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LIQUID CRYSTAL DISPLAY PANEL

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present application claims priority to Japanese
Priority Patent Application JP 2010-052785 filed in the Japan
Patent Office on Mar. 10, 2010, the entire contents of which is
hereby incorporated by reference.

BACKGROUND

[0002] The present application relates to a liquid crystal
display panel of ahorizontal electrical field type using colum-
nar spacers, and more particularly, to a liquid crystal display
panel of a horizontal electric field type, which has a high
aperture ratio and superior impact characteristics at low tem-
peratures, using two or more types of columnar spacers hav-
ing different heights.

[0003] Recently, as display devices of electronic appara-
tuses such as personal computers, cellular phones, and other
mobile information terminals, liquid crystal display panels
have become widely used. These liquid crystal display panels
have a configuration in which one pair of substrates are used,
each having opposing faces on which predetermined elec-
trode patterns, a color filter layer, and the like are formed, one
substrate of the pair of substrates is coated with a sealing
membet, both substrates are bonded together so as to form a
space having a predetermined width therebetween, and a
liquid crystal is enclosed between both the substrates.
[0004] In the liquid crystal display panel. in order to main-
tain a predetermined gap between one pair of substrates, that
1s, a cell gap, to be constant, spacers are interposed between
both of the substrates. As the spacers of a liquid crystal
display panel in related art, spherical spacers acquired by
processing resin or silica particles in a spherical shape are
used. However, it is difficult to uniformly spread the spherical
spacers on a spreading surface at the time of spreading, and
there are problems that the spherical spacers are positioned at
opening portions of the liquid crystal display panel so as to
decrease the aperture ratio of the liquid crystal display panel
and the like. Accordingly, recently, instead of the spherical
spacers, columnar spacers are used.

[0005] 1Inthecolumnar spacers, as the density ofthe colum-
nar spacers disposed within a display area is increased, the
characteristics for maintaining the cell gap is improved, but
there is a problem in that air bubbles may be easily generated
in an impact test at low temperatures. An impact test at low
temperatures is performed to assure the product quality of the
liquid crystal display panel in a low-temperature environ-
ment. In the impact test at low temperatures, the liquid crystal
display panel is maintained in a low-temperature environ-
ment of about -20° C., and thereafter, an impact is applied to
the display surface thereof so as to check the degree of gen-
eration of air bubbles.

[0006] In order to solve such a problem, in a liquid crystal
display panel disclosed in JP-A-2003-121857, a so-called
two-level spacer configuration is employed in which first
columnar spacers having a large height and second columnar
spacers having a small height are formed on a color filter
substrate. In this liquid crystal display panel, when high pres-
sure is locally applied between both the substrates, first, the
first columnar spacers having the large height that are consis-
tently brought into contact with an opposing array substrate
are pressed, and then the second columnar spacers having the

Sep. 15, 2011

small height that are normally separated from the array sub-
strate are brought into contact with the array substrate, so that
the second columnar spacers take most of the strong force.
[0007] Thus according to the liquid crystal display panel
disclosedin JP-A-2003-121857, evenina case where a strong
force is applied to the liquid crystal display panel, the first
columnar spacers are prevented from being excessively
deformed by excessive deformation. Accordingly, when high
pressure disappears, the first and second columnar spacers are
returned to their original states, whereby the cell gap between
the array substrate and the color filter substrate is maintained
to be constant. Furthermore, even when the liquid crystal is
contracted by placing the liquid crystal display panel in a
low-temperature environment, owing to the placement of the
second columnar spacers having the small height, the defor-
mation of the array substrate and the deformation of the color
filter substrate can be followed by each other. Accordingly, an
advantage whereby generation of low-temperature air
bubbles is suppressed can be acquired as well.

[0008] In addition, a liquid crystal display panel disclosed
in JP-A-2006-058894 employs a configuration in which
columnar spacers having two differing heights are placed.
This liquid crystal display panel is configured by two types of
the columnar spacers including first columnar spacers having
aheight and across-sectional area corresponding to the defor-
mation due to the load at the time of panel assembly and
deformation following the contraction of the liquid crystal
when in low temperatures and second columnar spacers hav-
ing a height and a cross-sectional area for maintaining a gap
between the substrates at the time of the application of an
excessive load or at the time of contraction of the liquid
crystal in a low-temperature environment. According to the
liquid crystal display panel disclosed in JP-A-2006-058894,
by employing a spacer configuration having two differing
heights, generation of vacuum air bubbles in a liquid crystal
layer in a low-temperature environment is suppressed. In
addition, by configuring the cross-sectional area ofthe second
columnar spacer to be relatively large, the cell gap is stabi-
lized, thereby improving the resistance to impact.

[0009] In addition, in JP-A-9-073088, an example is pre-
sented in which a light leakage phenomenon due to skidding
of the columnar spacers is prevented. More specifically, an
array substrate having a first portion (for example, a pixel
electrode) and a second portion (for example, a signal line
forming portion) that is lower than the first portion is
included, and by bringing the columnar spacers into contact
with the second portion that is lower than the first portion of
the array substrate, even in a case where the columnar spacers
skid in accordance with an external force, the columnar spac-
ers can easily return to their original positions when the
external force is eliminated.

