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FIG. 5
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2007-
155039 filed on Jun. 12, 2007; the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device and, in particular, to a liquid crystal display
device in which spacers having a uniform height are provided
on a substrate.

[0004] 2. Description of the Related Art

[0005] In the recent years, research has been conducted to
promote practical application of a liquid crystal display
device which not only has a high density and a high capacity
but also is capable of providing high performance and dis-
playing high-definition images. There are various types of
such a liquid crystal display device available. Among others,
an active matrix-type liquid crystal display device has been
widely used for several reasons, such as that crosstalk
between adjacent pixels is small, a high-contrastimage can be
obtained, images can be displayed in the transmissive mode,
and the display area can easily be made larger. In this active
matrix-type liquid crystal display device, a thin film transistor
(TFT) as a switching element and a pixel electrode are pro-
vided on an array substrate at each of intersections between
multiple scanning lines and multiple signal lines which are
arranged so as to intersect with each other.

[0006] Liquid crystal display devices are commonly pro-
vided with spacers for obtaining a uniform gap between an
array substrate and an opposite substrate facing the array
substrate. There are spherical and pillar spacers. The spheri-
cal spacer is applied in a production process for pasting the
array substrate and the opposite substrate together. The pillar
spacer is formed integrally either on the array substrate or the
opposite substrate by the photolithographic method in a pro-
duction process of the substrate. Since the pillar spacer can be
arranged in the vicinity of the intersections between the scan-
ning lines and the signal lines without overlapping with pixel
electrodes, it is possible to obtain a good display quality. As
for the region where the pillar spacer is arranged, in order to
maintain the uniformity of the cell gap, a region is selected so
that both the array substrate and the opposite substrate can
secure a stable flatness, and the spacers are arranged at the
same position in each of the pixels (for example, see Japanese
Patent No. 3680730 and Japanese Patent Application Publi-
cation No. 2004-245952).

[0007] In order to arrange the pillar spacers, regions are
selected so that both the array substrate and the opposite
substrate can secure a stable flatness. Then, the pillar spacers
are respectively arranged at the same positions within the
selected regions in the pixels.

[0008] The density of the spacers largely affects the basic
characteristics of'a liquid crystal display device. Notonly is a
certain level of density needed for maintaining the uniformity
of the cell gap, but also the density of the spacers needs to be
increased to achieve high durability against pressure applied
to a glass surface. In a display device having a high spacer
density, on the other hand, a hollow portion is generated
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inside of the display device when pressure is applied to the
surface of the display device at a low temperature (hereafter
referred to as low-temperature bubble) because the rate of
contraction of liquid crystal is faster than that of elastic defor-
mation of the spacers. Therefore, the display quality is sig-
nificantly deteriorated. In order to solve this problem, a tech-
nology has been recently disclosed for increasing durability
against local external pressurization while preventing genera-
tion of low-temperature bubbles by forming two kinds of
spacers having different heights on a substrate (for example,
see, Japanese Patent Application Publication No. 2005-
189662).

[0009] Inaddition to the publication described above, vari-
ous proposals have been made for an arrangement of two
kinds of pillar spacers having different heights on a substrate
(for example, see, Japanese Patent No. 3338025).

[0010] However, it is still necessary to increase the density
of spacers in order to obtain high durability against pressure
applied to the glass surface. A certain level of spacer density
or above is also required to obtain a uniform cell gap. On the
other hand, the spacer density has to be lowered in order to
improve the device in terms of the performance against low-
temperature bubbles. Therefore, there is a problem that it is
extremely difficult to improve the device in terms of the
performance against pressure applied to the glass surface and
the performance against low-temperature bubbles at the same
time.

[0011] Moreover, if a configuration is employed in which
spacers having different heights are formed on a substrate in
order to solve the problems described above, a new problem
of increasing production costs arises due to an increased
number of production processes.

SUMMARY OF THE INVENTION

[0012] An object of the present invention regarding a liquid
crystal display device is to prevent generation of low-tem-
perature bubbles in a uniform cell gap and to improve the
strength against pressure applied to the glass surface without
increasing a production cost.

