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An organic EL display device according to an embodiment
of the present invention includes a substrate on which a
display region including a plurality of pixels including an
organic EL layer and an external region that surrounds the
display region are formed, at least one separating wall that
is formed at a part of the external region on the substrate, and
an organic layer that covers at least a part of the display
region, includes an organic material, and is formed on a
display region side of the at least one separating wall. A wall
surface of the display region side of the at least one
separating wall includes an inclined surface that is inclined
toward the display region side as it is extended away from
the substrate.

; :if /}F =§! /'/:i // f/ {:, /j k// f’/ / !I( // /f}\\., E {}Q
{ \ |
404 (\ 404 (\ 403 404 \
405 405 405



Patent Application Publication  Dec. 21, 2017 Sheet 1 of 4 US 2017/0365809 A1

FIG.1

FIG.2




Patent Application Publication  Dec. 21, 2017 Sheet 2 of 4 US 2017/0365809 A1

FIG.3A

Frrs s & 524 :\\‘ »\:M\!i :::;;:; E::: l,/i \\ \\‘\\ {
(| W] 77 bd, 7 A%
VN TN N\ o N R N—401
E{ /.f {/ A s /i / Zf\viﬁ(}
4@4&4@4 & &
405 405 405
FIG.3B
A
Y320
&
F
V} ; }y/; 4
NN
1
!
4G4k4ﬁ4 k 403 404 &

405 405 405



Patent Application Publication  Dec. 21, 2017 Sheet 3 of 4 US 2017/0365809 A1

FIG.3C

focrr:s /JQ\‘> TV : \:\ : ff"x///fg‘,‘:-'j/ _:l:;%,/i;}/i \\ \ 1
<
Z

A OIIIY E
AN AN S N SN LG
‘5{ i (/ el ARV i,
\
104\ 404\ 403 404 y
405 405 o

\ \
405 405 405

NN
;!’/i f,/ £

{ ! !
404 {\404 \ 403 404
405 405 405




Patent Application Publication  Dec. 21, 2017 Sheet 4 of 4 US 2017/0365809 A1

FIG.4

N
320 T

4@9

P




US 2017/0365809 A1

ORGANIC EL DISPLAY DEVICE AND
METHOD OF MANUFACTURING ORGANIC
EL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from the
Japanese Application JP2016-120448 filed on Jun. 17, 2016,
the content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] One or more embodiments of the present invention
relate to an organic EL display device and a method of
manufacturing an organic EL display device.

2. Description of the Related Art

[0003] For example, as disclosed in Japanese Patent
Application Laid-open No. 2015-176717, a method is
adopted where on an organic EL display device a display
region that includes a plurality of pixels including an organic
EL layer is sealed, in order to protect the organic EL layer
from moisture and the like.

SUMMARY OF THE INVENTION

[0004] As the above sealing method, for example, a
method to combine an inorganic material film and an organic
material layer is used. However, there is a problem that
moisture easily intrude into the organic EL layer from an end
part of the sealing region.

[0005] One or more embodiments of the present invention
realize, with regard to the above, an organic EL display
device that is capable of certainly preventing an intrusion of
moisture into the organic EL layer, and a manufacturing
method thereof.

[0006] According to one aspect of the present invention,
an organic EL display device is provided. The organic EL
display device includes a substrate on which a display region
including a plurality of pixels including an organic EL layer
and an external region that surrounds the display region are
formed, at least one separating wall that is formed at a part
of the external region on the substrate, and an organic layer
that covers at least a part of the display region, includes an
organic material, and is formed on a display region side of
the at least one separating wall. A wall surface of the display
region side of the at least one separating wall includes an
inclined surface that is inclined toward the display region
side as it is extended away from the substrate.

[0007] In one embodiment of the present invention, the
pixels include a first electrode formed on a side of the
organic EL layer opposite from the substrate, and the organic
layer is formed on the substrate on a side of a first inorganic
film opposite from the substrate, the first inorganic film
being formed on a side of the first electrode opposite from
the substrate and composed of an inorganic material.
[0008] In one embodiment of the present invention, a
second inorganic film that integrally covers the organic layer
and the at least one separating wall and is composed of an
inorganic material is formed.
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[0009] In one embodiment of the present invention, the at
least one separating wall surrounds a whole periphery of the
display region.