SUMMARY

[0010] When a strong force is applied to the substrates, the
front end portion of the columnar spacer is brought into
contact with an alignment film regardless of the shape of the
columnar spacer. At that time, as is also suggested in JP-A-
9-073088, the front end portion may move so as to rub the
surface of the alignment film that is in contact with the front
end portion. Accordingly, there are cases where there is align-
ment disturbance on the periphery of the columnar spacers,
and leakage of light occurs. Especially, this phenomenon
markedly appears in a liquid crystal display panel of a hori-
zontal electric-field type such as an In-Plane Switching (IPS)
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mode or an Fringe Field Switching (FFS) mode. This phe-
nomenon will be described with reference to FIGS. 7Ato 7D.
FIGS. 7A to 7D are schematic diagrams illustrating a mecha-
nism of the leakage of light occurring due to bending.
[0011] A liquid crystal display panel 50 of the horizontal
electric-field type includes an array substrate AR, a color filter
substrate CF, and a liquid crystal LC that is injected between
the above-described substrates. In the array substrate AR, an
interlayer film, predetermined patterns of a pixel electrode
and a common electrode, an insulating film (all not shown in
the figure), and the like are disposed on a transparent substrate
51, and an alignment film 52 is formed on the uppermost face
on the liquid crystal LC side. In the color filter substrate CF,
a color filter layer 55 is disposed on a transparent substrate 53
while being partitioned by a light shielding member 54, and
an over-layer 56 and an alignment film 57 are formed on the
color filter layer 55 in the mentioned order, so that the align-
ment film 57 is on the liquid crystal LC side.

[0012] A columnar spacer 58, for example, is configured as
a columnar body, which has a predetermined length and a
predetermined thickness, disposed on the over-layer 56 of the
color filter substrate CF. In the columnar spacer 58, a base
portion 58« is fixed to a spot of the surface of the over-layer 56
at which the light shielding member 54 of the color filter
substrate CF is disposed, and a front end portion 584 corre-
sponding to a top portion is brought into contact with the
surface of the alignment film 52 of the array substrate AR
through the alignment film 57, whereby a constant cell gap is
maintained between the array substrate AR and the color filter
substrate CF.

[0013] When high pressure P is locally applied to one end
of the color filter substrate CF, for example, the left side in
FIG. 7A during manufacturing or using the liquid crystal
display panel 50 or the like, the color filter substrate CF
swings as shown in FIG. 7B such that the left side is pushed so
as to be lowered, and the right side is lifted up with the
columnar spacer 58 used as a support axis. When higher
pressure P is applied, it is difficult for the base portion 584 of
the columnar spacer 58 fixed to the color filter substrate CF to
move, and the front end portion 585 of the columnar spacer 58
moves toward the right side as denoted by an arrow shown in
FIG. 7C while rubbing the surface of the alignment film 52.
FIG. 7C represents a state in which the front end portion 585
of the columnar spacer 58 maximally moves toward the right
side.

[0014] Thereafter, when the pressure applied to the color
filter substrate CF disappears, the color filter substrate CF is
returned to its original state in accordance with the restoring
force thereof, and the columnar spacer 58 is returned to its
original position as well. However, even when the columnar
spacer 58 is returned to its original position, a trace of rubbing
of the columnar spacer 58 remains on the surface of the
alignment film 52. The length W of the trace may be greater
than the width of the light shielding member 54 at a spot to
which the base portion 58a of the columnar spacer 58 is fixed.
[0015] The distance W1 shown in FIG. 7D represents the
length of the trace portion in a portion exceeding the light
shielding member 54 in the plan view. Accordingly, light L
emitted from a back light (not shown in the figure) that is
disposed on the rear face of the array substrate AR may be
transmitted through the trace portion so as to appear on a
display screen, thereby degrading the display quality. When
the length of the trace portion is great, disturbance in the
alignment occurs so as to cause a similar degradation of the
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quality. It is understood that such a phenomenon similarly
occurs when high pressure is locally applied to the columnar
spacer having the small height that is normally separated from
the color filter substrate, and, in a case where the columnar
spacer is fixed to the array substrate side, it is understood that
this is a phenomenon similar to that occurring in the align-
ment film on the color filter substrate side occurs.

[0016] In order to prevent the degradation of the display
quality due to skidding of the above-described columnar
spacer on the surface of the alignment film, which is caused
by the leakage of light, in a liquid crystal display panel in
related art, the light shielding member with which the colum-
nar spacer is coated in the plan view is formed to have a width
sufficiently larger than the width of the columnar spacer
based on the prediction of rubbing of the alignment film of the
opposing substrate with the columnar spacer. Also, in the
liquid crystal display panels, which are represented in JP-A-
2003-121857 and JP-A-2006-058894, using two types of
columnar spacers having different heights, when high pres-
sure is locally applied, the degree of rubbing the alignment
film of the opposing substrate with the columnar spacer hav-
ing the small height is understood to be the same as that of the
columnar spacer having the large height. Therefore, the light
shielding member having a sufficient width for all the colum-
nar spacers is disposed.

[0017] However, recently, a liquid crystal panel used in a
mobile terminal or the like demands a high resolution, high
luminance, and low power consumption in addition to min-
iaturization. Accordingly, it is necessary to increase the aper-
ture ratio of the panel. Thus, a place (a non-opening portion)
in which the spacers are disposed becomes insufficient.
Therefore, it is extremely difficult to dispose spacers having a
large diameter in a pixel area without decreasing the aperture
ratio. In addition, in a liquid crystal display panel having the
two-level spacer configuration in related art, the number of
the columnar spacers is increased, and there is a problem in
that the aperture ratio decreases in proportion to the increase
in the number of the columnar spacers.

[0018] Theinventors of the present application have whole-
heartedly performed research repeatedly on the configuration
of a two-level spacer liquid crystal display panel that can
sufficiently suppress the leakage of light due to skidding of
the columnar spacers on the surface of the alignment film
without decreasing the aperture ratio. As a result, since the
possibility of the occurrence of the leakage of light due to
rubbing of the alignment film of the opposing substrate with
the columnar spacers having a small height is lower than that
in a case of the columnar spacers having a large height, a
technology for setting the light shielding area of the columnar
spacers having a small height to be less than that of the
columnar spacer having a large height in the plan view has
been sought, thereby accomplishing embodiments of the
present application.

