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) A liquid crystal display device includes: a display panel
(21)  Appl. No.: 13/714,196 which includes a TFT array substrate and a CF substrate

o arranged as opposed to each other, and a liquid crystal held
(22)  Filed: Dec. 13, 2012 therebetween; and a front panel which is adhered to a front

: ot - surface side of the display panel with a resin layer interposed
(30) Foreign Application Priority Data therebetween. A display region of the display panel is pro-
Dec. 15,2011 (IP) ooovvvvveerreiceeenes 2011-274045  vided with main spacers formed on the CF substrate and
making contact with the TFT array substrate, and sub-spacers
Publication Classification formed on the CF substrate and not reaching the TFT array
substrate. A ratio of a total contact area of the main spacers
(51) Imt.CL and the TFT array substrate with respect to an area of the
GO2F 1/1339 (2006.01) display region of the liquid crystal panel is equal to or smaller

GO2F 1/1333 (2006.01) than 0.02%.
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[0056] According to the present modified example, the
peripheral seal 4 expands to the same degree as the liquid
crystal 3, leading to uniform expansion of the liquid crystal 3
in the whole of the liquid crystal panel. Hence, the liquid
crystal 3 prevents the cell gap G in the central part of the liquid
crystal panel from becoming particularly large, so as to fur-
ther suppress occurrence of display nonuniformity.

Third Preferred Embodiment

[0057] FIG.9 is a view showing a configuration of a liquid
crystal display device according to a third preferred embodi-
ment. In the present preferred embodiment, a thickness Lf of
the front frame 6 on the front surface side of the liquid crystal
display device and a thickness Ls of the resin layer 7 are set
and materials therefor are selected such that the relation
between those thicknesses becomes Lf=Ls in the whole of
the allowable operating temperature range of the liquid crys-
tal display device, or at least in the vicinity (e.g. 80 degrees)
of the upper limit temperature in the allowable operating
temperature range of the liquid crystal display device.

[0058] According to the present preferred embodiment, at
least in the vicinity of the upper limit temperature in the
allowable operating temperature range of the liquid crystal
display device, application of the pressure from the resin
layer 7 to the liquid crystal panel is prevented even if the resin
layer 7 thermally expands. Hence, the liquid crystal 3 uni-
formly expands and the cell gap G in the peripheral part of the
liquid crystal panel becomes particularly large, to allow pre-
vention of display nonuniformity from occurring in that por-
tion.

Fourth Preferred Embodiment

[0059] FIG.10isaview showing a configuration of a liquid
crystal display device according to a fourth preferred embodi-
ment. In the present preferred embodiment, a thickness of the
front frame 6 on the front surface side of the liquid crystal
display device and a thickness of the resin layer 7 are set and
materials therefor are selected such that the relation between
a thermal expansion amount ALf in the thickness direction of
the front frame 6 and a thermal expansion amount ALs in the
thickness direction of the resin layer 7 becomes ALf=ALs
when a temperature of the liquid crystal display device rises
from a normal temperature. These ALf and ALs are each
obtained by a product of a linear expansion coefficient (physi-
cality value specific to the material) of the front frame 6 or the
resin layer 7, the thickness thereof, and a temperature differ-
ence (=linear expansion coefficientxthicknessxtemperature
difference).

[0060] According to the present preferred embodiment,
even when the thickness of the resin layer 7 is originally large
and the pressure is applied from the resin layer 7 to the liquid
crystal 3 revert in normal-temperature state, the front frame 6
thermally expands more than the resin layer 7 when the tem-
perature rises, and the pressure thus decreases. This leads to
suppression of the pressure that is applied from the thermally
expanded resin layer 7 to the liquid crystal panel in the high-
temperature environment (vicinity of the upper limit tempera-
ture in the allowable operating temperature range of the liquid
crystal display device). Hence, the liquid crystal 3 uniformly
expands and the cell gap G in the peripheral part of the liquid
crystal panel becomes particularly large, to allow prevention
of display nonuniformity from occurring in that portion.
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Fifth Preferred Embodiment

[0061] In each of the above preferred embodiments, the
configuration (dual spacer structure) has been fanned in
which the sub-spacers 55 for protecting the display cell from
local application of a large pressure is provided between the
TFT array substrate 1 and the CF substrate 2 in addition to the
main spacers 5a. However, in the liquid crystal display device
according to the present invention, since the front panel 8 is
provided on the front surface side, local application of a
pressure to the liquid crystal panel is alleviated even when a
finger or a pen-type pointer comes into contact with the front
surface of the liquid crystal display device, and hence the
sub-spacers 55 may be omitted as shown in FIG. 11. This can
lead to reduction in manufacturing cost of the liquid crystal
display device.

