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(57) ABSTRACT

A first organic insulating film is arranged on a first substrate
in a circumference area outside an active area. A mounting
portion is located in the circumference area for mounting a
signal source. A second organic insulating film is formed on
a second substrate in the circumference area so as to face the
first substrate. The second substrate exposes the mounting
portion. A seal material is arranged between the first organic
insulating film and the second organic insulating film to
attach the first substrate and the second substrate. A resin
layer is arranged between the first organic insulating film and
the second organic insulating film in the circumference area,
and formed in a rectangular frame shape including four linear
ends. An end along the mounting portion is formed broadly
than other ends.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of and claims the
benefit of priority under 35 U.S.C. §120 from U.S. Ser. No.
14/987,363, filed Jan. 4, 2016, which is a divisional of U.S.
Ser. No. 14/297,915, now U.S. Pat. No. 9,274,380, filed Jun.
6, 2014, and which claims the benefit of priority under 35
U.S.C. §119 from prior Japanese Patent Application No.
2013-119733, filed Jun. 6, 2013, the entire contents of each of
which is incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
liquid crystal display device and a method of manufacturing
the same.

BACKGROUND

[0003] A liquid crystal display device is used in various
fields as a display device. In such a liquid crystal display
device, it is important to form a uniform cell gap (thickness of
a liquid crystal layer held between a pair of substrates) of an
active area which displays images. In recent years, while
arranging a pillar-shaped spacer on one substrate as for form-
ing the cell gap, a technology to form the spacer with suffi-
cient accuracy in the height is established as requested.
Thereby, the uniformity of the cell gap is attained.

[0004] There is a dropping injection method as one of the
technology which manufactures the liquid crystal display
device. In the dropping injection method, after liquid crystal
material is dropped in a region surrounded by seal material on
an array substrate or a counter substrate, the array substrate
and the counter substrate are attached together in a state of
vacuum, and returning to an atmospheric pressure state from
the vacuum state. Thereby the pair of substrates is pressurized
by pressure difference between the inside of the region sur-
rounded by the seal material and open air pressure, and the
seal material is crushed. Consequently, a predetermined cell
gap is formed. The dropping injection method has advan-
tages, such as shortening of tact time, improvement in effi-
ciency of utilization of material, and improvement in accu-
racy of the cell gap.

[0005] As the seal material applied to the dropping injec-
tion method, ultraviolet curing type adhesives have been used
widely. Since viscosity of the ultraviolet curing type adhe-
sives is high, a drawing method using a dispenser, not a
printing method is adopted.

[0006] Inrecentyears, the cell gap tends to be made narrow
to improve response characteristic, alignment characteristic,
viewing angle characteristic, etc., of the liquid crystal display
device. Moreover, the request for reducing the external con-
figuration size of the liquid crystal display device is increas-
ing, and the width of seal material tends to become narrow
corresponding to the narrow frame.

[0007] On the other hand, in a neighborhood along a
mounting portion for mounting signal sources such as a driv-
ing IC chip, since the seal material is crushed easily, and it is
hard to form a desired cell gap compared with other neigh-
borhoods, there is a possibility that the crushed area may be
sighted as display unevenness. To such a subject, the technol-
ogy of securing the uniformity of the cell gap and preventing
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display unevenness is proposed by arranging the spacer in the
mounting portion as well as the display area.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings, which are incorpo-
rated in and constitute a portion of the specification, illustrate
embodiments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

[0009] FIG. 1is a plan view schematically showing a dis-
play panel PNL applicable to a liquid crystal display device
according to an embodiment.

[0010] FIG. 2is across-sectional view schematically show-
ing a structure of one pixel including a switching element SW
of the display panel PNL shown in FIG. 1.

[0011] FIG. 3is across-sectional view schematically show-
ing a structure in a circumference area PRP of the display
panel PNL taken along line A-B shown in FIG. 1.

[0012] FIG. 4is across-sectional view schematically show-
ing a structure in the circumference area PRP of the display
panel PNL taken along line C-D shown in FIG. 1.

[0013] FIG. 5is a view showing a layout of pillar-shaped
spacers SP2 and a resin layer 40 in the display panel PNL
according to the embodiment.

DETAILED DESCRIPTION

[0014] A liquid crystal display device and a method of
manufacturing the same according to an exemplary embodi-
ment of the present invention will now be described with
reference to the accompanying drawings wherein the same or
like reference numerals designate the same or corresponding
portions throughout the several views.

[0015] According to one embodiment, a liquid crystal dis-
play device includes: a first substrate including; a first insu-
lating substrate, a first organic insulating film arranged on the
first insulating substrate in a circumference area outside an
active area for displaying images, an a mounting portion
located in the circumference area for mounting a signal
source, a second substrate including; a second insulating
substrate, and a second organic insulating film formed on the
second insulating substrate in the circumference area so as to
face the first substrate, the second substrate exposing the
mounting portion, a seal material arranged between the first
organic insulating film and the second organic insulating film
to attach the first substrate and the second substrate; a resin
layer arranged between the first organic insulating film and
the second organic insulating film in the circumference area,
and formed in a rectangular frame shape including four linear
ends, wherein an end along the mounting portion is formed
broadly than other ends; and a liquid crystal layer held in a
gap surrounded with the seal material between the first sub-
strate and the second substrate.