[0019] That is, the present application is addressed to pro-
vide a liquid crystal display panel, which includes columnar
spacers having a large height and columnar spacers having a
small height, capable of suppressing the leakage of light and
disturbance in the alignment due to rubbing the surface of the
alignment film with the columnar spacers and improving the
aperture ratio.

[0020] According to an embodiment, there is provided a
liquid crystal display panel including: one pair of substrates
each of whichis disposed so as to face each other with a liquid
crystal layer pinched therebetween; alignment films that are
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formed on opposing faces of the one pair of substrates with
the liquid crystal layer pinched therebetween; a plurality of
columnar spacers that are formed in a display area on one side
of the one pair of substrates and maintain a cell gap between
the one pair of substrates; and a light shielding member that is
formed on one side of the one pair of substrates of a non-
opening portion including a spot at which the columnar spac-
ers are formed. The columnar spacers include a first columnar
spacer that is disposed such that a front end portion of the first
columnar spacer is normally brought into contact with the
other side of the one pair of substrates and a second columnar
spacer, which is lower than the first columnar spacer, having
a front end portion that is normally separated from the other
side ofthe one pair of substrates by a constant distance and is
brought into contact with the other side of the one pair of
substrates at time ofapplication of pressure to one substrate of
the one pair of substrates, and the light shielding member is
formed such that a shortest distance between the second
columnar spacer and a peripheral edge portion of the light
shielding member in the plan view is shorter than a shortest
distance between the first columnar spacer and the peripheral
edge portion of the light shielding member in the plan view.

[0021] In the above-described liquid crystal display panel,
the columnar spacers include a first columnar spacer, which
has a large height, disposed such that the front end portion of
the first columnar spacer is normally brought into contact
with the other side of the one pair of substrates and a second
columnar spacer, which has a small height, having the front
end portion that is normally separated from the other side of
the one pair of substrates by a constant distance and is dis-
posed so as to be brought into contact with the other side of the
one pair of substrates at time of application of pressure, equal
to or higher than predetermined pressure, to one of the one
pair of substrates. In such a configuration, when high pressure
is locally applied to the one pair of substrates, first, the first
columnar spacer, which has the large height, consistently
being brought into contact with the opposing substrate is
pressed, and then the second columnar spacer, which has the
small height, normally separated from one of'the substrates is
brought into contact with the one of the substrates, whereby
the liquid crystal display panel can withstand a more stronger
force. In addition, even in a case where a total number of the
first columnar spacer and the second columnar spacer is
increased, the front end portion of the second columnar
spacer is normally separated from the other side of the one
pair of the substrates by a constant distance, whereby good air
bubble impact characteristics at low temperatures can be
maintained.

[0022] In addition, in the above-described liquid crystal
display panel, the light shielding member is formed such that
a shortest distance between the second columnar spacer and a
peripheral edge portion of the light shielding member in the
plan view is shorter than a shortest distance between the first
columnar spacer and the peripheral edge portion of the light
shielding member in the plan view. Since the front end portion
ofthe second columnar spacer is normally separated from the
other side of the one pair of substrates by a constant distance,
alight leaking area that is generated by rubbing the alignment
film on the other side of the one pair of substrates with the
front end portions is smaller than that of the case of the first
columnar spacer. Thus, according to the above-described lig-
uid crystal display panel, the area in which the light shielding
film is formed in a portion in which the second columnar
spacer is disposed can be decreased. Accordingly, the above-
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described liquid crystal display panel can improve the aper-
ture ratio to be higher than that of a two-level spacer configu-
ration in related art while the advantage of suppressing the
leakage of light, which is the same as the liquid crystal display
panel having the two-level spacer configuration in related art
is, acquired.

[0023] In addition, in the above-described liquid crystal
display panel, a pixel electrode and a common electrode may
be formed below the alignment film on one substrate of the
one pair of substrates.

[0024] The liquid crystal display panel in which the pixel
electrode and the common electrode are formed on one sub-
strate side of the alignment film disposed on one of the one
pair of the substrates is a horizontal electric-field type. In the
liquid crystal display panel of the horizontal electric-field
type, compared to a case of a liquid crystal display panel of
the vertical electric-field type, the leakage of light due to
rubbing the surface of the alignment film with the columnar
spacer may easily occur. Therefore, according to the above-
described liquid crystal display panel, even in a case where
liquid crystal display panel of the horizontal electric-field
type is used, the aperture ratio can be improved to be higher
than that of the two-level spacer configuration in related art
while the same advantage of suppressing the leakage of light
as the two-level spacer configuration in related art is acquired.
[0025] In addition, in the above-described liquid crystal
display panel, it is preferable that the pixel electrode and the
common electrode are formed in a state of being insulated
from each other with an inter-electrode insulating film
pinched therebetween, and a slit-shaped opening is formed in
one electrode of either the pixel electrode or of the common
electrode that is closer to the alignment film. In such a case, in
the above-described liquid crystal display panel, it is prefer-
able that one electrode of either the pixel electrode or of the
common electrode that is disposed on one substrate side of the
inter-electrode insulating film is formed on an interlayer resin
film that is formed on the one of the one pair of substrates.
[0026] The liquid crystal display panel of the horizontal
electric-field type, in which the pixel electrode and the com-
mon electrode are formed in a state of being insulated from
each other with an inter-electrode insulating film pinched
therebetween, and a slit-shaped opening is formed in one
electrode of either the pixel electrode or of the common
electrode that is closer to the alignment film, operates in the
FFS mode. In the liquid crystal display panel of the FFS
mode, since an upper electrode and a lower electrode are
formed to be laminated with an inter-electrode insulating
film, which is formed on one side of the one pair of substrates,
interposed therebetween, a concave-convex is formed on the
surface of the alignment film. Accordingly, after the align-
ment film is rubbed, particularly, disturbance in the alignment
may easily occur, whereby leakage of light may easily occur.
Thus, according to the above-described liquid crystal display
panel, even in the liquid crystal display panel of the FFS
mode, the aperture ratio can be improved to be higher than
that of the liquid crystal display panel having the two-level
spacer configuration in related art while the same advantage
of suppressing the leakage of light as that of the liquid crystal
display panel having the two-level spacer configuration in
related art is acquired.

