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LIQUID CRYSTAL DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

0001 
0002 The present invention relates to a liquid crystal dis 
play device including ultra-thin glass and a method for manu 
facturing the liquid crystal display device. 
0003 2. Description of the Background Art 
0004. In recent years, there has been proposed a liquid 
crystal display for use in a curved form (curved display) or a 
liquid crystal display device capable of displaying a dual 
screen (dual-screen display) in which a parallax barrier is 
arranged on a display Surface of a liquid crystal panel. In these 
liquid crystal displays, ultra-thin glass is commonly used. For 
example, Japanese Patent Application Laid-Open No. 2003 
337550 mentions a liquid crystal panel including, as ultra 
thin glass, a glass Substrate having an ultra-thin thickness of 
about 0.01 to 0.15 mm, in order to achieve a flexibly bendable 
liquid crystal panel that can be also used in a curved display. 
Japanese Patent Application Laid-Open No. 2011-128547 
discloses: a liquid crystal display device capable of the dual 
screen display in which, as ultra-thin glass, a glass Substrate 
having an ultra-thin thickness of about 0.1 mm or 0.3 mm is 
provided only at one substrate side of the liquid crystal dis 
play device; and a method for manufacturing the liquid crys 
tal display device. In a liquid crystal display device adapted 
for the dual-screen display or curved display, ultra-thin glass 
having a Substrate thickness of about 0.1 mm is used. In a 
process for manufacturing Such a liquid crystal display 
device, after at least one of two glass Substrates is thinned, 
forming a cell substrate by bonding the two substrate with a 
seal is difficult for strength reasons. Accordingly, as described 
in the above-mentioned Patent Documents, after two sub 
strates are bonded to each other with a seal to form a cell 
substrate, a step is performed in which at least one of the 
Substrates is thinned by means of polishing or etching to 
achieve ultra-thin glass. 
0005 Firstly, in a method for manufacturing the liquid 
crystal panel for the curved display disclosed in Japanese 
Patent Application Laid-Open No. 2003-337550, a thinning 
step for thinning a cell Substrate in which a liquid crystal is 
encapsulated is performed after the cell substrate is obtained 
by performing a sealing step of sealing the liquid crystal by 
means of a seal Surrounding the liquid crystal and two glass 
Substrates, that is, by performing a so-called one drop filling 
method. In a case of adopting the one drop filling method to 
encapsulate the liquid crystal, designing of a light-shielding 
layer and wirings involves a restriction necessary for irradi 
ating the seal with light so that the seal is promptly cured, in 
order to prevent contamination of the liquid crystal which 
may be caused by a contact of an uncured seal with the liquid 
crystal. The restriction particularly leads to thinning of the 
light-shielding layer and wirings. Thus, in a liquid crystal 
panel for the curved display, a larger stress is applied to the 
light-shielding layer and wirings than usual. Therefore, there 
is a fear that cracking may occur in the light-shielding layer or 
breaking may occur in the wirings. Such a problem can be 
avoided by adopting, as a method for encapsulating the liquid 
crystal, the vacuum injection method instead of the one drop 
filling method. That is, in a state of a cell substrate in which 
mother Substrates are bonded to each other by a seal, one glass 
Substrate is thinned to achieve ultra-thin glass, then the Sub 
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strates are cut into a size corresponding to an individual liquid 
crystal panel, and then a liquid crystal is injected and sealed in 
a Vacuum State. 

0006. On the other hand, in a method for manufacturing 
the liquid crystal panel for the dual-screen display, a step of 
forming a parallax barrier on a surface of the ultra-thin glass 
obtained as a result of the thinning is further performed. In 
this parallax barrier formation step, a light-shielding metal 
film is formed by means of sputtering or the like, and there 
fore the substrate is heated so that the substrate temperature 
rises to a temperature that gives not a little influence on an 
organic material. Thus, in a case of performing the step of 
forming a parallax barrier on the cell substrate in which the 
liquid crystal has been encapsulated by the one drop filling 
method as shown in the method disclosed in Japanese Patent 
Application Laid-Open No. 2003-337550, the liquid crystal 
that is an organic material causes a quality alteration. Accord 
ingly, in the method for manufacturing the liquid crystal panel 
for the dual-screen display disclosed in Japanese Patent 
Application Laid-Open No. 2011-1285.47, such a problem is 
avoided by adopting the vacuum injection method as the 
method for encapsulating the liquid crystal. That is, in a state 
of the cell substrate in which mother substrates are bonded to 
each other with a seal and no liquid crystal is encapsulated, 
one glass Substrate is thinned to achieve ultra-thin glass, then 
a parallax barrier is formed, then the Substrates are cut into a 
size corresponding to an individual liquid crystal panel, and 
then a liquid crystal is injected and sealed in a vacuum state. 
0007 As described above, some of problems occurring in 
the display device including ultra-thin glass, such as the 
curved display or the dual-screen display, can be avoided by 
adopting a manufacturing process in which the step of thin 
ning a glass Substrate to achieve ultra-thin glass, the step of 
cutting into a size corresponding to an individual liquid crys 
tal panel, and the step of injecting and sealing a liquid crystal 
in a vacuum state, which is a liquid crystal injection method 
using a so-called Vacuum injection method, are sequentially 
performed. However, even in a case of using this method, the 
following problems remain unsolved. 
0008 Firstly, a first problem will be described. When 
vacuuming of the interior of a cell and a liquid crystal injec 
tion step of injecting a liquid crystal from a liquid crystal 
injection port are performed under a state where one of Sub 
strates is ultra-thin glass, a gap between the Substrates is 
properly held by balancing among the pressure of the liquid 
crystal drawn into the cell, the atmospheric pressure in the 
outside of the cell at a time of exposure to the atmosphere, the 
repulsive force exerted by spacers that keep the gap between 
the two substrates, and the tensile force of the substrates 
between the spacers that are dispersedly arranged in a plane. 
However, since the substrate made of the ultra-thin glass has 
a weak tensile force, a portion thereof located between the 
spacers and not held by the spacers is overwhelmed by press 
ing from the atmospheric pressure. Therefore, at a location 
corresponding to this portion, the gap between the Substrates 
is narrower than the predetermined inter-substrate gap, and 
depending on conditions, the gap completely disappears. 
Additionally, at a location where the liquid crystal has been 
drawn, the pressure of the liquid crystal acts as a resistive 
force (reactive force) against the pressing from the atmo 
spheric pressure, thereby preventing the disappearance of the 
gap. 
0009. In performing the liquid crystal injection step of 
injecting a liquid crystal from the liquid crystal injection port, 
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encapsulation of the liquid crystal starts from a portion near 
the injection port, and the interior of the cell is sequentially 
filled with the liquid crystal, until a portion thereof farthest 
from the injection port (and more specifically, corner portions 
thereof located at both ends of the side opposed to the side 
where the injection port is provided) is filled. Accordingly, in 
these corner portions located on the side opposed to the side 
where the injection port is provided, which are finally filled 
with the liquid crystal, the inter-substrate gap is narrowed by 
the pressing from the atmospheric pressure before these cor 
ner portions are filled with the liquid crystal. This narrowing 
delays completion of the encapsulation of the liquid crystal. If 
the pressure in the outside of the cell gradually rises and 
completely returns to the atmospheric pressure under a state 
where the completion of the encapsulation of the liquid crys 
tal is delayed, a portion of the spacer located at a correspond 
ing position may be deformed beyond an assumed amount of 
deformation. As a result, the deformation exceeds a range of 
elastic deformation which is a reversible change, and causes 
plastic deformation, or even worse, the spacer is fully 
destroyed. Once a reversible change range is exceeded like 
this, it is no longer possible to keep a proper gap between the 
substrates even when the liquid crystal is put therein with a 
delay. Additionally, in the portion of the spacer that has been 
fully destroyed, a pillar that supports the cell is lost. There 
fore, in any case, unevenness of the gap occurs. Moreover, 
when the fully destroyed spacer is dispersed to reach a display 
region within the cell, a display failure due to an abnormal 
alignment occurs. Furthermore, there is a fear that a constitu 
ent element of the spacer of the destroyed spacer may, as an 
impurity, run into the liquid crystal and contaminate the liquid 
crystal, which results in a deterioration in the reliability. 
0010. Then, a second problem will be described. In a case 
of the dual-screen display, a parallax barrier formation step, 
and particularly, a light-shielding layer formation step in 
which the substrates are heated, is additionally performed 
before the liquid crystal injection step shown in the above 
described the first problem is performed. When the substrates 
are heated, adoption of the vacuum injection method avoids 
heating the liquid crystal, but resins of columnar spacers and 
an alignment film that are arranged within the cell are exposed 
to the heat treatment. Since the resins of the columnar spacers 
and the alignment film are also made of an organic material, 
not a little alteration is caused in the quality of the material. To 
be specific, examples of a caused change include an increase 
in the amount of gas emission and a reduction in the range of 
elastic deformation of the columnar spacers. If the vacuum 
injection step of injecting the liquid crystal is performed 
under a state where such a change is caused, depending on an 
increase in the amount of gas emission, a gas coming from a 
surface of the substrate accumulates within the cell, which 
makes it difficult to achieve a normal liquid crystal injection 
even though normal vacuuming is performed. As a result, 
more time is taken to complete the encapsulation of the liquid 
crystal in the above-mentioned corner portions located farther 
from the injection port. Moreover, since the range of elastic 
deformation of the columnar spacers is narrowed, it is likely 
to cause plastic deformation and destruction, which are unre 
coverable deformation. Furthermore, these plastic deforma 
tion and destruction are likely to occur also in pressure appli 
cation that is performed in order to push out an extra liquid 
crystal as a time of sealing the injection port. That is, occur 
rence of the above-described first problem becomes more 
conspicuous. 
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0011. As thus far described, in the liquid crystal display 
device including ultra-thin glass, such as the curved display or 
the dual-screen display, Some of problems can be avoided by 
adopting a liquid crystal injection method using a so-called 
vacuum injection method. On the other hand, as described 
above, unevenness of the gap and a display failure due to an 
abnormal alignment occur in the corner portions that are 
farthest from the injection port. Thus, in the conventional 
display device including ultra-thin glass, such as the curved 
display or the dual-screen display, and in the manufacturing 
of the conventional display device, an ideal structure and an 
ideal manufacturing method that do not cause the above 
described problems have not been proposed yet. 

