal panel to form the sealing member
130 (S4). In a liquid crystal dropping step, a large number
of droplet-shaped liquid crystals drop on one surface of the
mother array substrate or the mother CF substrate in a region
surrounded by the sealing member 130 (S5). Specifically, for
example, with respect to the CF substrate 120 of the mother
CF substrate, a large number of droplet-shaped liquid crys-
tals drop in the region surrounded by the sealing member
130 such that a predetermined amount of the liquid crystal
layer 140 is formed as a whole. The liquid crystal layer 140
is formed by the method for filling the region surrounded by
the sealing member 130 with the liquid crystal using what is
called a dropping injection method by way of example. In
the case where what is called a vacuum injection method is
used, the sealing member 130 is not a completely closed
shape but a partially-opened liquid crystal injection port is
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formed. The processing of forming the above-described
droplet-shaped liquid crystal is omitted because the liquid
crystal is injected from the liquid crystal injection port after
bonding.

Subsequently, in a bonding step, the mother array sub-
strate and the mother CF substrate are bonded to form a cell
substrate (S6). Specifically, the mother array substrate and
the mother CF substrate are brought close to each other
while the droplet-shaped liquid crystal is placed, and are
aligned and overlapped. Consequently, the liquid crystal
formed in the droplet shape is sandwiched between the
mother array substrate and the mother CF substrate, and
uniformly spread and integrated into the state of the liquid
crystal layer 140, and the volume surrounded by the sealing
members 130 between the mother array substrate and the
mother CF substrate is filled with the liquid crystal.

In a sealing member curing step, the sealing member 130
is completely cured while the mother array substrate and the
mother CF substrate are bonded (S7). The sealing member
curing step is performed by, for example, applying heat
according to a material of the sealing member 130 or
irradiating the sealing member 130 with an ultraviolet ray. In
the first preferred embodiment, the curing is performed by a
method for irradiating the sealing member 130 with the
ultraviolet ray that is compatible with the dropping injection
method. Through the sealing member curing step, the
mother array substrate and the mother CF substrate are fixed
in the positional relationship after positioning.

In a cell dividing step, the cell substrate is divided into
many individual cells (S8). For what is called a vacuum
injection method, as described above, the partially-opened
liquid crystal injection port is formed in the sealing member
130, and the liquid crystal is injected into the individual cell
from the liquid crystal injection port in a liquid crystal
injection step performed after the cell dividing step. In the
liquid crystal injection step, for example, the liquid crystal
layer 140 is formed by filling the cell with the liquid crystal
from the liquid crystal injection port by vacuum injection. In
a sealing step, furthermore, the liquid crystal injection port
is sealed. The sealing step is performed by, for example,
sealing the liquid crystal injection port using a light-curable
resin and irradiating the liquid crystal injection port with the
light.

After the cell substrate is divided into individual liquid
crystal panels, the polarizing plate 131 and the polarizing
plate 132 as optical films are bonded to the respective
surfaces of the CF substrate 120 and the array substrate 110
of the individual cells in a polarizing plate bonding step
(89). Subsequently, the gate driving IC chip 134, the source
driving IC chip 133, and the control substrate 135 are
mounted in a control substrate mounting step (S10). In the
control substrate mounting step, the FFC 136 to which the
gate driving IC chip 134, the source driving IC chip 133, and
the control substrate 135 are attached is bonded to the signal
terminal 116 so as to be conductive to the signal terminal
116, and further the antistatic transparent conductive layer
126 on the surface of the CF substrate 120 and the ground
pad formed on the surface of the array substrate 110 are
conductive by applying or bonding the conductive member
such as a conductive paste or a conductive tape from the CF
substrate 120 to the array substrate 110. Through the above
steps, the liquid crystal panel 100 is completed.

Finally, the backlight unit is disposed opposite the liquid
crystal panel 100 with the optical sheet interposed therebe-
tween, and the liquid crystal panel 100 is accommodated in
the casing in which the outside of the CF substrate 120 in the
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display region 200 that is the display surface is opened,
thereby the liquid crystal display device of the first preferred
embodiment is completed.

The liquid crystal display device of the first preferred
embodiment manufactured as described above operates as
follows. For example, the control signal is input from the
control substrate 135; the gate driving IC chip 134 and the
source driving 1C chip 133 operate; the video signal is input
to the pixel electrode 112 disposed in each pixel region
through the gate wiring 117, the source wiring 118, and the
TFT 114 in the display region 200; a predetermined driving
voltage is applied between the pixel electrode 112 and the
counter electrode 113 that is disposed opposite the pixel
electrode 112, the predetermined driving voltage generating
an electric field (more specifically, in the FFS system, an
electric field in which a component in the parallel direction
is mainly generated because of coexistence of the electric
field in the direction close to parallel to the electric field in
the parallel direction) in a direction parallel to the substrate
surface of the array substrate 110 or the CF substrate 120;
and an orientation of a molecule of the liquid crystal changes
in response to the driving voltage. The light emitted from the
backlight unit is transmitted to or blocked by a viewer side
through the array substrate 110, the liquid crystal layer 140,
and the CF substrate 120, which allows an image to be
displayed on the display surface formed in the display region
200 on the side of the CF substrate 120 of the liquid crystal
panel 100.

The action and effects of the liquid crystal display device
of the first preferred embodiment will be described below. In
the liquid crystal display device of the first preferred
embodiment, as described above, both the main spacer 125m
and the sub-spacer 125s constituting the dual spacer struc-
ture are disposed at the intersections of the lattice-shaped
light shielding patterns in the BM 123. On the other hand, in
a vicinity of the columnar spacers, particularly on a down-
stream side with respect to the alignment processing direc-
tion of the columnar spacers, the alignment processing is
insufficient, the alignment of the liquid crystal is disturbed,
and an alignment defective region (hereinafter also referred
to as a drag trace) where generation of light leakage is
concerned due to the disturbed alignment of the liquid
crystal is formed. On the other hand, because the liquid
crystal display device of the first preferred embodiment is
the transverse electric field system, the alignment processing
direction is set substantially in parallel to the wiring direc-
tion. Specifically, the longitudinal direction of the slit elec-
trode 113s provided in the counter electrode 113 is disposed
in the column direction that is the extending direction of the
source wiring 118, and the alignment processing is per-
formed in the direction substantially parallel to the column
direction. For the main spacer 125m and the sub-spacer 125s
disposed at the intersection of the lattice-shaped light shield-
ing pattern, although the drag trace is formed substantially
along the extending direction of the source wiring 118 that
is located on the downstream side from the intersection of
the light shielding pattern in which these columnar spacers
are disposed, the main spacer 125m and the sub-spacer 125s
are formed along the light shielding region over lattice-
shaped light shielding pattern (in particular, each light
shielding pattern disposed while extending in the column
direction that is the extending direction of the source wiring
118 in the BMs 123), so that the light leakage is not
generated in the drag trace portion. In particular, in the
lattice-shaped light shielding pattern of the BM 123 of the
first preferred embodiment, the light shielding pattern is
disposed in not only the inter-pixel region where the source
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wiring 118 is disposed, but also the inter-pixel region where
the source wiring 118 is not disposed, so that the light
leakage is not generated because the light of the drag trace
generated near the sub-spacer 125s is shielded.

That is, the arrangement of the main spacer 125m and the
sub-spacer 125s, the arrangement of the slit electrode in the
transverse electric field system, and the arrangement of the
lattice-shaped light shielding patterns in the BM 123 are
adopted in the first preferred embodiment. Consequently, the
light leakage due to the drag trace and degradation of
contrast of the display image associated with the light
leakage, namely, the degradation of the display quality can
be prevented in the vicinities of the main spacer 125m and
the sub-spacer 125s. The light leakage can be prevented
without increasing the light shielding region in the BM 123
more than necessary, namely, without lowering the aperture
ratio more than necessary, or the degradation of the display
quality associated with the light leakage can be prevented.
Improvement of the aperture ratio is particularly effective
for pixel high definition.