[0016] According to other embodiment, a liquid crystal
display device includes: a first substrate including; a first
insulating substrate, a first organic insulating film arranged on
the first insulating substrate in a circumference area outside
an active area for displaying images, and a mounting portion
located in the circumference area for mounting a signal
source, a second substrate including; a second insulating
substrate, and a second organic insulating film formed on the
second insulating substrate in the circumference area so as to
face the first substrate, the second substrate exposing the
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mounting portion, a resin layer arranged between the first
organic insulating film and the second organic insulating film
adjacent to a substrate end of the second substrate, and
formed in a rectangular frame shape, a seal material arranged
between the first organic insulating film and the second
organic insulating film to attach the first substrate and the
second substrate; and a liquid crystal layer held in a gap
surrounded with the seal material between the first substrate
and the second substrate, wherein a space in which the seal
material does not intervene is formed along the mounting
portion between the first organic insulating film and the resin
layer or between the second organic insulating film and the
resin layer in a position where the first substrate faces the
second substrate.

[0017] According to other embodiment, a method of manu-
facturing aliquid crystal display device, comprising the steps:
preparing a first mother substrate configured by a plurality of
array substrates, each array substrate including a first organic
insulating film arranged in a circumference area outside an
active area for displaying images, and a mounting portion
located in the circumference area for mounting a signal
source; preparing a second mother substrate configured by a
plurality of counter substrates, each counter substrate includ-
ing a second organic insulating film in the circumference
area; arranging a seal material between the first organic insu-
lating film and the second organic insulating film to attach the
first mother substrate and the second mother substrate; form-
ing a resin layer on the array substrate or the counter substrate
in a rectangular frame shape including four linear ends in the
circumference area, wherein an end along the mounting por-
tion for mounting a signal source is formed broadly than other
ends; attaching the first mother substrate and the second
mother substrate; forming a liquid crystal layer held in a gap
surrounded with the seal material between the array substrate
and the counter substrate, and cutting down the first and
second mother substrates along cutting lines to separate the
respective array substrates and the counter substrates,
wherein a space in which the seal material does not intervene
is formed along the mounting portion between the first
organic insulating film and the resin layer or between the
second organic insulating film and the resin layer in a position
where the first substrate faces the second substrate.

[0018] FIG. 11is a plan view schematically showing a dis-
play panel PNL applicable to the liquid crystal display device
according to an embodiment.

[0019] Thedisplay panel PNL is formed of an active-matrix
type liquid crystal display panel, and equipped with a liquid
crystal layer LQ held between an array substrate AR and a
counter substrate CT facing the array substrate AR. The array
substrate AR and the counter substrate CT are pasted together
by a seal material SE while a predetermined cell gap is formed
between the substrates. In the illustrated example, the seal
material SE is formed in a closed-shape of rectangular frame.
The cell gap is formed of pillar-shaped spacers arranged in the
array substrate AR or the counter substrate CT. The liquid
crystal layer LQ is held in the cell gap formed between the
array substrate AR and the counter substrate CT, and sur-
rounded with the seal material SE. The display panel PNL is
equipped with an active area ACT which displays a picture on
the inner side surrounded by the seal material SE. The active
area ACT is formed of an approximately rectangular shape,
and formed of a plurality of pixels PX arranged in the shape
of a matrix, for example.
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[0020] The array substrate AR is equipped with a gate line
G extending in a first direction X, a source line S extending in
asecond direction’Y orthogonally crossing the X direction so
as to cross the gate line G, a switching element SW connected
with the gate line G and the source line S, a pixel electrode PE
connected with the switching element SW, etc. Although the
counter substrate CT is equipped with a counter electrode CE
facing each of the pixel electrodes PE through the liquid
crystal layer LQ, for example, the array substrate AR may be
equipped with the counter electrode CE.

[0021] In addition, explanation is omitted about the
detailed structure of the display panel PNL. Inthe modes such
as TN (Twisted Nematic) mode, OCB (Optically Compen-
sated Bend) mode, and VA (Vertical Aligned) mode which
mainly use vertical electric field, while the array substrate AR
is equipped with the pixel electrode PE, the counter substrate
CT is equipped with the counter electrode CE. Moreover, the
array substrate AR is equipped with the both of the pixel
electrode PE and the counter electrode CE in the modes which
mainly use lateral electric field, such as IPS (In-Plane Switch-
ing) mode and FFS (Fringe Field Switching) mode.

[0022] In this embodiment, the display panel PNL is
formed in a square shape, and the array substrate AR and the
counter substrate CT are also formed in the square shape. The
array substrate AR has substrate ends E11 to E14, and the
counter substrate CT has substrate ends E21 to E24. The
substrate end E11 overlaps with the substrate end E21, the
substrate end F12 overlaps with the substrate end E22, the
substrate end E13 overlaps with the substrate end E23, and the
substrate end 14 is located outside of the substrate end E24.
That is, the array substrate AR extends to outside the substrate
end E24 of the counter substrate CT, and has a mounting
portion MT between the substrate end E14 and the substrate
end E24. The counter substrate CT exposes the mounting
portion MT.

[0023] The signal source required for driving the display
panel PNL, such as a driving IC chip 2 and a flexible printed
circuit (FPC) substrate 3, is located in the circumference area
PRP outside the active area ACT. In this embodiment, the
driving IC chip 2 and the FPC substrate 3 are mounted in the
mounting portion MT. The circumference area PRP is an area
surrounding the active area ACT, and is formed in the shape of
arectangular frame including the area where the seal material
SE is arranged.

