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(7) ABSTRACT

An organic EL display unit includes a first substrate, a
second substrate, a display layer, and a sealing section. The
display layer is provided between the first substrate and the
second substrate. The display layer includes an organic
layer. The sealing section is provided continuously from an
end surface of the display layer to at least a portion of
respective end surfaces of the first substrate and the second
substrate.
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ORGANIC EL DISPLAY UNIT, METHOD OF
MANUFACTURING THE SAME, AND
ELECTRONIC APPARATUS

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present Application is a Continuation Appli-
cation of U.S. patent application Ser. No. 15/512,137 filed
Mar. 17, 2017, which is a 371 National Stage Entry of
International Application No.: PCT/JP2015/075958, filed on
Sep. 14, 2015, which in turn claims priority from Japanese
Application No. 2014-201517, filed on Sep. 30, 2014, the
entire contents of which are incorporated herein by refer-
ence.

TECHNICAL FIELD

[0002] The present disclosure relates to an organic elec-
troluminescence (EL) display unit that emits light utilizing
an organic EL phenomenon, a method of manufacturing the
organic EL display unit, and an electronic apparatus includ-
ing the organic EL display unit.

BACKGROUND ART

[0003] Small-sized to mid-sized display units used for
portable devices such as smartphones and tablet terminals
have been requested to have a high-definition display per-
formance with low power consumption and to have a thin
and light-weight design property. As the display units that
meet these requests, a display unit with use of an organic
light-emitting device (OLED), i.e., an organic EL display
unit has attracted attentions. The organic EL display unit is
a self-luminous display unit, and thus has a wide viewing
angle and does not necessitate a backlight. Therefore, the
organic EL display unit has features such as low power
consumption, responsiveness, and decrease in thickness of
the display unit itself, compared with a display unit with use
of liquid crystal.

[0004] Further, the small-sized to mid-sized display units
have been requested to enlarge an effective display region as
a measure to seek the design property, and thus have been
requested to narrow the width of a so-called bezel portion
(frame portion) on the periphery of the display region (i.e.,
narrow bezel has been requested).

[0005] The narrow bezel has also been requested in large-
sized display units. For the large-sized display units, devel-
opments of ultra-multi-pixel displays such as 4K2K displays
and 8K4K displays have been under way. Ultra-large-sized
displays having a size of 100 inches or more, for example,
have been increasingly demanded, because pixel roughness
is less likely to be noticeable even when the display region
is increased in size. Such ultra-large-sized displays may be
achieved by manufacturing an ultra-large-sized display
panel through combination of a plurality of display panels in
terms of the number and the yield of the ultra-large-sized
displays, and the cost. In this case, reduction in the bezel
region of the display panels to be combined is requested.
[0006] In contrast, the organic EL display unit includes, as
a light-emitting device, an organic EL device made of a
material containing an organic material. In the organic EL
device, layers containing an organic material (organic lay-
ers) such as a hole injection layer, a light-emitting layer, and
an electron injection layer are stacked between an anode and
a cathode. The organic layers react easily with moisture and
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oxygen in the atmosphere, and are deteriorated. The dete-
riorated organic layer decreases performances as the light-
emitting device, such as decrease in light emission lumi-
nance and unstable light emission.

[0007] PTL 1 and PTL 2 disclose, as methods for prevent-
ing entering of, for example, moisture and oxygen into the
organic layer, an organic EL unit in which a region from an
emission region to a side surface thereof is covered with a
gas barrier layer (or a barrier film) made of an inorganic
material.

CITATION LIST

Patent Literature

[0008] PTL 1: Japanese Unexamined Patent Application
Publication No. 2009-117079
[0009] PTL 2: Japanese Unexamined Patent Application
Publication No. 2003-282241

SUMMARY OF INVENTION

[0010] In the above-mentioned organic EL units, however,
an organic layer for flattening irregularities is provided
below the gas barrier layer. The gas barrier layer covers the
organic layer to thereby prevent entering of moisture from
the outside. Here, the organic layer is formed by a method
such as a spin coating method and an organic chemical vapor
deposition (CVD) method, and thus there is a portion which
runs off to the periphery of the emission region. This makes
it difficult to narrow the bezel region, because it is necessary
for the gas barrier layer that covers the organic layer to be
formed larger than the run-off portion of the organic layer.
[0011] It is therefore desirable to provide an organic EL
display unit that makes it possible to achieve a narrow bezel
while keeping reliability, a method of manufacturing the
organic EL display unit, and an electronic apparatus.
[0012] An organic EL display unit according to an
embodiment of the present disclosure includes a first sub-
strate, a second substrate, a display layer including an
organic layer provided between the first substrate and the
second substrate, and a sealing section provided continu-
ously from an end surface of the display layer to at least a
portion of respective end surfaces of the first substrate and
the second substrate.

[0013] A method of manufacturing an organic EL display
unit according to an embodiment of the present disclosure
includes forming a display layer including an organic layer
on a first substrate, joining the first substrate and a second
substrate together, with the display layer being disposed
therebetween, and forming a sealing section continuously
from an end surface of the display layer to at least a portion
of respective end surfaces of the first substrate and the
second substrate.

[0014] An electronic apparatus according to an embodi-
ment of the present disclosure includes the organic EL
display unit according to the present disclosure.

[0015] According to the organic EL display unit, the
method of manufacturing the organic EL display unit, and
the electronic apparatus of the respective embodiments of
the present disclosure, there is provided, on the end surface
of the display layer including the organic layer provided
between the first substrate and the second substrate, the
sealing section that is formed continuously from the end
surface of the display layer to at least a portion of the



US 2019/0008015 A1

respective end surface of the first substrate and the second
substrate. This thereby reduces the area of a peripheral
region provided on the periphery of the display region while
preventing entering of moisture into the organic layer,
compared with a common organic EL display unit with a
sealing structure provided between substrates.

[0016] According to the organic EL display unit, the
method of manufacturing the organic EL display unit, and
the electronic apparatus of the respective embodiments of
the present disclosure, there is provided, on the end surface
of the display layer including the organic layer provided
between the first substrate and the second substrate, a sealing
section that has an overlapping portion at at least a portion
of the respective end surfaces of the first substrate and the
second substrate. This reduces the area of the peripheral
region provided on the periphery of the display region while
preventing entering of moisture into the organic layer,
compared with a common organic EL display unit with a
sealing structure provided between substrates. Thus, it
becomes possible to provide the organic EL display unit that
has a narrow bezel region while keeping reliability and the
electronic apparatus including the organic EL display unit. It
is to be noted that the effects described herein are not
necessarily limitative, and may be any effects described in
the present disclosure.

BRIEF DESCRIPTION OF DRAWINGS

[0017] FIG. 1 is a cross-sectional view of a configuration
of a display unit according to an embodiment of the present
disclosure.

[0018] FIG. 2 is a plan view of an overall configuration of
the display unit illustrated in FIG. 1.