[0062] However, the area proportion of the main spacers 5a
is preferably held equal to or smaller than 0.02% as in the first
preferred embodiment so as to prevent occurrence of stress
nonuniformity.

[0063] In the present invention, each of the preferred
embodiments can be freely combined, or can be appropriately
modified or omitted, within the range of the invention.
[0064] 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 display panel which includes a pair of substrates arranged
as opposed to each other and a liquid crystal held ther-
ebetween;

a main spacer which is provided on one substrate of said
pair of substrates, and makes contact with the other
substrate in a display region of said display panel; and

a front panel which is adhered to a front surface side of said
display panel with a resin layer interposed therebe-
tween, wherein

a ratio of a total contact area of said main spacer and the
other substrate with respect to an area of said display
region is equal to or smaller than 0.02%.

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

further comprising

a sub-spacer which is provided on said one substrate in the
display region of said display panel, has a smaller height
than that of said main spacer, and does not come into
contact with said other substrate.

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

wherein

said liquid crystal is sealed between said pair of substrates
by means of a peripheral seal formed in a peripheral part
of said display panel, and

said resin layer extends to above a position where said
peripheral seal is formed on the front surface side of said
display panel.

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

wherein

a thermal expansion amount in a thickness direction of said
display panel in said peripheral seal or a gap member
included inside said peripheral seal is equivalent to a
thermal expansion amount in a thickness direction of
said display panel in said liquid crystal at an upper limit
temperature in an allowable operating temperature
range of said liquid crystal display device.
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5. The liquid crystal display device according to claim 1,

wherein

said display panel drives said liquid crystal by a horizontal
electric field mode.

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

wherein

said front panel is a protective plate made of glass or aresin,
or a touch panel.

7. A liquid crystal display device, comprising:

adisplay panel which includes a pair of substrates arranged
as opposed to each other and a liquid crystal held ther-
ebetween;

a main spacer which is provided on one substrate of said
pair of substrates, and makes contact with the other
substrate in a display region of said display panel; and

a front panel which is adhered to a front surface side of said
display panel with a resin layer interposed therebe-
tween, wherein

a compressive deformation amount of said main spacer at
a normal temperature is larger than an amount of
increase in distance between said pair of substrates due
to an influence of thermal expansion of said liquid crys-
tal and said resin layer at an upper limit temperature in an
allowable operating temperature range of said liquid
crystal display device.

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

further comprising

a sub-spacer which is provided on said one substrate in the
display region of said display panel, has a smaller height
than that of said main spacer, and does not come into
contact with said other substrate.

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

wherein

said liquid crystal is sealed between said pair of substrates
by means of a peripheral seal formed in a peripheral part
of said liquid crystal panel, and

said resin layer extends to above a position where said
peripheral seal is formed on the front surface side of said
display panel.

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

wherein

athermal expansion amount in a thickness direction of said
display panel in said peripheral seal or a gap member
included inside said peripheral seal is equivalent to a
thermal expansion amount in a thickness direction of
said display panel in said liquid crystal at an upper limit
temperature in an allowable operating temperature
range of said liquid crystal display device.

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

wherein

said display panel drives said liquid crystal by a horizontal
electric field mode.

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

wherein
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said front panel is a protective plate made of glass or aresin,
or a touch panel.

13. A liquid crystal display device, comprising:

a display panel which includes a pair of substrates arranged
as opposed to each other and a liquid crystal held ther-
ebetween,;

a front frame which is provided on a front surface side of
said display panel and has an opening corresponding to
a display region of said display panel; and

a front panel which is provided on a front surface side of
said front frame and adhered to said display panel with a
resin layer interposed therebetween, the resin layer
being arranged inside the opening of said front frame,
wherein

when a thickness of said front frame is Lf and a thickness
of said resin layer is Ls, L=Ls holds at an upper limit
temperature in an allowable operating temperature
range of said liquid crystal display device.

14. The liquid crystal display device according to claim 13,

wherein

said display panel drives said liquid crystal by a horizontal
electric field mode.

15. The liquid crystal display device according to claim 13,

wherein

said front panel is a protective plate made of glass or aresin,
or a touch panel.