SUMMARY OF THE INVENTION 

0012. An object of the present invention is to provide a 
liquid crystal display device including ultra-thin glass, that 
puts no restriction on designing of a light-shielding layer, that 
can prevent occurrence of unevenness of a gap and occur 
rence of a display failure caused by an abnormal alignment, 
and that can be manufactured at a low cost and with a good 
yield of production. 
0013. In the present invention, a liquid crystal display 
device includes: a pair of glass Substrates, one of the Sub 
strates being an ultra-thin glass Substrate; a liquid crystal 
material interposed between the pair of glass Substrates; and 
a seal pattern for bonding the pair of glass Substrates to each 
other, the seal pattern having an injection port through which 
the liquid crystal material is injected. Spacer structures are 
arranged such that the area density of the spacer structures is 
higher in a corner portion located at a side opposed to a side 
where the injection port is provided than in a corner portion 
located at the side where the injection port is provided. 
0014. The liquid crystal display device according to the 
present invention is a liquid crystal display device including 
ultra-thin glass that can prevent plastic deformation and 
destruction of spacers or damage to spacers, which occurs in 
a corner portion farther from an injection port in a case where 
the liquid crystal display device is manufactured by a liquid 
crystal injection method using a vacuum injection method. 
0015 These and other objects, features, aspects and 
advantages of the present invention will become more appar 
ent from the following detailed description of the present 
invention when taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a plan view of a liquid crystal panel of a 
liquid crystal display device according to a preferred embodi 
ment 1 of the present invention; 
0017 FIG. 2 is a cross-sectional view of the liquid crystal 
panel of the liquid crystal display device according to the 
preferred embodiment 1 of the present invention; 
0018 FIG. 3 is a plan view showing an area near a corner 
portion of a CF substrate of the liquid crystal panel according 
to the preferred embodiment 1 of the present invention; 
0019 FIG. 4 is a plan view showing an area near a corner 
portion of the CF substrate of the liquid crystal panel accord 
ing to the preferred embodiment 1 of the present invention; 
0020 FIG. 5 is a flowchart showing an assembling process 
in a method for manufacturing the liquid crystal panel accord 
ing to the preferred embodiment 1 of the present invention; 
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0021 FIGS. 6A and 6B are diagrams for explaining an 
outline of a vacuum injection step in a process for manufac 
turing the liquid crystal panel according to the preferred 
embodiment 1 of the present invention; 
0022 FIGS. 7A to 7C are cross-sectional views showing 
an area near a corner portion during the vacuum injection step 
in the process for manufacturing the liquid crystal panel 
according to the preferred embodiment 1 of the present inven 
tion; 
0023 FIGS. 8A to 8C are cross-sectional views showing 
an area near a corner portion during the vacuum injection step 
in the process for manufacturing the liquid crystal panel 
according to the preferred embodiment 1 of the present inven 
tion; 
0024 FIGS. 9A to 9C are cross-sectional views showing 
an area near a corner portion during the vacuum injection step 
in the process for manufacturing the liquid crystal panel 
according to the preferred embodiment 1 of the present inven 
tion; 
0025 FIG. 10 is a plan view showing an area near a corner 
portion of a CF substrate according to a modification of the 
preferred embodiment 1 of the present invention; 
0026 FIG. 11 is a plan view showing an area near a corner 
portion of the CF substrate according to the modification of 
the preferred embodiment 1 of the present invention; 
0027 FIG. 12 is a plan view showing an area near a corner 
portion of a CF substrate according to a modification of the 
preferred embodiment 1 of the present invention; and 
0028 FIGS. 13A and 13B are plan views showing an area 
near a corner portion of a CF Substrate according to a modi 
fication of the preferred embodiment 1 of the present inven 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred Embodiment 1 

0029. A configuration of a liquid crystal panel 10 used in 
a liquid crystal display device according to a preferred 
embodiment 1 will be described with reference to schematic 
diagrams of FIGS. 1,2,3, and 4. FIG. 1 is a plan view showing 
a configuration of the whole of a liquid crystal panel. FIG. 2 
is a cross-sectional view as taken along the line A-B of FIG. 
1. FIGS. 3 and 4 are plan views showing principal area in 
corner portions C1 and C2 shown in FIG.1. These drawings 
are merely schematic, and do not exactly reflect the sizes of 
component parts, and the like, that are shown therein. To 
avoid complicating the drawings, as appropriate, parts other 
than principal parts of the invention are omitted and configu 
rations are partially simplified. The same is true for the sub 
sequent drawings. Moreover, in the Subsequent drawings, the 
same component parts as those illustrated in the already 
described drawings are denoted by the same reference numer 
als, and descriptions thereof will be appropriately omitted. 
0030 Here, as an example, a TFT (Thin Film Transistor) 
type dual-screen display liquid crystal panel will be 
described. This liquid crystal panel 10, as shown in the draw 
ing, includes a switching element substrate (hereinafter, TFT 
substrate 110) on which TFTs are arranged in an array as 
switching elements, a color filter substrate (hereinafter, CF 
substrate 120) on which color filters and the like are formed, 
and a seal pattern 130 that seals a gap between the CF sub 
strate 120 and the TFT substrate 110. The seal pattern 130 is 
provided in a frame region 101 that is arranged so as to 
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Surround at least a display region 100 that is a region corre 
sponding to a display Surface that displays an image when the 
liquid crystal panel 10 operates. 
0031. Additionally, between the TFT substrate 110 and the 
CF substrate 120, a number of columnar spacers 133 are 
arranged in the display region 100. The columnar spacers 133 
form and keep the gap within a predetermined range, in other 
words, between the substrates. In other words, the columnar 
spacers 133 keep a distance between the substrates within a 
certain range. In the display region 100, two kinds of colum 
nar spacers 133, namely, main columnar spacers (hereinafter, 
columnar spacers (main)) 133m and Sub columnar spacers 
(hereinafter, columnar spacers (sub)) 133s, are provided. In a 
normal state, the columnar spacers (main) 133m keep the TFT 
substrate 110 and the CF substrate 120 spaced apart with a 
predetermined gap within a certain range. The columnar 
spacers (sub) 133s are formed with a height lower than the 
columnar spacers (main) 133m. In a case where the space 
between the TFT Substrate 110 and the CF substrate 120 is 
narrowed as compared with in the normal state, for example, 
in a case where a surface of the TFT substrate 110 or a surface 
of the CF substrate 120 is pressed, the columnar spacers (sub) 
133s come into contact with the surface of the TFT substrate 
110 or the surface of the CF substrate 120, and thereby coop 
erate with the columnar spacers (main) 133m to keep the 
space between the TFT substrate 110 and the CF substrate 
120 within a certain range. 
0032. The columnar spacers 133, which keep the distance 
between the Substrates within a certain range, are provided in 
the frame region 101, too. These columnar spacers 133 will be 
called peripheral columnar spacers (hereinafter, columnar 
spacers (peripheral)) 133d. It may be possible that the colum 
nar spacers (peripheral) 133d have the same height as the 
height of the columnar spacers (main) 133m and configured 
to, in the normal state, keep the TFT substrate 110 and the CF 
Substrate 120 spaced apart with a predetermined gap within a 
certain range. However, herein, similarly to the columnar 
spacers (sub) 133s, the columnar spacers (peripheral) 133d 
are formed with a height lower than the columnar spacers 
(main) 133m and configured to keep the space between the 
TFT substrate 110 and the CF substrate 120 only when the 
Surface of the TFT Substrate 110 or the Surface of the CF 
substrate 120 is pressed. An arrangement of each kind of the 
columnar spacers 133 is a main point of the present invention. 
Therefore, detailed description thereof will be separately 
given later. 
0033 Aliquid crystal material is interposed in a part of the 
gap, corresponding to at least the display region 100, between 
the CFSubstrate 120 and the TFT Substrate 110 that are sealed 
by the seal pattern 130 and kept by the columnar spacers 133. 
Thus, a liquid crystal layer 140L is arranged. The seal pattern 
130 has an injection port 131 that is an opening for injecting 
the liquid crystal material. The injection port 131 is sealed 
with a sealant 132. In other words, the liquid crystal material 
is sealed in a region surrounded by the seal pattern 130. 
Herein, a liquid crystal material of TN (Twisted Nematic) 
type, which is a common liquid crystal material, is adopted as 
the liquid crystal material. It should be noted that the display 
region 100 and the frame region 101 herein are used to indi 
cate all of regions on the TFT substrate 110 and the CF 
substrate 120 of the liquid crystal panel 10, and a region 
sandwiched between the substrates. The same applies to the 
following description of this specification. 
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0034. The above-described TFT substrate 110 includes an 
alignment film 112, pixel electrodes 113, TFTs 114, an insu 
lating film 115, a plurality of gate wirings 116 and source 
wirings 117, a transfer electrode (not shown), and the like. 
The alignment film 112 aligns liquid crystals on one Surface 
of a glass Substrate 111 that is a transparent Substrate made of 
typical glass with a thickness of about 0.7 mm. The pixel 
electrodes 113 are provided below the alignment film 112, 
and apply a voltage for driving the liquid crystals. The TFTs 
114 are Switching elements that Supply a Voltage to the pixel 
electrodes 113. The insulating film 115 covers the TFTs 114. 
The plurality of gate wirings 116 and source wirings 117 are 
wirings that supply signals to the TFTs 114. The signal ter 
minal 118 receives, from the outside, the signals that are 
supplied to the TFTs 114. The transfer electrode transfers the 
signals inputted from the signal terminal 118 to a counter 
electrode 123. Furthermore, on the other surface of the glass 
substrate 111, a polarizing plate 134 is provided. 
0035. On the other hand, the above-described CF substrate 
120 includes an alignment film 122, a common electrode 123, 
a black matrix (BM) 125, and the like. The alignment film 122 
aligns liquid crystals on one Surface of a glass Substrate 121 
that is a transparent Substrate made of ultra-thin glass with a 
thickness of about 0.1 mm. The common electrode 123 is 
provided below the alignment film 122. The common elec 
trode 123 generates an electric field between the common 
electrode 123 and the pixel electrodes 113 on the TFT sub 
strate 110, to drive the liquid crystals. The BM 125 is a 
light-shielding layer for shielding light between the color 
filters 124 provided below the common electrode 123 or for 
shielding light to the frame region arranged outside the region 
corresponding to the display region 100. Furthermore, on the 
other surface of the glass substrate 121, a parallax barrier 126 
is arranged as a dual-screen display. The parallax barrier 126 
is a light-shielding layer that separates the viewing direction 
into two directions. In the parallax barrier 126, slit-shaped 
openings are formed at positions shifted from openings of the 
BM 125, each of which is arranged in the pixel, so that the 
viewing direction is separated and restricted. Additionally, a 
polarizing plate 135 is provided at the outer side of the par 
allax barrier 126. 