[0019] FIG. 3illustrates an example of a pixel drive circuit
illustrated in FIG. 2.

[0020] FIG. 4 is an explanatory schematic view of an
entering path of moisture in a sealing section of an embodi-
ment of the present disclosure.

[0021] FIG. 5 is a flowchart illustrating an example of
steps for manufacturing the display unit illustrated in FIG. 1.
[0022] FIG. 6A is an explanatory schematic view of an
example of a dividing method.

[0023] FIG. 6B is a schematic view of a state subsequent
to that illustrated in FIG. 6A.

[0024] FIG. 7 is a characteristic diagram in which char-
acteristics of divided surfaces are compared which are
formed by the dividing method illustrated in FIGS. 6A and
6B.

[0025] FIG. 8A is an explanatory schematic view of
another example of the dividing method.

[0026] FIG. 8B is an explanatory schematic view of the
dividing method in a state subsequent to that illustrated in
FIG. 8A.

[0027] FIG. 8C is an explanatory schematic view of the
dividing method in a state subsequent to that illustrated in
FIG. 8B.

[0028] FIG.9isa plan view of an overall configuration of
a display unit according to Modification Example 1 of the
present disclosure.

[0029] FIG. 10 is a cross-sectional view of an example of
a cross-sectional configuration of the display unit illustrated
in FIG. 9.

[0030] FIG. 11 is a cross-sectional view of another
example of the cross-sectional configuration of the display
unit illustrated in FIG. 9.

Jan. 3, 2019

[0031] FIG. 12 is a cross-sectional view of a display unit
according to Modification Example 2 of the present disclo-
sure.

[0032] FIG. 13 is an explanatory schematic view of one of
steps for manufacturing a display unit according to Modi-
fication Example 3 of the present disclosure.

[0033] FIG. 14 is a further explanatory schematic view of
one of the manufacturing steps illustrated in FIG. 13.
[0034] FIG. 15 is a perspective view of an outer appear-
ance of Application Example 1 with use of the display umt
of the present disclosure.

[0035] FIG. 16 is a perspective view of an outer appear-
ance of Application Example 2.

[0036] FIG. 17Ais a perspective view of an example of an
outer appearance of Application Example 3.

[0037] FIG. 17B is a perspective view of another example
of an outer appearance of Application Example 3.

Description of Embodiments

[0038] Some embodiments of the disclosure are described
in detail below in the following order with reference to
drawings.

1. Embodiment (A display unit having a sealing section on
an end surface of a display panel)

[0039] 1-1. Overall Configuration
[0040] 1-2. Manufacturing Method
[0041] 1-3. Function and Effect

2. Modification Example

[0042] Modification Example 1 (A display unit having a
terminal section at a side of a display panel)

[0043] Modification Example 2 (A display unit having a
wiring line on a rear surface of a substrate)

[0044] Modification Example 3 (A dividing method in a
step for a mass production of a display panel)

3. Application Example (An application example to an
electronic apparatus)

1. Embodiment

1-1. Overall Configuration

[0045] FIG. 1 illustrates a cross-sectional configuration of
an organic EL display unit (display unit 1) according to an
embodiment of the present disclosure. The display unit 1 is
used as an organic EL television, for example. The display
unit 1 includes a drive substrate 11 on which there are
provided a display region 110A and a peripheral region 110B
on the periphery of the display region 110A (see FIG. 2). The
display unit 1 is, for example, a top surface emission
(so-called top emission) display unit. The top surface emis-
sion display unit uses, as light-emitting devices, an organic
EL device 10 that emits any of color light beams of R (red),
G (green), and B (blue) (a red organic EL device 10R, a
green organic EL device 10G, a blue organic EL device
10B), and the color light beams are emitted from top surface
side (side opposite to the drive substrate 11). The display
unit 1 according to the present embodiment includes a
display layer 20 that configures the organic EL device 10,
and the drive substrate 11 and a counter substrate 31
provided to face each other with the display layer 20 being
interposed therebetween. The display layer 20, the drive
substrate 11, and the counter substrate 31 configure a display
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panel P. A sealing section 50 that covers at least the display
layer 20 is provided on an end surface of the display panel
P.

[0046] FIG. 2 illustrates an example of an overall con-
figuration of the display unit 1 illustrated in FIG. 1. In the
display region 110A, there are disposed a plurality of pixels
5 (red pixels SR, green pixels 5G, and blue pixels 5B) in
matrix. Further, a signal line drive circuit 120 and a scanning
line drive circuit 130 which are drivers for displaying an
image are provided in the peripheral region 110B positioned
on the periphery (on outer edge side, or on outer peripheral
side) of the display region 110A.

[0047] A pixel drive circuit 140 is provided inside the
display region 110A. FIG. 3 illustrates an example of the
pixel drive circuit 140 (an example of pixel circuits of the
red pixels 5R, the green pixels 5G. and the blue pixels 5B).
The pixel drive circuit 140 is an active drive circuit provided
below a pixel electrode 26 described later. The pixel drive
circuit 140 includes a drive transistor Trl, a write transistor
Tr2, a capacitor (a holding capacitor) Cs located between
these transistors Tr1 and Tr2. The pixel drive circuit 140 also
includes the organic EL device 10 coupled in series to the
drive transistor Trl between a first power supply line (Vee)
and a second power supply line (GND). In other words, the
organic EL device 10 is provided in each of the red pixels
5R, the green pixels 5G, and the blue pixels 5B. Each of the
drive transistor Trl and the write transistor Tr2 is configured
by a typical thin film transistor (TFT), and may have, for
example, an inverted staggered structure (a so-called bottom
gate type) or a staggered structure (a top gate type); the
configuration thereof is not particularly limited.

[0048] In the pixel drive circuit 140, a plurality of signal
lines 120A are arranged in a column direction, and a
plurality of scanning lines 130A are arranged in a row
direction. An intersection of each of the signal lines 120A
and each of the scanning lines 130A corresponds to one of
the red pixel 5R, the green pixel 5G, and the blue pixel 5B.
Each of the signal lines 120A is coupled to the signal line
drive circuit 120, and an image signal is supplied from the
signal line drive circuit 120 to a source electrode of the write
transistor Tr2 through the signal line 120A. Each of the
scanning lines 130A is coupled to the scanning line drive
circuit 130, and a scanning signal is sequentially supplied
from the scanning line drive circuit 130 to a gate electrode
of the write transistor Tr2 through the scanning line 130A.
[0049] Inthe display unit 1 of the present embodiment, the
sealing section 50 is provided on the end surface of the
display panel P including the display layer 20 between the
drive substrate 11 and the counter substrate 31 as described
above. The sealing section 50 is provided for suppressing
entering of moisture into the display layer 20 (more spe-
cifically, an organic layer 28); the sealing section 50 may
preferably cover at least the display layer 20 of the display
panel P. More preferably, an end of the sealing section 50
may be so provided as to overlap a portion of respective end
surfaces of the drive substrate 11 and the counter substrate
31 being in contact with the display layer 20.