[0013] A liquid crystal display device according to the
present invention includes: an array substrate; multiple signal
lines, multiple scanning lines, and multiple auxiliary capaci-
tive lines, which are provided on the array substrate; a switch-
ing element arranged at each of intersections between the
signal lines and the scanning lines; a pixel electrode and an
auxiliary capacitive layer which are connected to the switch-
ing element; an insulating layer formed on the array substrate;
a contact hole, which is formed in the insulating layer, for
connecting the switching element to either the corresponding
pixel electrode or the corresponding auxiliary capacitive
layer; an opposite substrate arranged to face the array sub-
strate; an opposite electrode formed on the opposite substrate;
and multiple spacers arranged on the liquid crystal layer side
of the array substrate. The multiple spacers include: a first
spacer that is arranged on a part of the insulating layer having
no contact hole; and a second spacer whichis formed inside of
the contact hole.

[0014] Another liquid crystal display device according to
the present invention includes: an array substrate; multiple
signal lines and multiple scanning lines, which are provided
on thearray substrate; aswitching element arranged at each of
intersections between the signal lines and the scanning lines;
a pixel electrode and an auxiliary capacitive layer which are
connected to the switching element; an insulating layer
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formed on the array substrate; a contact hole, which is formed
in the insulating layer, for connecting each switching element
to either a corresponding pixel or a corresponding auxiliary
capacitive layer; an opposite substrate arranged to face the
array substrate; an opposite electrode formed on the opposite
substrate; multiple spacers arranged on the liquid crystal
layer side of the array substrate; a light-shielding layer which
is formed in a line on the liquid crystal layer side of the
opposite substrate, and which includes a wide portion having
a larger width than a width of the line; and a colored layer
formed on a part of the light-shielding layer. The multiple
spacers include: a first spacer which is arranged on a part of
the insulating layer having no contact hole so as to face the
wide portion of the light-shielding layer; and a second spacer
which is arranged on a part of the insulating layer having no
contact hole so as not to face the wide portion of the light-
shielding layer.

[0015] According to the liquid crystal display device of the
present invention, it is possible to further prevent generation
of low-temperature bubbles in a uniform cell gap and to
further improve the strength against pressure applied to the
glass surface without increasing a production cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG.1 is a plan view illustrating a configuration of
an array substrate of a liquid crystal display device according
to embodiments of the present invention.

[0017] FIG. 2 is a schematic plan view illustrating a con-
figuration of an opposite substrate of a liquid crystal display
device according to a first embodiment.

[0018] FIG. 3 is an enlarged plan view illustrating a part of
the opposite substrate of the liquid crystal display device
according to the first embodiment.

[0019] FIG. 4 is a cross-sectional view of the liquid crystal
display device taken along the line indicated by A-A' in FIG.
3.

[0020] FIG.5isaschematic plan view illustrating a density
of spacers in a display region in the liquid crystal display
device according to the first embodiment.

[0021] FIG. 6 is a schematic plan view illustrating a con-
figuration of an opposite substrate of a liquid crystal display
device according to a second embodiment.

[0022] FIG. 7 is an enlarged plan view illustrating a part of
the opposite substrate of the liquid crystal display device
according to the second embodiment.

[0023] FIG. 8 is a cross-sectional view of the liquid crystal
display device taken along the line indicated by B-B' in FIG.
7.

[0024] FIG.9 is a plan view illustrating a configuration of
an array substrate of the liquid crystal display device accord-
ing to the second embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0025] In the following section, embodiments of the
present invention will be described with reference to the
drawings.

[0026] The plan view in FIG. 1 schematically illustrates a
configuration of an array substrate of a liquid crystal display
device according to embodiments of the present invention. A
display region 300 indicated by dotted lines is provided on an
array substrate 100. In this configuration, an adhesive agent
120 is applied so as to surround the display region 300 seam-
lessly. Such an application of the adhesive agent 120 allows
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no liquid crystal to leak to the outside of the region sur-
rounded by the inner wall of the adhesive agent 120; thus, it is
possible to paste the array substrate 100 and a substrate facing
the array substrate 100 together by dripping a predetermined
amount of liquid crystal in a one-drop fill method.