[0027] In addition, the liquid crystal display panel of the
FFS mode having an interlayer resin film has air bubble
impact characteristics at low temperatures that are degraded,
compared to the liquid crystal display panel of the FFS mode
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not having the interlayer resin film. According to the above-
described liquid crystal display panel, the two-level columnar
spacers are used, and accordingly, good air bubble impact
characteristics at low temperatures can be maintained also in
the liquid crystal display panel of the FFS mode having the
interlayer resin film. In addition, the aperture ratio can be
improved to be higher than that of the liquid crystal display
panel having the two-level spacer configuration in related art
while the same advantage of suppressing the leakage of light
as that of the liquid crystal display panel having the two-level
spacer configuration in related art is acquired.

[0028] In addition, in the above-described liquid crystal
display panel, it is preferable that a shortest distance between
a peripheral edge portion of the light shielding member, with
which the second columnar spacer is coated, and the second
columnar spacer in the plan view is set to be shorter than a
shortest distance between a peripheral edge portion of the
light shielding member, with which the first columnar spacer
is coated, and the first columnar spacer in the plan view by a
distance that is equal to or greater than 2 um and is equal to or
less than 6 pm.

[0029] By designing alight shielding member that coats the
first and second columnar spacers to be formed, the possibil-
ity that leakage of light occurs due to rubbing of the alignment
film on the opposing substrate with the second columnar
spacers is avoided, and the aperture ratio near the second
columnar spacer can be improved.

[0030] In addition, in the above-described liquid crystal
display panel, it is preferable that a cross-sectional area of the
second columnar spacer is larger than a cross-sectional area
of the first columnar spacer.

[0031] The“cross-sectional area of the columnar spacer” in
the embodiment means a cross-sectional area in the direction
parallel to the color filter substrate CF. When the cross-sec-
tional area of the second columnar spacer is larger than that of
the first columnar spacer, the second columnar spacer can
withstand an external force more than the first columnar
spacer. Therefore, the above-described liquid crystal display
panel can withstand a relatively strong external force, com-
pared to a case where the cross-sectional area of the second
columnar spacer is configured to be the same as that of the
first columnar spacer, while the above-described advantages
according to the embodiment is acquired.

[0032] In addition, in the above-described liquid crystal
display panel, it may be configured such that a plurality of the
second columnar spacers are provided and each of the second
columnar spacers having the same height, and a total cross-
sectional area of the plurality of columnar spacers is set to be
larger than the cross-sectional area of the first columnar
spacer.

[0033] 1In a case where the second columnar spacer is
formed from a plurality of columnar spacers having the same
height, even when the shortest distance between each colum-
nar spacer and the peripheral edge portion of the light shield-
ing member in the plan view is the same as that of one second
columnar spacer, the area occupied by the surrounding light
shielding member of the second columnar spacer can be
decreased. Therefore, according to the above-described lig-
uid crystal display panel, the aperture ratio near the second
columnar spacers can be improved further.

[0034] Additional features and advantages are described
herein, and will be apparent from the following Detailed
Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0035] FIG. 1 1is a plan view showing a schematic configu-
ration of a liquid crystal display panel that is common to first
and second embodiments.
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[0036] FIG. 2 is a plan view of one sub pixel of the liquid
crystal display panel shown in FIG. 1.

[0037] FIG. 3 is a cross-sectional view taken along line
TI-11T shown in FIG. 2.

[0038] FIG. 4 is a plan view of one pixel (three sub pixels)
of aliquid crystal display panel according to the first embodi-
ment.

[0039] FIG. 5 is a schematic cross-sectional view taken
along line V-V shown in FIG. 4.

[0040] FIG. 6 is a plan view of one pixel (three sub pixels)
of a liquid crystal display panel according to the second
embodiment.

[0041] FIGS. 7A to 7D are schematic diagrams illustrating
a mechanism of occurrence of the leakage of light due to
bending.

DETAILED DESCRIPTION

[0042] Embodiments of the present application will be
described below in detail with reference to the drawings.
[0043] However, in the embodiments described below, an
FFS-mode liquid crystal display panel for embodying the
technical idea of embodiments of the present application is
described as an example. Thus, the embodiments are not for
the purpose of limiting the present application to the FFS-
mode liquid crystal display panel, and the present application
can be also applied to other embodiments belonging to the
scope of the present application defined by the claims. In the
drawings used for the description here, in order to scale each
layer or each member so as to be recognizable in the draw-
ings, the layers and members are represented in different
scales, and thus the layers and the members are not repre-
senited in proportion to the actual sizes thereof.