[0050] While the sealing section 50 that is formed of only
an inorganic film 51 made of an inorganic material is able to
suppress the entering of moisture into the display layer 20
(more specifically, organic layer 28), a layered structure of
the inorganic film 51 and an organic film 52 is able to
suppress the entering of moisture into the display layer 20
even more. Table 1 summarizes calculations of moisture
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vapor transmission rate by measuring corrosiveness of cal-
cium in Samples 1 to 3 prepared as described below. It is to
be noted that the measuring condition of the corrosiveness of
calcium was set such that temperature was 60° C. and
humidity was 90% (relative humidity). Sample 1 is a film
substrate (polyethylene naphthalate (PEN) substrate; having
a thickness of 100 pm) on which a calcium (Ca) film is
formed, with a PEN substrate being joined thereto. Sample
2 includes a filling layer provided on a Ca film, with a
UV-cured resin film with a thickness of 3 pm, for example,
and an inorganic film (an aluminum oxide (Al,O,) film) with
a thickness of 25 nm, for example, being formed in this order
on the filling layer. Sample 3 further includes a UV-cured
resin film and an Al,0O, film being stacked in addition to the
configuration of Sample 2.

TABLE 1

Moisture Vapor
Transmission

Configuration Rate (g/m?/day)

Sample 1 Film Substrate (PEN) 6.0E

Sample 2 PEN/Filling Layer/UV-Cured 6.9E-3
Resin Film/Al,O4 Film

Sample 3 PEN/Filling Layer/UV-Cured 5.9E-5
Resin Film/Al,0, Film/
UV-Cured Resin Film/Al,O4
Film

[0051] It is appreciated from Table 1 that configuring the

sealing section 50 by the layered structure of the inorganic
film 51 and the organic film 52 enables the effect of
suppressing the entering of moisture into the display layer
20 to be enhanced. Further, it is appreciated that providing
the layered films of the inorganic film 51 and the organic
film 52 in a stacked manner enables the suppressing effect to
be further enhanced. This is because of the film property of
the inorganic film 51. There is a concern that the inorganic
film 51 may cause a minute flaw due to dust that may attach
thereto in the middle of film formation or due to a defect
during the film formation. The dust attached during the film
formation or the flaw may be the cause of the entering of
moisture from the outside. Therefore, formation of the
organic film 52 on the surface of the inorganic film 51 makes
it possible to cover the dust and to prevent the flaw of the
inorganic film 51, thus delaying the entering of moisture into
the display layer 20.

[0052] The sealing section 50 may preferably have a
multi-layered structure in which two or more layered films
each configured by the inorganic film 51 and the organic film
52 being stacked. FIG. 4 schematically illustrates an enter-
ing path of moisture H in a portion of the configuration of
the sealing section 50 in the display unit illustrated in FIG.
1. For example, even when a flaw is formed in each of the
inorganic films 51B and 51C as illustrated in FIG. 4, a
diffusion rate of the moisture H having entered the inorganic
film 51C through the flaw is suppressed due to a maze effect
in which the moisture H passes through the organic film 52B
provided therebetween to reach a flaw of the inorganic film
51B. In this manner, stacking the inorganic film 51 and the
organic film 52 alternately makes it possible to suppress the
diffusion rate of the moisture H efficiently. More specifically,
for example, three layers of the inorganic film 51 and three
layers of the organic film 52 may be preferably formed; in
other words, an inorganic film 51A, an organic film 52A, an
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inorganic film 51B, an organic film 52B, an inorganic film
51C, and an organic film 52C may be preferably formed
from the end surface of the display panel P as illustrated in
FIG. 1. The film-formation width of the outermost organic
film 52C may be preferably substantially the same as the
film thickness (hereinafter, referred to simply as “thick-
ness”) of the display panel P in the Y-axis direction. More
specifically, the film-formation width of the outermost
organic film 52C may be preferably set such that the end
surfaces of the organic film 52C in the Y-axis direction reach
respective surfaces (surface of the drive substrate 11 and
surface of the counter substrate 31 opposite to the facing
surface thereof) of the display panel P as illustrated in FIG.
1.

[0053] The material of the inorganic film 51 may be
desirably aluminum oxide (Al,O;), for example. Other
examples of the material of the inorganic film 51 may
include silicon oxide (Si0,), zirconium oxide (ZrO,), tita-
nium oxide (TiO,), zinc oxide (ZnO,), indium-zinc oxide
(1Z0), indium-tin oxide (ITO), indium-gallium-zinc oxide
(IGZ0), aluminum-zinc oxide (AZO), gallium-zinc oxide
(GZ0), silicon nitride (SiN), and silicon oxynitride (SiON).
Further, a metal film made of a metal such as aluminum (Al)
and titanium (T1) may also be adopted. It is preferable to use
one or more of these materials for formation of the inorganic
film 51. In addition, a common material for a wiring line
may also be used for the formation thereof. More specific
examples of the common wiring line material may include
ruthenium (R), platinum (Pt), iridium (Ir), palladium (Pd),
rhodium (Rh), gold (Au), silver (Ag), copper (Cu), nickel
(Ni), cobalt (Co), iron (Fe), manganese (Mn), tantalum (Ta),
tungsten (W), molybdenum (Mo), titanium (Ti), aluminum
(Al), silicon (8i), germanium (Ge), and zinc (Zn). One or
more of these materials or an alloy thereof may also be used
for the formation. Examples of available film-forming
method for the inorganic film 51 may include a sol-gel
method, a sputtering method, a vacuum vapor deposition
method, a chemical vapor deposition (CVD) method, and an
atomic layer deposition method (ALD; HYPERLINK
“javascript: void (0)”). In particular, the ALD method may
be preferably used for the film formation, and the film
thickness (thickness) thereof may be preferably equal to or
more than 10 nm and equal to or less than 200 nm.

[0054] As the material of the organic film 52, a material
having good adhesion (affinity) to the inorganic film 51 may
be preferable in order to enhance a sealing property of the
sealing section 50. More specific examples of the material of
the organic film 52 may include a cured resin composition
containing a cycloalkane structure-containing polymeriz-
able compound or a high-acid value phthalic acid structure-
containing polymerizable compound.

[0055] When the sealing section 50 has a multi-layered
structure in which the layered films of the inorganic film 51
and the organic film 52 are stacked as described above, it is
desirable that end surfaces of the organic films (organic films
52A and 52B of the organic film 52 illustrated in FIG. 1)
formed on end surface side may not be exposed to the
outside. The organic film does not have a suflicient moisture-
sealing capacity. Accordingly, when the end surface of the
organic film formed near the end surface of the display panel
P is exposed to the outside, the end surface of the organic
film results in serving as the entering path of moisture into
the display layer 20. Therefore, in the sealing section 50
having the multi-layered structure of the inorganic film 51
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and the organic film 52, the inorganic film 51 formed on the
organic film 52 is requested to cover the whole of the
underlying organic film 52 so as to be blocked from the
outside. In other words, the film-formation width (D) of the
organic film 52 may be preferably greater gradually in the
order of the film formation. More specifically, the film-
formation width of the organic films 52A, 52B, and 52C that
configure the sealing section 50 as illustrated in FIG. 1 may
preferably have a relationship of respective widths D1, D2,
and D3, in which D1 is less than D2 and D2 is less than D3
(D1<D2<D3).