[0027] Inthe display region 300, a total of m lines of scan-
ning lines Y1 to Ym (hereafter collectively referred to asY),
and a total of n lines of signal lines X1 to Xm (hereafter
collectively referred to as X) are arranged so as to intersect
with each other. At each of the intersections, a thin film
transistor 140 (hereafter referred to as a pixel TFT) which
serves as a switching element, a transparent pixel electrode
131, and an auxiliary capacitor 150 are arranged. A TFT
having a semiconductor layer made of amorphous silicon
(a-Si) is used as the pixel TFT 140. To be more specific, the
pixel TFT 140 includes: a source terminal that is connected to
the signal line X; a drain terminal that is connected to the
auxiliary capacitor 150 and the pixel electrode 131 in parallel;
and a gate terminal that is connected to the scanning line Y. An
opposite electrode 173 is arranged facing each of the pixel
electrodes 131 across a liquid crystal layer 500. Multiple
spacers 600 are arranged for each of the pixel electrodes 131.

[0028] In the region surrounding the display region 300, a
scanning line driving circuit 121, a signal line driving circuit
122, and an opposite electrode driving circuit 123 are
arranged. The scanning line driving circuit 121 is connected
to the scanning lines Y to sequentially drive the scanning
lines. The signal line driving circuit 122 is connected to the
signal lines X to send image signals. The opposite electrode
driving circuit 123 is connected to the auxiliary capacitors
150 and the opposite electrodes 173 to supply a predeter-
mined potential.

[0029] Inthe following section, a more detailed description
will be given of liquid crystal display devices according to
first and second embodiments of the present invention.

First Embodiment

[0030] A description will be given of a liquid crystal dis-
play device according to a first embodiment of the present
invention.

[0031] A configuration of an opposite substrate 200 will be
described with reference to FIGS. 2 and 3. As shown in the
plan view in FIG. 2, a light-shielding layer 210 is formed in a
line in a display region 300. In the peripheral part of the
display region 300, the light-shielding layer 210 is formed in
a frame shape. A color filter 220 is formed between the
light-shielding layers 210. As shown in the plan view in FIG.
3, colored layers (indicated by the dotted lines in the drawing)
of the color filter 220 are formed on a part of the light-
shielding layer 210. A red colored layer (R), a green colored
layer (), and a blue colored layer (B) are formed in this order
repeatedly. In this configuration, a shape 211 having a larger
width W2 in some parts than the line width W1 (hereafter
referred to as a wide-width portion 211) is formed in the
light-shielding layer 210. In this case, the line width W1 is set
to, for example, 5 jum, and the shape of the wide-width portion
211 is set to, for example, a square of a side length W2 of 15
pm.

[0032] FIG. 4 illustrates the cross-sectional view of the
liquid crystal display device taken along the line indicated by
A-A'in FIG. 3. The liquid crystal display device includes: an
array substrate 100 and the opposite substrate 200, which are
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arranged to face each other; and a liquid crystal layer 500,
which is supported by these substrates in the gap therebe-
tween.