First Embodiment

[0044] First, the configuration of a liquid crystal display
panel 10A according to a first embodiment will be described
with reference to FIGS. 1 to 5. As shown in FIG. 1, in the
liquid crystal display panel 10 A according to the first embodi-
ment, an array substrate AR acquired by forming various
wirings and the like on a first transparent substrate 11 formed
from glass or the like and a color filter substrate CF acquired
by forming a color filter layer and the like on a second trans-
parent substrate 12 formed from glass or the like are disposed
so as to face each other. The array substrate AR and the color
filter substrate CF are bonded together with a sealing member
13, and a liquid crystal LC (see FIG. 3) is enclosed inside a
space that is formed by the sealing member 13. In addition, a
gap (cell gap) between the array substrate AR and the color
filter substrate CF is formed to be a constant distance in
accordance with columnar spacers. A specific disposition of
the columnar spacers and the configuration of the columnar
spacers will be described later.

[0045] In addition, on the inner side of an area surrounded
by the sealing member 13, for example, a plurality of unit
pixels each formed, for example, from adjacent sub pixels
38(R), 38(G), and 38(B) (see FIG. 4) of three colors including
red (R), green (G), and blue (B) are formed and a display area
DA in which the unit pixels are disposed in a matrix shape is
formed. On the outer peripheral side of the display area DA
and on the outer peripheral side of the sealing member 13, a
non-display area UDA (it is also referred to as a “frame area”)
is formed. In addition, in the display area DA positioned on
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the inner side of the area surrounded by the sealing member
13 and the non-display area UDA, the liquid crystal LC is
disposed.

[0046] In addition, the array substrate AR having a size
slightly larger than that of the color filter substrate CF is used
s0 as to form a portion having a predetermined area when the
array substrate AR is disposed so as to face the color filter
substrate CF. The portion serves as a mounting area 11a in
which integrated circuits DR such as drivers used for driving
the liquid crystal LC and the like are disposed. In the liquid
crystal display panel 10A according to the first embodiment,
an example is shown in which a liquid crystal injecting open-
ing 14 is formed by the sealing member 13, and the liquid
crystal injecting opening 14 is sealed by a sealing member 15,
[0047] Next, the configuration of each substrate will be
described with reference to FIGS. 2 and 3. FIG. 2 is a plan
view of one sub pixel of the liquid crystal display panel shown
in FIG. 1. FIG. 3 is a cross-sectional view taken along line
HI-ITT shown in FIG. 2.

[0048] First, in the array substrate AR, a plurality of scan-
ning lines 16 including a gate electrode G that is, for example,
formed from a two-layer wiring of Mo/Al are formed on the
surface of the first transparent substrate 11 so as to be parallel
to one another. In addition, the entirety of the surface of the
first transparent substrate 11 on which the scanning lines 16
are formed is coated with a gate insulating film 17 that is
formed from a transparent insulating material such as silicon
nitride or silicon oxide. In addition, in an area of the surface
of the gate insulating film 17 in which a thin film transistor
TFT as a switching element is formed, a semiconductor layer
18 that is, for example, formed from an amorphous silicon
layer is formed. The area of the scanning lines 16 at a position
at which the semiconductor layer 18 is formed forms the gate
electrode G of the thin film transistor TFT.

[0049] Inaddition, on the surface of the gate insulating film
17, a signal line 19 including a source electrode S that is, for
example, formed from a conductive layer having a three-layer
structure of Mo/Al/Mo and a drain electrode D are formed.
Both the source electrode S portion and the drain electrode D
portion of the signal line 19 partially overlap the surface of the
semiconductor layer 18. In addition, the entirety of the sur-
face ofthe array substrate AR is coated with a passivation film
20 that is formed from a transparent insulating material such
as silicon nitride or silicon oxide. In addition, the entirety of
the surface of the passivation film 20 is coated with an inter-
layer film 21 that is, for example, formed from a resin mate-
rial. In the passivation film 20 and the interlayer film 21
located at a position corresponding to the drain electrode D, a
contact hole 22 is formed.

[0050] On the interlayer film 21 in the areas of sub pixels
38(R), 38((3), and 38(B) surrounded by the scanning lines 16
and the signal lines 19, a lower electrode 23 is formed from a
transparent conductive material that is, for example, formed
from Indium Tin Oxide (ITO) or Indium Zinc Oxide (IZO) so
as to form a pattern shown in FIG. 2. This lower electrode 23
1s electrically connected to the drain electrode D through the
contact hole 22. Accordingly, the lower electrode 23 serves as
a pixel electrode. In addition, on the lower electrode 23, an
inter-electrode insulating film 24 is formed. The inter-elec-
trode insulating film 24 is formed by using a transparent
insulating material such as silicon nitride that has a good
insulating property.

[0051] On the inter-electrode insulating film 24, an upper
electrode 26 having a plurality of slit-shaped openings 25, for
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example, each having a bar shape in the plan view in the areas
of the sub pixels 38(R), 38(G), and 38(B) is formed by using
a transparent conductive material that is formed from ITO or
170. A predetermined alignment film (not shown in the fig-
ure) is formed over the entirety of the surface of the substrate.
The upper electrode 26 is formed so as to extend over the
entirety of the display area DA and is electrically connected to
a common wiring (not shown in the figure) in the non-display
area UDA. Accordingly, the upper electrode 26 serves as a
common electrode. The surface of the upper electrode 26 and
the exposed surface of the inter-electrode insulating film 24
are coated with a first alignment film 36.