[0056] The thickness of the organic film 52 may be
preferably as thin as possible. This is because the bezel
region of the display unit 1 is substantially determined by the
thickness of the organic film 52, since it is possible to form
the inorganic film 51 to be much thinner than the organic
film 52. However, the organic film 52 has a role of sup-
pressing the diffusion rate of moisture when the inorganic
film 52 has a flaw as described above. Further, the outermost
organic film 52 (organic film 52C) functions as a protective
film of the inorganic film 51 (inorganic film 51C). Therefore,
the organic film 52 may preferably have a thickness of equal
to or more than 3 pm and equal to or less than 30 pm, for
example.

[0057] As a method of forming such an organic film 52, a
method is contemplated in which, for example, a liquid
organic agent may be applied and cured. This makes it
possible to fill minute irregularities formed on the inorganic
film 52 without gap. It is to be noted that the liquid organic
agent may preferably have lowered viscosity for use in order
to effectively utilize a capillary phenomenon thereof, for
example. Examples of the specific film-forming method may
include a dispensing method in which a liquid organic agent
is dispensed with an air pressure or a mechanical pressure,
an inkjet method, and an offset method.

[0058] The dispensing method enables the application
width to be more slender and thinner by narrowing the
distance between a nozzle and an application surface with
use of a slender nozzle. Thus, the application width may be
set depending on a nozzle size and an application condition,
which brings high general-purpose properties. The inkjet
method enables the application amount per drop to be a
micro amount, thus making it possible to control the film-
formation width and the thickness precisely. The offset
method involves immersing an offset component in a liquid
agent and transferring the offset component to an application
section. The offset method brings the offset component into
direct contact with the application section, and thus has
difficulty in being applied to film formations of a second
layer and subsequent layers. However, by making the width
of the offset component thinner and by quantifying the
amount of the liquid agent for immersion, it becomes
possible to form an organic film having stable film-forma-
tion width and thickness, which enables the productivity to
be enhanced. It is to be noted that examples of the applica-
tion method limited to the second layer and subsequent
layers may include a dip method.

[0059] Bringing the offset component into contact with an
application surface at an angle makes it possible to reduce
dispersion in the application width and the thickness, while
reducing an influence caused by the contact. In addition,
vacuum may also be used in the application process.
[0060] The present embodiment describes an example of
the sealing section 50 having a configuration in which the
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inorganic film 51A is formed directly on the end surface of
the display panel P, with the organic film 52A, the inorganic
film 51B, the organic film 52B, the inorganic film 51C, and
the organic film 52C are stacked in this order on the
inorganic film 51A. However, when the surface of the end
surface of the display panel P is rough, for example, an
unillustrated flattening film containing an organic material
may also be formed, as an underlayer, on the surface of the
end surface. The flattening film fills the minute irregularities
of the end surface of the display panel P without gap. thereby
making it possible to stabilize the film properties of the
inorganic film 51 and the organic film 52 to be formed
thereafter and to suppress the thicknesses thereof to the
minimum Examples of the method of forming the flattening
film may include a method in which a liquid organic agent
is applied and cured for film formation similarly to the
above-described method of forming the organic film 52.

[0061] Hereinafter, respective components that configure
the display panel P are described. As described above, the
display panel P includes the drive substrate 11 and the
counter substrate 31 that are disposed to face each other with
the display layer 20 being interposed therebetween. The
display layer 20 is configured by a semiconductor section
20A and a display section 20B. A transistor 20X that drives
each of the organic EL devices 10R, 10G, and 10B is
provided in the semiconductor section 20A. The organic EL
devices 10R, 10G, and 10B are provided in the display
section 20B. It is to be noted that, in the present embodi-
ment, the drive substrate 11 and the counter substrate 31
have a complete solid structure in which the entire surfaces
thereof are joined together with an adhesive layer 40.

[0062] The drive substrate 11 is a supporting body with a
main surface side on which the organic EL devices 10 of
respective colors (red organic EL device 10R, green organic
EL device 10G, and blue organic EL device 10B) are formed
in an array. Examples of an available substrate for the drive
substrate 11 may include quartz and glass; a substrate made
of a plastic such as polyether sulfone, polycarbonate, poly-
imides, polyamides, polyacetals, polyethylene terephthalate,
polyethylene naphthalate, polyethylene ether ketone, and
polyolefins; a metal foil substrate made of a metal such as
aluminum (Al), nickel (N1), copper (Cu), and stainless steel
having undergone a surface insulating treatment; and paper.
A buffer layer for enhancing adhesion and flatness or a
functional film such as a barrier film for enhancing a gas
barrier property may also be formed on the above-described
substrate. Further, when it is possible to form a channel layer
22 without heating the drive substrate 11 by methods such as
a sputtering method, it is also possible to use an inexpensive
plastic film as the drive substrate 11.

[0063] The transistor Trl for driving and the transistor Tr2
for writing and various wiring lines are provided in the
semiconductor section 20A on the drive substrate 11. A
flattening insulating film 25 is provided on the transistors
Trl and Tr2 and the wiring lines. While the transistors Trl
and Tr2 (hereinafter, referred to as a thin film transistor 20X)
may be either a top gate type or a bottom gate type, the thin
film transistor 20X of a top gate type is used for description
in this example. The thin film transistor 20X has a configu-
ration in which a pair of source/drain electrodes (a source
electrode 21 A and a drain electrode 21B), the channel layer
22, a gate insulating film 23, and a gate electrode 24 are
provided in this order from drive substrate 11 side, with the
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flattening insulating film 25 that flattens the semiconductor
section 20A being further provided.

[0064] The source electrode 21A and the drain electrode
21B are provided apart from each other, and are electrically
coupled to the channel layer 22. A metal material and a
semi-metal or inorganic semiconductor material may be
used as the material forming the source electrode 21A and
the drain electrode 21B. Specific examples of the material
may include a metal simple substance such as platinum (Pt),
titanium (Ti), ruthenium (Ru), molybdenum (Mo), copper
(Cu), tungsten (W), nickel (Ni), aluminum (Al), gold (Au),
silver (Ag), and tantalum (Ta); and an alloy thereof. Other
examples thereof may include indium-tin oxide (ITO) and
molybdenum oxide (MoO). The source electrode 21A and
the drain electrode 21B are made of any of the metal simple
substances or an alloy thereof; a monolayer thereof or two
or more layers thereof may also be stacked for use.
Examples of the layered structure may include layered
structures of Ti/Al/Ti and Mo/Al. Further, the wiring line
27A may also have a configuration similar to those of the
source electrode 21A and the drain electrode 21B.