16. A liquid crystal display device, comprising:

a display panel which includes a pair of substrates arranged
as opposed to each other and a liquid crystal held ther-
ebetween;

a front frame which is provided on a front surface side of
said display panel and has an opening corresponding to
a display region of said display panel; and

a front panel which is provided on a front surface side of
said front frame and adhered to said display panel witha
resin layer interposed therebetween, the resin layer
being arranged inside the opening of said front frame,
wherein

when a thermal expansion amount of a thickness of said
front frame is ALf and a thermal expansion amount of a
thickness of said resin layer is ALs in a case where a
temperature of said liquid crystal display device rises
from a normal temperature, ALf=ALs holds.

17. The liquid crystal display device according to claim 16,

wherein

said display panel drives said liquid crystal by a horizontal
electric field mode.

18. The liquid crystal display device according to claim 16,

wherein

said front panel is a protective plate made of glass or aresin,
or a touch panel.
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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 formed by providing a protective plate or a touch
panel on a front surface side of a display panel.

[0003]

[0004] For example, in a liquid crystal display device for
outside installation, a transparent protective plate (protective
cover) made of a resin or glass is provided on a front surface
(display surface) of a display panel for the purpose of pro-
tecting the display panel from an outside shock, and the like.
Inthat case, when an air layer exists between the display panel
and the protective plate, there occurs a problem in that extra-
neous light incident from the front surface side of the display
panel is reflected on the front and rear surfaces of the protec-
tive plate and the front surface of the display panel, to cause
deterioration in visibility. Thus, the space between the display
panel and the protective plate may be filled with a transparent
resin, or the display panel and the protective plate are adhered
to each other with a light-transmissive adhesive sheet made of
a resin interposed therebetween.

1. Field of the Invention

2. Description of the Background Art

[0005] Further, a liquid crystal display device formed by
providing a touch panel on a front surface of a display panel
also employs a configuration similar to the above so that an air
layer is not formed between the touch panel and the display
panel.

[0006] As thus described, the liquid crystal display device
formed by providing the protective plate or the touch panel
(hereinafter referred to as “front panel”) on the front surface
side of the display panel has the configuration in which the
resin layer (injected resin or light-transmissive adhesive
sheet) for preventing formation of the air layer is interposed
between the display panel and the front panel.

[0007] Further, for a liquid crystal display device having a
structure in which a front panel is not provided on the front
surface side of a display panel, there has been proposed a
technique of adjusting a density of columnar spacers that
define a cell gap of the display panel for the purpose of
preventing display nonuniformity (e.g., Japanese Patent
Application Laid-Open No. 2003-287759).

[0008] Inthe liquid crystal display device having the struc-
ture in which the front panel such as the touch panel is
adhered to the front surface of the display panel (liquid crystal
panel) with the resin layer interposed therebetween, there has
been a problem in that display nonuniformity is likely to
occur in a peripheral part of the liquid crystal panel in a
high-temperature environment. This display nonuniformity
occurs due to stresses of the liquid crystal panel and the resin
layer acting on each other caused by thermal expansion of
liquid crystal and the resin layer, and the liquid crystal panel
being nonuniformly deformed. In particular, the expanded
liquid crystal is likely to flow to the peripheral part of the
liquid crystal panel and an amount of the liquid crystal
increases in the peripheral part of the liquid crystal panel,
thereby causing a cell gap (thickness of the liquid crystal
layer) in that portion to become abnormal. This is why display
nonuniformity is likely to occur in the peripheral part of the
liquid crystal panel.
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SUMMARY OF THE INVENTION

[0009] An object of the present invention is to obtain, in a
liquid crystal display device formed by providing a front
panel on a front surface of a liquid crystal panel with a resin
layer interposed therebetween, a uniform image by suppress-
ing occurrence of display nonuniformity even in a high-tem-
perature environment.

[0010] A liquid crystal display device according to a first
aspect of the present invention includes a display panel, a
main spacer, and a front panel. The display panel includes a
pair of substrates arranged as opposed to each other and a
liquid crystal held therebetween. The main spacer is provided
on one of the pair of substrates, and makes contact with the
other substrate in a display region of the display panel. The
front panel is adhered to a front surface side of the display
panel with a resin layer interposed therebetween. A ratio of a
total contact area of the main spacer and the other substrate
with respect to an area of the display region is equal to or
smaller than 0.02%.