[0052] Inaddition, in the color filter substrate CF, as shown
in FIG. 3, a light shielding member 31 is formed on the
surface of the second transparent substrate 12, which is
formed from a glass substrate or the like, so as to coat a
portion of the surface of the second transparent substrate 12
corresponding to the scanning line 16, the signal line 19, the
thin film transistor TFT, and the non-display area UDA of the
array substrate AR. The light shielding member 31, for
example, is formed from a resin material mixed with a metal
material such as chromium, an opaque pigment, and the like.
[0053] Inaddition, on the surface of the second transparent
substrate 12 on which the light shielding member 31 is
formed, a color filter layer 32 of a plurality of colors, for
example, three colors including red (R), green (G), and blue
(B) is formed. This color filter layer 32 is formed such that the
color filter layer of each color of red (R), green (G), and blue
(B) extends in a linear pattern in the column direction.
[0054] In addition, an overcoat layer 33 formed from a
transparent resin is formed, so that the surfaces of the light
shielding member 31 and the color filter layer 32 are coated
therewith. On the surface of the overcoat layer 33, a second
alignment film 37 is formed on the entirety of the surface of
the color filter substrate CF. In addition, on the outer faces of
the array substrate AR and the color filter substrate CF, polar-
izing plates 34 and 35, which are disposed in a cross Nicol
arrangement, are disposed. Accordingly, this liquid crystal
display panel 10A operates in a normally-black mode.
[0055] Any one ofthe array substrate AR and the color filter
substrate CF is coated with the sealing member 13, and the
array substrate AR and the color filter substrate CF are bonded
together. Thereafter, the liquid crystal LC is injected from the
liquid crystal injecting opening 14 formed from the sealing
member 13, the liquid crystal injecting opening 14 is sealed
with the sealing member 15, and integrated circuits DR such
as drivers and the like are disposed in the mounting area 11a,
thereby forming the liquid crystal display panel 10A accord-
ing to the first embodiment.

[0056] Next, detailed configurations of the light shielding
member 31 and the columnar spacers of the liquid crystal
display panel 10A according to the first embodiment will be
described with reference to FIGS. 4 and 5. FIG. 4 is a plan
view of one pixel (three sub pixels) of the liquid crystal
display panel according to the first embodiment. FIG. 5 is a
schematic cross-sectional view taken along line V-V shown in
FIG. 4.

[0057] As shown in FIG. 4, on the array substrate AR, the
scanning lines 16 and the signal lines 19 are formed in a
matrix pattern in the display area DA, an area surrounded by
the scanning lines 16 and the signal lines 19 forms one sub
pixel, and one pixel is configured by adjacent sub pixels
38(R), 38(G), and 38(B) of three colors, for example, includ-
ing red (R), green (G), and blue (B). In FIG. 4, an area denoted
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by dots represents the light shielding member 31 formed on
the color filter substrate CF. The scanning lines 16, the signal
lines 19, and the TFT are completely coated with the light
shielding member 31 in the plan view, and the columnar
spacers 39A, 39B, and 39C that are fixed to the color filter
substrate CF side are also coated with the light shielding
member 31 so as to be covered.

[0058] In the liquid crystal display panel 10A according to
the first embodiment, a relatively thin columnar spacer 39A
(hereinafter, referred to as a “first columnar spacer”) and
columnar spacers 39B and 39C (hereinafter, referred to as
“second columnar spacers™) that are thicker than the first
columnar spacer 39A are shown. The first and second colum-
nar spacers 39A, 39B, and 39C are not necessarily formed in
each sub pixel but may be appropriately distributed and dis-
posed in a range in which the cell gap between the array
substrate AR and the color filter substrate CF is maintained to
be constant, and good impact characteristics at low tempera-
tures are acquired.

[0059] The liquid crystal display panel 10A according to
the first embodiment represents a state in which leakage of
light due to rubbing the first alignment film 36 of the opposing
array substrate with the front end portions of the first and
second columnar spacers 39A, 398, and 39C is prevented,
and, in order to secure a coating width that is necessary for the
first and second columnar spacers 39A, 39B, and 39C, the
light shielding member 31 is formed such that a part thereof
intrudes into an adjacent sub pixel area.

[0060] In FIG. 5, reference numerals BM1 to BM3 repre-
sent the cross sections of the light shielding member 31 with
which the first columnar spacers 39A and the second colum-
nar spacers 39B and 39C are coated in the plan view. In FIG.
5, laminated members such as the scanning lines, the signal
lines, the TFT, and various insulating films that are formed on
the surface of the array substrate AR are not shown.

[0061] More specifically, the first columnar spacer 39A has
a cylinder shape having a diameter of 12 pm, and the second
columnar spacers 39B and 39C have the same cylinder shape
having a diameter of 16 um to 24 um. In other words, a
dimensional difference of a minimum of 4 pm to a maximum
of 12 m is secured between the diameter of the first columnar
spacer 39A and the diameter of the second columnar spacers
39B and 39C. By defining the diameters (or cross-sectional
areas in the direction parallel to the color filter substrate CF)
of the columnar spacers as above, manufacturing errors in the
columnar spacers according to a photolithographic method
can be absorbed, and the diameters of the second columnar
spacers 39B and 39C can be formed to be markedly larger
than the diameter of the first columnar spacer 39A. In addi-
tion, the difference in the heights of the first columnar spacer
39A and the second columnar spacer 39B and 39C, that is, a
separation distance h between the surface of the alignment
film 37 with which the second columnar spacers 39B and 39C
are coated and the surface ofthe first alignment film 36 on the
array substrate AR is set to 0.3 pm to 0.7 pm.

[0062] In addition, in the liquid crystal display panel 10A
according to the first embodiment, the shape and the width of
the light shielding member 31, with which the first columnar
spacer 39A and the second columnar spacers 39B and 39C are
coated in the plan view, as shown in FIG. 4, are the same near
the columnar spacers of the sub pixels 38(R), 38(G), and
38(B). In other words, in FIG. 5, all the widths BM1 to BM3
are the same.
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[0063] Accordingly, shortest distances w2 and w3 between
the second columnar spacers 39B and 39C and the peripheral
edge portion of the light shielding member 31 in the plan view
are shorter than the shortest distance w1l between the first
columnar spacer 39A and the peripheral edge portion of the
light shielding member 31. In the liquid crystal display panel
10A according to the first embodiment, the occurrence of the
leakage of light due to rubbing the alignment film of the
opposing substrate with the second columnar spacers is
avoided, and, in order to improve the aperture ratio near the
second columnar spacers, the columnar spacers are formed
such that the difference between wl and w2=w3 is stably in
the range of 0.2 pm to 0.6 um.