[0024] Inaddition, in the illustrated display panel PNL, the
seal material SE extends up to three sides except the mounting
portion MT, i.e., the position in which the substrate end E11
and the substrate end E21 overlap, the position in which the
substrate end E12 and the substrate end E22 overlap, and the
position in which the substrate end E13 and the substrate end
E23 overlap, respectively. Moreover, in the position where
the array substrate AR and the counter substrate CT counter
along with the mounting portion MT, the seal material SE
stopped on the active area side rather than the substrate end
E24, and does not extend to the substrate end E24.

[0025] FIG. 2is across-sectional view schematically show-
ing a structure of one pixel including a switching element SW
of the display panel PNL shown in FIG. 1. Herein, a cross-
cross-sectional structure of the display panel PNL in which
the vertical electric field mode is applied is explained as one
example.

[0026] Thearray substrate AR is formed using a transparent
first insulating substrates 10, such as a glass substrate and a
resin substrate. The array substrate AR includes a switching
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element SW, a pixel electrode PE, a first insulating film 11,
a second insulating film 12, a third insulating film 13, a pixel
electrode, a first alignment film AL1, a pillar-shaped spacer
SP1, etc., facing the counter substrate CT of the first
insulating substrate 10.

[0027] The switching element SW shown here is a thin
film transistor (TFT), for example. Although the switching
elements SW may be any of a top gated type and a bottom
gated type, the top gated type is used in this embodiment.
The switching element SW is equipped with a semiconduc-
tor layer SC arranged on the first insulating substrate 10.
Although the semiconductor layer SC may be formed with
poly-silicon, amorphous silicon, oxide semiconductor, etc.,
the poly-silicon is used in this embodiment. In addition, an
under coat layer which is an insulating film may be arranged
between the first insulating substrate 10 and the semicon-
ductor layer SC. The semiconductor layer SC is covered
with the first insulating film 11. Moreover, the first insulating
film 11 is arranged also on the first insulating substrate 10.
[0028] A gate electrode WG of the switching element SW
is formed on the first insulating film 11, and located right
above the semiconductor layer SC. The gate electrode WG
is electrically connected with the gate line G, or formed in
one with the gate line G. The gate line G containing the gate
electrode WG is covered with the second insulating film 12.
Moreover, the second insulating film 12 is arranged also on
the first insulating film 11. The first insulating films 11 and
the second insulating Mm 12 are formed of transparent
inorganic system materials, such as silicon oxide (SiOx), for
example.

[0029] A source electrode WS and a drain electrode WD
of the switching element SW are formed on the second
insulating film 12. The source electrode WS is electrically
connected with the source line S, or formed in one with the
source line S. The drain electrode WD is apart from the
source line S. The source electrode WS and the drain
electrode WD are in contact with the semiconductor layer
SC through a contact hole which penetrates the first insu-
lating film 11 and the second insulating film 12, respectively.
The source line S containing the source electrode WS and
the drain electrode WD are covered with a third insulating
film 13. The third insulating film 13 is arranged also on the
second insulating film 12. A contact hole CH which pen-
etrates to the drain electrode WD is formed in the third
insulating film 13. The third insulating film 13 is formed, for
example, of a transparent resin material, and equivalents to
a first organic insulating film.

[0030] The pixel electrode PE is formed on the third
insulating film 13. The pixel electrode PE is in contact with
the drain electrode WD through the contact hole CH. The
pixel electrode PE is formed of transparent electric conduc-
tive materials, such as Indium Tin Oxide (ITO) and Indium
Zinc Oxide (1Z0), for example. The pixel electrode PE is
covered with the first alignment film AL1.

[0031] The pillar-shaped spacer SP1 is formed on the third
insulating film 13. The pillar-shaped spacer SP1 is formed,
for example, of resin material so as to contact the counter
substrate CT.

[0032] On the other hand, the counter substrate CT is
formed using the transparent second insulating substrates
30, such as a glass substrate and a resin substrate. The
counter substrate CT is equipped with a shield layer (black
matrix) 31, a color filter 32 (a red color filter layer, a green
color filter layer, and a blue color filter layer are included),
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an overcoat film 33, a common electrode CE, and a second
alignment film AL2, etc., on the second insulating substrate
30 facing the array substrate AR.

[0033] The shield layer 31 is formed on the second insu-
lating substrate 30 facing the array substrate AR, and defines
each pixel PX forming an aperture AP in the active area
ACT. The shield layer 31 counters line portions arranged in
the array substrate AR, such as the gate line G, the source
line S, and the switching element SW.

[0034] The color filter 32 is formed in the aperture AP, and
also extends on the shield layer 31. The color filter 32 is
formed of the resin material colored in several mutually
different colors, for example, three primary colors of red,
blue and green. The boundary of the different color filters
overlaps with the shield layer 31.

[0035] The overcoat film 33 covers the color filter 32. The
overcoat film 33 makes flat the surface unevenness of the
shield layer 31 and the color filter 32. The overcoat film 33
is formed of transparent resin material.

[0036] The common electrode CE is formed on the over-
coat film 33 facing the array substrate AR. The common
electrode CE is formed of transparent electric conductive
materials, such as ITO and IZ0. The common electrode CE
is covered with the second alignment film AL2.