0036. As the color filters 124, color material layers having 
a pigment or the like dispersed in a resin may be selected. The 
color filter 124 functions as a filter that selectively allows light 
in a specified wavelength range. Such as red, green, and blue, 
to transmit therethrough. The color material layers having 
Such different colors are regularly arranged to thereby con 
stitute the color filters 124 (in FIGS. 3 and 4 showing details, 
color filters 124R, 124G, and 124B are illustrated). The BM 
125 is arranged not only between the color filters 124, but also 
in the frame region outside the display region 100. The BM 
125 is formed over almost the entire region of the frame 
region in the CF substrate 120. Thus, the BM 125 shields light 
against transmission through the CF substrate 120 in the 
frame region in which display is unnecessary. As the light 
shielding layers that form the BM 125 and the parallax barrier 
126, a metal-based material including a laminated film of 
chrome and chrome oxide or a resin-based material having 
black particles dispersed in a resin may be selected. On the 
other hand, below the alignment film, an overcoat layer 
including a transparent resin film may be provided to cover 
the color filters 124 and the BM 125. 

0037. The TFT substrate 110 and the CF substrate 120 are 
bonded to each other with the seal pattern 130 interposed 
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therebetween, and are kept spaced apart from each other with 
a predetermined Substrate interval by the columnar spacers 
133 arranged on the display region 100. Moreover, the trans 
fer electrode and the common electrode 123 are electrically 
connected to each other by a transfer material. A signal input 
ted from the signal terminal 118 is transferred to the common 
electrode 123. Instead of providing the transfer material, con 
ductive particles or the like may be mixed in the seal pattern 
130. Alternatively, the transfer material may be omitted. In 
this preferred embodiment, the seal pattern 130 in which 
conductive particles are mixed is used. As seen from FIG. 2, 
the seal pattern 130 and the common electrode 123 are in 
contact with each other. Therefore, the transfer electrode is 
arranged so as to overlap the seal pattern 130 in a plan view 
and so as to in contact with the seal pattern 130. Thereby, the 
transfer electrode and the common electrode 123 are electri 
cally connected through the seal pattern 130. 
0038. In addition, the liquid crystal panel 10 includes a 
control board 136, an FFC (Flexible Flat Cable) 137, a back 
light unit, and the like. The control board 136 generates a 
drive signal. The FFC 137 electrically connects the control 
board 136 to the signal terminal 118. The backlight unit 
serves as a light source (which is typically arranged so as to 
face the outside of the TFT substrate 110 that is the side 
opposite to the side where the CF substrate 120 is arranged to 
provide the display surface, but is not shown herein). The 
liquid crystal panel 10, as well as the above-mentioned mem 
bers, is accommodated in a housing (not shown) that is 
opened in its portion corresponding to an outer portion of the 
CF substrate 120 in the display region 100 serving as the 
display Surface. Thus, the liquid crystal display device 
according to the preferred embodiment 1 is formed. 
0039 Next, a supplementary description will be given to a 
configuration of the columnar spacers 133 that keep the dis 
tance between the Substrates within a certain range, which is 
a characteristic point of the liquid crystal panel 10 according 
to the preferred embodiment 1. Additionally, a supplementary 
description will be given also to corner portions including the 
columnar spacers 133, which are regions peripheral to the 
panel. In the liquid crystal panel 10 according to the preferred 
embodiment 1, in corner portions C1 to C4 shown in FIG. 1, 
the corner portions C1 and C3 located at both end on the side 
of the liquid crystal panel 10 or the CF substrate 120 where 
the injection port 131 is provided are different in the configu 
ration from corner portions C2 and C4 located at both ends on 
the side opposed to the side where the injection port 131 is 
provided. Therefore, the corner portion C1 and the corner 
portion C2, in which the configurations of the columnar spac 
ers 133 are different from each other, are taken as an example, 
and a description including comparison will be given with 
reference to the plan views of FIGS. 3 and 4. FIG. 3 is a plan 
view showing the corner portion C1. FIG. 4 is a plan view 
showing the corner portion C2. 
0040 Firstly, a configuration of the columnar spacer 133 
in the corner portion C1 will be described with reference to 
FIG. 3. As shown in FIG. 3, in the corner portion C1 located 
at one end on the side of the liquid crystal panel 10 or the CF 
substrate 120 where the injection port 131 is provided, the 
columnar spacers (main) 133m and the columnar spacers 
(sub) 133s formed with a height lower than the columnar 
spacers (main) 133m are provided in the display region 100, 
as described above. More specifically, among positions each 
located between the green pixels (124G), positions where the 
columnar spacer (main) 133m and the columnar spacer (sub) 
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133s are arranged and positions where they are not arranged 
are alternately repeated. Moreover, among columns of green 
pixels arranged in a row direction, a column of green pixels 
where the columnar spacers (main) 133m are arranged and a 
column of green pixels where the columnar spacers (sub) 
133s are arranged are alternately repeated. That is, the density 
of arrangement of the columnar spacers (main) 133m is equal 
to the density of arrangement of the columnar spacers (sub) 
133s. The columnar spacers (main) 133m are provided at a 
rate of one per twelve pixels. Similarly, the columnar spacers 
(sub) 133s are provided at a rate of one per twelve pixels. 
0041 As for the degree to which the height of the colum 
nar spacers (sub) 133S is lower than the height of the colum 
nar spacers (main) 133m, the columnar spacers (sub) 133S is 
set lower than the columnar spacers (main) 133m by about 
15% of the height of the columnar spacers (main) 133m. That 
is, the height of the columnar spacers (sub) 133S is set to be 
about 85% of the height of the columnar spacers (main) 
133. 

0042. This rate of arrangement of the columnar spacers 
(main) 133m and the columnar spacers (sub) 133S is common 
to areas near the corner portion C1 and the corner portion C3 
that is, similarly to the corner portion C1, located at the other 
end on the side opposite to the side where the injection port 
131 is provided. It may be acceptable that this rate of arrange 
ment of the columnar spacers (main) 133m and the columnar 
spacers (sub) 133S is common to the inside of the display 
region 100 except for areas near the corner portions C2 and 
C4 that are located at both ends on the side opposed to the side 
where the injection port 131 is provided. 
0043. Next, a configuration of the columnar spacers 133 in 
the corner portion C2, in which the arrangement is different 
from that in the corner portion C1, will be described with 
reference to FIG. 4. As seen from FIG. 4 that is a plan view 
showing the corner portion C2, the density of arrangement of 
the columnar spacers 133 in the area near corner portion C2 is 
higher than the density of arrangement of the columnar spac 
ers 133 in the area near the corner portion C1. More specifi 
cally, unlike the arrangement shown in FIG. 3, the columnar 
spacers (main) 133m and the columnar spacers (sub) 133s are 
arranged in all the positions, not alternate positions, among 
positions each located between the green pixels (124G). That 
is, either of the columnar spacers (main) 133m and the colum 
nar spacers (sub) 133S is arranged at every position between 
the green pixels (124G). Among columns of green pixels 
arranged in a row direction, a column of green pixels where 
the columnar spacers (main) 133m are arranged and a column 
of green pixels where the columnar spacers (sub) 133s are 
arranged are alternately repeated. This point is identical to the 
arrangement shown in FIG. 3. Therefore, the density of 
arrangement of the columnar spacers (main) 133m is equal to 
the density of arrangement of the columnar spacers (sub) 
133s. As for the density of arrangement, the columnar spacers 
(main) 133m are provided at a rate of one per six pixels. 
Similarly, the columnar spacers (sub) 133s are provided at a 
rate of one per six pixels. Thus, the density of arrangement is 
twice higher than the density of arrangement shown in FIG.3. 
As for the columnar spacers (peripheral) 133d provided in the 
frame region 101, too, the density of arrangement in the 
corner portion C2 shown in FIG. 4 is, as illustrated in the 
drawing, almost twice higher than the density of arrangement 
in the corner portion C1 shown in FIG. 3. In an example 
shown in FIGS. 3 and 4, the columnar spacers (peripheral) 
133d are arranged in one line in the frame region 101. This is 
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the simplest example, which is adopted for avoiding compli 
cating the drawing. As appropriate, the columnar spacers 
(peripheral) 133d may be arranged in a plurality of lines in 
accordance with the width of the frame region 101. It is not 
always necessary that the columnar spacers (peripheral) 133d 
are aligned. Instead, the columnar spacers (peripheral) 133d 
may be dispersedly arranged at a constant density. Even in a 
case where, in this manner, a plurality of columnar spacers 
(peripheral) 133d are provided in the frame region 101 or the 
columnar spacers (peripheral) 133d are dispersedly arranged 
at a constant density, it suffices that the density of arrange 
ment in the corner portion C2 is higher than the density of 
arrangement in the corner portion C1. 
0044) The liquid crystal display device and the liquid crys 

tal panel 10 according to the preferred embodiment 1, whose 
configuration has been described above, operates as follows. 
For example, when an electrical signal is inputted from the 
control board 136, a drive voltage is applied to the pixel 
electrode 113 and the common electrode 123, so that the 
direction of liquid crystal molecules in the liquid crystallayer 
140L is changed according to the drive Voltage. Light emitted 
from the backlight unit is transmitted to an observer side or 
blocked through the TFT substrate 110, the liquid crystal 
layer 140L, and the CF substrate 120. Thereby, a video image 
or the like is displayed on the display region 100 of the liquid 
crystal panel 10. 
0045 Since the liquid crystal display device according to 
the preferred embodiment 1 is a dual-screen display liquid 
crystal panel, the light that is transmitted through the CF 
Substrate 120 is restricted to a viewing angle range in two 
predetermined angle directions by the parallax barrier 126. To 
be specific, the video image or the like is displayed on the 
display Surface with a viewing angle range in two directions 
of +X direction and -X direction in the drawing. Moreover, 
display pixels that correspond to the viewing angle range in 
two directions are set, thus displaying different video images, 
respectively. Thereby, the liquid crystal display device func 
tions as a dual-screen display liquid crystal panel that dis 
plays different video images in the viewing angle range in two 
directions. As described above, the liquid crystal display 
device according to the preferred embodiment 1 has a char 
acteristic configuration in the configuration of the columnar 
spacers 133 in corner portions. Accordingly, even though the 
liquid crystal display device according to the preferred 
embodiment 1 is a dual-screen display liquid crystal panel 
including ultra-thin glass in which unevenness of a gap and a 
display failure due to an abnormal alignment are convention 
ally likely to occur, it is possible to obtain a dual-screen 
display liquid crystal panel with a high display quality in 
which unevenness of a gap and a display failure due to an 
abnormal alignment are not observed. 
0046) Next, a method for manufacturing the liquid crystal 
display device and the liquid crystal panel 10 according to the 
preferred embodiment 1 will be described. Firstly, the outline 
of a process for assembling the liquid crystal panel 10 accord 
ing to the preferred embodiment 1 will be described in accor 
dance with the flowchart shown in FIG. 5. 
0047 Firstly, in a substrate preparation step, a mother TFT 
substrate and a mother CF substrate, from which the TFT 
substrate 110 and the CF substrate 120 are cut out before 
being bonded to each other, are prepared (S1). As for the 
mother TFT substrate 10 and the mother CF substrate 20, the 
CF substrate 120 is finally subjected to a glass thinning pro 
cess so that ultra-thin glass is achieved. However, for facili 