[0033] Inthearraysubstrate 100, a first insulating layer 102
and a second insulating layer 103 are formed on a glass
substrate 101. Although not shown in the drawing, these
insulating layers are provided with, for example, an auxiliary
capacitive layer and a transparent electrode made of polysili-
con, which are connected to the pixel TFT. A spacer 600
having apillar shape is formed on the first insulating layer 102
and the second insulating layer 103 on the side of the liquid
crystal layer 500. In this case, pillar projections serving as the
spacer 600 are formed integrally on the substrate so as to have
a uniform height by, for example, a photolithographic
method. By adopting this process, it is possible to reduce the
number of production processes for the production of the
array substrate, compared to the case where projections hav-
ing different heights are formed; thus, the production cost can
be reduced. In addition, the spacer 600 is formed, in a flat
region of the second insulating layer 103, away from a contact
hole 700 formed thereon. A polarizer 104 is arranged, on the
glass substrate 101, on the opposite side of the liquid crystal
layer 500. On the backside of the array substrate 100, a
backlight, which is not shown in the drawing, is arranged for
irradiating the display region 300 with light for display.
[0034] In the opposite substrate 200, a polarizer 203 is
arranged, on a glass substrate 201, on the opposite side of the
liquid crystallayer 500. A light-shielding layer 210 is formed,
on the glass substrate 201, on the side of the liquid crystal
layer 500. A color filter 220 is formed between the lines of the
light-shielding layers 210. In this case, in order to prevent
occurrence of light leakage and color mixture due to accuracy
in colored layer patterning, the colored layers are formed
partly on a linear part of the light-shielding layer 210 and on
the wide-width portion 211 of the light-shielding layer. An
overcoating layer 202 is formed for flatness to cover the
light-shielding layer 210, the wide-width portion 211, and the
color filter 220. In addition, although not shown in this draw-
ing, an opposite electrode is formed on the overcoating layer
202.

[0035] Since the amount of colored layers formed on the
wide-width portion 211 of the light-shielding layer is larger
than that on a linear part of the light-shielding layer 210,
unevenness is generated on the opposite substrate. In this
configuration, some of the multiple spacers are each arranged
on the array substrate 100 as a first spacer 600a so as to face
the wide-width portion 211 of the light-shielding layer. In the
meantime, other spacers, which do not face the wide-width
portion 211 of the light-shielding layer, are each arranged as
asecond spacer 6005 50 as to face, for example, a region of the
color filter 220, where no light-shielding layer 210 overlaps
with a colored layer.

[0036] The first spacer 600a is in contact with the opposite
substrate 200, while the second spacer 6005 is not in contact
with the opposite substrate 200. Accordingly, the effective
height of the first spacer 6004 is higher by Ah than the effec-
tive height of the second spacer 6004. In this case, the differ-
ence in the effective height between the first spacer 600a and
the second spacer 6005, Ah, is set to be, for example, 0.5 pm.
[0037] By having such a configuration, it is possible with
the first spacer 600a to restrain generation of low-temperature
bubbles while maintaining uniformity of the cell gap, and
possible with the second spacer 6005 to control the strength
against pressure applied to the substrate surface.
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[0038] The plan view in FIG. 5 schematically shows the
density (arrangement density) of the spacers in the display
region 300 in the liquid crystal display device. In this drawing
which illustrates pixels constituting the display region in a
matrix, shaded areas indicate pixels where the first spacer
600q is arranged, and white areas indicate pixels where the
second spacer 6005 is arranged. In this case, the first spacer
6004 is arranged in every 12 pixels, while the second spacer
6005 is arranged in 11 pixels in every 12 pixels. As aresult of
such an arrangement, the density of the first spacer 600a is
more than 5 times smaller than the density of the second
spacer 6005.

[0039] By having the density of the first spacers 600a
smaller than the density of the second spacers 6005 as
described above, it is possible with the first spacer 600a to
largely decrease occurrence of low-temperature bubbles
while maintaining the minimum density required for obtain-
ing a uniform cell gap. In the meantime, by arranging the
second spacer 6005 as many as possible to increase the maxi-
mum density, it is also possible to largely enhance the strength
against pressure applied to the glass surface.