[0037] The array substrate AR and the counter substrate
CT as mentioned above are arranged so that the first align-
ment film AL1 and the second alignment film AL2 face each
other. In this case, the pillar-shaped spacer SP1 is arranged
between the array substrate AR and the counter substrate CT,
and a predetermined cell gap is formed therebetween. In this
embodiment shown in FIG. 2, the pillar-shaped spacer SP1
is formed on the array substrate AR, and supports the
counter substrate CT. In addition, the pillar-shaped spacer
SP1 may be formed on the counter substrate CT so as to
support the array substrate AR. The array substrate AR and
the counter substrate CT are pasted together by the seal
material so as to form the cell gap therebetween. The liquid
crystal layer LQ is constituted by liquid crystal composite
containing liquid crystal molecules enclosed in the cell gap
formed between the first alignment film AL1 and the second
alignment film AL2.

[0038] A first optical element OD1 equipped with a first
polarizing plate PL1 is arranged in the external surface of the
array substrate AR, i.e., the external surface 10B of the first
insulating substrate 10. Moreover, a second optical element
OD2 equipped with the second polarizing plate PL2 is
arranged in the external surface of the counter substrate CT,
i.e., the external surface 30B of the second insulating
substrate 30.

[0039] The back light BL is arranged on the back side of
the display panel PNL. As the back light BL, although
various forms are applicable, the explanation about a
detailed structure is omitted.

[0040] FIG. 3 is a cross-sectional view schematically
showing a structure in a circumference area PRP of the
display panel PNL taken along line A-B shown in FIG. 1.

[0041] In the circumference area PRP, the array substrate
AR includes peripheral wirings which are not illustrated, the
first insulating film 11, the second insulating film 12, the
third insulating film 13, etc., formed on the first insulating
film 10 facing the counter substrate CT. The first insulating
film 11, the second insulating film 12, and the third insu-
lating film 13 extend up to the substrate end E13 of the array
substrate AR. The third insulating film 13 is arranged on the
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second insulating film 12 in the circumference area PRP, and
has a first flat surface 13A. In this embodiment, the third
insulating film 13 has a first concave portion 13B. The first
concave portion 13B includes the depth which penetrates to
the second insulating film 12, for example.

[0042] In the circumference area PRP, the counter sub-
strate CT includes the shield layer 31, the color filter 32, the
overcoat film 33, etc, formed on the second insulating
substrate 30 on the side facing the array substrate AR. The
substrate end E23 of the counter substrate CT is located right
above the substrate end E13 of the array substrate AR.
[0043] The shield layer 31 is formed on the second insu-
lating substrate 30 facing the array substrate AR, and covers
almost whole of the circumference area PRP. That is, the
shield layer 31 is formed continuously up to the substrate
end F23 without breaking off. The shield layer 31 is formed
of the resin material colored in black or metal material
having light blocking effect such as chromium (Cr), etc., for
example.

[0044] The color filter 32 and the overcoat film 33 overlap
with the shield layer 31 in the circumference area PRP. In
this embodiment, the color filter 32 overlaps with the shield
layer 31 in the position which counters the first surface 13A
in the circumference area PRP, and extends up to the
substrate end E23. Moreover, the color filter 32 includes a
concave portion 32B penetrating to the shield layer 31 in the
position which counters the first concave portion 13B.
Although the color filter 32 arranged in the circumference
area PRP is formed of the blue color filter, the color filter 32
may be formed of the resin material colored in other colors,
for example.

[0045] The overcoat film 33 covers the color filter 32, and
also covers the shield layer 31 exposed from the color filter
32. Thatis, the overcoat film 33 overlaps with the color filter
32 in the position which counters the first surface 13A, and
extends to the concave portion 32B of the color filter 32 in
the position facing the first concave portion 13B so as to
overlap with the shield layer 31. Moreover, the overcoat film
33 extends up to the substrate end E23. The overcoat film 33
corresponds to a second organic insulating film, and includes
a second flat surface 33A facing the first surface 13A. The
overcoat film 33 also includes a second concave portion 33B
that counters with the first concave portion 13B or overlaps
with the concave portion 32B.

[0046] The display panel PNL is further equipped with a
pillar-shaped spacer SP2 and a resin layer 40 in the circum-
ference area PRP. The pillar-shaped spacer SP2 and the resin
layer 40 are located between the first surface 13A of the third
insulating film 13 and the second surface 33A of the over-
coat film 33. The resin layer 40 is located on the substrate
ends E13, E23 side, and the pillar-shaped spacer SP2 is
located on the side adjacent to the active area. When forming
the pillar-shaped spacer SP2 and the resin layer 40 with the
pillar-shaped spacer SP1 in the array substrate AR, the
pillar-shaped spacer SP2 and the resin layer 40 are formed
on the first surface 13A of the third insulating film 13 in the
shape of a taper which becomes thinner toward the counter
substrate CT. The first concave portion 13B formed in the
third insulating film 13 is located between the resin layer 40
and the pillar-shaped spacer SP2. That is, the resin layer 40
is located between the first concave portion 13B and the
substrate end E13, and the pillar-shaped spacer SP2 is
located adjacent to the first concave portion 13B on the
active area side.
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[0047] 1In addition, the pillar-shaped spacer SP2 and the
resin layer 40 may be formed in the counter substrate CT,
respectively. In this case, they are formed in the second
surface 33A of the overcoat film 33 in the shape of a taper
which is tapering off toward the array substrate AR. In this
case, the second concave portion 33B is located between the
resin layer 40 and pillar-shaped spacer SP2.