US 2014/0043549 A1 

tating the Subsequent steps, until a certain point in the middle 
of the process, the TFT substrate 110 and the CF substrate 120 
are manufactured from the mother TFT substrate and the 
mother CF substrate that are made of glass with a thickness of 
about 0.5 to 1.5 mm. Here, both the mother TFT substrate and 
the mother CF substrate 20 are prepared as substrates made of 
glass with a thickness of 0.7 mm. 
0048. An ordinary method is adoptable as the method for 
manufacturing the mother TFT substrate and the mother CF 
substrate, and therefore a description thereof will be briefly 
given. The mother TFT substrate is manufactured by, through 
a known manufacturing method, repeatedly performing a film 
formation and a pattern formation such as patterning or etch 
ing using the photolithography technique, so that the TFTs 
114, the pixel electrodes 113, a wiring layer including the gate 
wirings 116 and the source wirings 117, the terminal 118, and 
the transfer electrode are formed on one surface of the glass 
substrate 111. The mother CF substrate is manufactured by, 
similarly through a known manufacturing method, repeatedly 
performing a film formation to a pattern formation, so that the 
color filters 124, the black matrix 125, the common electrode 
123, and the columnar spacers 133 obtained by pattering an 
organic resin film, are formed on one surface of the glass 
substrate 121. As for the columnar spacer 133 that is a char 
acteristic configuration of the present invention, too, only a 
change in pattern designing, such as the density of arrange 
ment, is necessary, and a known method is adoptable as a 
method for manufacturing the columnar spacer 133 itself. 
0049. Then, in a substrate cleaning step, the mother TFT 
substrate prepared in the above-described manner is cleaned 
(S2). Then, in an alignment film material application step, an 
alignment filmmaterial is applied to one Surface of the mother 
TFT substrate (S3). This step is achieved by, for example, 
applying an alignment film material made of an organic film 
by means of printing process and drying the alignment film 
material by baking it with a hot plate or the like. Then, in a 
rubbing step, the alignment film material is rubbed, and a 
Surface of the alignment film material is subjected to an 
alignment process, thus obtaining the alignment film 112 
(S4). 
0050. As for the mother CF substrate, too, the alignment 
film 122 is formed by performing the cleaning, applying an 
alignment film material, and performing the rubbing, simi 
larly to steps S2 to S4. Then, in a sealant application step, a 
sealant serving as a printing paste is applied to one Surface of 
the mother TFT substrate or the mother CF substrate by 
means of a screen printing apparatus. Finally, the seal pattern 
130 having a shape that surrounds the display region 100 is 
formed (S5). 
0051. Then, in a bonding step, the mother TFT substrate 
and the mother CF substrate are bonded to each other, thus 
forming a cell Substrate (S6). Then, in a sealant curing step, 
the sealant that forms the seal pattern 130 is completely cured 
under a state where the mother TFT substrate and the mother 
CF substrate are bonded to each other (S7). This step is 
achieved by, for example, heating the sealant or irradiating the 
sealant with ultraviolet rays, which depends on a material of 
the sealant. 

0052. Then, in order to enable the liquid crystal panel 10 to 
be curved or in order to achieve a dual-screen display liquid 
crystal panel as illustrated in this preferred embodiment, a 
thinning and polishing step is performed in which the glass 
substrate of at least one of the mother TFT substrate and the 
mother CF substrate bonded to each other is thinned into 
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ultra-thin glass (S8). More specifically, a thinning process 
using a chemical Solution or mechanical polishing can be 
selected. For example, in a case of thinning both the mother 
TFT substrate and the mother CF substrate by means of a 
thinning process using a chemical Solution, peripheral sealing 
is applied to peripheral portions of the mother TFT substrate 
and the mother CF substrate for the prevention of entrance of 
the chemical Solution into a space between the Substrates, and 
then the mother TFT substrate and the mother CF substrate 
bonded to each other are entirely immersed with the chemical 
solution, and the surfaces of the mother TFT substrate and the 
mother CF substrate are scraped and thus thinned. In a case of 
thinning only one of the TFT substrate 10 and the CF sub 
strate 20, for example, in a case of thinning only the CF 
substrate 20 as illustrated in the preferred embodiment 1, it is 
preferable that, under a state where not only the peripheral 
seal but also a protection layer is formed on a Surface of the 
mother TFT substrate by means of a resist, only a surface of 
the mother CF substrate is scraped and thus thinned. 
0053. In addition, a parallax barrier formation step is per 
formed in which the parallax barrier 126 including a light 
shielding layer, which functions as a dual-screen display liq 
uid crystal panel, is formed on the surface of the mother CF 
substrate that is the thinned side (S9). To be specific, in 
accordance with the material of the parallax barrier 126, a 
film of a metal-based material including, for example, a lami 
nated film of chrome and chrome oxide is formed, and a 
patterning process in accordance with the material of the 
parallax barrier 126 is performed to thereby form a pattern 
having slit-shaped openings provided in predetermined posi 
tions such that the film functions as the parallax barrier 126. 
The process for forming the film of the metal-based material 
is achieved by performing sputtering while heating the Sub 
Strate. 

0054 Then, in a cell cutting step, the mother TFT substrate 
and the mother CF substrate bonded to each other are cut into 
a large number of individual cells (S10). In this step, the 
cutting is achieved by, in a scribe step, forming a scribe line 
that serves as the origin of cutting on the Surface of the glass 
Substrate and then applying a stress to the vicinity of the 
scribe line. Thereby, the cutting is achieved, and a large num 
ber of individual cells are obtained. Then, in a liquid crystal 
injection step, a liquid crystal is injected from an injection 
port of the individual cell (S.11). This step is performed, for 
example, as follows. In a vacuum injection apparatus in a 
vacuum state, the injection port of the individual cell is in 
contact with the liquid crystal material, and in this condition, 
the interior of the apparatus is gradually approximated to the 
atmospheric pressure. This causes the liquid crystal material 
to be injected into the cell through the injection port, that is, to 
be loaded in the cell through the injection port. Furthermore, 
in an injection port sealing step, the injection port is sealed 
(S12). This step is achieved by, for example, sealing the 
injection port with a light-curable resin and emitting light 
thereto. Since the liquid crystal injection step (S11) is an 
important step for exerting the effects of the present inven 
tion, the liquid crystal injection step (S11) will be separately 
described in detail. 

0055. After the substrates are cut into an individual liquid 
crystal panel and the liquid crystal material is loaded and 
sealed in the above-described manner, a polarizing plate 
bonding step is performed in which a polarizing plate 134 and 
a polarizing plate 135 are bonded to the surfaces of the TFT 
substrate 110 and the CF substrate 120 located outside the cell 
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substrate (S13). In a control board mounting step, the control 
board 136 is mounted (S14). Thereby, the liquid crystal panel 
10 is completed. Moreover, a backlight unit is provided, with 
interposition of an optical film Such as a wave plate, on the 
back surface side of the TFT substrate 110 that is the side 
opposite to the viewing side of the liquid crystal panel 10. The 
liquid crystal panel 10 and the above-mentioned peripheral 
members are appropriately accommodated in the frame made 
of a resin, a metal, or the like. Thus, the liquid crystal display 
device according to the preferred embodiment 1 is completed. 
0056 Next, the liquid crystal injection step (S11), which is 
a characteristic step of the present invention, will be described 
in detail with reference to the explanatory diagrams of FIGS. 
6A to 9C. Firstly, the outline of a phenomenon that occurs 
when the liquid crystal material 140 is drawn into the indi 
vidual cell 20 in the liquid crystal injection step (S11) will be 
described with reference to FIGS. 6A and 6B. FIG. 6A is a 
diagram showing, in outline, that the liquid crystal material 
140 is being drawn into the individual cell 20 in a vacuum 
injection apparatus 220 in the liquid crystal injection step. 
FIG. 6B is a cross-sectional view of the individual cell 20, 
particularly in the corner portions C2 and C4 shown in FIG. 
6A. As shown in FIG. 6A, under a state where the individual 
cell 20 is accommodated in the vacuum injection apparatus 
220, a vacuum pump P is operated to bring the vacuum 
injection apparatus 220 into a vacuum state. In this state, the 
injection port 131 of the individual cell 20 is brought into 
contact with the liquid crystal material 140 contained in a 
liquid crystal tray 210. In this condition, the interior of the 
vacuum injection apparatus 220 is gradually approximated to 
the atmospheric pressure. This causes the liquid crystal mate 
rial 140 to be drawn into the individual cell 20 through the 
injection port 131. FIG. 6A shows a state in a state slightly 
before the liquid crystal material 140 is loaded in the entire 
individual cell 20. 