[0011] Aliquid crystal display device according to a second
aspect of the present invention includes a display panel, a
main spacer, and a front panel. The display panel includes a
pair of substrates arranged as opposed to each other and a
liquid crystal held therebetween. The main spacer is provided
on one of the pair of substrates, and makes contact with the
other substrate in a display region of the display panel. The
front panel is adhered to a front surface side of the display
panel with a resin layer interposed therebetween. A compres-
sive deformation amount of the main spacer at a normal
temperature is larger than an amount of increase in distance
between the pair of substrates due to an influence of thermal
expansion of the liquid crystal and the resin layer at an upper
limit temperature in an allowable operating temperature
range of the liquid crystal display device.

[0012] A liquid crystal display device according to a third
aspect of the present invention includes a display panel, a
front frame, and a front panel. The display panel includes a
pair of substrates arranged as opposed to each other and a
liquid crystal held therebetween. The front frame is provided
ona front surface side of the display panel, and has an opening
corresponding to a display region of the display panel. The
front panel is provided on a front surface side of the front
frame, and is adhered to the display panel with a resin layer
interposed therebetween, the resin layer being arranged
inside the opening of the front frame. When a thickness of the
front frameis Lfand a thickness of the resin layeris Ls, L=Ls
holds at an upper limit temperature in an allowable operating
temperature range of the liquid crystal display device.
[0013] Aliquid crystal display device according to a fourth
aspect of the present invention includes a display panel, a
front frame, and a front panel. The display panel includes a
pair of substrates arranged as opposed to each other and a
liquid crystal held therebetween. The front frame is provided
ona front surface side of the display panel, and has an opening
corresponding to a display region of the display panel. The
front panel is provided on a front surface side of the front
frame, and is adhered to the display panel with a resin layer
interposed therebetween, the resin layer being arranged
inside the opening of the front frame. When a thermal expan-
sion amount of a thickness of the front frame is ALf and a
thermal expansion amount of a thickness of the resin layer is
ALs in the case where a temperature of the liquid crystal
display device rises from a normal temperature, ALf=ALs
holds.
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[0014] According to the present invention, in the liquid
crystal display device having the structure in which the front
panel is adhered to the front surface side of the display panel
with the resin layer interposed therebetween, even when the
liquid crystal and the resin layer expand at a high temperature,
gathering of the liquid crystal in a certain place (e.g., the
peripheral part or the central part) of the liquid crystal panel
can be suppressed. Since the distance (cell gap) between the
pair of substrates of the liquid crystal panel can be held
uniform, occurrence of display nonuniformity can be sup-
pressed so that a uniform display can be obtained.

[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 view showing a liquid crystal display
device according to a first preferred embodiment;

[0017] FIG. 2 is a view for describing a problem with the
liquid crystal display device having a front panel;

[0018] FIG. 3 is a view showing a main spacer and a sub
spacer provided in the liquid crystal display device according
to the first preferred embodiment (before formation of a lig-
uid crystal panel);

[0019] FIG.4isaview showing the main spacer and the sub
spacer provided in the liquid crystal display device according
to the first preferred embodiment (after formation of the lig-
uid crystal panel);

[0020] FIG. 5 is a graph of experiment results showing a
relation between a compressive deformation amount of the
main spacers and a degree of display nonuniformity;

[0021] FIG. 6 is a graph of experiment results showing the
relation between the compressive deformation amount of the
main spacers and a degree of stress nonuniformity;

[0022] FIG. 7 is a structural view of a liquid crystal display
device according to a second preferred embodiment;

[0023] FIG. 8is aview showing a first modified example of
a liquid crystal display device according to the second pre-
ferred embodiment;

[0024] FIG. 9 is astructural view of a liquid crystal display
device according to a third preferred embodiment;

[0025] FIG.10isastructural view ofaliquid crystal display
device according to a fourth preferred embodiment; and
[0026] FIG. 11 isastructural view ofaliquid crystal display
device according to a fifth preferred embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Preferred Embodiment

[0027] FIG. 1is a view showing a configuration of a prin-
ciple part of aliquid crystal display device according to a first
preferred embodiment of the present invention. As in FIG. 1,
a display panel (liquid crystal panel) of the liquid crystal
display device has a structure in which a liquid crystal 3 is
held between a thin-film transistor (TFT) array substrate 1
and a color filter (CF) substrate 2 arranged on a front surface
(display surface) side thereof as opposed thereto.

[0028] Although notillustrated, the TFT array substrate 1is
formed by providing, on a transparent substrate such as glass,
a pixel electrode of each pixel, a TFT for supplying an image
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signal to each pixel electrode, a gate wire (scanning signal
line) for supplying a drive signal to a gate electrode of each
TFT, a source wire (image signal line) for supplying an image
signal to a source electrode of the TFT, and the like. Further,
the CF substrate 2 is formed by providing, on the rear-side
surface (surface opposed to the TFT array substrate 1) of a
transparent substrate such as glass or a resin, a black matrix as
a light-blocking film for blocking light among pixels, a color
filter for defining a color of each pixel, and the like.