[0064] As above, in the liquid crystal display panel 10A
according to the first embodiment, regarding the shortest
distances between the first columnar spacer 39A and the
second columnar spacers 39B and 39C and the peripheral
edge portion of the light shielding member 31, with which the
columnar spacers are coated, in the plan view, the shortest
distances for the second columnar spacers 39B and 39C are
shorter than the shortest distance for the first columnar spacer
39A. In related art, when pressure that is equal to or higher
than predetermined pressure is applied to the array substrate
AR and the color filter substrate CF, there are cases where the
second columnar spacers 39B and 39C rub the surface of the
first alignment film 36 ofthe array substrate AR in accordance
with crush of the first columnar spacer 39A, and, it is under-
stood that, also at this rubbed spot, the same leakage of light
similar to that occurring at a spot at which the first columnar
spacer 39A is formed occurs. Accordingly, in the related art,
shortest distances between the first and second columnar
spacers 39A, 39B, and 39C and the peripheral edge portion of
the light shielding member 31, with which the columnar
spacers are coated, in the plan view are the same.

[0065] However, since the front end portions of the second
columnar spacers 39B and 39C are normally separated from
the array substrate AR by a constant distance h, the distance at
which the second columnar spacers 39B and 39C rub the first
alignment film 36 ofthe array substrate AR is shorter than that
in the case of the first columnar spacer 39A. Accordingly, the
possibility of the leakage of light occurring near the second
columnar spacers 39B and 39C is lower than that near the first
columnar spacer 39A.

[0066] Thus, according to the liquid crystal display panel
10A of the first embodiment, the shortest distances between
the second columnar spacers 398 and 39C and the peripheral
edge portion of the light shielding member 31, with which the
second columnar spacers are coated, in the plan view are set
to be shorter than the shortest distance between the first
columnar spacer 39A and the peripheral edge portion of the
light shielding member 31, with which the first columnar
spacer is coated, in the plan view. Accordingly, the area of the
light shielding member 31, with which the second columnar
spacers 39B and 39C are coated, in the plan view can be
decreased. Therefore, according to the liquid crystal display
panel 10A of the first embodiment, leakage of light and align-
ment disturbance due to rubbing of the surface of the first
alignment film 36 with the second columnar spacers 39B and
39C can be suppressed, and the aperture ratio is improved.

Second Embodiment

[0067] A liquid crystal display panel 10B according to a
second embodiment will be described with reference to FIG.
6. FIG. 6 is a plan view of one pixel (three sub pixels) of the
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liquid crystal display panel 10B according to the second
embodiment. The entire configuration of the liquid crystal
display panel 10B according to the second embodiment is the
same as that of the liquid crystal display panel 10A according
to the first embodiment except for the configuration of the
second columnar spacers. By citing FIGS. 1 to 3 for a specific
configuration of the liquid crystal display panel 10B, a
detailed description thereof will be omitted. In FIG. 6, the
same reference numerals are assigned to portions that are the
same as that of the liquid crystal display panel 10A according
to the first embodiment, and a detailed description thereof
will be omitted.

[0068] Differences between the liquid crystal display panel
10B of the second embodiment and the liquid crystal display
panel 10A of the first embodiment are that, in the liquid
crystal display panel 10B, each of the second columnar spac-
ers of the sub pixels 38(G) and 38(B) is divided into two
small-width second columnar spacers 39B' and 39B' or 39C"
and 39C' having the same diameter and the light shielding
member 31 is formed only in each sub pixel area without
intruding into an adjacent sub pixel area.

[0069] Also in the liquid crystal display panel 10B accord-
ing to the second embodiment. shortest distances w2' and w3'
between the second columnar spacers 39B', 39B', 39C' and
39C' and the peripheral edge portion of the light shielding
member 31 in the plan view are shorter than the shortest
distance w1' between the first columnar spacer 39A and the
peripheral edge portion of the light shielding member 31.
Also in the liquid crystal display panel 10B according to the
second embodiment, the leakage of light occurring due to
rubbing the first alignment film 36 of the opposing array
substrate AR with the second columnar spacers 39B', 39B",
39C" and 39C' is avoided by the light shielding member 31,
and, in order to improve the aperture ratio near the second
columnar spacers 39B', 39B', 39C' and 39C', the columnar
spacers are formed such that the difference between wl', w2',
and w3' is stably in the range of 0.2 um to 0.6 pm.

[0070] However, both the sum of the cross-sectional areas
of the small-width second columnar spacers 39B' and 39B'
and the sum of the cross-sectional areas of the small-width
second columnar spacers 39C' and 39C' are larger than the
cross-sectional area of the first columnar spacer 39A. Accord-
ingly, the small-width second columnar spacers 39B' and
39B' and the small-width second columnar spacers 39C' and
39C" can withstand stress more than the first columnar spacer.
[0071] According to the liquid crystal display panel 10B of
the second embodiment in which two small-width second
columnar spacers are disposed in each sub pixel area as
above, the same advantages as those of the liquid crystal
display panel 10A according to the first embodiment
described above can be acquired. Furthermore, since each
second columnar spacer is divided into two small-width sec-
ond columnar spacers, even when the shortest distances
between the small-width second columnar spacers 39B',
308, 39C", and 39C" and the peripheral edge portion of the
light shielding member in the plan view are the same as that in
the case of one second columnar spacer, an area occupied by
the surrounding light shielding member of the second colum-
nar spacer can be decreased.