0057. As shown in FIG. 6A, in the areas near the corner 
portions C2 and C4 that are located at both ends of the side 
opposed to the side where the injection port 131 is provided, 
loading of the liquid crystal material 140 has not yet been 
completed, that is, foams 141 are generated, because these 
areas correspond to the positions farthest from the injection 
port 131. In the areas near the corner portions C2 and C4, the 
interior of the individual cell 20 (in the foams 141) is almost 
in the vacuum state. On the other hand, the interior of the 
vacuum injection apparatus 220 almost already returns to the 
atmospheric pressure. Therefore, as shown in the cross-sec 
tional view of FIG. 6B, a state is created in which a pressure 
Pat equivalent to the atmospheric pressure is acting, from 
outside of the cell, onto the surface of the TFT substrate 110 
and the surface of the CF substrate 120. To the contrary, the 
state in the foams 141 is still almost the vacuum state. Accord 
ingly, the pressure Pat directly acts on the columnar spacers 
133 that are arranged in the foam 141. Such a situation is not 
special, and occurs commonly in any liquid crystal panel that 
is formed through the vacuum injection method. 
0058. In light of the above-described circumstances, next, 
a phenomenon and an effect occurring in the liquid crystal 
injection step (S11) in the liquid crystal display device 
according to the preferred embodiment 1 will be described 
with reference to FIGS. 7A to 8C. FIGS. 7A to 7C are cross 
sectional views showing the corner portion C2 that is located 
at one end on the side opposed to the side where the injection 
port 131 is provided. FIG. 7A shows a state before the liquid 
crystal injection step (S11) is started. FIG. 7B shows a state 
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slightly before the liquid crystal injection step is completed, 
almost at the same time point as the time point shown in FIG. 
6A described above. FIG.7C shows a state at a time when the 
liquid crystal injection step is completed. FIGS. 8A to 8C are 
cross-sectional views showing the corner portion C1 that is 
located at one end on the side where the injection port 131 is 
provided. Similarly to FIGS. 7A to 7C, FIG. 8A shows a state 
before the liquid crystal injection step (S11) is started, FIG. 
8B shows a state slightly before the liquid crystal injection 
step is completed, almost at the same time point as the time 
point shown in FIG. 6A described above, and FIG. 8C shows 
a state at a time when the liquid crystal injection step is 
completed. 
0059 Firstly, regarding the state before the liquid crystal 
injection step (S11) is started, FIG. 7A showing the corner 
portion C2 located farther from the injection port 131 and 
FIG. 8A showing the corner portion C1 located closer to the 
injection port 131 are compared with each other. In the com 
parison between FIGS. 7A and 8A as well as the description 
of FIGS. 3 and 4 given above for describing the configuration 
of the liquid crystal display device and the liquid crystal panel 
10 according to the preferred embodiment 1, the columnar 
spacers 133 are arranged Such that the density of arrangement 
in the corner portion C2 located farther from the injection port 
131 is higher than the density of arrangement in the corner 
portion C1 located closer to the injection port 131. In this 
stage, pressure or the like is not applied particularly to a 
region between the TFT substrate 110 and the CF substrate 
120 (and more exactly, between the mother TFT substrate and 
the mother CF substrate). A space between the TFT substrate 
110 and the CF substrate 120 is kept by the columnar spacers 
(main) 133m being in contact with the TFT substrate 110 and 
the CF substrate 120. 

0060. Then, at a time point slightly before the liquid crys 
tal injection step is completed, in the corner portion C1 
located closer to the injection port 131, as shown in FIG. 8B, 
the liquid crystal material 140 has been loaded to a portion in 
the vicinity of the seal pattern 130. On the other hand, in the 
corner portion C2 located farther from the injection port 131, 
the liquid crystal material 140 is still distant from the seal 
pattern 130, and merely starting to reach the frame region 
101. Since the pressure in the outside of the cell has already 
returned to pressure around the atmospheric pressure, the 
pressure Pat that is almost equivalent to the atmospheric 
pressure is applied to the TFT substrate 110 and the CF 
substrate 120 from the outside of the cell. Against this atmo 
spheric pressure, pressure PLC of the liquid crystal material 
140 and a repulsive force caused by compression of the 
columnar spacers 133 are exerted as a resistive force (reactive 
force) from the inside of the cell. The pressure PLC of the 
liquid crystal material 140 is nearly equal to the pressure 
exerted from the outside of the cell, because pressure equiva 
lent to the atmospheric pressure, which is exerted from the 
surface of the liquid crystal tray 210, has been transferred to 
the pressure PLC of the liquid crystal material 140. 
0061. In a case of the ordinary liquid crystal panel in which 
the ultra-thin glass as adopted in the preferred embodiment 1 
is not provided, a reactive force exerted from the inside of the 
cell includes a repulsive force caused by the cell structure 
itself constituted of the TFT Substrate 110 and the CF Sub 
strate 120 bonded to each other with the seal pattern 130. This 
repulsive force hinders deformation against a deformation 
force that distorts the cell structure, and particularly, a force 
that causes deformation in the direction narrowing the dis 



US 2014/0043549 A1 

tance between the TFT substrate 110 and the CF substrate 
120, which raises the problem herein. However, in a case of 
adopting the ultra-thin glass as in the preferred embodiment 
1, this repulsive force is extremely weak because of the degree 
of strength of the ultra-thin glass. Accordingly, in a case of the 
preferred embodiment 1, as already described, it substantially 
suffices that only the pressure PLC of the liquid crystal mate 
rial 140 and the repulsive force exerted by the columnar 
spacers 133 are considered as the reactive force acting from 
the inside of the cell. 

0062. In the corner portion C1 located closer to the injec 
tion port 131, the loading of the liquid crystal material 140 is 
almost completed. Therefore, as shown in FIG.8B, the above 
described balance is maintained without causing much com 
pressive deformation of the columnar spacers 133. On the 
other hand, in the corner portion C2 located farther from the 
injection port 131, the pressure PLC of the liquid crystal 
material 140 does not act as the reactive force in the frame 
region 101 where the liquid crystal material 140 is hardly 
loaded, and therefore the pressure Pat equivalent to the atmo 
spheric pressure which is exerted from the outside of the cell 
is mostly held by the repulsive force caused by the compres 
sion of the columnar spacers 133. Accordingly, as shown in 
FIG. 7B, in the frame region 101 and therearound, all of the 
provided columnar spacers 133 (the columnar spacers (main) 
133m, the columnar spacers (sub) 133s, and the columnar 
spacers (peripheral) 133d) are in contact with the TFT sub 
strate 110 and the CF substrate 120, and furthermore com 
pressively deformed, thereby keeping the balance. 
0063 FIGS. 9A to 9C show a comparative example, which 

is an assumed case in which the liquid crystal injection step is 
performed under a state where the density of arrangement of 
the columnar spacers 133 in the corner portion C2 located 
farther from the injection port 131 is as relatively low as in the 
corner portion C1 located closer to the injection port 131. 
FIGS. 9A to 9C show the corner portion C2 in a case where 
the columnar spacers 133 are arranged at the relatively low 
density mentioned above. The states shown in FIGS. 9A to 9C 
correspond to the states shown in FIG.7A to 7C that has been 
described in the preferred embodiment 1. 
0064. As has been described with reference to FIG. 7B, in 
the corner portion C2 located farther from the injection port 
131, the pressure Pat equivalent to the atmospheric pressure 
which is exerted from the outside of the cell is mostly held by 
the repulsive force caused by the compression of the colum 
nar spacers 133. Accordingly, in the frame region 101 and 
therearound, all of the provided columnar spacers 133 (the 
columnar spacers (main) 133m, the columnar spacers (sub) 
133s, and the columnar spacers (peripheral) 133d) are in 
contact with the TFT substrate 110 and the CF substrate 120, 
and compressively deformed, thereby keeping the balance. In 
this respect, in a case where the columnar spacers 133 are 
arranged with a relatively low density as shown in FIG.9B, 
the pressure Pat almost equivalent to the atmospheric pres 
sure which is exerted from the outside of the cell concentrates 
to a small number of columnar spacers 133. As a result, the 
deformation of the columnar spacers 133 is larger than the 
state shown in FIG. 7B of the preferred embodiment 1. 
0065. For example, in FIG.9B, the shape (height)) of each 
columnar spacer 133 before the deformation is indicated by 
the dotted line. Particularly, the columnar spacers (main) 
133m are deformed to the extent that the height thereof falls 
far below one half of the original height thereof. The other 
kinds of the columnar spacers 133 are deformed to the extent 
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that the height thereof is reduced to about one half of the 
original height thereof. If a range of elastic deformation 
allowed for members constituting these columnar spacers 
133 is 50% and the members cannot follow deformation and 
are destroyed or damaged when the deformation reaches a 
range of 60%, most of the columnar spacers 133 cause plastic 
deformation without falling within the elastic deformation 
range. Furthermore, part of the columnar spacers 133 that are 
largely deformed are consequently destroyed or damaged 
(the columnar spacer 133 that is destroyed or damaged is 
illustrated as a broken columnar spacer 133br). On the other 
hand, in FIG. 7B showing the corresponding state in the 
preferred embodiment 1, the columnar spacers 133 are 
arranged at a relatively high density, and therefore the pres 
Sure is dispersed among the columnar spacers 133. Thus, the 
amount of deformation falls below 50%, that is, within the 
elastic deformation range. 
0066. Then, at a time when the liquid crystal injection step 

is completed, as shown in FIGS. 7C and 8C, in both the corner 
portion C1 and the corner portion C2, the interior of the cell is 
filled with the liquid crystal material 140, and the pressure Pat 
equivalent to the atmospheric pressure and the pressure PLC 
of the liquid crystal material 140 are balanced, also in the 
frame region 101. Particularly, in the preferred embodiment 
1, deformation of the columnar spacers 133 that have been 
once deformed is within the elastic deformation range. There 
fore, when the compressed pressure is removed (released), 
these columnar spacers 133 almost recover their original 
height. That is, the predetermined gap determined and kept by 
the columnar spacers (main) 133m is recovered. In the com 
parative example, as shown in FIG. 9C, the columnar spacers 
133 that have once caused plastic deformation, which is irre 
versible deformation, cannot recover their original height 
even if the loading of the liquid crystal material 140 is com 
pleted so that the pressure is removed (released) also in the 
frame region 101 (illustrated as a plastically deformed colum 
nar spacer 133pl). Needless to say, the broken columnar 
spacer 133br that has been once broken cannot recover its 
original state. As a result, there is no spacer that properly 
holds the substrate in the vicinity of the frame region 101. 
This causes a gap failure, which means that the gap becomes 
narrower than the predetermined gap. Since this gap failure 
reaches the display region 100 near the frame region 101, 
unevenness occurs in the display. Even if the broken colum 
nar spacer 133br is a columnar spacer 133 provided in the 
frame region 101 that does not directly contribute to the 
display, a constituent element of the broken columnar spacer 
133br may, as an impurity, run into the liquid crystal to 
contaminate the liquid crystal, which results in a reduction in 
the reliability. 
0067. The range of elastic deformation allowed for the 
columnar spacers 133 and the amount of deformation that 
causes destruction or breaking, which have been adopted in 
the detailed description of the liquid crystal injection step 
given above with reference to FIGS. 7A to 9C, vary depend 
ing on the kind and shape of the resin that constitutes the 
columnar spacer 133 and heat treatment conditions under 
which the light-shielding layer is formed by Sputtering in the 
parallax barrier formation step (S9) that is performed before 
the liquid crystal injection step. More specifically, the heat 
treatment conditions are related to the degree of degradation 
of the resin (because of the degradation of the resin, the elastic 
deformation range is narrowed and the amount of deforma 
tion that causes destruction or breaking is reduced). For con 