[0040] Itshould be noted that the cross-sectional area ofthe
first spacer 600« in a direction parallel to the substrate is made
approximately twice larger than the cross-sectional area of
the second spacer 6005 so that the spacers are efficiently
arranged. By having such a configuration, it is possible to
control the size variation of the first spacers 600a with a high
degree of accuracy while maintaining the minimal density by
reducing the number of the first spacers 600a arranged, and to
maintain a high density of the second spacers 6005 by
increasing the number of the second spacers 6005 arranged.
[0041] Therefore, according to the present embodiment,
while a portion having a larger width than the line width on
the light-shielding layer 210 is defined as the wide-width
portion 211 on the opposite substrate, the first spacer 600q is
formed on the array substrate 100 so as to face the wide-width
portion 211. The amount of the colored layers of the color
filter 220 formed on the wide-width portion 211 of the light-
shielding layer is larger than that on a linear part of the
light-shielding layer. Accordingly, there is unevenness on the
opposite substrate 200, resulting in the effective height of the
first spacer 600a higher by Ah. By having this configuration,
it is possible with the first spacer 600a to prevent generation
of low-temperature bubbles while maintaining uniformity of
the cell gap, and it is possible with the second spacer 6005 to
control strength against pressure applied to the substrate sur-
face. It should be noted that, since spacers having a uniform
height are arranged on the array substrate, it is possible to
reduce the number of production processes, compared to the
case where two kinds of spacers having different heights are
arranged.

[0042] According to the present embodiment, by having the
density of the first spacers 600a smaller than the density of the
second spacers 6005 in the display region 300, it is possible
with the first spacer 600a to largely decrease the occurrence
of low-temperature bubbles while maintaining the minimum
density for obtaining a uniform cell gap. In the meantime, by
arranging the second spacer 6005 as many as possible to
increase the maximum density, it is also possible to largely
enhance strength against pressure applied to the glass surface.
[0043] According to the present embodiment, by making
the cross-sectional area of a first spacer 600¢ larger than the
cross-sectional area of a second spacer 600b in the display
region 300, it is possible to control the size variation of the
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first spacers 600a with a high degree of accuracy while main-
taining the minimal density by reducing the number of the
first spacers 600qa arranged; and to maintain a high density of
the second spacer 6005 by increasing the number of the
second spacers 6005 arranged.

[0044] TItshould be noted that the difference in the effective
height between the first spacer 600a and the second spacer
6005, Ah, is set to be 0.5 um in the present embodiment;
however, the difference in the effective height is not limited to
this value. For example, it is possible to obtain the same effect
as the present embodiment as long as Ah is in a range from 0.3
pumto 1.0 um. If Ahis to be set to the above range, it is effective
to adjust, for example, the area of the wide-width portion 211
of the light-shielding layer 210 and the conditions for appli-
cation of the overcoating layer 202. In addition, a value of Ah
may be set to be smaller than 0.5 pm (which is the value of Ah
in the present embodiment) with small unevenness on the
opposite substrate formed by arranging the second spacer
6005 so0 as to face a linear part of the light-shielding layer 210.
[0045] The shape of the wide-width portion 211 formed in
the light-shielding layer 2101s set to be a square in the present
embodiment; however, the shape is not limited to a square. As
long as having a larger width than the line width, the shape of
the wide-width portion 211 may be, for example, quad-
rangles, such as rectangle, rhomboid, and circle.

Second Embodiment

[0046] In the following section, a description will be given
of a liquid crystal display device according to a second
embodiment of the present invention. It should be noted that
the same portions as in the first embodiment are denoted by
the same reference numerals, and the description thereof is
omitted.

[0047] A configuration of an opposite substrate 200 is
described with reference to FIGS. 6 and 7. As shown in the
plan view in FIG. 6, a light-shielding layer 210 is formed in a
liner in a display region 300. In the peripheral part of the
display region 300, the light-shielding layer 210 is formed in
a frame shape. The difference of the present embodiment
from the first embodiment is that the light-shielding layer 210
in the present embodiment does not have a shape 211 (wide-
width portion 211) having a width W2 larger than the line
width W1.FIG. 7 is an enlarged view of any part of the display
region 300 illustrated in FIG. 6. As shown in F1G. 7. the line
width of the light-shielding layer 210 is W1 only.

[0048] FIG. 8 illustrates the cross-sectional view of the
liquid crystal display device taken along the line indicated by
B-B'in FIG. 7. The liquid crystal display device includes: an
array substrate 100 and the opposite substrate 200, which are
arranged to face each other; and a liquid crystal layer 500,
which is supported by the substrates in the gap therebetween.
In the present embodiment, the thickness of the liquid crystal
layer 500 is 3 um.