In the liquid crystal display device of the first preferred
embodiment, as described above, when the main spacer
125m and the sub-spacer 1255 are disposed at the intersec-
tion of the lattice-shaped light shielding pattern in the BM
123, the configuration unique to the double scanning line
system in which the step is formed on the surface of the array
substrate 110 at the intersection of the lattice-shaped light
shielding pattern in the BM 123 is used, as described above,
in order that the main spacer 125m and the sub-spacer 125s
function as the dual spacer structure. More specifically, on
the surface of the array substrate 110 disposed opposite the
main spacer 125m and the sub-spacer 1255 that are disposed
at the intersection of the lattice-shaped light shielding pat-
tern in the BM 123, the step having the difference heights is
provided, as the configuration unique to the double scanning
line system, in the portion in which the gate wiring 117 and
the source wiring 118 intersect each other and the portion in
which the gate wiring 117 and the source wiring 118 do not
intersect each other, thereby functioning as the dual spacer
structure.

Except for some exceptional signal line arrangement such
as the double scanning line system, in a typical liquid crystal
display device, all the gate wirings and source wirings are
disposed at the intersections of the lattice-shaped light
shielding patterns in BM while intersecting each other, but
the step is not formed on the surface of the array substrate
unlike the first preferred embodiment. That is, the dual
spacer structure in which the intersection of the lattice-
shaped light shielding pattern and the step on the surface of
the array substrate are used is not formed in the typical liquid
crystal display device. Thus, in the case where dual spacer
structure is formed in the typical liquid crystal display
device, at least one of the main spacer and the sub-spacer is
formed in the region other than the intersection of the
lattice-shaped light shielding pattern, namely, at least one of
the main spacer and the sub-spacer is disposed in a part of
the region in which the intersection of the source wiring and
the gate wiring or the TFT is excluded, or the configuration
of the dual spacer structure in which the columnar spacers
provided on the CF substrate side have two kinds of heights
is adopted. As a result, the light leakage due to the drag trace
and the degradation of the contrast of the display image
associated with the light leakage are concerned. The light
shielding region is increased to shield the light of the drag
trace in order to prevent the light leakage and the degrada-
tion of the contrast, which leads to the degradation of the
aperture ratio.
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As described above, in the first preferred embodiment,
since the dual spacer structure is formed using the step
formed on the surface of the array substrate 110, the main
spacer 125m and the sub-spacer 125s can be formed on the
side of the CF substrate 120 with the columnar resin pattern
having the same thickness as the common member. As a
result, for the manufacturing process in forming the main
spacer 125m and the sub-spacer 125s on the CF substrate
120, the manufacturing process, which occasionally leads to
complication of the process or cost increase, is eliminated
such as a halftone mask (or gray tone mask, other halftone
exposure mask, gradation exposure mask) technique of
providing the columnar resin pattern having different thick-
nesses on the side of the CF substrate, the halftone mask
technique being another mode forming the dual spacer
structure, and a method for performing the patterning step
twice to form the different thicknesses. Thus, in the first
preferred embodiment, the use of the manufacturing process
that may be accompanied by complication of the process or
the cost increase is eliminated in addition to the above
effects, so that the generation of the defect when the liquid
crystal display device is placed at low temperatures or high
temperatures can be prevented relatively easily or at low
cost, and the liquid crystal display device having the dual
spacer structure which can obtain high reliability even if
used in a wide temperature range can be obtained.

A modification of the first preferred embodiment will be
described below with reference to FIG. 7. In the modifica-
tion, unlike the first preferred embodiment, the columnar
resin patterns having the same thickness are not provided as
the common member particularly on the side of the CF
substrate 120 constituting the columnar spacer of the dual
spacer structure of the liquid crystal display device of the
first preferred embodiment, but the columnar spacer of the
dual spacer structure is constructed with the columnar resin
patterns having different thicknesses. The description is
focused on a portion changed from the first preferred
embodiment, and the description of the overlapping con-
figuration will be omitted as appropriate. FIG. 7 is a sec-
tional view illustrating the columnar resin pattern provided
on the side of the CF substrate 120 constituting the dual
spacer structure that is the portion changed from the first
preferred embodiment, and FIG. 7 corresponds to FIG. 4 that
is the sectional view taken along line X1-X2 in F1G. 3 of the
first preferred embodiment. Similarly to the sectional view
of FIG. 4, FIG. 7 illustrates the state in which the external
pressure and the like are not particularly applied to the
surfaces of the array substrate 110 and the CF substrate 120
of the liquid crystal panel 100, namely, the state in which the
substrate interval is the predetermined value (cell gap value).

In the modification, the positional relationship between
the planar arrangement of the main spacer 125m and the
sub-spacer 125s and each signal line disposed on the side of
the array substrate 110 in FIG. 3 in the liquid crystal display
device of the first preferred embodiment is not particularly
changed. The columnar resin pattern provided particularly
on the side of the CF substrate 120 constituting the columnar
spacer of the dual spacer structure is constructed with the
columnar resin pattern provided with different thicknesses as
illustrated in FIG. 7, more specifically the modification
includes a sub-spacer 125ss that is constructed with the
columnar resin pattern provided thinner than the columnar
resin pattern constituting the main spacer 125m.

On the other hand, as described above, because the
positional relationship between the planar arrangement of
the main spacer 125m and the sub-spacer 1255 and each
signal line disposed on the side of the array substrate 110 is
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the same as that of the first preferred embodiment, the
modification has the same configuration as that of the first
preferred embodiment in that on the surface of the array
substrate 110 on which the main spacer 125m and the
sub-spacers 125ss are disposed while facing each other, the
step having different heights is also provided in the portion
in which the gate wiring 117 and the source wiring 118
intersect each other and the portion in which the gate wiring
117 and the source wiring 118 do not intersect each other.
Thus, as illustrated in FIG. 7, in the state in which the
external pressure and the like are not particularly applied,
the sub-spacer 12555 is disposed while spaced apart from the
surface of the array substrate 110 by a distance correspond-
ing to a sum of the thickness of the source wiring 118 and
a difference between the thicknesses of the main spacer
125m and the sub-spacer 125ss. That is, the interval between
the sub-spacer 125ss and the surface of the array substrate
110 in the state in which the external pressure and the like
are not particularly applied is larger than the distance
between the sub-spacer 1255 and the surface of the array
substrate 110 in the first preferred embodiment by the
thickness difference between the main spacer 125m and the
spacer 125ss.

In the liquid crystal display device, according to the
modification of the first preferred embodiment, having the
configuration as described above, the arrangement of the
main spacer 125m and the sub-spacer 125ss, the arrange-
ment of the slit electrode in the transverse electric field
system, and the arrangement of the lattice-shaped light
shielding pattern in the BM 123 are adopted similarly to the
liquid crystal display device of the first preferred embodi-
ment, so that the light leakage due to the drag trace and the
degradation of the contrast of the display image associated
with the light leakage, namely, the deterioration of the
display quality in the vicinities of the main spacer 125m and
the sub-spacer 125ss can be prevented. The light leakage can
be prevented without increasing the light shielding region in
the BM 123 more than necessary, namely, without lowering
the aperture ratio more than necessary, or the degradation of
the display quality associated with the light leakage can be
prevented.

In addition to the step formed on the surface of the array
substrate 110, the thickness difference between the main
spacer 125m and the sub-spacer 125ss is used to increase the
interval between the sub-spacer 125ss and the surface of the
array substrate 110 in the dual spacer structure, and a margin
of the compressive deformation amount of the main spacer
125m is increased until the sub-spacer 125ss and the array
substrate 110 abut on each other. Thus, the liquid crystal
display device having the dual spacer structure, which
prevents the generation of the defect when the liquid crystal
display device is placed at low temperatures or high tem-
peratures and obtains the high reliability even if the liquid
crystal display device is used in a wide temperature range,
can be obtained similarly to the first preferred embodiment.
Additionally, the margin of the compressive deformation
amount of the main spacer 125m is increased until the
sub-spacer 125ss and the array substrate 110 abut on each
other increases, so that the effect that suppresses of the
foaming failure at low temperatures can be enhanced to
improve performance related to the reliability.