[0065] The channel layer 22 is provided in an island shape
between the source electrode 21A and the drain electrode
21B, and has a channel region at a position facing the gate
electrode 24 described later. The channel layer 22 may have
a thickness of 5 nm to 100 nm, for example. The channel
layer 22 may be made of, for example, an organic semicon-
ductor material such as a peri-Xanthenoxanthene (PXX)
derivative. Examples of the organic semiconductor material
may include polythiophene, poly-3-hexylthiophene (P3HT)
in which a hexyl group is introduced into polythiophene
pentacene[2,3,6,7-dibenzoanthracene], polyanthracene,
naphthacene, hexacene, heptacene, dibenzopentacene, tetra-
benzopentacene, chrysene, perylene, coronene, Terrylene,
ovalene, quoterrylene, circumanthracene, benzopyrene,
dibenzopyrene, triphenylene, polypyrrole, polyaniline, poly-
acetylene, polydiacetylene, polyphenylene, polyfuran, poly-
indole, polyvinyl carbazole, polyselenophene, polytelluro-
phene, polyisothianaphthene, polycarbazole, polyphenylene
sulfide, polyphenylene vinylene, polyphenylene sulfide,
polyvinylene sulfide, polythienylene vinylene, polynaphtha-
lene, polypyrene, polyazulene, phthalocyanines represented
by copper phthalocyanine, merocyanine, hemicyanine, poly-
ethylene dioxythiophene, pyridazine, naphthalene tetracar-
boxylic acid diimide, poly(3,4-ethylendioxythiophene)/
polystyrenesulfonic acid (PEDOT/PSS), 4.4-
biphenyldithiole (BPDT), 4,4'-diisocyanobiphenyl, 4,4'-
diisocyano-p-terphenyl, 2,5-bis(5 thioacetyl-2'-thiophenyl)
thiophene, 2,5-bis(5'-thioacetoxyl-2'-thiophenyl)thiophene,
4,4'-diisocyanophenyl, benzidine (biphenyl-4-4'-diamine),
TCNQ (tetracyanoquinodimethane), charge-transfer com-
plexes represented by a tetrathiafulvalene (TTF)-TCNQ
complex, a bisethylenetetrathiafulvalene (BEDTTTF)-per-
chloric acid complex, a BEDTTTF-iodine complex, and a
TCNQ-iodine complex, biphenyl-4,4'-dicarboxylic acid,
24-di(4-thiophenylacetylinyl)-2-ethylbenzene, 24-di(4-iso-
cyanophenylacetylinyl)-2-ethylbenzene, dendrimer, fuller-
enes such as C60, C70, C76, C78, and C84, 24-di(4-
thiophenylethynyl)-2-ethylbenzene, 2,2"-dihydroxy-1,1"4",
1"-terphenyl, 4,4'-biphenyldiethanal, 4,4'-biphenyldiol, 4,4'-
biphenyldisocyanate, 24-diacetylbenzene, diethylbiphenyl-
4 ,4'-dicarboxylate, benzo[22-¢;3,4-¢";5,6-c"]tris[22]dithiol-
24, 7-trithion, a-sexithiophene, tetrathiotetracene,
tetraselenotetracene, tetratelluric tetracene, poly(3 -alkyl
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thiophene), poly(3-thiophene-f-ethanesulfonic acid), poly
(N-alkylpyrrole)poly(3-alkylpyrrole). poly(3,4-dialkylpyr-
role), poly(2,2'-thienylpyrrole), and poly(dibenzothiophene
sulfide), and quinacridone. In addition, it is also possible to
use a compound selected from the group consisting of
condensed polycyclic aromatic compounds, porphyrin
derivatives, phenyl vinylidene-based conjugated oligomers,
and thiophene-based conjugated oligomers. Further, a mix-
ture of an organic semiconductor material and an insulating
polymer material may also be used.

[0066] The channel layer 22 may be formed using the
vacuum vapor deposition method; however, for example, the
above-mentioned material may be preferably dissolved in an
organic solvent, for example, to be used as an ink solution
in application/printing process to form the channel layer 22.
This is because the application/printing process allows for
cost reduction compared with the vacuum vapor deposition
method and is effective for enhancement of throughput.
Specific examples of the application/printing process may
include methods such as cast coating, spin coating, spray
coating, inkjet printing, relief printing, flexo printing, screen
printing, gravure printing, and gravure offset printing.

[0067] The gate insulating film 23 is provided within a
thickness range of, for example, 50 nm to 1 pm both
inclusive between the channel layer 22 and the gate elec-
trode 24. The gate insulating film 23 may be formed by an
insulating film containing one or more of silicon oxide
(810), silicon nitride (SiN), silicon oxynitride (SiON), haf-
nium oxide (HfO), aluminum oxide (Al0), aluminum nitride
(AIN), tantalum oxide (TaO), zirconium oxide (ZrO), haf-
nium oxynitride, hafnium-silicon oxynitride, aluminum
oxynitride, tantalum oxynitride, and zirconium oxynitride,
for example. The gate insulating film 23 may have either a
monolayer structure, or a layered structure, for example,
using two or more materials such as an SiN film and an SiO
film. When the gate insulating film 23 has the layered
structure, it is possible to improve interface properties with
respect to the channel layer 22 and to effectively suppress
mixing of impurities (e.g., moisture) into the channel layer
22 from the outside. The gate insulating film 23 is formed by
application, and thereafter is patterned into a predetermined
shape with etching. Depending on a material, the pattern
formation may be performed by a printing technique such as
inkjet printing, screen printing, offset printing, and gravure
printing.

[0068] The gate electrode 24 has a role of applying a gate
voltage to the thin film transistor 20X to control carrier
density in the channel layer 22 with the gate voltage. The
gate electrode 24 is provided in a selective region on the
drive substrate 11, and may be made of, for example, a metal
simple substance such as platinum (Pt), titanium (T1), ruthe-
nium (Ru), molybdenum (Mo), copper (Cu), tungsten (W),
nickel (Ni), aluminum (Al), and tantalum (Ta), or an alloy
thereof. Alternatively, two or more thereof may also be
stacked for use.

[0069] The flattening insulating film 25 is provided for
preventing a short circuit between respective wiring lines
(source electrode 21A and drain electrode 21B, channel
layer 22, or gate electrode 24), and for flattening the surface
of the drive substrate 11 on which the thin film transistor
20X is provided. Examples of the material for forming the
flattening insulating film 25 may include polyimide-based,
polyacrylate-based, epoxy-based, cresol novolak-based or
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polystyrene-based, polyamide-based, and fluorine-based
organic insulating materials; and inorganic materials such
SiO.