[0010] In one embodiment of the present invention, the at
least one separating wall includes a plurality of separating
walls, and the separating walls surround the whole periphery
of the display region.

[0011] According to another aspect of the present inven-
tion, a method of manufacturing an organic EL display
device is provided. The method includes forming a separat-
ing wall in an external region of a substrate on which a
display region and the external region are formed, wherein
the display region includes a plurality of pixels including an
organic EL, layer and the external region surrounds the
display region, dripping a formation material of an organic
layer including an organic material on a display region side
of the separating wall, and forming, on a wall surface of the
display region side of the separating wall, an inclined
surface that is inclined toward the display region side as the
inclined surface is extended away from the substrate.
[0012] In one embodiment of the present invention, the
method further includes forming a first inorganic film com-
posed of an inorganic material on the substrate before
dripping the formation material of the organic layer.
[0013] In one embodiment of the present invention, the
method further includes forming a second inorganic film
composed of an inorganic material that integrally covers the
organic layer and the separating wall after dripping the
formation material of the organic layer to form the organic
layer.

[0014] In one embodiment of the present invention, the
method further includes forming a separating wall formation
film with a photosensitive resin composition on the sub-
strate, disposing, on the separating wall formation film, a
photomask including a light transmitting part that corre-
sponds to a part where the separating wall is formed,
disposing a light source above the display region, and
forming the separating wall by an exposure to perform a
development.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a view schematically illustrating an
organic EL display device of one embodiment of the present
invention.

[0016] FIG. 2 is a view illustrating a part of a cross section
of an organic EL panel.

[0017] FIG. 3A is a view illustrating a method of manu-
facturing an organic EL display device of one embodiment
of the present invention.

[0018] FIG. 3B is a view illustrating a method of manu-
facturing an organic EL display device of the one embodi-
ment of the present invention.

[0019] FIG. 3C is a view illustrating a method of manu-
facturing an organic EL display device of the one embodi-
ment of the present invention.

[0020] FIG. 3D is a view illustrating a method of manu-
facturing an organic EL display device of the one embodi-
ment of the present invention.

[0021] FIG. 3E is a view illustrating a method of manu-
facturing an organic EL display device of the one embodi-
ment of the present invention.

[0022] FIG. 4 is a top view of a photomask illustrated in
FIG. 3B.
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DETAILED DESCRIPTION OF THE
INVENTION

[0023] Below, respective embodiments of the present
invention are explained with reference to the accompanying
drawings. The disclosed embodiments are merely examples,
and appropriate variations within the spirit of the present
invention that can be easily arrived at by those skilled in the
art are naturally included in the scope of the present inven-
tion. Further, while the width, thickness, shape, and the like
of each part in the drawings may be illustrated schematically
as compared with the actual embodiments in order to clarify
the explanation, these are merely examples and an interpre-
tation of the present invention should not be limited thereto.
Furthermore, in the specification and respective drawings,
the same reference symbols may be applied to elements
similar to those that have already been illustrated in another
drawing and a detailed explanation of such elements may be
omitted as appropriate.

[0024] FIG.1isa schematic view of an organic EL display
device 1 of one embodiment of the present invention. The
organic EL display device 1 is composed of an upper frame
2, a lower frame 3 and an organic EL panel 10 that is fixed
so as to be sandwiched by the upper frame 2 and the lower
frame 3. The embodiment should not limited to the illus-
trated example, and for example, the organic EL display
device 1 may be composed only of the organic EL panel 10,
without including the upper frame 2 and the lower frame 3.
[0025] FIG. 2 is a view illustrating a part of a cross section
of the organic EL panel 10. As illustrated in FIG. 2, on a
substrate 100, a TFT layer 401 where TFT and the like (such
as a switching transistor and a driver transistor) for driving
pixels are formed is provided, and on the TFT layer 401 an
interlayer insulating film 402 is formed. A display region
101 is formed on the substrate 100, Further, on the substrate
100, an external region 501 is formed so as to surround the
display region 101 outside the display region 101. A wiring
layer 403 that is connected to a cathode electrode 407 to be
described later is formed at apart of the external region 501.
[0026] At a predetermined region on the interlayer insu-
lating film 402 and the wiring layer 403, an anode electrode
404 is formed. The anode electrode 404 is formed of, for
example, a transparent conductive material such as ITO
(Indium Tin Oxide) or IZO (Indium Zinc Oxide).