Second Preferred Embodiment

A liquid crystal display device according to a second
preferred embodiment, in which the arrangement of the
signal line using the double scanning line system in the array
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substrate 110 is changed to the arrangement of the signal line
using another system, from the liquid crystal display device
of the first preferred embodiment described above, will be
described with reference to FIGS. 8 to 10. FIGS. 8 and 9 are
detailed explanatory views illustrating the arrangement of
each pattern such as a signal line disposed on the array
substrate which is a main part of the present invention and
the arrangement of the columnar spacer and the black matrix
provided on the color filter substrate, FIG. 8 is a plan view
illustrating the planar arrangement of these components, and
FIG. 9 corresponds to a sectional view taken along line
X3-X4 in FIG. 8. FIG. 9 is a schematic plan view illustrating
the electrical connection relationship of signal lines mainly
provided on the array substrate. The portion changed from
the first preferred embodiment will mainly be described
below.

In the first preferred embodiment, what is called the
double scanning line system is used as the method for
supplying the display potential to the pixel electrode 112
through the gate wiring 117, the source wiring 118, and the
TFT 114, and the main spacer 125m and the sub-spacer 125s
are disposed in each of the portion in which the gate wiring
117 and the source wiring 118 intersect each other and the
portion in which only the gate wiring 117 is provided
without providing the source wiring 118 at the intersection
of the BM 123 that is the characteristic arrangement of the
gate wiring 117 and the source wiring 118 in the double
scanning line system, whereby the dual spacer structure is
formed using the step formed on the surface of the array
substrate 110. On the other hand, in the second preferred
embodiment, as the method for supplying the display poten-
tial to the pixel electrode 112 through the gate wiring 117,
the source wiring 118, and the TFT 114, the relation between
the row direction and the column direction of the gate wiring
117 and the source wiring 118 is reversed, the number of
gate wirings 117 extending in the column direction is halved,
the number of source wirings 118 extending in the row
direction is doubled, and the main spacer 125m and the
sub-spacer 125s are disposed in each of the portion in which
the gate wiring 117 and the source wiring 118 intersect each
other and the portion in which the source wiring 118 is
disposed without providing the gate wiring 117 at the
intersection of the BM 123.

More specifically, the detailed arrangement of the gate
wiring 117 and the source wiring 118 provided on the array
substrate 110 side will be described first. For example,
assuming that N pixel electrodes 112 arranged in a matrix
form are arranged in the row direction (X direction) and that
M pixel electrodes 112 are arranged in the column direction
(Y direction), as illustrated in the schematic plan view of
FIG. 10, the gate wirings 117 (117, to 117, ,,) are provided
so as to divide the pixel electrodes 112 arranged in N rows
into each two rows, and each gate wiring 117 is connected
to the pixel electrode 112 through two TFTs 114 disposed on
both sides of the gate wiring 117. That is, the inter-pixel
region where one gate wiring 117 (117, to 117, ) is
disposed and the inter-pixel region where the gate wiring
117 is not disposed are alternately disposed in each region
sandwiched between any two columns of pixel electrodes
112 adjacent to each other, so that a total of N/2 gate wirings
117 are provided.

On the other hand, two source wirings 118 (118, to
118,,,-) are provided for each of the pixel electrodes 112
arranged in M rows so as to sandwich pixel electrode 112
from both sides in the vertical direction, and as illustrated in
the plan view of FIG. 8, the two source wirings 118 are
connected to the two TFTs 114 disposed side by side on each
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gate wiring 117 located in the region sandwiched by the two
source wirings 118 that are disposed so as to sandwich each
pixel electrode 112 from both sides in the vertical direction.
That is, two source wirings 118 (118, to 118, ,,) are
provided in each region sandwiched between any two rows
of pixel electrodes 112 adjacent to each other, and a total of
2M source wirings 118 (118, to 118 ) are provided.

As described above, in the second preferred embodiment,
the total of N/2 gate wirings 117 and the total of 2M source
wirings 118 are provided for the pixel electrodes 112
arranged in M rows and N columns. Thus, although the
configuration provided in the frame region 190 is not
illustrated, the number of the gate driving IC chips 134 for
the gate wiring 117 is decreased as the number of gate
wirings 117 is decreased to a half number of columns of the
pixel electrodes 112.

In the second preferred embodiment, in addition to the
difference of the arrangement of the gate wiring 117 and the
source wiring 118, the pixel electrode 112 and the counter
electrode 113 have a substantially square shape, and in the
pixel corresponding to a pair of pixel electrode 112 and the
counter electrode 113, picture elements in each of which
four pixels are set as repetitive units are arrayed to perform
the color display, the four pixels including red (R), green
(G), and blue (B) that are three primary colors and white (W)
that mainly adjusts luminance, namely, four colors of blue,
red, green, and white which are arranged in a matrix form of
two rows and two columns.

In the first preferred embodiment, the slit electrode 113s
serving as the slit-shaped opening provided in the counter
electrode 113 is provided while the longitudinal direction of
the slit electrode 113s is set to the Y direction, namely, the
column direction that is the extending direction of the source
wiring 118. On the other hand, in the second preferred
embodiment, as illustrated in FIG. 8, although the same Y
direction is used, the slit electrode 113y is provided while the
longitudinal direction of the slit electrode 113s is set to the
column direction that is the extending direction of the gate
wiring 117.

The arrangement of each of the columnar spacers (the
main spacer 125m and the sub-spacer 125s) and the BM 123
provided on the CF substrate 120 will be described in detail
below while appropriately taking into account the positional
relationship between the gate wiring 117 and the source
wiring 118 provided on the side of the array substrate 110.
As to the planar arrangement of the BM 123 constructed
with the lattice-shaped light shielding pattern of the second
preferred embodiment, as illustrated in the plan view of FIG.
8, the inter-pixel region where one gate wiring 117 is
disposed and the inter-pixel region where the gate wiring
117 is not disposed are alternately repeated in the inter-pixel
regions in the column direction between the pixel electrodes
112. However, the light shielding patterns of the BM 123 are
disposed in both the inter-pixel region where one gate wiring
117 is disposed and the inter-pixel region where the gate
wiring 117 is not disposed. In particular, in the first preferred
embodiment, the light shielding patterns of the BM 123
disposed in both the inter-pixel region where one gate wiring
117 is disposed and the inter-pixel region where the gate
wiring 117 is not disposed are provided with the same width.
That is, the light shielding patterns provided along the
column direction in the BM 123 are provided with the same
width between the columns.

When the image is displayed, generation of a vertical
stripe and vertical unevenness along the column direction
due to generation of luminance unevenness can be prevented
by providing the light shielding patterns with the same width
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in this manner, and high display quality is desirably
obtained. In the case where the design in which emphasis is
placed on an aperture ratio rather than the display quality is
performed, compared with the light shielding pattern of the
BM 123 disposed in the inter-pixel region where one gate
wiring 117 is disposed, the light shielding pattern of the BM
123 disposed in the inter-pixel region where the gate wiring
117 is not disposed may be provided so as to be thinned. In
this case, the high aperture ratio can be obtained although
the display quality is slightly inferior to that of equal width.

On the other hand, the two source wirings 118 are
provided in the inter-pixel region in the row direction
between the pixel electrodes 112. In the inter-pixel region in
the row direction between the pixel electrodes 112, as
described above, the light shielding pattern of the BM 123
is disposed in the entire inter-pixel region in the row
direction so as to cover the two source wirings 118, which
are provided adjacent and parallel to each other, including
the gap between the two source wirings 118.

In the second preferred embodiment, four pixels arranged
in two rows and two columns are used as one picture
element constructed with red (R), green (G), blue (B) and
white (W) as described above, as illustrated in FIG. 8, color
filters 122R to 122B are provided corresponding to red (R),
green (G), and blue (R) by an isolated pattern of a color
material layer provided in a region covering the BM opening
1230 provided in the BM 123 and its peripheral portion, and
a color filter 122W is provided corresponding to white (W)
by an isolated pattern of a color material layer. As to the
color filter 122W, as described above, the isolated pattern
formed of a transparent color material layer made of a
photosensitive resin in which dispersion of pigment or dye
is omitted may be selected similarly to the color filters 122R
to 122B. Alternatively, the overcoat layer (OC film) 124
made of a transparent resin film may also serve as the
isolated pattern to eliminate the color filter 122W separately
constructed with the isolated pattern.