[0070] The display section 20B includes the light-emitting
device 10, and is provided on the semiconductor section
20A, more specifically, on the flattening insulating film 25.
The light-emitting device 10 is a light-emitting device in
which the pixel electrode 26 as an anode, a partition wall 27,
the organic layer 28 including a light-emitting layer 28B,
and a counter electrode 29 as a cathode are stacked in this
order from semiconductor section 20A side. The counter
substrate 31 is joined onto the counter electrode 29 with the
adhesive layer 40 being provided therebetween. The thin
film transistor 20X and the light-emitting device 10 are
electrically coupled to the pixel electrode 26 through a
connection hole 25A provided in the flattening insulating
film 25.

[0071] The pixel electrode 26 also serves as a reflection
layer; it is desirable to have as high reflectance as possible
in order to enhance emission efliciency. In particular, when
using the pixel electrode 26 as an anode, it is desirable that
the pixel electrode 26 may be made of a material having a
high hole injection property. Examples of the material of the
pixel electrode 26 may include a metal simple substance
such as aluminum (Al), chromium (Cr), gold (Au), platinum
(Pt), nickel (Ni), copper (Cu), tungsten (W), and silver (Ag),
and an alloy thereof. A transparent electrode, which has a
large work function, may preferably be stacked on the
surface of the pixel electrode 26.

[0072] The partition wall 27 is provided for securing an
insulating property with respect to the pixel electrode 26 and
the counter electrode 29 and for forming an emission region
into a desired shape. The partition wall 27 is made of a
photosensitive resin, for example. The partition wall 27 is
provided only around the pixel electrode 26, and a region,
exposed from the partition wall 27, of the pixel electrode 26
serves as the emission region. It 1s to be noted that, while the
organic layer 28 and the counter electrode 29 are provided
also on the partition wall 27, only the emission region
generates light emission.

[0073] The organic layer 28 has a configuration in which,
for example, a hole supply layer 28A (hole injection layer
28A1, hole transport layer 28A2), the light-emitting layer
28B, and an electron supply layer 28C (electron transport
layer 28C1, electron injection layer 28C2) are stacked in
order from pixel electrode 26 side. It is sufficient for these
layers to be provided as necessary. The layers that form the
organic layer 28 may have different configurations from
each other depending on, for example, emission colors of the
organic EL devices 10R, 10G, and 10B. The hole injection
layer 28A1 is provided for enhancing hole injection effi-
ciency, and also serves as a buffer layer that prevents a leak.
The hole transport layer 28A2 is provided for enhancing
efficiency of transporting holes to the light-emitting layer.
The light-emitting layer 28B performs application of an
electric field to cause recombination of electrons and holes,
thus emitting light. The organic EL devices 10R, 10G, and
10B includes, respectively, light emitting-layers 28BR,
28BG, and 28BB that emit corresponding color light beams.
The electron transport layer 28C1 is provided for enhancing
efficiency of transporting electrons to the light-emitting
layer 28B. The electron injection layer 28C2 is provided for
enhancing electron injection efficiency.



US 2019/0008015 A1

[0074] The counter electrode 29 is formed of any of alloys
of aluminum (Al), magnesium (Mg), calcium (Ca), and
sodium (Na), for example. Among the alloys, an alloy of
magnesium and silver (Mg—Ag alloy) may be preferable
because it has both electrical conductivity and low absorb-
ability in a thin film. The ratio of magnesium to silver in the
Mg—Ag alloy is not particularly limited; however, the film
thickness ratio of magnesium to silver may be preferably
within a range of Mg:Ag=20:11 to 1:1. Further, the material
of the counter electrode 29 may also be an alloy of alumi-
num (Al) and lithium (Li) (Al—Li alloy).

[0075] A protective film 30 is provided on the counter
electrode 29 so as to cover the end surfaces of the organic
layer 28 and the counter electrode 29, for example. The
protective film 30 may be made of, for example, an inor-
ganic material such as silicon oxide (Si0,), silicon nitride
(SiN,), silicon nitride oxide (SiN,O, ), titanium oxide (TiO,),
and aluminum oxide (AL O)).

[0076] The adhesive layer 40 is provided substantially
uniformly on the protective film 30, and joins the drive
substrate 11 on which the display layer 20 is provided to the
counter substrate 31. The adhesive layer 40 may be made of,
for example, an epoxy resin or an acrylic resin. Further, a
sheet-like resin film may also be used to form the adhesive
layer 40. Moreover, the adhesive layer 40 may not be
necessarily provided; for example, the adhesive layer 40
may be provided only in the peripheral region 110B to allow
the display region 110A to have a hollow portion.

[0077] The counter substrate 31 seals the organic EL
device 10 together with the adhesive layer 40. The counter
electrode 31 is made of a material such as glass that is
transparent to each of color light beams emitted from the
organic EL devices 10R, 10G, and 10B. On the surface of the
counter substrate 31 on the drive substrate 11 side, unillus-
trated color filters configured of, for example, a red filter, a
green filter, and a blue filter are provided, respectively, at
positions corresponding to the organic EL devices 10R, 10G,
and 10B, for example. An unillustrated black matrix is
provided among the respective organic EL devices 10R,
10G, and 10B.

1-2. Manufacturing Method

[0078] The display unit 1 may be manufactured, for
example, in accordance with the flowchart illustrated in FIG.
5.

[0079] The semiconductor section 20A is formed on the
drive substrate 11 (Step S101). First, metal films to be the
source electrode 21 A and the drain electrode 21B are formed
on the entire surface of the drive substrate 11 using the
sputtering method or the vacuum vapor deposition method,
for example. Next, the metal films are patterned using
photolithography and etching, for example, to thereby form
the source electrode 21A and the drain electrode 21B.
Thereafter, the channel layer 22 and the gate insulating film
23 are formed in order between the source electrode 21A and
the drain electrode 21B. More specifically, an organic semi-
conductor material, for example, a peri-Xanthenoxanthene
(PXX) compound solution is applied. Thereafter, the applied
organic semiconductor material is heated to form the chan-
nel layer 22, following which a spin coating method is used
to apply the above-mentioned gate insulating film material,
for example, a polyvinylpyrrolidone (PVP) solution is
applied and dried. This allows the gate insulating layer 23 to
be formed.
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[0080] Next, the flattening insulating film 25 is formed on
the respective wiring lines (source electrode 21A and drain
electrode 21B, channel layer 22, or gate electrode 24) and
the drive substrate 11. More specifically, for example, a
photosensitive resin such as polyimide is applied, and a
flattened layer 28 is patterned into a predetermined shape by
means of exposure and development. In addition, the con-
nection hole 25A is formed and calcined.