[0029] TheTFT array substrate 1 and the CF substrate 2 are
adhered to each other with a peripheral seal 4 applied to and
formed in the peripheral part of the liquid crystal panel inter-
posed therebetween, and the liquid crystal 3 is sealed within
a region surrounded by the peripheral seal 4. Further, a dis-
play region in the liquid crystal panel is provided with colum-
nar main spacers 5a that define a cell gap G which is a distance
between the TFT array substrate 1 and the CF substrate 2
(thickness of the liquid crystal 3).

[0030] Moreover, the liquid crystal panel of the present
preferred embodiment is provided with columnar sub-spacers
5b having a height smaller than that of the main spacers 54, in
addition to the main spacers 5a. The sub-spacers 5b prevent
the CF substrate 2 and the TFT array substrate 1 from coming
into contact with each other and damage the display cell when
a large pressure is locally applied to the liquid crystal panel.
Although the main spacers Sa and the sub-spacers 5b may be
formed on either the TFT array substrate 1 side or the CF
substrate 2 side, they are to be formed on the CF substrate 2
side in the present preferred embodiment.

[0031] The front surface side of the liquid crystal panel is
mounted with a frame-like front frame 6 having an opening
corresponding to the display region of the liquid crystal panel.
To the front surface side of the front frame 6, a front panel 8
such as a protective plate or a touch panel is adhered so as to
cover the display surface of the liquid crystal panel. A resin
layer 7 made of an injected resin, a light-transmissive adhe-
sive sheet, or the like is provided between the front panel 8
and the liquid crystal panel (CF substrate 2), that is, inside the
opening of the front frame 6 in order to prevent an air layer
from being formed in that portion.

[0032] As shown in FIG. 1, with the liquid crystal display
device having the liquid crystal panel, to which the front panel
8 is adhered with the resin layer 7 interposed therebetween,
there has been a problem in that display nonuniformity is
likely to occur in the peripheral part of the liquid crystal panel
in a high-temperature environment, and uniformity in image
quality thus cannot be held. This problem is mainly attribut-
able to thermal expansion of the liquid crystal 3 and the resin
layer 7. This problem will be described with reference to FIG.
[0033] When a temperature of the liquid crystal display
device rises and the liquid crystal 3 expands, the liquid crystal
3 tries to push up the CF substrate 2. However, since a force to
push down the CF substrate 2 acts on the central part of the
liquid crystal panel from the resin layer 7 due to expansion of
the resin layer 7 on the CF substrate 2, the liquid crystal 3 with
an increased volume gathers in the peripheral part of the
liquid crystal panel, where the force applied from the resin
layer 7 is weak.

[0034] This results in an increase in the cell gap G in the
peripheral, part of the liquid crystal panel. Although the main
spacers Sa are pressed against the TFT array substrate 1 ata
normal temperature, a compressive deformation amount of
the main spacers Sa reaches zero with time in a portion where
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the cell gap G has become larger due to the influence of
thermal expansion of the liquid crystal 3 and the resin layer 7.
Then, the liquid crystal 3 begins to fall downward (in a gravity
direction), and the cell gap G becomes large especially in a
lower side part of the liquid crystal panel. This portion in
which the cell gap G has become abnormally large is viewed
as display nonuniformity, to impair uniformity of the image
quality.

[0035] In the present preferred embodiment, the compres-
sive deformation amount of the main spacer 5a is defined in
consideration of a change in the cell gap G due to expansion
of the liquid crystal 3 and the resin layer 7. FIG. 3 shows the
main spacer Sa. and the sub-spacer 55 in an initial state of the
CF substrate 2 alone (before being adhered to the TFT array
substrate 1), and FIG. 4 shows the main spacer 5a and the
sub-spacer 54 in a state where the CF substrate 2 has been
adhered to the TFT array substrate 1 to form the liquid crystal
panel.