[0048] In this embodiment, the respective tip portions of
the pillar-shaped spacer SP2 and the resin layer 40 are apart
from the second surface 33A. That is, clearance is formed
between the pillar-shaped spacer SP2 and the overcoat film
33, and between the resin layer 40 and the overcoat film 33.
The height of the pillar-shaped spacer SP2 and the resin
layer 40 from the first surface 13A to the tip portion is
substantially the same. On the other hand, the height of the
pillar-shaped spacer SP2 and the resin layer 40 from the first
surface 13A to the tip portion is lower than the height of
pillar-shaped spacer SP1 from the first surface 13A to the tip
portion in the active area. This is resulted by forming the first
concave portion 13B between the pillar-shaped spacer SP2
and the resin layer 40 when forming the pillar-shaped spacer
SP1 with the same material as the pillar-shaped spacer SP2
and the resin layer 40. The resin material formed on the first
surface 13 A for forming the pillar-shaped spacer SP2 and the
resin layer 40 flows into the first concave portion 13B.
Accordingly, the film thickness of the resin material formed
on the first surface 13A in the circumference becomes
thinner than that in the active area.

[0049] The seal material SE to attach the array substrate
AR and the counter substrate CT are arranged between the
third insulating film 13 and the overcoat film 33. That is, the
seal material SE intervenes between the first concave portion
13B and the second concave portion 33B while intervening
between the first surface 13A and the second surface 33A,
and pastes the array substrate AR and the counter substrate
CT together. Furthermore, the seal material SE intervenes
also between the resin layer 40 and the overcoat film 33
while contacting with the resin layer 40, and extends up to
the neighborhood in which the substrate end E13 and the
substrate end F23 overlap. When the pillar-shaped spacer
SP2 and the resin layer 40 are formed in the counter
substrate CT, respectively, the seal material SE intervenes
also between the resin layer 40 and the third insulating film
13. The pillar-shaped spacer SP2 is surrounded by the seal
material SE, and located in the seal material SE.

[0050] In addition, the seal material SE contacts with the
resin material 40 and extends up to near the other substrate
ends except for the mounting portion. i.e., the position in
which the substrate end E11 and the substrate end E21
overlap, the substrate end E12 and the substrate end E22
overlap, and the substrate end E13 and the substrate end E23
overlap in the whole of the circumference area PRP, not
limited to the illustrated area. An outer end surface SEO of
the seal material SE does not necessarily extend up to the
position in which the substrate ends overlap like the example
shown in the figure. The seal material SE may contain filler.
[0051] The liquid crystal layer LQ is enclosed inside an
internal end surface SEI of the seal material SE on the active
area side.

[0052] Moreover, in this embodiment, the counter sub-
strate CT includes a third concave portion 33C facing the
third insulating film 13 in the inner side surrounded by the
seal material SE, i.e., the area in which the liquid crystal
layer LQ is enclosed in the circumference area PRP. That s,
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the color filter 32 includes a concave portion 32C which
counters the first surface 13A in the circumference area PRP.
The color filter 32 includes the concave portion 32B on the
substrate end side and a concave portion 32C on the active
area side. The concave portion 32C has depth penetrating to
the shield layer 31 like the concave portion 32B.

[0053] The overcoat film 33 covers the color filter 32, and
also the shield layer 31 exposed from the color filter 32. That
is, the overcoat film 33 overlaps with the shield layer 31
extending to the concave portion 32C of the color filter 32
in the position where the overcoat film 33 counters the first
surface 13A. The overcoat film 33 includes a third concave
portion 33C that counters the first surface 13A and overlaps
the concave portion 32C,

[0054] In addition, although not illustrated, the common
electrode may be arranged on the overcoat film 33 facing the
array substrate AR in the counter substrate CT, like in the
active area.

[0055] FIG. 4 is a cross-sectional view schematically
showing a structure in the circumference area PRP of the
display panel PNL taken along line C-D shown in FIG. 1.
[0056] The array substrate AR is equipped with the mount-
ing portion MT. In this embodiment, the first insulating film
11 and the second insulating film 12 extend up to the
substrate end E14. The third insulating film 13 extends up to
the substrate end E24 exposing the mounting portion MT.
The resin layer 40 and the pillar-shaped spacer SP2 are
formed on the third insulating film 13. The resin layer 40 is
located between the substrate end E24 and the first concave
portion 13B, and extends up to the neighborhood of the
substrate end E24. The pillar-shaped spacer SP2 is located
between the first concave portion 13B and the active area.
[0057] The counter substrate CT is formed so that the
mounting portion MT of the array substrate AR may be
exposed, and the substrate end E24 is located more inside
than the substrate end E14. In this embodiment, the shield
layer 31, the color filter 32, and the overcoat film 33 extend
up to the substrate end E24. The overcoat film 33 includes
the second concave portion 33B and the third concave
portion 33C as well as the cross-section shown in FIG. 3.
The substrate end E24 is located above the resin layer 40.
[0058] while the seal material SE intervenes between the
first surface 13A and the second surface 33A, the seal
material SE intervenes between the first concave portion
13B and the second concave portion 33B, and pastes the
array substrate AR and the counter substrate CT together.
Furthermore, while the seal material SE contacts the resin
layer 40, the seal material SE intervenes between the resin
layer 40 and the overcoat film 33. The outside end surface
SEO of the seal material SE along the mounting portion MT
is located on the active area side rather than the substrate end
E24. That is, in the position where the array substrate AR
and the counter substrate CT counter along with the mount-
ing portion MT, a space AG in which the seal material SE
does not intervene between the resin layer 40 and the
overcoat film 33. The seal material SE does not exist right
under the substrate end E24.