[0081] Next, the display section 20B is formed (Step
S102). First, the pixel electrode 26 is formed on the flatten-
ing insulating film 25. More specifically, a metal film made
of, for example, aluminum (Al)/indium-tin oxide (ITO) is
formed on the flattening insulating film 25 by the sputtering
method, for example. Thereafter, a metal film at a predeter-
mined position is selectively removed by wet etching, for
example, to form the pixel electrodes 26 separated for the
respective organic EL devices 10R, 10G, and 10B. There-
after, the partition wall 27 is formed between the respective
pixel electrodes 26, following which the organic layer 28
including the light-emitting layer 28B is formed using a
deposition method, for example. The counter electrode 29 is
formed on the organic layer 28 using the sputtering method,
for example. Next, the protective film 30 made of the
above-mentioned material is formed on the counter elec-
trode 29 using a plasma chemical vapor deposition (plasma
CVD) method, a physical vapor deposition (PVD) method,
and an atomic layer deposition (ALD) method, and the
deposition method, for example.

[0082] Next, the drive substrate 11 and the counter sub-
strate 31 are joined together (Step S103). First, the color
filters and the black matrix are formed on the counter
substrate 31 made of the above-mentioned material through,
for example, application by means of the spin coating
method and subsequent patterning using the photolithogra-
phy method. Thereafter, the adhesive layer 40 made of the
above-mentioned material is formed on the counter substrate
31, following which the counter substrate 31 is joined to the
drive substrate 11 with the adhesive layer 40 being inter-
posed therebetween to complete the display panel P.
[0083] Thereafter, division of the display panel P is per-
formed (Step S104). In order to achieve a display umt
having as narrow a bezel region (peripheral region 110B) as
possible as in the display unit 1 according to the disclosure,
it is necessary to precisely divide the drive substrate 11,
display layer 20, and the counter substrate 31, with the
adhesive layer 40 being included therein.

[0084] Scribing division using a mechanical wheel is
typically applied to division of a brittle material. The scrib-
ing division involves, for example, forming a crevice on the
surface of a glass substrate and extending the crevice.
However, it is difficult to control a direction in which the
crevice is extended; it is not possible to secure precision in
the division due to, for example, extension of a crevice in a
diagonal direction during the division. Therefore, it is nec-
essary for the peripheral region 110B to have a certain room
as a margin for the division, which prevents a bezel to be
narrow.

[0085] In contrast, in the present embodiment, for
example, a division method using dicing (FIGS. 6A and 6B),
or a grinding treatment after the scribing division (FIG. 8C)
is performed to achieve a narrow bezel. Use of any of these
methods makes it possible to precisely divide the display
panel P, as in the display unit 1, having a very short distance
from a position of the division to the display region 110A in
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which the light-emitting device 10 is provided, without
occurrence of, for example, any burr, chip, or crack on the
end surface of the display panel P, in particular, on the end
surfaces of the drive substrate 11 and the counter substrate
31.

[0086] The dicing is a method that involves rotating a
solid abrasive grain (blade B) at high speed as illustrated in
FIG. 6A to divide a substrate (display panel P in this
example) as illustrated in FIG. 6B. Use of the dicing for the
division of the display panel P makes it possible to limit a
surface roughness of a division surface, i.e., a surface
roughness of the end surface to 1 um or smaller.

[0087] In the division using the dicing, cooing water is
typically used to cool equipment, to remove chip powder
generated by the division, and to prevent abrasion of the
abrasive grain. FIG. 7 illustrates results of measurement, by
calcium corrosion test, of the influence of water used during
the dicing division. First, a polyimide material was applied
onto a glass substrate by the spin coating method such that
the polyimide material had a thickness of about 1 pm,
following which a calcium (Ca) film was formed by depo-
sition at a center portion of the applied polyimide material.
Silicon nitride (SiN) was formed as a barrier film on the Ca
film by the chemical vapor deposition (CVD) method.
Thereafter, a UV-cured epoxy resin was applied to a counter
glass substrate, which was joined to the glass substrate to
prepare Sample 4. In Sample 4, when moisture was perme-
ated to reach the Ca film, the Ca film was corroded, and was
converted to calcium hydroxide to be changed into trans-
parent. Further, the SiN film formed on the upper surface of
the Ca film served to protect the upper surface of the Ca film;
the corrosion due to the entering of moisture was limited
only to corrosion from the end surface of Sample 4 formed
by joining the glass substrates together.

[0088] Four sides near the Ca film of Sample 4 was
divided by dicing processing using cooling water, following
which baking was performed for 1 hour in vacuum. Subse-
quently, Sample 4 was stored in a dry atmosphere at a dew
point of -75° C. together with Sample 5 not having been
subjected to the dicing processing as a comparative
example, and thereafter stored in a thermostat bath of a
temperature of 60° C. and a humidity of 90% to compare the
corrosion states of Ca.

[0089] As appreciated from FIG. 7, Sample 4 having been
subjected to the dicing processing had less Ca corrosion than
unprocessed Sample 5. It was appreciated from this result
that exposure of the display panel P, having been subjected
to the dicing processing, to cooling water is no problem as
long as a material having a sealing property is used as the
adhesive layer 40 and as long as the exposure is performed
for a short period of time by performing a vacuum baking
treatment after the division.

[0090] Moreover, the scribing and the grinding treatment
thereafter are described. As described above, it is difficult to
control an extending direction of the crevice formed by the
scribing on the surface of the glass substrate. In particular,
in a structure having a resin layer (achesive layer 40)
between two glass substrates (drive substrate 11 and counter
substrate 31) as in the display panel P, it is very difficult to
sufficiently extend a crevice formed on the surface of the
substrate in a thickness direction.

[0091] Therefore, in the present embodiment, for example,
the adhesive layer 40 near a portion to be divided is removed
by laser processing (UV laser L) before forming a crevice in
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the counter substrate 31 as illustrated in FIG. 8A. Thereafter,
a scribing blade C is used to form a crevice on the surface
of the display panel P, and the crevice is extended to divide
the display panel P as illustrated in FIG. 8B. Thereafter, the
divided surface is cut in an arrow direction by mechanical
processing as illustrated in FIG. 8C. More specifically, a
sheet with a solid abrasive grain adhered thereto (abrasive
sheet S) is pressed against the divided surface, and is moved
in an oscillating manner in the arrow direction, for example,
to grind the divided surface, thus enabling the surface
roughness of the end surface to be limited to 1 um or smaller.
[0092] Next, the sealing section 50 is formed on the end
surface of the display panel P (Step S105). First, a descrip-
tion is given of a case of forming an aluminum oxide
(ALO,) film as the inorganic film 51A using the atomic layer
deposition (ALD) method. The inorganic film 51A is formed
by the ALD method using, for example, trimethyl aluminum
(TMA; (CH,);Al) as a first precursor gas, and, for example,
water (H,O) as a second precursor gas, with a nitrogen gas
or an argon gas being used as a purge gas. The temperature
for the film formation may be desirably 120° C. or lower,
and more desirably 100° C. or lower.