[0036] As in FIG. 3, a height La of the main spacer 5a is
larger than a height Lb of the sub-spacer 55. When the TFT
array substrate 1 and the CF substrate 2 are adhered to each
other, the main spacer Sa is pressed against the TFT array
substrate 1, and is compressed in a height direction just by a
predetermined amount (compressive deformation amount
ALa) as in FIG. 4. The sub-spacer 55 is formed with a height
that does not come into contact with the TFT array substrate
1 in a normal state, so as to come into contact with the TFT
array substrate 1 for the first time when a large pressure is
applied to the liquid crystal panel. That is, a difference D
between the height La of the main spacer 5a and the height Lb
of the sub-spacer 55 is set larger than the compressive defor-
mation amount ALa.

[0037] In the present preferred embodiment, the compres-
sive deformation amount ALa of the main spacers 5a from its
initial state (state of its length being La) is determined in
consideration of (i) an amount of change in the cell gap G due
to thermal expansion of the liquid crystal 3 and (ii) an amount
of change in the cell gap G due to the influence of thermal
expansion of the resin layer 7.

[0038] Specifically, the compressive deformation amount
ALa of the main spacers Sa is set to be equal to or larger than
the sum of an amount of increase in the cell gap G due to
thermal expansion of the liquid crystal 3 and an amount of
increase in the cell gap G due to the influence of a thermal
expansion of the resin layer 7. That is, the compressive defor-
mation amount ALa of the main spacers Sa at a normal tem-
perature is set to be large to such a degree that, even when an
ambient temperature is a predetermined high temperature
(upper limit temperature in an allowable operating tempera-
ture range of the liquid crystal display device) and a portion
with the increased cell gap G (especially the peripheral por-
tion of the liquid crystal panel) is generated due to thermal
expansion of the liquid crystal 3 and the resin layer 7, the
compressive deformation amount ALa of the main spacers Sa
does not become zero in that portion.

[0039] However, the compressive deformation amount ALa
of the main spacers 5a is set to be smaller than the difference
D between the height La ofthe main spacers 5a and the height
Lb of the sub-spacers 55 such that the sub-spacers 56 do not
come into contact with the TFT array substrate 1 in a normal
state.

[0040] The present inventor has set a liquid crystal display
device at a high temperature (upper limit temperature in the
allowable operating temperature range of the liquid crystal
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display device, e.g., 80°C.), and conducted an experiment to
verify the relation between the compressive deformation
amount ALa of the main spacers Sa and the display nonuni-
formity. FIG. 5 is a graph showing results of the experiment.
A horizontal axis of the graph of FIG. 5 is the compressive
deformation amount ALa of the main spacers 54, and a ver-
tical axis is a value obtained by grading a thickness of display
nonuniformity in five stages, and a larger numerical value
indicates a larger thickness of the display nonuniformity (5
indicates “very thick”, and 1 indicates “completely non-view-
able”).

[0041] The experiment was conducted on a liquid crystal
display device having the front panel 8 and the resin layer 7,
and on a liquid crystal display device without the front panel
8 and the resin layer 7. Further, in the experiment, the prede-
termined high temperature was set to 80° C., and a liquid
crystal panel in a horizontal electric field mode was used.
Further, in the liquid crystal panel used in the experiment, a
thermal expansion coefficient of the liquid crystal 3 is 7.46x
107'/K, and the cell gap G at a normal temperature is 3.5 pm.
In this case, in the environment of 80° C., an amount of
increase in the cell gap G in the liquid crystal panel without
the front panel 8 and the resin layer 7 is 0.15 pm.

[0042] As shown in FIG. 5, in the liquid crystal display
device not having the front panel 8 and the resin layer 7,
display nonuniformity was viewed when the compressive
deformation amount ALa of the main spacers Sa was smaller
than 0.15 wm, whereas display nonuniformity was not viewed
when the compressive deformation amount ALa was equal to
or larger than 0.15 um. On the other hand, in the liquid crystal
display device having the front panel 8 and the resin layer 7,
display nonuniformity was not viewed when the compressive
deformation amount ALa of the main spacers 5a was equal to
or larger than 0.2 um. That is, when the liquid crystal display
device has the front panel 8 and the resin layer 7, the com-
pressive deformation amount ALa of the main spacers 5a
needs to be made larger by 0.05 um than that in the case of the
liquid crystal display device without the front panel 8 and the
resin layer 7, in order to suppress occurrence of display non-
uniformity. This means that the amount of increase in the cell
gap G due to the influence of thermal expansion of the resin
layer 7 was 0.05 pm.

[0043] It is found from the above that, in order to suppress
display nonuniformity attributable to thermal expansion of
the liquid crystal 3 and the resin layer 7, it is effective to set the
compressive deformation amount ALa of the main spacers 5a
to equal to or larger than the sum (0.2 um) of an amount of
increase in the cell gap G (0.15 pm) due to thermal expansion
of'the liquid crystal 3 and an amount of increase in the cell gap
G (0.05 um) due to the influence of thermal expansion of the
resin layer 7.