[0027] A rib layer 405 that separates the pixels is formed
on the above structure, and an organic EL layer 406 is
formed on the anode electrode 404 and the rib layer 405.
Here, a region where the anode electrode 404 contacts the
organic EL layer 406 becomes a light emitting region, and
the rib layer 405 defines an outer edge of the light emitting
region.

[0028] The cathode electrode 407 is formed on the organic
EL layer 406. The cathode electrode 407 is formed of, for
example, a transparent conductive material such as 170 or
an ultrathin alloy of Mg and Ag. Note that the organic EL
layer 406 is formed, for example, by laminating a hole
transporting layer, a light emitting layer, an electron trans-
porting layer in this order from an anode electrode 404 side,
but since it is widely known, a detailed explanation thereof
is omitted.

[0029] A separating wall 200 is formed at a part of the
external region 501 so as to surround the display region 101.
In the illustrated example, the separating wall 200 is formed
on the rib layer 405. The separating wall 200 has an inclined
surface which is inclined downwardly as its inner side
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surface (wall surface) is extended outwardly. When seen
from the substrate side, the inner side surface has the
inclined surface that is inclined inwardly as it is extended
away from the substrate 100.

[0030] A first sealing film 408 is formed that is composed
of an inorganic material on the cathode electrode 407, and a
second sealing film 410 is formed that is composed of an
inorganic material over the first sealing material 408 with an
interposition of an organic layer (a planarizing layer) 409
including an organic material. The first sealing film 408 is
formed so as to also cover the separating wall 200 continu-
ously from the display region 101. The organic layer (the
planarizing layer) 409 is formed inside the separating wall
200. The second sealing film 410 is formed so as to also
cover the separating wall 200 continuously from the display
region 101. Note that the organic layer (the planarizing
layer) 409 may include a region that is not continuously
formed (not shown) in the display region 101 and/or the
external region 501.

[0031] Below, an organic EL display device of one
embodiment of the present invention and a manufacturing
method thereof are explained with reference to FIGS. 3A to
3E. Here, a manufacturing method of a general organic EL
display device itself is not explained since it is widely
known. Below, a method of forming a sealing structure and
an organic layer of the organic EL display device of this
embodiment is primarily explained.

[0032] As illustrated in FIG. 3A, the anode electrode 404
and the rib layer 405 are formed in this order over the TFT
layer 401 formed on the substrate 100 with an interposition
of the interlayer insulating film 402. Outside the display
region 101, the anode substrate 404 is formed on the wiring
layer 403.

[0033] Next, as illustrated in FIG. 3B, a separating wall
formation film 210 is formed with a photosensitive resin
composition (e.g., a negative type photoresist) over the
substrate 100, and subsequently, a photomask 300 having a
predetermined mask pattern is disposed on the separating
wall formation film 210. FIG. 4 illustrates a top view of the
photomask 300. A light transmitting part 310 corresponding
to a part where the separating wall is formed is formed on
the photomask 300. In the illustrated example, the light
transmitting part 310 has a predetermined width, and is
formed in a shape of line surrounding the display region.
Note that the photomask 300 can be obtained, for example,
by forming a predetermined pattern of a light shielding part
on a base material that is light transmitting such as a quartz
board.

[0034] Subsequently, the separating wall formation film
210 is exposed with the photomask 300 disposed thereover,
a development is performed by an arbitrary appropriate
method, and as illustrated in FIG. 3C, the separating wall
200 is formed that includes an inclined surface that is
inclined downwardly as the inner side surface is extended
outwardly. Specifically, as illustrated in FIG. 4, by providing
a light source 320 above a central part of the display region
and having it emit light toward the outside of the display
region, the separating wall 200 including the inclined sur-
face that is inclined downwardly as the side surface is
extended outwardly can be formed. By adjusting exposure
conditions such a setting position of the light source 320, the
separating wall 200 having a desired shape (e.g., an extent
of the inclination of the side surface) can be formed. Note
that in the illustrated example, one separating wall 200 is
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provided, but more than one separating walls 200 may be
provided as well. Further, in the illustrated example, the
separating wall 200 is formed on the rib layer 405, but a
separating wall as described above may be formed, for
example, by forming a concave portion or a convex portion
on the rib layer 405 (not illustrated).