US 2014/0043549 A1 

venience of the illustration, the amount of deformation that is 
shown as an example herein is a value adopted for the purpose 
of facilitating the description. Actually, plastic deformation, 
destruction, and the like, are caused with an amount of defor 
mation that is much smaller than the amount of deformation 
illustrated herein. Particularly, the amount of deformation 
occurring in a case of the liquid crystal display device includ 
ing the parallax barrier that is formed directly on the surface 
of the ultra-thin glass substrate, which will be subjected to the 
heat treatment in the parallax barrier formation step, is much 
smaller than the amount of deformation illustrated herein. 

0068. As thus far described above, in the liquid crystal 
display device according to the preferred embodiment 1, the 
density of arrangement of the columnar spacers 133 that 
function as spacer structures for keeping the distance between 
the Substrates within a certain range at a time of injecting the 
liquid crystal is higher in the corner portion C2 located at a 
distance (farther) from the injection port 131 than in the 
corner portion C1 located closer to the injection port 131. This 
can prevent the columnar spacers 133 from being plastically 
deformed and destroyed or being damaged in the corner por 
tion farther from the injection port 131, in a case where the 
liquid crystal display device including ultra-thin glass is 
manufactured through the liquid crystal injection method 
using the vacuum injection method. As a result, in manufac 
turing the dual-screen display, the liquid crystal injection 
method using the vacuum injection method, which particu 
larly puts no restriction on designing of the light-shielding 
layer, is selectable. Additionally, since the columnar spacers 
133 are not plastically deformed and destroyed or not dam 
aged in the corner portion farther from the injection port 131, 
unevenness of the gap and a display failure due to an abnor 
mal alignment do not occur in the corner portion. Moreover, 
since the columnar spacers 133 are not destroyed or damaged, 
the constituent element of the columnar spacers 133 do not 
run as an impurity into the liquid crystal, which otherwise 
contaminates the liquid crystal and reduces the reliability. 
Hence, the dual-screen display with a high reliability and an 
excellent display quality, that can be manufactured at a low 
cost and with a good yield of production, is obtained. 
0069. The above-described fundamental effects of the 
present invention can be obtained by the configuration in 
which the density of arrangement of the columnar spacers 
133 is higher in the corner portion C2 located farther from the 
injection port 131 than in the corner portion C1 located closer 
to the injection port 131. However, for the purpose of a better 
configuration, the density of arrangement of the columnar 
spacers 133 in the corner portion C2 may be adjusted such 
that the amount of deformation of the columnar spacers 133 
occurring when the atmospheric pressure which is the highest 
pressure is applied to the columnar spacers 133 is dispersed 
within the above-described range of elastic deformation of 
the columnar spacers 133. Here, it is desirable that no failure 
occurs in all the columnar spacers 133, though the amount of 
deformation varies among some of the arranged columnar 
spacers 133. Therefore, a situation where the amount of 
deformation of the columnar spacers 133 falls within the 
elastic deformation range is equivalent to a situation where 
the amount of deformation of all the columnar spacers 133 
falls within the elastic deformation range, and also equivalent 
to a situation where the amount of deformation of at least the 
columnar spacer 133 that is most largely deformed falls 
within the elastic deformation range. Characteristics con 
cerning the elastic deformation range of the columnar spacers 
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133 used for the adjustment herein may be based on the 
characteristics obtained immediately before the liquid crystal 
injection step, that is, the characteristics obtained after the 
degradation caused by a thermal history that the columnar 
spacers 133 have undergone before the liquid crystal injection 
step. 
0070 Since an appropriate density of arrangement (the 
number of columnar spacers 133 arranged per unit area) 
varies depending on the cross-sectional area of the columnar 
spacer 133, it is properto consider that the density of arrange 
ment recited herein is substantially the area density. In other 
words, the effects of the present invention can be obtained by 
a configuration in which, in terms of the area density, the 
density of arrangement of the columnar spacers 133 is higher 
in the corner portion C2 located farther from the injection port 
131 than in the corner portion C1 located closer to the injec 
tion port 131. 
0071 Next, one modification of the preferred embodiment 
1 will be described with reference to FIGS. 10 and 11 (show 
ing the areas corresponding to FIGS. 3 and 4 of the preferred 
embodiment 1, respectively). In setting the density of 
arrangement of the columnar spacers 133 higher in the corner 
portion C2 located farther from the injection port 131 as 
disclosed in the present invention, it is necessary to consider 
the following. That is, in an ordinary liquid crystal panel in 
which Substrates are maintained by columnar spacers, exces 
sively increasing the density of columnar spacers (main) that 
are in contact with both a TFT substrate and a CF substrate 
and thereby maintain them is likely to cause a phenomenon 
(called low-temperature foaming) in which foams are gener 
ated when the liquid crystal panel is exposed to a low tem 
perature, a phenomenon (called a lower bulging phenomenon 
oran unevengravity phenomenon) in which, when exposed to 
a high temperature, the gap bulges in a lower region of the 
liquid crystal panel that is operated in the upright state, so that 
unevenness occurs in the display. 
0072. In the present invention, on the other hand, it suffices 
that the gap between the TFT substrate 110 and the CF sub 
strate 120 is kept, that is, the pressure is dispersed, when the 
distance between the TFT substrate 110 and the CF substrate 
120 is narrowed to some extent because of the atmospheric 
pressure being applied to the Surfaces of the Substrates. 
Therefore, it is not always necessary that the columnar spac 
ers (main) 133m are constantly in contact with both the TFT 
substrate 110 and the CF substrate 120 and maintain them. 
Instead, any of the configurations of the columnar spacers 
(main) 133m, the columnar spacers (sub) 133s, and the 
columnar spacers (peripheral) 133d, which effectively func 
tion as spacer structures for keeping the distance between the 
Substrates within a certain range when the distance between 
the Substrates is narrowed at a time of injecting the liquid 
crystal, is acceptable. It suffices that the density of arrange 
ment is increased by using the columnar spacers 133 having 
any of these configurations. Accordingly, in this modification, 
in the corner portion C2, the following arrangement is 
adopted. That is, in the frame region 101, the density of the 
columnar spacers (peripheral) 133d is increased similarly to 
the preferred embodiment 1, and in the display region 100, the 
columnar spacers (main) 133m are arranged at a constant 
density in the corner portion C1 or in the entire display region 
100 while only the columnar spacers (sub) 133s are arranged 
at an increased density, as shown in FIGS. 10 and 11. 
0073. In this manner, as described above, the following 
configuration enables the fundamental effects of the present 
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invention to be obtained without increasing a failure Such as 
the low-temperature foaming and the lower bulging which are 
caused by an increase in the density of the columnar spacers 
(main) 133m that are constantly in contact with the TFT 
substrate 110 and the CF substrate 120 and thereby maintain 
the TFT substrate 110 and the CF substrate 120. That is, in 
increasing the density of arrangement of the columnar spac 
ers 133 in the corner portion C2 located farther from the 
injection port 131, the columnar spacers (main) 133m that are 
constantly in contact with both of the TFT substrate 110 and 
the CF substrate 120 and thereby maintain the TFT substrate 
110 and the CF substrate 120 are arranged at a constant 
density in both of the corner portion C2 and the corner portion 
C1. On the other hand, the columnar spacers that are formed 
with a height lower than the columnar spacers (main) 133m or 
that are in contact with only one of the TFT substrate 110 and 
the CF substrate 120 in the normal state while coming into 
contact with both of the TFT Substrate 110 and the CF Sub 
strate 120 to maintain the inter-substrate gap only under a 
State where the TFT Substrate 110 and the CF Substrate 120 
are brought closer to each other within the range of elastic 
deformation of the columnar spacers (main) 133m, are 
arranged at an increased density in the corner portion C2 as 
compared with in the corner portion C1. More specifically, 
the columnar spacers (sub) 133s or the columnar spacers 
(peripheral) 133d are arranged at an increased density in the 
corner portion C2. 
0074. In arranging the columnar spacers 133 at an 
increased density (area density) in the corner portion C2 
located farther from the injection port 131, unlike the pre 
ferred embodiment 1, it is not necessary that the adjustment of 
the density (area density) of arrangement is achieved only by 
any of the spacer structures of the columnar spacers (main) 
133m, the columnar spacers (sub) 133s, and the columnar 
spacers (peripheral) 133d, which are also arranged in the 
corner portion C1 located closer to the injection port 131. A 
special spacer structure having a different shape or form from 
that of the columnar spacer (main) 133m, the columnar spacer 
(sub) 133s, and the columnar spacer (peripheral) 133d may be 
additionally provided in the corner portion C2 as appropriate, 
as long as the special spacer structure is configured to keep the 
distance between the Substrates within a certain range. In Such 
a case as well, the same effects as those of the preferred 
embodiment 1 can be obtained. Next, some modifications 
will be sequentially described with reference to FIGS. 12, 
13A, and 13B. In each of the modifications, spacer structures 
having a different shape or form from that of the preferred 
embodiment 1 are additionally provided in the corner portion 
C2, for keeping the space between the Substrates. 
0075 Firstly, as shown in FIG. 12, as spacer structures that 
are additionally provided for the purpose of increasing the 
density (area density) of arrangement of the columnar spacers 
133 in the corner portion C2 to thereby keep the space 
between the substrates, bank-shaped spacers 133a may be 
provided in the vicinity of the corner portion C2, and particu 
larly in the frame region 101. The bank-shaped spacer 133a is 
formed so as to extend over a certain length. Such a bank 
shaped spacer 133a has not only a function for simply 
increasing the area density but also an excellent strength. This 
provides a higher effect in dispersing the pressure applied to 
the other columnar spacers 133 and the like. However, if a 
flow of the liquid crystal toward the corner portion C2, which 