[0044] However, the pressure inside the liquid crystal panel
becomes negative when the main spacers Sa become large,
and occurrence of display nonuniformity considered to be
caused by residual stress was confirmed especially when a
display was made in black. This display nonuniformity is
likely to obviously appear in a liquid crystal display device in
the mode of driving a liquid crystal by means of a horizontal
electric field (electric field horizontally oriented to the TFT
array substrate 1), such as an IPS (In Plane Switching) mode
or an FFS (Fringe Field Switching) mode. Hereinafter, this
display nonuniformity attributable to residual stress inside
the liquid crystal display device is referred to as “stress non-
uniformity”.
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[0045] Stress nonuniformity is considered to be caused by
occurrence of a phase difference in glass due to a photo-
elastic effect, which is attributable to residual stress in the
liquid crystal panel. In that case, light passing occurs even
when two polarization plates provided in the liquid crystal
panel are arranged in crossed nicols, and hence display non-
uniformity (stress nonuniformity) appears in accordance with
a distribution of the residual stress. It is considered that stress
nonuniformity appeared in the liquid crystal display device of
the present preferred embodiment because increase in the
compressive deformation amount ALa of the main spacer Sa
led to the increased compressive stress of the main spacer 5a
and the larger residual stress.

[0046] Thereat,in order to reduce the compression pressure
of'the main spacer 5a, the present inventor conducted a study
of decreasing an area proportion of the main spacer 5a (ratio
of a total contact area of the main spacers Sa and the TFT
array substrate 1 with respect to an area of the display region
of the liquid crystal panel), and conducted an experiment of
verifying the relation between the area proportion of the main
spacer Sa and the degree of stress nonuniformity. FIG. 6 is a
graph showing results of the experiment. A horizontal axis of
the graph of FIG. 6 is the compressive deformation amount
ALa of the main spacer 5a, and a vertical axis is a value
obtained by grading a thickness of stress nonuniformity in
five stages, and a larger numerical value indicates a larger
thickness of the display nonuniformity (5 indicates “very
thick”, and 1 indicates “completely non-viewable™).

[0047] In this experiment, a change in thickness of stress
nonuniformity at the time of changing the compressive defor-
mation amount ALa of the main spacer 5a was observed with
respect to each of liquid crystal display devices with the area
proportion of the main spacers Sa (main spacer density) being
from 0.01% to 0.06%. In the liquid crystal display device used
in the experiment, the difference D between the height La of
the main spacers 5a and the height Lb of the sub-spacers 56 in
the initial state (state where the CF substrate 2 is not adhered
to the TFT array substrate 1) is 0.5 pm.

[0048] As a result of the experiment, it was found that, as
shown in FIG. 6, when the area proportion of the main spacers
5a is equal to or smaller than 0.02%, stress nonuniformity
does not occur even if the compressive deformation amount
ALa ofthe main spacers 5a is increased. Hence, in the present
preferred embodiment, the area proportion of the main spac-
ers 5a is preferably set equal to or smaller than 0.02%, so as
to suppress occurrence of stress nonuniformity.

Second Preferred Embodiment

[0049] FIG. 7 is a view showing a configuration of a liquid
crystal display device according to a second preferred
embodiment. In the present preferred embodiment, the con-
figuration is formed in which the resin layer 7 between the
front panel 8 and the liquid crystal panel extends to the above
of the peripheral seal 4 of the liquid crystal panel. Other
configurations are similar to those of the first preferred
embodiment, and descriptions thereof are thus omitted
herein.

[0050] In the present preferred embodiment, since the
whole of the region filled with the liquid crystal 3 is covered
by the resin layer 7, a force of the resin layer 7 to push down
the CF substrate 2 at the time of thermal expansion of the resin
layer 7 is applied almost uniformly to the whole of the liquid
crystal 3. Hence, the liquid crystal 3 is prevented from gath-
ering in the peripheral part of the liquid crystal panel. This can
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result in prevention of the cell gap G in the peripheral part of
the liquid crystal panel from becoming particularly large, to
thereby suppress occurrence of display nonuniformity in that
portion. Hence, occurrence of display nonuniformity can be
further suppressed than in the first preferred embodiment.
[0051] Although FIG. 7 shows the configuration in which
the end of the resin layer 7 above the peripheral seal 4 is
located so as to overlap the inner end of the peripheral seal 4,
the above effect can be obtained at least when the resin layer
7 extends to the above of the peripheral seal 4 and the whole
of the region filled with the liquid crystal 3 is covered by the
resin layer 7. Therefore, a configuration may be formed in
which the resin layer 7 extends more outward than the inner
end of the peripheral seal 4 and part or the whole of the resin
layer 7 overlaps the peripheral seal 4, and also in that case, a
similar effect can be obtained.