[0035] Next, as illustrated in FIG. 3D, the organic EL layer
406 and the cathode electrode 407 are formed in this order,
and subsequently, the first sealing film 408 (e.g., an inor-
ganic film such as SiN, ) is formed. The first sealing film 408
is formed so as to cover the separating wall 200 as well
continuously from the display region, in order to prevent an
intrusion of moisture into the organic EL layer 406.
[0036] Next, as illustrated in FIG. 3E, a coating film 409a
is formed by dripping a formation material of the organic
layer in an arbitrary appropriate manner so that the organic
layer (the planarizing layer) with a predetermined thickness
(e.g., around 10 pm) can be obtained inside the separating
wall 200. Since the separating wall 200 is formed that
includes the inclined surface that is inclined downwardly as
the inner side surface is extended outwardly, it can be
effectively prevented that the dripped formation material of
the organic layer (the coating film 4094a) flows out of the
separating wall 200. Specifically, even in the case where the
dripping amount is excessive, the coating film spreads firstly
along the separating wall 200. Therefore, unless a huge
amount of the formation material of the organic layer is
dripped, it does not flows out of the separating wall 200.
[0037] The formation material of the organic layer typi-
cally includes a curable resin composition. The viscosity of
the formation material of the organic layer when it is dripped
is, for example, set to be low, from the viewpoint of the
formation of a uniform organic layer (the coating film). For
example, it is preferable to set the viscosity as 1 c¢ps to 100
cps when measured under a condition of 25° C. and 100 rpm
with an E-type viscometer. Further, it is more preferable to
set it as 5 cps to 25 ¢ps, and it is particularly preferable to
set it as around 10 cps. Further, a contact angle of the
formation material of the organic layer with respect a
dripping surface (the first sealing film 408) is, for example,
set to be low, from the viewpoint of the formation of a
uniform organic layer (the coating film). For example, it is
set to be 10° or less. Since the separating wall 200 as
described above is formed, the viscosity and the contact
angle can be set to be those values. Note that the organic
layer 409 is formed after the dripping for example by curing
the coating film 409a. As the curing method of the coating
layer, an arbitrary appropriate method is adopted according
to the curable resin composition to be used. For example, it
is possible to use both of light (UV) curing and heat curing,
and it is also possible to use only one of light (UV) curing
and heat curing.

[0038] Next, as illustrated in FIG. 2, the second sealing
film 410 (e.g., an inorganic film such as SiN,) if formed on
the organic layer 409. The second sealing film 410 is formed
so as to cover the separating wall 200 as well continuously
from the display region 101 in order to prevent an intrusion
of moisture into the organic EL layer 406. As described
above, since the organic layer 409 is contained inside the
separating wall 200, the surface of the organic layer 409 is
favorably covered by the second sealing film 410 (i.e., there
is no part where the organic layer 409 is uncovered) , and the
intrusion of moisture into the organic EL layer 406 can be
effectively prevented.
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[0039] Although it is not illustrated, it is of course neces-
sary to have a process where the substrate is divided into
individual pieces of panels (individual chips) at an arbitrary
appropriate point of time.

[0040] The present invention is not limited to the above
embodiments, and various variations are possible. For
example, the configurations shown in the above embodi-
ments can be replaced with a configuration that is substan-
tially the same with them, a configuration that exhibits the
same working effect, or a configuration that can achieve the
same goal.

[0041] Those skilled in the art should be able to arrive at
various kinds of variations and modifications within the
spirit of the present invention, ant it is understood that such
variations and modifications are within the scope of the
present invention. For example, addition, deletion, or design
change of components, or by addition, omission, or condi-
tion change of processes made by those skilled in the art as
appropriate in each embodiment described above are also
encompassed within the scope of the present invention as
long as they fall within the spirit of the present invention.