[0072] Thus, according to the liquid crystal display panel
10B of the second embodiment, the aperture ratio near the
second columnar spacers 39B', 39B', 39C'", and 39C' can be
set higher than that of the liquid crystal display panel 10A of
the first embodiment. Furthermore, since the diameter of each
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of the small-width second columnar spacers 39B', 39B', 39C',
and 39C' is smaller than that of the first columnar spacer 39A,
the disposition of the second columnar spacer can be deter-
mined more freely.

[0073] Inthe above-described liquid crystal display panels
10A and 10B according to the first and second embodiments,
the case of the liquid crystal display panel of the horizontal
electric field type that operates in the FFS mode has been
described. However, an embodiment can be applied to a lig-
uid crystal display panel of the horizontal electric field type
that operates in an IPS mode and can be applied further to a
liquid crystal display panel of the vertical electric field type.
In addition, in the above-described liquid crystal display pan-
els according to the first and second embodiments, an
example in which all the first colummnar spacer and the second
columnar spacers are fixed to the color filter substrate side has
been represented. However, even in a case where the first
columnar spacer and the second columnar spacers are fixed to
the array substrate, the same advantages can be acquired.
[0074] It should be understood that various changes and
modifications to the presently preferred embodiments
described herein will be apparent to those skilled in the art.
Such changes and modifications can be made without depart-
ing from the spirit and scope and without diminishing its
intended advantages. It is therefore intended that such
changes and modifications be covered by the appended
claims.

The application is claimed as follows:

1. A liquid crystal display panel comprising:

one pair of substrates each of which is disposed so as to face
each other with a liquid crystal layer pinched therebe-
tween;

alignment films that are formed on opposing faces of the
one pair of substrates with the liquid crystal layer
pinched therebetween;

a plurality of columnar spacers that are formed in a display
area on one side of the one pair of substrates and main-
tain a cell gap between the one pair of substrates; and

a light shielding member that is formed on one side of the
one pair of substrates of a non-opening portion including
a spot at which the columnar spacers are formed,

wherein the columnar spacers include a first columnar
spacer that is disposed such that a front end portion of the
first columnar spacer is normally brought into contact
with the other side of the one pair of substrates and a
second columnar spacer, which is lower than the first
columnar spacer, having a front end portion that is nor-
mally separated from the other side of the one pair of
substrates by a constant distance and is brought into
contact with the other side of the one pair of substrates at
time of application of pressure to one substrate of the one
pair of substrates, and

wherein the light shielding member is formed such that a
shortest distance between the second columnar spacer
and a peripheral edge portion of the light shielding mem-
ber in the plan view is shorter than a shortest distance
between the first columnar spacer and the peripheral
edge portion of the light shielding member in the plan
view.

2. The liquid crystal display panel according to claim 1,

wherein a pixel electrode and a common electrode are
formed below the alignment film on one substrate of the
one pair of substrates.
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3. The liquid crystal display panel according to claim 2,

wherein the pixel electrode and the common electrode are
formed in a state of being insulated from each other with
an inter-electrode insulating film pinched therebetween,
and

wherein a slit-shaped opening is formed in one electrode of
either the pixel electrode or of the common electrode
that is closer to the alignment film.

4. The liquid crystal display panel according to claim 3,

wherein one electrode of either the pixel electrode or of the
common electrode that is disposed on one substrate side
of the inter-electrode insulating film is formed on an
interlayer resin film that is formed on the one substrate of
the one pair of substrates.

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

wherein a shortest distance between a peripheral edge por-
tion of the light shielding member, with which the sec-
ond columnar spacer is coated, and the second columnar
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spacer in the plan view is set to be shorter than a shortest
distance between a peripheral edge portion of the light
shielding member, with which the first columnar spacer
is coated, and the first columnar spacer in the plan view
by a distance that is equal to or greater than 2 pm and is
equal to or less than 6 pm.

6. The liquid crystal display panel according to claim 1,

wherein a cross-sectional area of the second columnar
spacer is larger than a cross-sectional area of the first
columnar spacer.

7. The liquid crystal display panel according to claim 6,

wherein a plurality of the second columnar spacers are
provided and each of the second columnar spacers has
the same height, and

wherein a total cross-sectional area of the plurality of
columnar spacers is set to be larger than the cross-sec-
tional area of the first columnar spacer.

#® ok ok k%



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

KRN

IPCH XS
CPCHRF
R 54X
SEpaERE

BEGF)

—MESERER , 21 —XER , SMERREKBUEX , HE

XERSERE-XNEROENE LEROINEERE  RBXERSEZ1D
HREREY , BRERR —X ERN - ERXEH |, FHEAE—X

Efz bR R TE R RS, FEREEF O 0 — N ERey—
Wt FRR3EFF O 85 SEFREREE W Ko

patsnap
W& RER

US20110222016A1 NI (»&E)B 2011-09-15

US13/039985 2011-03-03
A EY/NE|

/NG|

H AR RWEST INC.

KANEKO HIDEKI
YOSHIDA KOJI
SUGIYAMA HIROKI

KANEKO, HIDEKI
YOSHIDA, KOJI
SUGIYAMA, HIROKI

GO02F1/1339

GO02F1/133512 G02F1/13394 G02F2001/134372 G02F2001/13398 G02F2001/13396

2010052785 2010-03-10 JP

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/20e31d11-8b00-4cbc-8740-8a894e7ce736
https://worldwide.espacenet.com/patent/search/family/044559669/publication/US2011222016A1?q=US2011222016A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220110222016%22.PGNR.&OS=DN/20110222016&RS=DN/20110222016