The configuration of the columnar spacer of the second
preferred embodiment will be described in detail below.
Similarly to the first preferred embodiment, the dual spacer
structure is used in the columnar spacer (the main spacer
125m and the sub-spacer 125s5) of the second preferred
embodiment, and the main spacer 125m abuts on the array
substrate 110 and the CF substrate 120 while the sub-spacer
1255 abuts on the CF substrate 120 side but does not abut on
the array substrate 110 as illustrated in the sectional view of
FIG. 9 in the state in which the external pressure and the like
are not applied.

Furthermore, as to the planar arrangement of the main
spacer 125m and the sub-spacer 125s, the main spacer 125m
and the sub-spacer 125s are disposed at the intersection of
the lattice-shaped light shielding patterns provided between
the BM openings 1230 in the BM 123 as illustrated in the
plan view of FIG. 8. In the second preferred embodiment,
the inter-pixel region where one gate wiring 117 is disposed
and the inter-pixel region where the gate wiring 117 is not
disposed are alternately disposed in each region sandwiched
between any two columns of pixel electrodes 112 adjacent to
each other, so that a portion in which the gate wirings 117
and the source wirings 118 intersect each other and a portion
in which the gate wirings 117 and the source wirings 118 do
not intersect each other, namely, a portion in which only the
source wiring 118 is provided are basically alternately
provided along the row direction at the intersection of the
lattice-shaped light shielding patterns in the BM 123.

Thus, at the intersection of the lattice-shaped light shield-
ing patterns in the BM 123, a step due to the difference in
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the presence or absence of the gate wiring 117 is formed on
the array substrate 110. As long as a planarization layer that
planarizes the step is provided above the gate wiring 117, the
steps having different heights on the surface of the array
substrate 110 are provided in the portion in which the gate
wiring 117 and the source wiring 118 intersect each other
and the portion in which the gate wiring 117 and the source
wiring 118 do not intersect each other at the intersection of
the lattice-shaped light shielding pattern in the BM 123.

In the main spacer 125m and the sub-spacer 125s of the
second preferred embodiment, similarly to the first preferred
embodiment, the columnar resin pattern that is fixedly
attached to the surface of the CF substrate 120 while
provided with the same thickness is formed as a common
member. Similarly to the first preferred embodiment, fur-
thermore, the main spacer 125m and the sub-spacer 125s
function as the dual spacer structure by providing the step on
the surface of the array substrate 110 in the portion facing
the main spacer 125m and the sub-spacer 125s.

As described above, the main spacer 125m and the
sub-spacer 125s of the second preferred embodiment effec-
tively function as the columnar spacer having the dual
spacer structure because of the relation between the char-
acteristic arrangement of the gate wiring 117 and the source
wiring 118 of the second preferred embodiment and the
planar arrangement of the main spacer 125m and the sub-
spacer 125s.

The action and effects of the liquid crystal display device
of the second preferred embodiment will be described
below. The liquid crystal display device of the second
preferred embodiment is the transverse electric field system
similarly to the first preferred embodiment, the longitudinal
direction of the slit electrode 113s provided in the counter
electrode 113 is disposed in the column direction that is the
extending direction of the gate wiring 117, and the alignment
processing is performed in the direction substantially par-
allel to the column direction. For the main spacer 125m and
the sub-spacer 1255 disposed at the intersection of the
lattice-shaped light shielding pattern, although the drag trace
that is generated on the downstream side in the alignment
processing direction of the columnar spacer as described in
the first preferred embodiment is formed along the extending
direction of the gate wiring 117 that is located on the
downstream side from the intersection of the light shielding
pattern in which these columnar spacers are disposed, the
main spacer 125m and the sub-spacer 1255 are formed along
the light shielding region over lattice-shaped light shielding
pattern (in particular, each light shielding pattern disposed
while extending in the column direction that is the extending
direction of the gate wiring 117 in the BMs 123), so that the
light leakage is not generated in the drag trace portion. In
particular, in the lattice-shaped light shielding pattern of the
BM 123 of the second preferred embodiment, the light
shielding pattern is disposed in not only the inter-pixel
region where the gate wiring 117 is disposed, but also the
inter-pixel region where the gate wiring 117 is not disposed,
so that the light leakage is not generated because the light of
the drag trace generated near the sub-spacer 125s is shielded.

That is, the arrangement of the main spacer 125m and the
sub-spacer 125s, the arrangement of the slit electrode in the
transverse electric field system, and the arrangement of the
lattice-shaped light shielding patterns in the BM 123 are
adopted in the second preferred embodiment. Consequently,
the light leakage due to the drag trace and degradation of
contrast of the display image associated with the light
leakage in the vicinities of the main spacer 125m and the
sub-spacer 125s, namely, the degradation of the display
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quality can be prevented. The light leakage can be prevented
without increasing the light shielding region in the BM 123
more than necessary, namely, without lowering the aperture
ratio more than necessary, or the degradation of the display
quality associated with the light leakage can be prevented.

As described above, in the second preferred embodiment,
similarly to the first preferred embodiment, since the dual
spacer structure is formed using the step formed on the
surface of the array substrate 110, the main spacer 125m and
the sub-spacer 125s can be formed on the side of the CF
substrate 120 with the columnar resin pattern having the
same thickness as the common member. As a result, the use
of the manufacturing process that may be accompanied by
the complication of the process or the cost increase is
eliminated, so that the generation of the defect when the
liquid crystal display device is placed at low temperatures or
high temperatures can be prevented relatively easily or at
low cost, and the liquid crystal display device having the
dual spacer structure which can obtain high reliability even
if used in a wide temperature range can be obtained.

In the liquid crystal display device of the second preferred
embodiment, the color display is performed using red (R),
green (G), and blue (B) that are the three primary colors and
white (W) corresponding to the luminance signal, namely,
four colors of blue, red, green and white, so that the
high-quality image compatible with wide color reproduc-
ibility and high contrast can be displayed in addition to the
above-described effects.

Third Preferred Embodiment

A liquid crystal display device according to a third
preferred embodiment that is an example in which the
present invention is applied to a liquid crystal display device
using a transflective double scanning line system will be
described with reference to FIGS. 11 and 12. FIGS. 11 and
12 illustrate a sectional view and a plan view of the entire
configuration of the liquid crystal panel, respectively, and
FIG. 12 corresponds to a sectional view taken along line
X5-Y5 in FIG. 11. The portion changed from the first
preferred embodiment will mainly be described below.

The arrangement of each component provided on the side
of the array substrate 110 of the third preferred embodiment
will be described with reference to FIGS. 11 and 12. As
illustrated in the plan view of FIG. 11, in the transflective
liquid crystal display device of the third preferred embodi-
ment, the third preferred embodiment differs from the first
preferred embodiment in that the pixel electrode 112
includes a transmissive pixel electrode 112T constructed
with a transparent conductive layer forming a transmission
region T that transmits the light in a partial region of the
pixel electrode 112 and the reflective pixel electrode 112R
constructed with a metal reflective layer forming a reflective
region R that reflects the light in the other partial region of
the pixel electrode 112. Any type of the transmissive pixel
electrode 112T and the reflective pixel electrode 112R used
in a known transflective liquid crystal display device can be
applied as the specific configurations of the transmissive
pixel electrode 1127T and the reflective pixel electrode 112R.

In the pixel electrode 112 of the third preferred embodi-
ment, by way of example, as the transmissive pixel electrode
112T provided in the transmission region T, the pixel elec-
trode 112 is constructed with a single layer of a typical
transparent conductive film such as an ITO film. For
example, as the reflective pixel electrode 112R provided in
the reflective region R, a single layer film in which at least
an Al film that is a typical reflective electrode film is
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provided in a surface layer or a multilayer film in which a
contact layer such as a Mo film is provided in a lower layer
is selected. Further, as illustrated in the sectional view of
FIG. 12, also in the reflective region R, the transmissive
pixel electrode 112T is disposed above the reflective pixel
electrode 112R in the reflective region R so as to overlap the
reflective pixel electrode 112R, and the transmissive pixel
electrode 1127T and the reflective pixel electrode 112R are
electrically connected to each other through a contact hole
112¢ that is formed to pass through the insulating film 115
disposed between the transmissive pixel electrode 112T and
the reflective pixel electrode 112R. As illustrated in FIGS. 11
and 12, one pixel is divided into three regions, namely,
upper, middle, lower, and in three regions, the middle region
is set to the transmission region T, and the remaining regions
are set to the reflective region R.