[0049] Inthearray substrate 100, a first insulating layer 102
and a second insulating layer 103 are formed on a glass
substrate 101. A pixel electrode, which is not shown in the
drawing, is formed on these insulating layers. These insulat-
ing layers are also provided with contact holes 700 for con-
necting a drain electrode 59 of a pixel TFT 140 to the pixel
electrode. The depth of the contact holes 700 is approxi-
mately 2 pm.

[0050] A first spacer 600c¢ is formed on the first insulating
layer 102 and the second insulating layer 103 on the side of
the liquid crystal layer 500. To be more specific, the first
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spacer 600c is formed in a flat region having no contact hole
700 provided therein on the second insulating layer 103. The
first spacer 600c¢ shown in the drawing is arranged on the
second insulating layer 103 so as to face the light-shielding
layer 210.

[0051] A second spacer 6004 is formed so as to be buried in
the contact hole 700. The second spacer 6004 shown in the
drawing is arranged so as to face a region of the color filter
220, where no light-shielding layer 210 overlaps with a col-
ored layer.

[0052] It should be noted that the first spacer 600c and the
second spacer 600d are formed in the same process. By hav-
ing such a process, it is possible to reduce the number of
production processes for the production of the array substrate,
compared to the case where projections having different
heights are formed in different processes; and therefore to
reduce a production cost.

[0053] FIG. 9is a plan view of the array substrate 100, and,
more particularly, a plan view of the array substrate 100
which s arranged so as to face the part indicated by B-B' in the
opposite substrate 200 in FIG. 7. FIG. 9 is also a schematic
view of a region of the array substrate 100 including any pixel
TFT 140 in the display region 300 described in the FIG. 1 and
the adjacent part thereof.

[0054] The pixel TFT 140 includes a source electrode 58, a
gate electrode 56, and a drain electrode 59. The drain elec-
trode 59 is connected to the pixel electrode via the contact
hole 700. The drain electrode 59 is also connected to an
auxiliary capacitive layer 160 made of polysilicon via a dif-
ferent contact hole 800. The auxiliary capacitive layer 160
and an auxiliary capacitive line 155 constitute an auxiliary
capacitor 150.

[0055] Thefirst spacer 600¢ is arranged at an intersection of
a signal line Xn-1 and the auxiliary capacitive line 155.
Meanwhile, the second spacer 6004 is arranged so as to be
buried in the contact hole 700 for connecting the drain elec-
trode 59 to the pixel electrode.

[0056] As for the cross-sectional shapes of the spacers of
the present embodiment shown in FIG. 9, the cross-sectional
area of the first spacer 600c is larger than the cross-sectional
area of the second spacer 6004.

[0057] By making the cross-sectional area of the first
spacer 600¢ larger than the cross-sectional area of the second
spacer 6004 in the display region 300, it is possible to control
the size variation of the first spacers 600¢ with a high degree
ofaccuracy while maintaining the minimal density thereof by
reducing the number of the first spacers 600¢ arranged; and to
maintain a high density of the second spacer 6004 by increas-
ing the number of the second spacers 600d arranged.

[0058] It should be noted that cross-sectional areas of the
first spacer 600¢ and the second spacer 6004 may be the same.
[0059] As described above, with the first spacer 600c
formed on the insulating layer and the second spacer 6004
formed inside of the contact hole 700, the difference in the
effective height between the first spacer 600¢ and the second
spacer 6004, Ah, 15 0.5 um due to the depth of the contact hole
700, in the present embodiment. In other words, in the present
embodiment, when spacer materials are evenly applied to
coat the substrate in a spacer formation process, the coating
material forms a concave portion at a recessed portion formed
by the contact hole. Then, by exposing the substrate coated
with the coating material to form a pillar spacer, the first pillar
spacer 600c and the second pillar spacer 6004 having differ-
ent heights are formed by themselves.
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[0060] Accordingly, in the present embodiment employing
such a configuration, as well as the first embodiment, it is
possible with the first spacer 600c to prevent generation of
low-temperature bubbles while maintaining uniformity of the
cell gap. With the second spacer 6004, it is possible to control
strength against pressure applied to the substrate surface.
[0061] Itis also possible with the first spacer 600c¢ to largely
decrease the occurrence of low-temperature bubbles while
maintaining the minimum density required for obtaining a
uniform cell gap. In the meantime, by arranging the second
spacer 6004 as many as possible to increase the maximum
density, it is also possible to largely enhance the strength
against pressure applied to the glass surface.