[0059] FIG. 5 is a view showing a layout of the pillar-
shaped spacer SP2 and the resin layer 40 in the display panel
PNL according to the embodiment.

[0060] The pillar-shaped spacer SP2 is located in the
periphery of the rectangular active area ACT, and formed in
the dot shape. Although the illustrated example shows the
case where the pillar-shaped spacers SP2 are formed in two
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lines, the layout and arrangement density of the pillar-
shaped spacer SP2 are not restricted to this example. For
example, it is possible to control the cell gap of the circum-
ference area PRP by adjusting the arrangement density of the
pillar-shaped spacer SP2. More specifically, since the seal
material SE invades between the pillar-shaped spacer SP2
and the counter substrate CT by arranging the pillar-shaped
spacer SP2 densely, the attached substrate CT easily warps
upward. At this time, the density per unit area of the
pillar-shaped spacer SP2 located in the seal material SE is
made larger than the density per unit area of the spacer
arranged in the exterior of the seal material SE, i.e., the
active area ACT. According to such configuration, the cell
gap of the circumference area PRP becomes larger than the
cell gap of the active area ACT. The expansion of the cell
gap which arose in the circumference area PRP is utilizable
as a space which accommodates the excessive liquid crystal
material injected more than needed by One Drop Fill (ODF)
method in the manufacturing process. That is, since the
surplus liquid crystal material is accommodated by the space
which is formed by warping up of the counter substrate CT
in the circumference area PRP, the thickness of the liquid
crystal layer becomes uniform in the active area ACT.
Therefore, it becomes possible to achieve excellent and
uniform display grace throughout the active area ACT.
[0061] The resin layer 40 is formed in the shape of a
rectangular frame. That is, the resin layer 40 includes a
segment 41 along the substrate end E11, a segment 42 along
the substrate end E12, a segment 43 along the substrate end
E13, and a segment 44 along the mounting portion MT of the
array substrate AR. The segment 42 and the segment 44
extend in the shape of a straight line along the first direction
X. The segment 41 and the segment 43 extend in the shape
of a straight line along the second direction Y. While the
segments 41 to 43 have the same width WA, the segment 44
has broader width WB than the segments 41 to 43.

[0062] The first concave portion 13B is located between
the pillar-shaped spacer SP2 and the resin layer 40, and
formed in the shape of a rectangular frame. Although the
width of the first concave portion 13B is formed uniformly,
the portion along with the mounting portion MT may be set
to the smaller width rather than other portions.

[0063] Next, one example of a manufacturing method of
the above-mentioned display panel PNL is explained.
[0064] First, a mother substrate which collectively forms
a plurality of array substrates AR is prepared. The first
mother substrate is formed using an insulating substrate
which becomes the first insulating substrate, and equipped
with various wirings, such as the gate line, the source line,
the switching element, etc., and various insulating films such
as the first insulating film, the second insulating film, the
third insulating film, the pixel electrode, the first alignment
film, the pillar-shaped spacer, and the resin layer, etc.
[0065] On the other hand, a second mother substrate
which collectively forms a plurality of counter substrates CT
is prepared. The second mother substrate is formed using an
insulating substrate which becomes the second insulating
substrate, and equipped with the shield layer, the color filter
layer, the overcoat layer, the second alignment film, etc.
[0066] Then, the seal material SE is arranged on the first
mother substrate or the second mother substrate so that the
seal material surrounds the active area forming a closed-
loop. The seal material SE is formed using ultraviolet curing
resin, and applied by a dispenser.
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[0067] Then, liquid crystal material is dropped on the
inner side surrounded by the seal material SE, and the first
mother substrate and the second mother substrate are pasted
together. Although the seal material SE spreads in its width
direction at this time, the spread of the seal material SE is
controlled by balancing with the spreading strength of the
liquid crystal material toward the outside on the inner side
of seal material SE. On the other hand, excessive spread of
the seal material SE to outside is suppressed because the
overcoat film 33, the third insulating film 13, and the resin
layer 40 function as a floodgate against the seal material SE
which entered into the first concave portion 13B and the
second concave portion 33B, and the floodgate becomes
resistance at the time of spreading of the seal material SE
toward the outside. Therefore, excessive spread of the seal
material SE is controlled. In particular, the seal material is
barred by the resin layer 40 formed widely in the region
along the mounting portion MT, and the outside end surface
SEO stops on the resin layer adjacent to the first concave
portion 13B and the second concave portion 33B. For this
reason, crushing (contact to the pillar-shaped spacer SP2 and
the resin layer 40 by an overcoat film) by excessive spread
of the seal material SE is controlled. Then, curing processing
is carried out to the seal material SE.

[0068] Then, the display panels PNL are taken out from
the pair of mother substrates, in which the liquid crystal
layer is held between the first mother substrate and the
second mother substrate. In this process, the both of the first
mother substrate and the second mother substrate are cut
along cutting lines, respectively. The second mother sub-
strate is cut down on the resin layer 40 so as to expose the
mounting portion MT.