As described above, the transflective liquid crystal display
device of the third preferred embodiment is largely different
from the transverse electric field system liquid crystal dis-
play device of the first preferred embodiment in the con-
figuration of the pixel electrode 112. However, the trans-
flective liquid crystal display device of the third preferred
embodiment is identical to the transverse electric fleld
system liquid crystal display device of the first preferred
embodiment in that the double scanning line system is used
in the configuration of the TFT 114 connected to the pixel
electrode 112 including the transmissive pixel electrode
112T and the reflective pixel electrode 112R and the con-
nection structure and planar arrangement of the gate wiring
117 and source wiring 118 connected to the TEFT 114, so that
there is little difference as illustrated in the plan view of FIG.
11.

More particularly, assuming that the X direction in FIG.
11 is the row direction and that the Y direction is the column
direction, the gate wiring 117 extends in the row direction
and the source wiring 118 extends in the column direction
similarly to the first preferred embodiment, and the plurality
of gate wirings 117 and the plurality of source wirings 118
are provided so as to intersect each other. Further, as a
characteristic arrangement of the double scanning line sys-
tem, the source wiring 118 is provided so as to divide the
pixel electrodes 112 arranged in a matrix form into each two
columns, and each source wiring 118 is connected to the
pixel electrode 112 through the two TFTs 114 disposed on
both sides of the source wiring 118. That is, in the source
wirings 118, the inter-pixel region where one source wiring
118 is disposed and the inter-pixel region where the source
wiring 118 is not disposed are alternately disposed in each
region sandwiched between any two columns of pixel elec-
trodes 112 adjacent to each other. The two gate wirings 117
are provided for each of the pixel electrodes 112 arranged in
a matrix form so as to sandwich the pixel electrode 112 from
both sides in the vertical direction, and the gate wiring 117
disposed sandwiching the TFTs 114 from both sides are
alternately connected to the two TFTs 114 disposed on both
sides of each source wiring 118. That is, two gate wirings
117 are provided in each region sandwiched between any
two row of pixel electrodes 112 adjacent to each other.

The arrangement of each of the components provided on
the side of the CF substrate 120 of the third preferred
embodiment will be described in detail below with reference
to FIGS. 11 and 12 while appropriately taking into account
the positional relationship between the gate wiring 117 and
the source wiring 118 provided on the side of the array
substrate 110. Similarly to the first preferred embodiment,
the BM 123 is provided in the CF substrate 120 of the third
preferred embodiment. The BM 123 is constructed with the

20

25

40

45

60

65

28

lattice-shaped light shielding pattern in which the BM
opening 1230 serving as the opening disposed correspond-
ing to the pixel electrode 112 of each pixel is provided. As
to the planar arrangement of the BM 123, as illustrated in the
plan view of FIG. 11, the inter-pixel region where one source
wiring 118 is disposed and the inter-pixel region where the
source wiring 118 is not disposed are alternately repeated in
the inter-pixel regions in the column direction between the
pixel electrodes 112. However, the light shielding patterns of
the BM 123 are disposed in both the inter-pixel region where
one source wiring 118 is disposed and the inter-pixel region
where the source wiring 118 is not disposed. Similarly to the
first preferred embodiment, the light shielding patterns of
the BM 123 disposed in both the inter-pixel region where
one source wiring 118 is disposed and the inter-pixel region
where the source wiring 118 is not disposed are provided
with the same width. That is, the light shielding patterns
provided along the column direction in the BM 123 are
provided with the same width between the columns.

On the other hand, the two gate wirings 117 are provided
in the inter-pixel region in the row direction between the
pixel electrodes 112. In the inter-pixel region in the row
direction between the pixel electrodes 112, as described
above, the light shielding pattern of the BM 123 is disposed
in the entire inter-pixel region in the row direction so as to
cover the two gate wirings 117, which are provided adjacent
and parallel to each other. including the gap between the two
gate wirings 117 similarly to the first preferred embodiment.

In the transflective liquid crystal display device of the
third preferred embodiment, a gap adjustment layer (here-
inafter also referred to as a GC layer) 127 that adjusts the cell
gap equivalent to the thickness of the liquid crystal layer 140
corresponding to an optical path of transmitted light and
reflected light is provided in the transmission region T and
the reflective region R of the CF substrate 120. The GC layer
127 is provided for adjusting such that the thickness of the
liquid crystal layer 140 in the reflective region R becomes
about a half of the thickness of the liquid crystal layer 140
in the transmission region T. As to a specific configuration,
the GC layer 127 is constructed with a transparent resin layer
having a predetermined film thickness equivalent to about a
half of the thickness of the liquid crystal layer 140 in the
transmission region T in the reflective region R on the CF
substrate 120, and the transparent resin layer is opened,
namely, removed in the transmission region T. When the GC
layer 127 is provided, the thickness of the liquid crystal layer
140 in the reflective region R is adjusted thinner than the
thickness of the liquid crystal layer 140 in the transmission
region T by the thickness corresponding to the predeter-
mined film thickness. That is, by setting the predetermined
film thickness to about a half of the thickness of the liquid
crystal layer 140 in the transmission region T, the thickness
of the liquid crystal layer 140 in the reflective region R is
adjusted to about a half of the thickness of the liquid crystal
layer 140 in the transmission region T.

The GC layer 127 may be provided only in the reflective
region R from the original purpose. However, as illustrated
in the plan view of FIG. 11, the GC layer 127 is also
provided in the region where the TFT 114 and the gate
wiring 117 are formed. This is because of easiness of
patterning processing of the transparent resin layer, and the
GC layer 127 is basically formed over the entire surface of
the display region 200 except for a stripe-shaped punched
portion (opening) extending in the X direction correspond-
ing to each transmission region T arranged in the X direction
in the drawings.
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In the transverse electric field system of the first preferred
embodiment, the counter electrode 113 that generates an
electric field driving the liquid crystal together with the pixel
electrode 112 is provided on the side of the array substrate
110. In the third preferred embodiment, the counter elec-
trode 113 provided on the side of the array substrate 110 is
eliminated, and a common electrode 128 that generates an
electric field driving the liquid crystal together with the pixel
electrode 112 including the transmissive pixel electrode
112T and the reflective pixel electrode 112R is provided in
the surface on the side of the liquid crystal layer 140 of the
side the CF substrate 120. The antistatic transparent con-
ductive layer 126, provided on the outside surface of the CF
substrate 120, which is necessary for the transverse electric
field system is also unnecessary.

As described above, the difference from the first preferred
embodiment is mainly related to the fact that the transverse
electric field system liquid crystal display device is changed
to the transflective liquid crystal display device, and the
columnar spacers (the main spacer 125m and the sub-spacer
125s) that are the main feature portion of the present
invention will be described in detail below, but the columnar
spacers are not largely different from those of the first
preferred embodiment.

The configuration of the columnar spacer of the third
preferred embodiment will be described in detail below.
Similarly to the first preferred embodiment, the dual spacer
structure is used in the columnar spacer (the main spacer
125m and the sub-spacer 125s) of the third preferred
embodiment, and the main spacer 125m abuts on the array
substrate 110 and the CF substrate 120 while the sub-spacer
1255 abuts on the CF substrate 120 side but does not abut on
the array substrate 110 as illustrated in the sectional view of
FIG. 12 in the state in which the external pressure and the
like are not applied.