[0062] In the present embodiment, spacers are simply
arranged inside of the contact holes in addition to on the
insulating layer, which is where spacers are arranged in a
conventional method; thus, it is easy to create the difference in
the effective height between the spacers, Ah, in aconventional
production process. Since the densities of the first spacers and
the second spacers can easily be changed, the design freedom
is increased.

[0063] It should be noted that, the second spacer 6004 is
formed to be buried in the contact hole 700, which is for
connecting the pixel TFT to the pixel electrode in the present
embodiment; however, the contact hole where the second
spacer 6004 is formed is not limited to the contact hole 700.
The contact hole where the second spacer 6004 is formed to
be buried therein may be, for example, a contact hole 800
which is for connecting the pixel TFT to the auxiliary capaci-
tive layer 160.

[0064] When the shape of the light-shielding layer located
on the side of the opposite substrate in the present embodi-
ment is made to be the shapes illustrated in FIGS. 2 and 3 of
the first embodiment, it is possible to further adjust the dif-
ference in the effective height, Ah.

[0065] Colored layers of the color filter 220 are formed on
apart of the light-shielding layer 210. A red colored layer (R),
a green colored layer (G), and a blue colored layer (B) are
formed in this order repeatedly. In this configuration, the
light-shielding layer 210 includes a shape 211 (hereafter
referred to as a wide-width portion 211) having a larger width
W2 than the line width W1 in some parts. In this case, the line
width W1 is set to, for example, 5 pum, and the shape of the
wide-width portion 211 is set to, for example, a square of a
side length W2 of 15 um.

[0066] Accordingly, the amount of colored layers formed
on the wide-width portion 211 of the light-shielding layer is
larger than that on a linear part of the light-shielding layer
210; thus, unevenness is generated on the opposite substrate
(refer to FIG. 4). The height of this unevenness is 0.5 pm.
Thereafter, the first spacer 600c¢ is arranged on the insulating
layer so as to face the wide-width portion 211 of the light-
shielding layer.

[0067] As described above, by employing the shape of the
light-shielding layer located on the side of the opposite sub-
strate, as shown in FIG. 2, in the present embodiment, the
difference in the effective height, Ah, of 1.0 um can be
achieved by adding the above-described height of the uneven-
ness of 0.5 um to the original difference in the effective height
between the first spacer 600¢ and the second spacer 600, Ah,
of 0.5 um.

[0068] By having the configuration described above, the
difference in the effective height, Ah, can be set to be in a
range from 0.3 pm to 1.0 um. In this configuration, it is
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possible to increase the strength against pressure applied to
the substrate surface while restraining generation of low-
temperature bubbles, and possible to produce a device having
such performance characteristics without an increase in the
production cost.

[0069] It should be noted that it is desirable that either the
first spacer 600c or the second spacer 600d be arranged in
each pixel electrode. As for the density of the spacers in the
display region 300 in the liquid crystal display device, as
shown in FIG. 5, for example, it is desirable that the density of
the first spacers 600c be smaller than the density ofthe second
spacers 600d.

[0070] Thearray substrate and the opposite substrate of the
liquid crystal display device are pasted together with an adhe-
sive agent applied therebetween so as to surround the display
region seamlessly. Such an application of the adhesive agent
allows no liquid crystal to leak to the outside of the region
surrounded by the inner wall of the adhesive agent; thus, it is
possible to paste these substrates together by applying a uni-
form pressure on the substrate surface while dripping a pre-
determined amount of liquid crystal in a one-drop fill method.