FIRST MODIFIED EXAMPLE

[0052] As described in the first preferred embodiment with
reference to FIG. 2, the liquid crystal 3 is likely to flow in the
gravity direction, and the cell gap G is likely to increase
especially in the lower side part of the liquid crystal panel. For
this reason, in the liquid crystal display device according to
the second preferred embodiment, it is possible to suppress an
increase in the cell gap G in the peripheral part of the liquid
crystal panel at least when the resin layer 7 extends to the
above of the peripheral seal 4 in the gravity direction.

[0053] Therefore, as shown in FIG. 8, the end of the resin
layer 7 on the opposite side to the gravity direction (upper
side) may be configured so as not to extend to the above of the
peripheral seal 4. In this case, the liquid crystal 3 is more
likely to flow to the upper side portion of the liquid crystal
panel, but when the cell gap G increases and the compressive
deformation amount ALa of the main spacers 5a comes close
to zero, the liquid crystal 3 moves downward in accordance
with the gravity, and hence the cell gap G no longer increases.

SECOND MODIFIED EXAMPLE

[0054] In the second preferred embodiment, as the periph-
eral seal 4 or a gap member (spacer) to be mixed in the
peripheral seal 4, one having a higher thermal expansion
coefficient than that of the liquid crystal 3 may be used.
Specifically, in the whole of the allowable operating tempera-
ture range of the liquid crystal display device, or at least in the
vicinity (e.g. 80 degrees) of the upper limit temperature in the
allowable operating temperature range, the thermal expan-
sion amount in the thickness direction of the liquid crystal
display device in the peripheral seal 4 is preferably equivalent
to the thermal expansion amount in the same direction in the
liquid crystal 3.

[0055] As described above, in the liquid crystal display
device of F1G. 7, a force due to thermal expansion of the resin
layer 7 is applied almost uniformly to the whole of the liquid
crystal 3 when the device is placed in a high-temperature
environment. At this time, when an expansion amount of the
peripheral seal 4 is smaller than an expansion amount of the
liquid crystal 3, an increase in the cell gap G in the vicinity of
the peripheral seal 4 is suppressed, and on the contrary to FIG.
2, the liquid crystal 3 is likely to gather in the central part of
the liquid crystal panel. As a result, the cell gap G in the
central part of the liquid crystal panel may become particu-
larly large, and display nonuniformity may appear in that
portion.



THMBW(EF)

[ i (S RIR) A ()

RE(EFR)AGE)

HERB(E R AGE)

FRI& B A

EHA

IPCH %S
CPCH(S
£ AR
ShEREERE

E)

—MAERETRRE , B8fF  ETER , BERLENIRENTFTREIIE
WRAMCFEAR , BAR AR 1E B B 7R & 50 EARKE i 2 2 R EARB BT R E
, MEENTEMNZE. ERARNERXERETEEAREY , M
B KAECFER EH ETFTI S ERIEM , FRBYERECFER L
MARBIETFTRESIENR. ERERBHMTFTRESIEREY SRAERAX TR S
REARKE R XENEROLERET RN T0.02%, Lb

RBERRE

US20130155347A1 N (E)H 2013-06-20

US13/714196 RiEH 2012-12-13

KIKOJI
#HEHIROSHI

KA, KOJI
#HAHIROSHI

=Zzafinlatt

YONEMURA KOJI
UMEDA HIROSHI

YONEMURA, KOJI
UMEDA, HIROSHI

GO02F1/1339 G02F1/1333
G02F1/133308 G02F2001/13396 GO2F1/13394 GO2F1/1339
2011274045 2011-12-15 JP

Espacenet USPTO

patsnap

L

-1

La halle BBk bod " -



https://share-analytics.zhihuiya.com/view/3a388411-beeb-4cf1-b2de-1c4c18ddece6
https://worldwide.espacenet.com/patent/search/family/048586899/publication/US2013155347A1?q=US2013155347A1
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=%2220130155347%22.PGNR.&OS=DN/20130155347&RS=DN/20130155347