As to the planar arrangement of the main spacer 125m and
the sub-spacer 125s, the main spacer 125m and the sub-
spacer 125s are disposed at the intersection of the lattice-
shaped light shielding patterns provided between the BM
openings 1230 in the BM 123 as illustrated in the plan view
of FIG. 11. In the third preferred embodiment, similarly to
the first preferred embodiment, the inter-pixel region where
one source wiring 118 is disposed and the inter-pixel region
where the source wiring 118 is not disposed are alternately
disposed in each region sandwiched between any two col-
umns of pixel electrodes 112 adjacent to each other, so that
a portion in which the gate wirings 117 and the source
wirings 118 intersect each other and a portion in which the
gate wirings 117 and the source wirings 118 do not intersect
each other, namely, a portion in which only the gate wiring
117 is provided are basically alternately provided along the
row direction at the intersection of the lattice-shaped light
shielding patterns in the BM 123.

Thus, at the intersection of the lattice-shaped light shield-
ing patterns in the BM 123, a step due to the difference in
the presence or absence of the source wiring 118 is formed
on the array substrate 110. As long as a planarization layer
that planarizes the step is provided above the source wiring
118, the steps having different heights on the surface of the
array substrate 110 are provided in the portion in which the
gate wiring 117 and the source wiring 118 intersect each
other and the portion in which the gate wiring 117 and the
source wiring 118 do not intersect each other at the inter-
section of the lattice-shaped light shielding pattern in the
BM 123.

Because the two gate wirings 117 are provided in the
inter-pixel region in the row direction, the main spacer 125m
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and the sub-spacer 125s may be disposed at the intersection
of the lattice-shaped light shielding pattern in the BM 123
while overlapping in any one of the two gate wirings 117
provided adjacent and parallel to each other, or the main
spacer 125m and the sub-spacer 1255 may be disposed while
overlapping both of the two gate wirings 117. However, the
generation of the drag trace is concerned on the downstream
side in the alignment processing direction of the columnar
spacet, so the following arrangement is desirably selected.
That is, in the third preferred embodiment, although the
alignment processing direction is not clearly illustrated in
the plan view of FIG. 11, the main spacer 125m and the
sub-spacer 1255 are disposed at the intersections of the
lattice-shaped light shielding patterns in the BM 123 on the
gate line 117 located on the upstream side of the alignment
processing direction in the two gate wirings 117 provided
adjacent and parallel to each other, and the light of the drag
trace generated on the downstream side in the alignment
processing direction of the main spacer 125m and the
sub-spacer 125s is effectively shielded by the BM 123
disposed so as to cover the two gate wirings 117, which are
provided adjacent and parallel to each other, including the
gap between the two gate wirings 117.

In the main spacer 125m and the sub-spacer 125s of the
third preferred embodiment, similarly to the first preferred
embodiment, the columnar resin pattern that is fixedly
attached to the surface of the CF substrate 120 while
provided with the same thickness is formed as a common
member.

In particular, in the transflective liquid crystal display
device, an organic resin film is frequently provided on the
side of the array substrate 110 to form irregularities in order
to scatter the light by the reflective pixel electrode 112R to
improve the visibility of the reflected image. In this case, the
step due to the presence or absence of the source wiring 118
is planarized, but the dual spacer structure of the present
invention cannot be constructed. On the other hand, in the
transflective liquid crystal display device of the third pre-
ferred embodiment, the organic resin film (organic pla-
narization film) having the function of planarizing the sub-
strate surface is not provided on the side of the array
substrate 110, but as illustrated in the sectional view of FIG.
12, on the surface of the array substrate 110 disposed
opposite the main spacer 125m and the sub-spacer 1255, the
step due to the difference in presence or absence of the
source wiring 118 is formed similarly to the first preferred
embodiment to effectively function to construct the main
spacer 125m and the sub-spacer 125s.

As described above, the main spacer 125m and the
sub-spacer 125s of the third preferred embodiment effec-
tively function as the columnar spacer having the dual
spacer structure because of the relation between the char-
acteristic arrangement of the gate wiring 117 and the source
wiring 118 of the third preferred embodiment and the planar
arrangement of the main spacer 125m and the sub-spacer
125s.

In the third preferred embodiment, the GC layer 127 is
provided on the CF substrate 120, and the GC layer 127 is
also provided in the region where the gate wiring 117 is
formed as described above. Consequently, the main spacer
125m and the sub-spacer 125s, which are disposed in the
portion in which the interconnection 117 and the source
interconnection 118 intersect each other and the portion in
which the gate wiring 117 and the source wiring 118 do not
intersect each other, namely, the portion in which only the
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gate wiring 117 is provided, are disposed on the surface of
the GC layer 127 as illustrated in the sectional view of FIG.
12.

The action and effects of the liquid crystal display device
of the third preferred embodiment will be described below.
Because the liquid crystal display device of the third pre-
ferred embodiment is the transflective liquid crystal display
device, the alignment processing is performed in a direction
inclined at a predetermined angle with respect to the column
direction that is the extending direction of the source wiring
118. Thus, for the main spacer 125m and the sub-spacer 125s
disposed at the intersection of the lattice-shaped light shield-
ing pattern of the third preferred embodiment, although the
drag trace that is generated on the downstream side in the
alignment processing direction of the columnar spacer as
described in the first preferred embodiment 1s formed along
the direction inclined at a predetermined angle with respect
to the extending direction of the source wiring 118 that is
located on the downstream side from the intersection of the
light shielding pattern in which these columnar spacers are
disposed, the light shielding region having a relatively wide
area is formed near the intersection of the light shielding
regions in which the main spacer 125m and the sub-spacer
1255 are disposed, so that the light leakage is hardly gen-
erated in the drag trace portion.

In particular, in the third preferred embodiment, as
described above, the main spacer 125m and the sub-spacer
1255 are disposed at the intersection of the lattice-shaped
light shielding patterns in the BM 123 on the gate wiring 117
located on the upstream side in the alignment processing
direction between the two gate wirings 117 provided adja-
cent and parallel to each other in the inter-pixel region in the
row direction. Thus, the light of the drag trace generated on
the downstream side in the alignment processing direction of
the main spacer 125m and the sub-spacer 125s is effectively
shielded by the BM 123 disposed so as to cover the two gate
wirings 117, which are provided adjacent and parallel to
each other, including the gaps between the two gate wirings
117. In the lattice-shaped light shielding pattern of the BM
123 of the third preferred embodiment, the light shielding
pattern is disposed in not only the inter-pixel region where
the source wiring 118 is disposed, but also the inter-pixel
region where the source wiring 118 is not disposed. Conse-
quently, the light can effectively be shielded for the drag
trace generated near the sub-spacer 125s, and the light
leakage is hardly generated.

That is, the arrangement of the main spacer 125m and the
sub-spacer 1255 and the arrangement of the lattice-shaped
light shielding patterns in the BM 123 are adopted in the
third preferred embodiment. Consequently, the light leakage
due to the drag trace and degradation of contrast of the
display image associated with the light leakage in the
vicinities of the main spacer 125m and the sub-spacer 125s,
namely, the degradation of the display quality can be pre-
vented. The light leakage can be prevented without increas-
ing the light shielding region in the BM 123 more than
necessary, namely, without lowering the aperture ratio more
than necessary, or the degradation of the display quality
associated with the light leakage can be prevented.

As described above, in the third preferred embodiment,
similarly to the first preferred embodiment, since the dual
spacer structure is formed using the step formed on the
surface of the array substrate 110, the main spacer 125m and
the sub-spacer 125s can be formed on the side of the CF
substrate 120 with the columnar resin pattern having the
same thickness as the common member. As a result, the use
of the manufacturing process that may be accompanied by
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the complication of the process or the cost increase is
eliminated, so that the generation of the defect when the
liquid crystal display device is placed at low temperatures or
high temperatures can be prevented relatively easily or at
low cost, and the liquid crystal display device having the
dual spacer structure which can obtain high reliability even
if used in a wide temperature range can be obtained.