What is claimed is:

1. An organic EL display device comprising:

a substrate on which a display region comprising a
plurality of pixels comprising an organic EL layer and
an external region that surrounds the display region are
formed;

at least one separating wall that is formed at a part of the
external region on the substrate; and

an organic layer that covers at least a part of the display
region, includes an organic material, and is formed on
a display region side of the at least one separating wall,

wherein a wall surface of the display region side of the at
least one separating wall comprises an inclined surface
that is inclined toward the display region side as it is
extended away from the substrate.

2. The organic EL display device according to claim 1,

wherein the pixels comprise a first electrode formed on a
side of the organic EL layer opposite from the substrate,
and

the organic layer is formed on the substrate on a side of
a first inorganic film opposite from the substrate, the
first inorganic film being formed on a side of the first
electrode opposite from the substrate and composed of
an inorganic material.

3. The organic EL display device according to claim 1,

wherein a second inorganic film that integrally covers the
organic layer and the at least one separating wall and is
composed of an inorganic material is formed.

4. The organic EL display device according to claim 1,

wherein the at least one separating wall surrounds a whole
periphery of the display region.

5. The organic EL display device according to claim 4,

wherein the at least one separating wall comprises a
plurality of separating walls, and the separating walls
surround the whole periphery of the display region.

6. A method of manufacturing an organic EL display

device comprising;

forming a separating wall in an external region of a
substrate on which a display region and the external
region are formed, wherein the display region com-
prises a plurality of pixels comprising an organic EL
layer and the external region surrounds the display
region;
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dripping a formation material of an organic layer includ-
ing an organic material on a display region side of the
separating wall, and

forming, on a wall surface of the display region side of the

separating wall, an inclined surface that is inclined
toward the display region side as the inclined surface is
extended away from the substrate.

7. The method of manufacturing an organic EL display
device according to claim 6, further comprising forming a
first inorganic film composed of an inorganic material on the
substrate before dripping the formation material of the
organic layer.

8. The method of manufacturing an organic EL display
device according to claim 6, further comprising forming a
second inorganic film composed of an inorganic material
that integrally covers the organic layer and the separating
wall after dripping the formation material of the organic
layer to form the organic layer.

9. The method of manufacturing an organic EL display
device according to claim 6, further comprising:

forming a separating wall formation film with a photo-

sensitive resin composition on the substrate;
disposing, on the separating wall formation film, a pho-

tomask including a light transmitting part that corre-

sponds to apart where the separating wall is formed;
disposing a light source above the display region; and

forming the separating wall by an exposure to perform a

development.

Dec. 21,2017



patsnap

TRAFROE) BYELE REEMNGHEEVELE REBN
NIF(2E)E US20170365809A1 K (2E)R 2017-12-21
HiES US15/475688 HiEA 2017-03-31

RIRBE(EFR)AGE) HAHBAXERSF
RF(EFR)AGE) AZAERINC.
HA R EF AR AGE) BAETRINC.

[FRIRBAA MATSUMOTO YUKIO
KOKAME HIRAAKI

RAAN MATSUMOTO, YUKIO
KOKAME, HIRAAKI

IPCH %S HO1L51/52 HO1L51/56

CPCH %S HO1L51/5246 HO1L51/5237 HO1L51/5203 HO1L51/56

e 2016120448 2016-06-17 JP

S\EBEEE Espacenet USPTO

BE(E) 406 407 408 409a(409)
BEAEAXEHVENELE RERGFER  ERER L RAES A A U
MREMERXE , IS MREQEEHELRMESEL REHM G / I - 20

X, 2L REEEER LNABXEAN -8B LERENE |
ARBZERXENEL —RBINENESEENME , HARREE
DN RENERXEM, FIRED - D RENERXEMAER

AEFREE , YFRANNEETERREAERN | FFAMNRE /A0

B AR B R XS R "
FITI sz 718 \f\ \‘“‘-—*40}
2100

\
400 4 405


https://share-analytics.zhihuiya.com/view/6af38ae4-e2f7-49e7-99b3-1dd532516469
https://worldwide.espacenet.com/patent/search/family/060660463/publication/US2017365809A1?q=US2017365809A1
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=%2220170365809%22.PGNR.&OS=DN/20170365809&RS=DN/20170365809