is relatively slowed, is hindered when the liquid crystal is 
loaded, loading of the liquid crystal into the corner portion C2 
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is delayed. As a result, the outside reaches the atmospheric 
pressure while a large region is not yet filled with the liquid 
crystal. That is, a region that requires the dispersion of the 
pressure is enlarged, which weakens the effect obtained by 
additionally providing the spacer structures for keeping the 
space between the substrates. Therefore, it is desirable that, as 
shown in FIG. 12, the bank-shaped spacer 133a is divided in 
the corner portion so that an opening is formed in a corner 
portion direction (a diagonal direction toward the corner por 
tion). Such a pattern structure allows the liquid crystal to flow 
in the corner portion direction through the opening. This, 
hindrance to the flow of the liquid crystal toward the corner 
portion C2 can be minimized. It is desirable that, similarly to 
the columnar spacers (sub) 133s provided in the frame region 
101 in the preferred embodiment 1, the bank-shaped spacer 
133a has a height lower than the columnar spacers (main) 
133m, to further reduce the hindrance to the flow of the liquid 
crystal toward the corner portion C2. 
0076. From the same viewpoint, as the spacer structures 
that are additionally provided for the purpose of increasing 
the density (area density) of arrangement of the columnar 
spacers 133 in the corner portion C2 to thereby keep the space 
between the substrates, bank-shaped spacers 133b may be 
provided in the vicinity of the corner portion C2, and particu 
larly in the frame region 101, such that the bank-shaped 
spacers 133b are arranged along a corner diagonal direction 
with their longitudinal sides extending in parallel with one 
another, as illustrated in a modification shown in FIG. 13A. 
This configuration is more excellent in the function for not 
hindering the flow of the liquid crystal toward the corner 
portion C2, as compared with the configuration shown in FIG. 
12. Thus, loading of the liquid crystal into the corner portion 
C2 proceeds quickly. Additionally, since the bank-shaped 
spacers 133b are arranged in the corner portion C2, an excel 
lent reinforcing effect is obtained. Similarly to the configu 
ration shown in FIG. 12, it is desirable that the bank-shaped 
spacer 133b arranged along the corner diagonal direction has 
a height lower than the columnar spacers (main) 133m, to 
further reduce the hindrance to the flow of the liquid crystal 
toward the corner portion C2. 
0077. In another modification, as shown in FIG. 13B, as 
the spacer structures that are additionally provided for the 
purpose of increasing the density (area density) of arrange 
ment of the columnar spacers 133 in the corner portion C2 to 
thereby keep the space between the substrates, columnar 
spacers (peripheral) 133e having a circular shape (columnar 
shape) may be densely arranged in the corner portion C2. This 
configuration is also excellent in the function for not hinder 
ing the flow of the liquid crystal toward the corner portion C2. 
Thus, loading of the liquid crystal into the corner portion C2 
proceeds quickly. Additionally, since the columnar spacers 
(peripheral) 133e are arranged densely to some extent in the 
corner portion C2, an excellent reinforcing effect is obtained. 
Moreover, similarly to the configuration shown in FIG. 12, it 
is desirable that the circular columnar spacers (peripheral) 
133e arranged densely in the corner portion C2 has a height 
lower than the columnar spacers (main) 133m, to further 
reduce the hindrance to the flow of the liquid crystal toward 
the corner portion C2. 
0078. In the preferred embodiment 1 and modifications, in 
a case where the columnar spacers (sub) 133s, the columnar 
spacers (peripheral) 133d, the bank-shaped spacers 133a, the 
bank-shaped spacer 133b, and the circular columnar spacers 
(peripheral) 133e, which are provided as the spacer structures 
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for keeping the space between the Substrates and which coop 
erate with the columnar spacers (main) 133m to adjust the 
density (area density) of arrangement, are formed with a 
height lower than the columnar spacers (main) 133m, the 
height of the columnar spacers (sub) 133s of the preferred 
embodiment 1 is set to be about 85% of the height of the 
columnar spacers (main) 133m. That is, at a time point when 
the columnar spacers (main) 133m are compressed so that the 
height decreases by 15%, the columnar spacers (main) 133m 
and the columnar spacers (sub) 133s have almost the same 
height. When a further pressure is applied in a compression 
direction, the applied pressure is dispersed among the colum 
nar spacers (main) 133m and the columnar spacers (sub) 
133s. Although the degree of lowness of the height has not 
been specifically mentioned for the other columnar spacers 
(peripheral) 133d, bank-shaped spacers 133a, bank-shaped 
spacers 133b, and circular columnar spacers (peripheral) 
133e, there is no problem in setting the height thereof in the 
same manner as the height of the columnar spacers (sub) 
133s, because it is a prerequisite that the height thereof falls 
within the range of elastic deformation of the columnar spac 
ers (main) 133m caused in response to the compression. 
0079. As for the columnar spacers (sub) 133s, the colum 
nar spacers (peripheral) 133d, the bank-shaped spacers 133a, 
the bank-shaped spacers 133b, and the circular columnar 
spacers 133e, which cooperate with the columnar spacers 
(main) 133m to adjust the density (area density) of arrange 
ment, an allowable height (the degree of lowness of the 
height) for effectively exerting the function as the spacer 
structures for keeping the space between the Substrates at a 
time of injecting the liquid crystal particularly without caus 
ing any failure is as follows. That is, when a difference from 
the height of the columnar spacers (main) 133m is within the 
range of elastic deformation of at least the columnar spacers 
(main) 133m caused in response to the compression; before 
the columnar spacers (main) 133m are plastically deformed 
and destroyed, the spacer structures for keeping the space 
between the Substrates disperse the applied pressure, and thus 
the pressure applied to the columnar spacers (main) 133 m can 
be reduced. That is, the columnar spacers (sub) 133s, the 
columnar spacers (peripheral) 133d, the bank-shaped spacers 
133a, the bank-shaped spacers 133b, and the circular colum 
nar spacers 133e, as well as the columnar spacers (main) 
133m, effectively function as the spacer structures for keep 
ing the space between the Substrates at a time of injecting the 
liquid crystal without causing any failure, and adjust the 
density (area density) of arrangement. Thereby, the effects of 
the present invention are exerted. 
0080 Accordingly, whether or not the spacers effectively 
function as the spacer structures for keeping the space 
between the Substrates at a time of injecting the liquid crystal 
is determined in accordance with the range of elastic defor 
mation of the columnar spacers (main) 133m. For example, 
when the range of elastic deformation is relatively large, a 
lower height may be adopted as the height of the columnar 
spacers (sub) 133s, the columnar spacers (peripheral) 133d, 
the bank-shaped spacers 133a, the bank-shaped spacers 133b, 
and the circular columnar spacers 133e. In a case where the 
columnar spacers (main) 133m are made of an ordinary pho 
tosensitive resin, the degree of lowness that is set for the 
columnar spacers (sub) 133s of the preferred embodiment 1 is 
acceptable. 
0081. In the preferred embodiment 1 and modifications, 
any of the columnar spacers (main) 133m, the columnar spac 
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ers (sub) 133s, the columnar spacers (peripheral) 133d, the 
bank-shaped spacers 133a, the bank-shaped spacers 133b, 
and the circular columnar spacers 133e function as the spacer 
structures for keeping the distance between the substrates 
within a predetermined certain range. Here, as the predeter 
mined certain range, the upper limit of the distance between 
the Substrates is equivalent to the original height of the colum 
nar spacers (main) 133m, that is, the height of the columnar 
spacers (main) 133m that are not deformed. On the other 
hand, the lower limit of the distance between the substrates 
can be considered as being equivalent to the height of the 
spacer structure under a state where the space between the 
Substrates is the narrowest in each position at a time of inject 
ing the liquid crystal. The spacer structures that are formed 
with a height lower than the columnar spacers (main) 133m 
and that come into contact with both of the TFT substrate 110 
and the CF substrate 120 to maintain the inter-substrate gap 
only under a state where the TFT substrate 110 and the CF 
substrate 120 are brought closer to each other at a time of 
injecting the liquid crystal, contribute only to the determina 
tion of the lower limit of the predetermined certain range. It is 
desirable that, when the spacer structures for keeping the 
distance between the substrates within the predetermined 
certain range. Such as the columnar spacers (main) 133m, the 
columnar spacers (sub) 133s, the columnar spacers (periph 
eral) 133d, the bank-shaped spacers 133a, the bank-shaped 
spacers 133b, and the circular columnar spacers 133e, keep 
the distance between the substrates at the lower limit within 
the predetermined certain range, the heights of all the spacer 
structures are within the range of elastic deformation. This 
may be achieved by adjusting the density of arrangement of 
these spacer structures. 
I0082 In the preferred embodiment 1 and modifications, 
both the columnar spacer (main) 133m and the columnar 
spacer (sub) 133s are integrated members. Instead, for 
example, the following is acceptable. That is, the columnar 
spacers (main) 133m include a resin pattern having a colum 
nar shape provided on the CF substrate 120 and a metal film 
pattern provided on the TFT substrate 110 that are in contact 
with each other. In other words, the columnar spacers (main) 
133m are constituted of two kinds of members. On the other 
hand, the columnar spacers (sub) 133S include only the resin 
pattern having the columnar shape that constitutes the colum 
nar spacer (main) 133m, and thereby the columnar spacers 
(sub) 133s are formed with a lower height. In such a case, the 
height of the columnar spacers (sub) 133S is lower than the 
height of the columnar spacers (main) 133m by a difference 
between the presence and absence of the metal film pattern, 
that is, by the thickness of the metal film pattern. 
I0083. In the preferred embodiment 1 and modifications, 
exemplary applications of the present invention to the dual 
screen display liquid crystal panel in which only one of Sub 
strates is made of ultra-thin glass has been described. In the 
present invention, when at least either one of the substrates is 
made of ultra-thin glass, the same effect is obtained. There 
fore, ply the present invention is applicable to, for example, a 
curved display in which ultra-thin glass is used for both of the 
TFT substrate and the CF substrate or to a reflection type 
display in which ultra-thin glass is used for one of the Sub 
Strates. 