As described above, in the third preferred embodiment,
the main spacer 125m and the sub-spacer 125s are disposed
on the surface of the GC layer 127 because of the transflec-
tive liquid crystal display device, the thickness of the liquid
crystal layer 140 is thinned in the region where the GC layer
127 is formed, and the thickness of the columnar resin
pattern constituting the main spacer 125m and the sub-
spacer 125s is also thinned, the thickness of the columnar
resin pattern being equivalent to the thickness of the liquid
crystal layer 140. This is not limited to the case of the third
preferred embodiment, but is the feature common to the use
of the transflective liquid crystal display device in which the
GC layer 127 that adjusts the cell gap is provided on the side
of the CF substrate 120. In the case where the GC layer 127
that adjusts the cell gap is provided on the side of the CF
substrate 120, when the dual spacer structure is attempt to be
constructed with the columnar resin pattern that is provided
with different thicknesses between the main spacer and the
sub-spacer, it is necessary to use a processing process, such
as a halftone mask, which is a known method for providing
a difference in thickness to form the dual spacer structure in
the relatively-thin columnar resin pattern. The thickness of
the relatively-thin columnar resin pattern serving as the
sub-spacer is decided as a result of these processing pro-
cesses. However, the columnar resin pattern serving as the
sub-spacer is sometimes too thin, and the thickness and
shape of the columnar resin pattern serving as the sub-spacer
become unstable. That is, in the configuration of the trans-
flective liquid crystal display device in which the GC layer
127 that adjusts the cell gap is provided on the side of the CF
substrate 120, there is a problem in that the dual spacer
structure cannot stably be formed.

However, in the third preferred embodiment, on the side
of the CF substrate 120, the columnar resin patterns pro-
vided with the same thickness are used as the member
common to the main spacer 125m and the sub-spacer 125s,
and the dual spacer structure is formed using the step formed
on the surface of the array substrate 110. Consequently, even
if the columnar resin pattern provided with the same thick-
ness on the side of the CF substrate 120 is relatively thin, it
is not necessary to use the processing process of providing
the step. Therefore, the main spacer 125m and the sub-spacer
125s can be formed using the columnar resin pattern having
a relatively stable thickness. Thus, in the third preferred
embodiment, the dual spacer structure can stably be formed
despite the semi-transmissive liquid crystal display device in
which the GC layer 127 that adjusts the cell gap is provided
on the side of the CF substrate 120.

In the description of the first to third preferred embodi-
ments and the modification thereof, in order to form the dual
spacer structure in the columnar spacer disposed at the
intersection of the lattice-shaped light shielding patterns in
the BM 123, by way of example, the gate wiring 117 and the
source wiring 118 of the double scanning line system are
selected as the arrangement of the gate wiring 117 and the
source wiring 118 which become the means for forming the
step provided on the surface of the array substrate 110, or
like the second preferred embodiment, the two source wit-
ings 118 are disposed between two rows of pixel electrodes
112 adjacent to each other and the arrangement of the gate
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wiring 117 and the source wiring 118 is selected, in which
the inter-pixel region where one gate wiring 117 is disposed
and the inter-pixel region where gate wiring 117 is not
disposed are alternately repeated in the region between two
columns of pixel electrodes 112 adjacent each other. How-
ever, the configuration suitable for the present invention is
not limited to the these examples For example, with respect
to the arrangement of the gate wiring 117 and the source
wiring 118, one of the plurality of gate wirings 117 and the
plurality of source wirings 118 are disposed in the region
between any two rows of pixel electrodes 112 adjacent to
each other, and the region where one signal line of the other
of the plurality of gate wirings 117 and the plurality of
source wirings 118 is disposed and the region where one
signal line of the other of the plurality of gate wirings 117
and the plurality of source wirings 118 is not disposed are
mixed in the region between any two columns of pixel
electrodes 112 adjacent to each other. In this case, the step
due to the presence or absence of one of the gate wiring 117
and the source wiring 118 can be provided at the intersection
of the lattice-shaped light shielding patterns in the BM 123
similarly to the arrangement of the gate wiring 117 and the
source wiring 118 of the first to third preferred embodi-
ments. Thus, using the step formed at the intersection of the
lattice-shaped light shielding patterns in the BM 123, the
dual spacer structure can be formed in the columnar spacer
disposed at the intersection similarly to the first to third
preferred embodiments. That is, as described above, the
basic effects of the present invention described in the first to
third preferred embodiments can be obtained.

In addition to the basic effects obtained by the present
invention in the case where the present invention is applied
to the transverse electric field system liquid crystal display
device, or in particular, the transflective liquid crystal dis-
play device in which the organic resin film (organic pla-
narizing film) is not provided on the side of the array
substrate 110, an additional effect can be obtained in the first
to third preferred embodiments and the modifications
thereof, so that the first to third preferred embodiments and
the modifications thereof as a more preferable application
example have been described. However, the configuration
suitable for the present invention is not limited to these
examples. That is, the present invention may be applied to,
for example, a liquid crystal display device of twisted
nematic (TN) type or other type. As long as the step due to
the presence or absence of one of the gate wiring 117 and the
source wiring 118 can be provided at the intersection of the
lattice-shaped light shielding patterns in the BM 123 simi-
larly to the arrangement of the gate wiring 117 and the
source wiring 118 in the first to third preferred embodiments,
the dual spacer structure can be formed in the columnar
spacer disposed at the intersection using the step. That is, as
described above, the basic effects of the present invention
described in the first to third preferred embodiments can be
obtained.

The present invention is not limited to the first to third
preferred embodiments and the modifications thereof or the
configurations suggesting the modifications, but a part of the
configuration described in the preferred embodiments may
be replaced with the well-known configuration without
departing from the scope of the present invention. The first
to third preferred embodiments and the modifications
thereof or configurations suggesting the modifications can
be applied in combination with each other within a range
where inconsistency is not generated, and each effect and
composite effect generated by each configuration can be
obtained.
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While the invention has been shown and described in
detail, the foregoing description is in all aspects illustrative
and not restrictive. It is therefore understood that numerous
modifications and variations can be devised without depart-
ing from the scope of the invention.

What is claimed is:

1. A liquid crystal display device comprising:

an array substrate on which a plurality of pixel electrodes,
a switching element, a plurality of scanning signal
lines, and a plurality of video signal lines are provided,
the plurality of pixel electrodes being arranged in a
matrix form in a display region where an image is
displayed, the switching element being connected to
each of the pixel electrodes, the plurality of scanning
signal lines and the plurality of video signal lines
extending in a row direction or a column direction
while intersecting each other, the plurality of scanning
signal lines and the plurality of video signal lines being
connected to the switching element; and

a counter substrate that is provided opposite the array
substrate with an interval while a liquid crystal layer is
interposed between the counter substrate and the array
substrate, and includes a black matrix that is con-
structed with a light shielding pattern formed into a
lattice shape while overlapping a region between the
pixel electrodes arranged in the matrix form and a
plurality of columnar spacers that hold the interval
between the counter substrate and the array substrate
within a fixed range, wherein

either one of the plurality of scanning signal lines and the
plurality of video signal lines are disposed on the array
substrate in a region between any two rows of pixel
electrodes adjacent to each other, a region where one
signal line of the other of the plurality of scanning
signal lines and the plurality of video signal lines is
disposed and a region where one signal line of the other
of the plurality of scanning signal lines and the plurality
of video signal lines is not disposed are disposed in a
mixed manner in a region between any two columns of
pixel electrodes adjacent to each other,

an intersection of the light shielding pattern formed into
the lattice shape includes a portion in which the scan-
ning signal line and the video signal line intersect each
other and a portion in which the scanning signal line
and the video signal line do not intersect each other, a
step having a difference in height of a surface of the
array substrate is provided between the portion in
which the scanning signal line and the video signal line
intersect each other and the portion in which the
scanning signal line and the video signal line do not
intersect each other,

the columnar spacer includes a main spacer and a sub-
spacer,

the main spacer being provided at the intersection of the
light shielding pattern formed into the lattice shape
while provided in the portion in which the scanning
signal line and the video signal line intersect with each
other, the main spacer abutting on the surface of the
array substrate,

the sub-spacer being provided entirely within the portion
in which the scanning signal line and the video signal
line do not intersect each other, the sub-spacer not
abutting on the surface of the array substrate in a
normal time, the sub-spacer abutting on the surface of
the array substrate when the interval is narrowed within
the fixed range.
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2. The liquid crystal display device according to claim 1,
wherein in the black matrix constructed with the light
shielding pattern formed into the lattice shape, the light
shielding pattern that is provided along the column direction
is provided with an identical width between columns.