[0069] According to this embodiment, even if the varia-
tion in the line width of the seal material SE occurs due to
the variation in the amount of the applied seal material SE,
the third insulating film 13, the resin layer 40 and the
overcoat film 33 function as a floodgate. Accordingly, it
becomes possible to control excessive spread of the seal
material SE to the outside. Especially, in the region along the
mounting portion MT, since the seal material SE is dammed
up by the resin layer 40 formed broadly, the outside end
surface SEO of the seal material SE stops on the resin layer
40 adjacent to the first and second concave portions 13B and
33B. For this reason, crushing by excessive spread of the
seal material SE can be controlled, and it becomes possible
to form a proper cell gap in the region along the mounting
portion MT in the circumference area PRP. The display
unevenness (gravity unevenness, etc.) in the region along the
mounting portion MT can be controlled, and to obtain good
display grace.

[0070] Moreover, in the process of taking out the display
panels PNL from the pair of mother substrates, the second
mother substrate for forming the counter substrate CT is cut
down in the upper portion of the resin layer 40 so that the
mounting portion MT may be exposed. In this case, since the
seal material SE is not placed at the position which overlaps
with the cutting line of the second mother substrate, it
becomes easy to remove the portion facing the mounting
portion MT by cutting.

[0071] Moreover, since the seal material SE is filled up not
only between the third organic insulating film 13 and the
overcoat layer 33 but also in the first concave portion 13B
and the second concave portion 33B, it becomes possible to
increase the amount of the applied seal material SE. Further,
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it becomes possible to increase the areas of the array
substrate and the counter substrate, to which the seal mate-
rial SE contacts, respectively. For this reason, it becomes
possible to improve adhesive strength to attach the array
substrate AR and the counter substrate CT by the seal
material SE.
[0072] In addition, in the circumference area PRP which
does not contribute to the image display, it becomes possible
to collect air bubbles in the third concave portion 33C by
forming the third concave portion 33C inside the seal
material SE in which the liquid crystal layer LQ is held, even
if air bubbles are generated in the liquid crystal layer LQ.
Especially, when the dropping injection method is applied as
the manufacturing method of the display panel PNL, and the
dropped amount of the liquid crystal material is scant, air
bubbles (low-temperature air bubbles) are easily generated
in the liquid crystal layer LQ in a shock applied from the
exterior, etc. It is not permitted that such air bubbles exist in
the active area ACT, and the bubbles cause the fall of the
manufacturing yield. According to this embodiment, it
becomes possible to suppress the fall of the manufacturing
vield by collecting the bubbles generated in the liquid crystal
layer LQ in the third concave portion 33C that does not
contribute to the display. Moreover, when the dropping
injection method is applied, even if the dropped amount of
the liquid crystal material is superfluous, it becomes possible
to accommodate the surplus liquid crystal material in the
third concave portion 33C, and to control the variation in the
cell gap in the active area resulting from the variation in the
dropped amount, and to control generating of the display
unevenness in the active area.
[0073] As explained above, according to this embodiment,
it becomes possible to supply the liquid crystal display
device with high display quality.
[0074] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. In practice, the structural and method elements can be
modified without departing from the spirit of the invention.
Various embodiments can be made by properly combining
the structural and method elements disclosed in the embodi-
ments. For example, some structural and method elements
may be omitted from all the structural and method elements
disclosed in the embodiments. Furthermore, the structural
and method elements in different embodiments may prop-
erly be combined. The accompanying claims and their
equivalents are intended to cover such forms or modifica-
tions as would fall with the scope of the inventions.
[0075] In the above-mentioned embodiment, the seal
material is arranged on one substrate without a break so that
the active area may be surrounded. After liquid crystal
material was dropped by the dropping injection method, the
pair of substrates is pasted together. However, the embodi-
ment is not restricted to the above structure. For example,
the pair of substrates is pasted together with a vacuum
injection method by arranging the seal material so that active
area may be surrounded, while forming a liquid crystal
injecting mouth on one substrate.
1. A display device, comprising:
a first substrate including
a first insulating substrate,
a first organic insulating film arranged on the first
insulating substrate in a circumference area outside
an active area for displaying images, and
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a mounting portion located in the circumference area
for mounting a signal source;

a second substrate including
a second insulating substrate, and
a second organic insulating film formed on the second

insulating substrate in the circumference area;

a seal material arranged between the first organic insu-
lating film and the second organic insulating film to
attach the first substrate and the second substrate; and

a resin layer arranged between the first insulating organic
film and the second organic insulating film in the
circumference area, and including a first end along the
mounting portion.

2. The display device according to claim 1, wherein the
resin layer further includes a second end along a portion
different from the mounting portion, and

the first end is formed broadly than the second end.

3. The display device according to claim 1, wherein the
seal material is arranged between the first insulating film and
the resin layer or between the second insulating film and the
resin layer.

4. The display device according to claim 3, wherein an
outside end surface of the seal material along the mounting
portion is located in a position apart from a substrate end of
the second substrate toward the active area side.

5. The display device according to claim 1, further com-
prising a pillar-shaped spacer in the circumference area,

wherein the pillar-shaped spacer is located in the seal
material apart from the resin laver and adjacent to the
active area between the first insulating film and the
second insulating film.

6. The display device according to claim 5, wherein a first
concave portion is formed between the resin layer and the
pillar-shaped spacer in the first insulating film.

7. The display device according to claim 6, wherein a
second concave portion is formed to face the first concave
portion in the second insulating film.