I0084. Furthermore, in the description of the preferred 
embodiment 1 and modifications, a typical thickness of the 
Substrate considered as ultra-thin glass is about 0.1 mm. How 
ever, the effects described in the preferred embodiment 1 and 
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modifications are obtained in a significant manner in a liquid 
crystal display device including an ultra-thin glass Substrate 
with a thickness of about less than 0.2 mm, as compared with 
an ordinary liquid crystal display device including an ultra 
thin glass Substrate having a thickness of about 0.3 mm. 
Regarding the lower limit, it is considered that the lower limit 
thickness of the glass Substrate that is used in liquid crystal 
display devices described in the related art document is equal 
to or larger than 0.01 mm. Accordingly, by the term “ultra 
thin glass' used in this specification, glass having a substrate 
thickness equal to or more than 0.01 mm andless than 0.2 mm 
is defined. The term “ultra-thin glass” described herein has 
this meaning. From the above, the effects of the preferred 
embodiment 1 and modifications are achieved not only by 
ultra-thin glass of about 0.1 mm as illustrated in the preferred 
embodiment 1 and modifications but also by ultra-thin glass 
having a substrate thickness equal to or more than 0.01 mm 
and less than 0.2 mm. 

0085 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: 
a pair of glass Substrates, at least one of said Substrates 

being an ultra-thin glass Substrate; 
a liquid crystal material interposed between said pair of 

glass substrates; and 
a seal pattern for bonding said pair of glass Substrates to 

each other, said seal pattern having an injection port that 
is an opening through which said liquid crystal material 
is injected, 

wherein spacer structures for keeping the distance between 
said pair of glass Substrates within a certain range are 
arranged Such that the area density of said spacer struc 
tures is higher in a corner portion located at a side 
opposed to a side where said injection port is provided 
than in a corner portion located at the side where said 
injection port is provided. 

2. The liquid crystal display device according to claim 1, 
further comprising a parallax barrier that is formed directly 
on a Surface of said ultra-thin glass Substrate. 

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

said spacer structures for keeping the distance between 
said pair of glass Substrates within a certain range 
include: 

main columnar spacers that are constantly in contact 
with both of said pair of glass Substrates to maintain 
said pair of glass Substrates; and 

columnar spacers that are in contact with only one of 
said pair of glass Substrates in a normal state and that 
come into contact with both of said pair of glass 
Substrates to maintain a space between said Substrates 
only under a state where said pair of glass Substrates 
are brought closer to each other within a range of 
elastic deformation of said main columnar spacers, 

said main columnar spacers that are constantly in contact 
with both of said pair of glass Substrates to maintain said 
pair of glass Substrates are arranged Such that the area 
density thereof in the corner portion located at the side 
opposed to the side where said injection port is provided 
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is equal to the area density thereof in the corner portion 
located at the side where said injection port is provided, 

said columnar spacers that come into contact with both of 
said pair of glass Substrates only under a state where said 
pair of glass Substrates are brought closer to each other 
within a range of elastic deformation of said main 
columnar spacers are arranged such that the area density 
thereof in the corner portion located at the side opposed 
to the side where said injection port is provided is higher 
than the area density thereof in the corner portion 
located at the side where said injection port is provided. 

4. The liquid crystal display device according to claim 2, 
wherein 

said spacer structures for keeping the distance between 
said pair of glass Substrates within a certain range 
include: 
main columnar spacers that are constantly in contact 

with both of said pair of glass Substrates to maintain 
said pair of glass Substrates; and 

other columnar spacers that are in contact with only one 
of said pair of glass Substrates in a normal state and 
that come into contact with both of said pair of glass 
Substrates to maintain a space between said Substrates 
only under a state where said pair of glass Substrates 
are brought closer to each other within a range of 
elastic deformation of said main columnar spacers, 

said main columnar spacers that are constantly in contact 
with both of said pair of glass Substrates to maintain said 
pair of glass substrates are arranged such that the area 
density thereof in the corner portion located at the side 
opposed to the side where said injection port is provided 
and the area density thereof in the corner portion located 
at the side where said injection port is provided are equal 
to each other, 

said other columnar spacers that come into contact with 
both of said pair of glass Substrates only under a state 
where said pair of glass Substrates are brought closer to 
each other within a range of elastic deformation of said 
main columnar spacers are arranged such that the area 
density thereof in the corner portion located at the side 
opposed to the side where said injection port is provided 
is higher than the area density thereof in the corner 
portion located at the side where said injection port is 
provided. 

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

spacer structures for keeping the distance between said pair 
of glass Substrates within a certain range, which are 
provided in the corner portion located at the side 
opposed to the side where said injection port is provided, 
are arranged at an area density that is set Such that the 
amount of deformation of said spacer structures caused 
when an atmospheric pressure is applied to said pair of 
glass Substrates falls within a range of elastic deforma 
tion of said spacer structures. 

6. The liquid crystal display device according to claim 2, 
wherein 

spacer structures for keeping the distance between said pair 
of glass Substrates within a certain range, which are 
provided in the corner portion located at the side 
opposed to the side where said injection port is provided, 
are arranged at an area density that is set Such that the 
amount of deformation of said spacer structures caused 
when an atmospheric pressure is applied to said pair of 
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glass Substrates falls within a range of elastic deforma- 12. The liquid crystal display device according to claim 4. 
tion of said spacer structures. wherein 

7. The liquid crystal display device according to claim 3, spacer structures for keeping the distance between said pair 
wherein - 0 - of glass Substrates within a certain range, which are 

spacer structures for keeping the distance between said pair provided in the corner portion located at the side 
of glass substrates within a certain range, which are opposed to the side where said injection port is provided, 
provided in the corner portion located at the side have a pattern structure in which a bank-shaped spacer 
opposed to the side where said injection port is provided, that is divided in said corner portion so that an opening 
are arranged at an area density that is set Such that the is formed in a diagonal direction toward said corner 
amount of deformation of said spacer structures caused portion is arranged or in which bank-shaped spacers are 
when an atmospheric pressure is applied to said pair of arranged along a diagonal direction toward said corner 
glass Substrates falls within a range of elastic deforma- portion with longitudinal sides of said bank-shaped 
tion of said spacer structures. spacers extending in parallel with one another. 

8. The liquid crystal display device according to claim 4. 
wherein 13. The liquid crystal display device according to claim 5. 

spacer structures for keeping the distance between said pair wherein 
of glass Substrates within a certain range, which are spacer structures for keeping the distance between said pair 
provided in the corner portion located at the side of glass Substrates within a certain range, which are 
opposed to the side where said injection port is provided, provided in the corner portion located at the side 
are arranged at an area density that is set Such that the opposed to the side where said injection port is provided, 
amount of deformation of said spacer structures caused have a pattern structure in which a bank-shaped spacer 
when an atmospheric pressure is applied to said pair of that is divided in said corner portion so that an opening 
glass Substrates falls within a range of elastic deforma- is formed in a diagonal direction toward said corner 
tion of said spacer structures. portion is arranged or in which bank-shaped spacers are 

9. The liquid crystal display device according to claim 1, arranged along a diagonal direction toward said corner 
wherein portion with longitudinal sides of said bank-shaped 

spacer structures for keeping the distance between said pair spacers extending in parallel with one another. 
of glass Substrates within a certain range, which are 14. The liquid crystal display device according to claim 6. 
provided in the corner portion located at the side wherein 
opposed to the side where said injection port is provided, - 
have a pattern structure in which a bank-shaped spacer spacer structures for keeping the distance between said pa1r 
that is divided in said corner portion so that an opening of glass substrates within a certain range, which are 
is formed in a diagonal direction toward said corner provided in the corner portion located at the side 
portion is arranged or in which bank-shaped spacers are opposed to the side where said injection port is provided, 
arranged along a diagonal direction toward said corner have a pattern structure in which a bank-shaped spacer 
portion with longitudinal sides of said bank-shaped that is divided in said corner portion so that an opening 
spacers extending in parallel with one another. is formed in a diagonal direction toward said corner 

10. The liquid crystal displav device according to claim 2 portion 1s arranged or 1. which bank-shaped spacers are C ry play 9. s 
wherein arranged along a diagonal direction toward said corner 

- portion with longitudinal sides of said bank-shaped 
spacer structures for keeping the distance between saidpair spacers extending in parallel with one another. 

of glass Substrates within a certain range, which are 
provided in the corner portion located at the side 15. The liquid crystal display device according to claim 7. 
opposed to the side where said injection port is provided, wherein 
have a pattern structure in which a bank-shaped spacer spacer structures for keeping the distance between said pair 
that 1S divided 1. said corner portion so that an opening of glass Substrates within a certain range, which are 
1S formed 1 a diagonal direction toward said corner provided in the corner portion located at the side 
portion 1s arranged or 1. which bank-shaped spacers are opposed to the side where said injection port is provided, 
arranged along a diagonal direction toward said corner have a pattern structure in which a bank-shaped spacer 
portion with longitudinal sides of said bank-shaped that is divided in said corner portion so that an opening 
spacers extending in parallel with one another. is formed in a diagonal direction toward said corner 

11. The liquid crystal display device according to claim 3, portion is arranged or in which bank-shaped spacers are 
wherein arranged along a diagonal direction toward said corner 

spacer structures for keeping the distance between said pair portion with longitudinal sides of said bank-shaped 
of glass Substrates within a certain range, which are spacers extending in parallel with one another. 
provided in the corner portion located at the side 16. The liquid crystal display device according to claim 8. 
opposed to the side where said injection port is provided, wherein 
have a pattern structure in which a bank-shaped spacer 
that is divided in said corner portion so that an opening spacer structures for keeping the distance between said pair 
is formed in a diagonal direction toward said corner 
portion is arranged or in which bank-shaped spacers are 
arranged along a diagonal direction toward said corner 
portion with longitudinal sides of said bank-shaped 
spacers extending in parallel with one another. 

of glass Substrates within a certain range, which are 
provided in the corner portion located at the side 
opposed to the side where said injection port is provided, 
have a pattern structure in which a bank-shaped spacer 
that is divided in said corner portion so that an opening 
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is formed in a diagonal direction toward said corner 
portion is arranged or in which bank-shaped spacers are 
arranged along a diagonal direction toward said corner 
portion with longitudinal sides of said bank-shaped 
spacers extending in parallel with one another. 

k k k k k 