3. The liquid crystal display device according to claim 1,
comprising a counter electrode that drives a liquid crystal in
the liquid crystal layer by generating an electric field
between the counter electrode and the pixel electrode pro-
vided on the array substrate, wherein

at least one of the pixel electrode and the counter elec-
trode includes a slit electrode or a comb-tooth electrode
while a longitudinal direction of'the slit electrode or the
comb-tooth electrode is set to the column direction.

4. The liquid crystal display device according to claim 1,
comprising a counter electrode that drives a liquid crystal in
the liquid crystal layer by generating an electric field
between the counter electrode and the pixel electrode pro-
vided on the array substrate, wherein

at least one of the pixel electrode and the counter elec-
trode includes a bent-shaped slit electrode or a bent-
shaped comb-tooth electrode having two longitudinal
directions which are positively or negatively inclined at
an identical angle of 30 degrees or less with respect to
the column direction.

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

wherein the

main spacer and the sub-spacer are fixedly attached to a
surface of the counter substrate, and constructed with
resin patterns having an identical thickness.

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

wherein

the liquid crystal display device is a transflective liquid
crystal display device in which the pixel electrode
includes a transmissive electrode that forms a trans-
missive region partially transmitting light and a reflec-
tive electrode that forms a reflective region partially
reflecting light,

a gap adjustment layer is provided on the counter sub-
strate while provided with a predetermined film thick-
ness in at least the reflective region and opened in the
transmissive region, the gap adjustment layer adjusting
a thickness of the liquid crystal layer in the reflective
region such that the thickness of the liquid crystal layer
in the reflective region is thinner than a thickness of the
liquid crystal layer in the transmissive region by the
predetermined film thickness, and the main spacer and
the sub-spacer are disposed on a surface of the gap
adjustment layer.

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

wherein

the liquid crystal display device is a liquid crystal display
device of a double scanning line system in which two
scanning signal lines are disposed on the array substrate
in the region between any two rows of pixel electrodes
adjacent to each other, and a region where one video
signal line is disposed and a region where the video
signal line is not disposed are alternately disposed for
each column on the array substrate in the region
between any two columns of pixel electrodes adjacent
to each other.

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

wherein

two video signal lines are disposed on the array substrate
in the region between any two rows of pixel electrodes
adjacent to each other, a region where one scanning
signal line is disposed and a region where the scanning

5

10

15

20

25

30

35

40

45

50

55

60

65

36

signal line is not disposed are alternately disposed for
each column on the array substrate in the region
between any two columns of pixel electrodes adjacent
to each other, and

in pixels corresponding to the plurality of pixel electrodes
arrayed in the matrix form, picture elements in each of
which four pixels are set as repetitive units are arrayed
to perform color display, the four pixels including four
colors of blue, red, green, and white which are arranged
in a matrix of two rows and two columns.

9. A liquid crystal display device comprising:

an array substrate on which a plurality of pixel electrodes,
a switching element, a plurality of scanning signal
lines, and a plurality of video signal lines are provided,
the plurality of pixel electrodes being arranged in a
matrix form in a display region where an image is
displayed, the switching element being connected to
each of the pixel electrodes, the plurality of scanning
signal lines and the plurality of video signal lines
extending in a row direction or a column direction
while intersecting each other, the plurality of scanning
signal lines and the plurality of video signal lines being
connected to the switching element; and

a counter substrate that is provided opposite the array
substrate with an interval while a liquid crystal layer is
interposed between the counter substrate and the array
substrate, and includes a black matrix that is con-
structed with a light shielding pattern formed into a
lattice shape while overlapping a region between the
pixel electrodes arranged in the matrix form and a
plurality of columnar spacers that hold the interval
between the counter substrate and the array substrate
within a fixed range, wherein

either one of the plurality of scanning signal lines and the
plurality of video signal lines are disposed on the array
substrate in a region between any two rows of pixel
electrodes adjacent to each other, a region where one
signal line of the other of the plurality of scanning
signal lines and the plurality of video signal lines is
disposed and a region where one signal line of the other
of the plurality of scanning signal lines and the plurality
of video signal lines is not disposed are disposed in a
mixed manner in a region between any two columns of
pixel electrodes adjacent to each other,

an intersection of the light shielding pattern formed into
the lattice shape includes a portion in which the scan-
ning signal line and the video signal line intersect each
other and a portion in which the scanning signal line
and the video signal line do not intersect each other, a
step having a difference in height of a surface of the
array substrate is provided between the portion in
which the scanning signal line and the video signal line
intersect each other and the portion in which the
scanning signal line and the video signal line do not
intersect each other,

the columnar spacer includes a main spacer and a sub-
spacer,

the main spacer being provided at the intersection of the
light shielding pattern formed into the lattice shape
while provided in the portion in which the scanning
signal line and the video signal line intersect with each
other, the main spacer abutting on the surface of the
array substrate,

the sub-spacer being provided at the portion in which the
scanning signal line and the video signal line do not
intersect each other, the sub-spacer not abutting on the
surface of the array substrate in a normal time, the
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sub-spacer abutting on the surface of the array substrate
when the interval is narrowed within the fixed range,
and

in the black matrix constructed with the light shielding
pattern formed into the lattice shape, the light shielding
pattern that is provided along the column direction
overlapping the region where one signal line of the
other of the plurality of scanning signal lines and the
plurality of video signal lines is not disposed is nat-
rower than the light shielding pattern that is disposed in
the column direction while overlapping the region
where one signal line of the other of the plurality of
scanning signal lines and the plurality of video signal
lines is disposed.

10. A liquid crystal display device comprising:

an array substrate on which a plurality of pixel electrodes,
a switching element, a plurality of scanning signal
lines, and a plurality of video signal lines are provided,
the plurality of pixel electrodes being arranged in a
matrix form in a display region where an image is
displayed, the switching element being connected to
each of the pixel electrodes, the plurality of scanning
signal lines and the plurality of video signal lines
extending in a row direction or a column direction
while intersecting each other, the plurality of scanning
signal lines and the plurality of video signal lines being
connected to the switching element; and

a counter substrate that is provided opposite the array
substrate with an interval while a liquid crystal layer is
interposed between the counter substrate and the array
substrate, and includes a black matrix that is con-
structed with a light shielding pattern formed into a
lattice shape while overlapping a region between the
pixel electrodes arranged in the matrix form and a
plurality of columnar spacers that hold the interval
between the counter substrate and the array substrate
within a fixed range, wherein

either one of the plurality of scanning signal lines and the
plurality of video signal lines are disposed on the array
substrate in a region between any two rows of pixel
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electrodes adjacent to each other, a region where one
signal line of the other of the plurality of scanning
signal lines and the plurality of video signal lines is
disposed and a region where one signal line of the other
of the plurality of scanning signal lines and the plurality
of video signal lines is not disposed are disposed in a
mixed manner in a region between any two columns of
pixel electrodes adjacent to each other,

an intersection of the light shielding pattern formed into

the lattice shape includes a portion in which the scan-
ning signal line and the video signal line intersect each
other and a portion in which the scanning signal line
and the video signal line do not intersect each other, a
step having a difference in height of a surface of the
array substrate is provided between the portion in
which the scanning signal line and the video signal line
intersect each other and the portion in which the
scanning signal line and the video signal line do not
intersect each other,

the columnar spacer includes a main spacer and a sub-

spacetr,

the main spacer being provided at the intersection of the

light shielding pattern formed into the lattice shape
while provided in the portion in which the scanning
signal line and the video signal line intersect with each
other, the main spacer abutting on the surface of the
array substrate,

the sub-spacer being provided at the portion in which the

scanning signal line and the video signal line do not
intersect each other, the sub-spacer not abutting on the
surface of the array substrate in a normal time, the
sub-spacer abutting on the surface of the array substrate
when the interval is narrowed within the fixed range,
and

the main spacer and the sub-spacer are fixedly attached to

a surface of the counter substrate, and constructed with
resin patterns having different thicknesses, and

the resin pattern constituting the sub-spacer is thinner than

the resin pattern constituting the main spacer.
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