8. A display device, comprising:

a first substrate including

a first insulating substrate,

a first insulating film arranged on the first insulating
substrate in a circumference area outside an active
area for displaying images, and

a mounting portion located in the circumference area
for mounting a signal source;

a second substrate including
a second insulating substrate, and
a second insulating film formed on the second insulat-

ing substrate in the circumference area;

aresin layer arranged between the first insulating film and
the second insulating film adjacent to a substrate end of
the second substrate, and including a first end along the
mounting portion; and

a seal material arranged between the first insulating film
and the second insulating film to attach the first sub-
strate and the second substrate,

wherein a space in which the seal material does not
intervene is formed along the mounting portion
between the first insulating film and the resin layer or
between the second insulating film and the resin layer
in a position where the first substrate faces the second
substrate.
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9. The display device according to claim 8, wherein the
resin layer further includes a second end along a portion
different from the mounting portion, and

the first end is formed broadly than the second end.

10. The display device according to claim 8, wherein the
seal material is arranged between the first insulating film and
the resin layer or between the second insulating film and the
resin layer.

11. The display device according to claim 8, further
comprising a pillar-shaped spacer in the circumference area,

wherein the pillar-shaped spacer is located in the seal
material apart from the resin laver and adjacent to the
active area between the first insulating film and the
second insulating film.

12. The display device according to claim 11, wherein a
first concave portion is formed between the resin layer and
the pillar-shaped spacer in the first insulating film.

13. The display device according to claim 12, wherein a
second concave portion is formed to face the first concave
portion in the second insulating film.

14. A display device, comprising:

a first substrate including

a first insulating substrate,

a first insulating film arranged on the first insulating
substrate in a circumference area outside an active
area for displaying images, and

a mounting portion located in the circumference area
for mounting a signal source;

a second substrate including
a second insulating substrate, and
a second insulating film formed on the second insulat-

ing substrate in the circumfererce area;

a seal material arranged between the first insulating film
and the second insulating film to attach the first sub-
strate and the second substrate;

aresin layer arranged between the first insulating film and
the second insulating film adjacent to a substrate end of
the second substrate in the circumference area, and
including a first end along the mounting portion;

a first concave portion formed between the resin layer and
the active area in the first insulating film; and

a second concave portion formed to face the first concave
portion in the second insulating film.

15. The display device according to claim 14, wherein the
resin layer further includes a second end along a portion
different from the mounting portion, and

the first end is formed broadly than the second end.

16. The display device according to claim 14, wherein the
seal material is arranged between the first insulating film and
the resin layer or between the second insulating film and the
resin layer.

17. The display device according to claim 14, further
comprising a pillar-shaped spacer in the circumference area,

wherein the pillar-shaped spacer is located in the seal
material apart from the resin layer and adjacent to the
active area between the first insulating film and the
second insulating film.

18. The display device according to claim 17, wherein the
first concave portion and the second concave portion are
formed between the resin layer and the pillar-shaped spacer.

19. The display device according to claim 14, further
comprising:

a first optical element including a first polarizing plate;

and
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a second optical element including a second polarizing

plate,

wherein the first optical element is arranged in an external

surface of the first substrate and overlaps with the first
concave portion, and

the second optical element is arranged in an external

surface of the second substrate and overlaps with the
second concave portion.

20. The display device according to claim 14, further
comprising a third concave portion formed in the second
insulating film, closer to the active area than the second
concave portion and not overlapping with the seal material.

* % % k¥

Sep. 29, 2016



patsnap

TREMOF) BREREBRESES E

[F(2E)F US20160282657A1 [ (r&)B 2016-09-29

BRiES US15/176991 % A 2016-06-08

FRIBE(FEFROAF) HALLARERSE

BRiF(E R AR HZARRINC.

LR RE(ERR)AGE) BERRRINC.

#RIZH A OONO ATSUKO

KBA OONO, ATSUKO

IPCH%E GO02F1/1339 GO2F1/1335 GO2F1/1333

CPCH S GO02F1/13394 GO2F1/1339 G02F2202/02 GO2F1/133528 GO2F1/133345 GO2F1/1341 GO2F2001
/133388

1 54 2013119733 2013-06-06 JP

H fty 2 FF 3Rk US9823523

SNEBEEHE Espacenet  USPTO

RE(GR) PRP

E—BNEEZERAEE—NEARSNEREKBE2ANE—ER L, - e

NZEBUTERAXATRZE-MESR. FREREAXESNE ZER
tERE-RNLEGENANE —HE. B-WNEKEHRELND. HE B2l

//////f/////\{////////////

BMMRBEES —BNLSEMNE - BHNLSHE , UESE— Eﬂi*ﬂ%: 2
iRz E. WREERETEESE - AILSENERLXEFHNE= w D7 A
BHBERE , AERRNEREROTR , BER ERSS. A& SE;;B‘_: 777
ZREBHIRERLL 5 — IR EBRBUL A 40--

32

N

\\\\\\\\l\\\\\\\\y\ 002

/

»\30

138~

L

Ak
TN
Copp ) T3
7

~-31

N2

33

e~ |

\\\\\\\\\\\\\\\\\onm

A

B


https://share-analytics.zhihuiya.com/view/01f2eeb3-144b-472f-98c8-531abec44936
https://worldwide.espacenet.com/patent/search/family/052005218/publication/US2016282657A1?q=US2016282657A1
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=%2220160282657%22.PGNR.&OS=DN/20160282657&RS=DN/20160282657