What is claimed is:

1. A liquid crystal display device, comprising:

an array substrate;

a plurality of signal lines, a plurality of scanning lines and
a plurality of auxiliary capacitive lines provided on the
array substrate;

a switching element arranged at each of intersections
between the signal lines and the scanning lines;

a pixel electrode and an auxiliary capacitive layer con-
nected to the switching element;

an insulating layer formed on the array substrate;

a contact hole, formed in the insulating layer, for connect-
ing each of the switching elements to any one of a
corresponding pixel electrode and a corresponding aux-
iliary capacitive layer;

an opposite substrate arranged to face the array substrate;

an opposite electrode formed on the opposite substrate; and

a plurality of spacers arranged on a liquid crystal layer side
of the array substrate, wherein

the plurality of spacers include: a first spacer arranged on a
part of the insulating layer having no contact hole; and a
second spacer formed inside of the contact hole.

2. The liquid crystal display device according to claim 1,
wherein the second spacer is formed inside of the contact hole
that connects the switching element to the pixel electrode.

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

a light-shielding layer which is formed in a line on the
liquid crystal layer side on the opposite substrate, and
which includes a wide portion having a larger width than
the line; and

acolored layer formed on a part of the light-shielding layer,

wherein the first spacer is arranged so as to face the wide
portion of the light-shielding layer.

4. The liquid crystal display device according to claim 1,
wherein an arrangement density of the first spacers is smaller
than an arrangement density of the second spacers.

5. The liquid crystal display device according to claim 1,
wherein a cross-sectional area of the first spacer is larger than
a cross-sectional area of the second spacer.

6. The liquid crystal display device according to claim 1,
wherein any one of the first spacer and the second spacer is
arranged in each of the pixel electrodes.
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7. The liquid crystal display device according to claim 1,
wherein the array substrate and the opposite substrate are
pasted together by an adhesive agent applied between the
substrates so as to surround a display region seamlessly.

8. A liquid crystal display device, comprising:

an array substrate;

a plurality of signal lines and a plurality of scanning lines
provided on the array substrate;

a switching element arranged at each of intersections
between the signal lines and the scanning lines;

a pixel electrode and an auxiliary capacitive layer con-
nected to the switching element;

an insulating layer formed on the array substrate;

a contact hole, formed in the insulating layer, for connect-
ing each switching element to any one of a correspond-
ing pixel electrode and a corresponding auxiliary
capacitive layer;

an opposite substrate arranged to face the array substrate;

an opposite electrode formed on the opposite substrate;

a plurality of spacers arranged on the liquid crystal layer
side of the array substrate;

a light-shielding layer which is formed in a line on the
liquid crystal layer side of the opposite substrate, and

which includes a wide portion having a larger width than
a width of the line; and
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acolored layer formed on a part of the light-shielding layer,
wherein

the plurality of spacers include:

a first spacer arranged on a part of the insulating layer
having no contact hole so as to face the wide portion
of the light-shielding layer; and

asecond spacer arranged on a part of the insulating layer
having no contact hole so as not to face the wide
portion of the light-shielding layer.

9. A liquid crystal display device, comprising:

an array substrate;

a plurality of signal lines and a plurality of scanning lines
provided on the array substrate;

a switching element arranged at each of intersections
between the signal lines and the scanning lines;

a pixel electrode and an auxiliary capacitive layer con-
nected to the switching element;

an opposite substrate arranged to face the array substrate;

an opposite electrode formed on the opposite substrate;

a light-shielding layer which is formed in a line on the
liquid crystal layer side of the opposite substrate, and
which includes a wide portion having a larger width than
a width of the line; and

acolored layer formed ona part of the light-shielding layer.

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

wherein the array substrate and the opposite substrate are
pasted together by an adhesive agent applied between the
substrates so as to surround a display region seamlessly.

% ok ok sk ok
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