[0093] Subsequently. the organic film 52A is formed
using, for example, the UV-cured epoxy resin by means of
an offset application method, for example. In this case, the
viscosity of the organic agent before curing may be prefer-
ably 50 mPa's or lower, for example. Specific film-forming
method involves using a stainless steel jig having a transfer
section size of 0.1 mm width as an offset jig, for example.
A method for attaching the organic agent involves the
following procedures. For example, a transfer surface of the
offset jig is immersed in the organic agent, that is leveled to
have a set thickness (e.g., 10 um to 30 pm) using an
applicator, in a parallel manner, and the immersed transfer
surface of the offset jig is pulled up in a parallel manner
Thereafter, the reference plane of a panel-fixing jig and the
reference plane of the offset jig are made closer in a parallel
manner, and pressed against each other to transfer the
organic agent to a panel application surface. At this time, in
order to spread the organic agent, a time period of three
seconds, for example, may be necessary to hold this state,
following which the reference plane of the panel-fixing jig
and the reference plane of the offset jig are released from
each other in a parallel manner In this case, in order to
eliminate the influence of damage, due to a contact, to the
inorganic layer that covers an exposed surface of the cross-
sectional structure of the panel, it is preferable to use an
offset component having a larger width than that of the
exposed surface and to bring the offset component into
contact with the application surface at an angle of 5°, for
example.

[0094] Examples other than the above-described offset
method may include the dispensing method. Application
conditions may involve, for example, using a nozzle having
an external diameter of 0.23 mm and an internal diameter of
0.1 mm, and performing application such that: the distance
from a nozzle tip to the application surface is 30 pum; the
nozzle movement speed is 50 mm/sec.; and the application
pressure is 0.015 MPa.

[0095] Using the above-described method, the organic
agent is applied, for example, to the four sides of the display
panel P and, as necessary, to four corners, following which
the organic agent is cured. The curing method involves
ultraviolet (UV) irradiation at a light integral of about 700
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ml/em? or higher, for example. The curing method may be
preferably selected appropriately depending on materials;
heat and UV irradiation may be used together. Further, the
UV irradiation may also be performed, for example, in an
inert gas such as the atmosphere, nitrogen, and argon.
[0096] Next, a second layered inorganic film (inorganic
film 51B) is formed using a method similar to that for the
inorganic film 51A, and thereafter a second layered organic
film (organic film 52B) is formed. In this example, the dip
method, for example, may be used for film formation. First,
the application surface of the display panel P is made closer
in the longitudinal direction to the organic agent in a bath in
a parallel manner to be brought into contact therewith. As for
the thickness in the Y-axis direction of the display panel P,
the application surface is brought into contact with a curved
tip, which is formed by utilization of surface tension, of the
organic agent, thereby preventing the organic agent from
running off to a surface other than the panel application
surface. The panel application surface is brought into contact
with the organic agent in this manner, and thereafter is
pulled up, for example, at a constant speed of about 5
mmy/sec. in a parallel manner to thereby form the organic
film 52B. This process is performed for the four side of the
display panel P, following which the UV irradiation is used
for curing.

[0097] It is to be noted that the dispensing method may
also be used as the film-forming method for the organic film
52B. Application conditions may involve, for example,
using a nozzle having an external diameter of 0.23 mm and
an internal diameter of 0.1 mm, and performing application
such that: the distance from a nozzle tip to the application
surface is 100 pm; the nozzle movement speed is 25
mm/sec.; and the application pressure is 0.015 MPa.
[0098] Subsequently, methods similar to those for the
inorganic film 51B and the organic film 52B are used,
respectively, for formation of a third layered inorganic film
51C and a third layered organic film 52C. This allows the
sealing section 50 to be formed. Through the above-de-
scribed procedures, the display unit 1 illustrated in FIG. 1 is
completed.

1-3. Function and Effect

[0099] In the display unit 1, a scanning signal is supplied
from the scanning line drive circuit 130 to each pixel 5
through the gate electrode of the write transistor Tr2, and an
image signal is supplied from the signal line drive circuit
120 through the write transistor Tr2 to a holding capacitor Cs
and 1s stored therein. In other words, the drive transistor Trl
is on/off controlled depending on the signal stored in the
holding capacitor Cs. This causes a drive current Id to be
injected into the organic EL device 10, and thus holes and
electrons are recombined to generate light emission. The
light is transmitted through the counter electrode 29, the
protective film 30, the adhesive layer 40, unillustrated color
filters of respective colors, and the counter substrate 31 to be
extracted, because the display unit 1 is a top surface emis-
sion (top emission) display unit in this example. In a manner
as described above, the display unit 1 performs image
display (color image display).

[0100] Incidentally, an organic EL display unit used, for
example, as an organic EL television is requested to enlarge
an effective display region as a measure to seek a design
property as described above, and thus is requested to reduce
a bezel portion. However, simply narrowing the bezel region
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causes entering of moisture from the outside, thus deterio-
rating organic layers configuring the light-emitting device.
This causes a non-emission region referred to as “dark spot”
to be formed, which impairs the reliability of the organic EL
display unit.

[0101] In order to solve this issue, it is necessary, for
example, to allow an organic insulating film such as a flat
film provided around the emission region and a so-called
sealing layer that performs surface-sealing of a gap between
substrates to have a certain degree of width. Further, an
organic insulating film formed to have a relatively large size
for suppressing entering of, for example, moisture from the
outside causes moisture remaining in the film to be increased
accordingly. Thus, it is contemplated that formation of a
separating groove that separates the organic insulating film
into an inner peripheral portion and an outer peripheral
portion suppresses entering of moisture contained in the
organic insulating film.

[0102] However, it is difficult for the above-described
method to reduce the bezel region sifnificantly, although the
method is able to prevent or suppress the entering of
moisture into the organic layer.

[0103] In contrast, unlike the example of providing a
structure that suppresses the entering of moisture into the
peripheral region 110B on the periphery of the display
region 110A, the display unit 1 of the present embodiment
1s configured to provide the sealing structure 50 on the end
surface of the display panel formed by joining the drive
substrate 11 and the counter substrate 31 together, with the
display layer 20 including the organic EL device 10 being
interposed therebetween. In particular, by configuring the
sealing structure 50 as layered films of the inorganic film 51
made of an inorganic material and the organic film 52 made
of an organic material, it becomes possible to minimize the
sealing structure that suppresses the entering of moisture
into the display layer 20. This enables the bezel region to be
0.1 mm or smaller, for example.

[0104] In the present embodiment, the sealing section 50
is provided on the end surface of the display layer 20
including the organic layer 28 provided between the drive
substrate 11 and the drive substrate 11 as described above.
The sealing section 50 is so provided as to overlap at least
a portion of the end surfaces of the drive substrate 11 and the
drive substrate 11. This makes it possible to prevent the
entering of moisture into the organic layer 28 while reducing
the peripheral region 110B provided on the periphery of the
display region 110A as much as possible. Thus, it becomes
possible to provide the display unit 1 that has a narrow bezel
region while keeping reliability, and an electronic apparatus
including the display unit 1.

2. Modification Example

[0105] Now, modification examples (Modification
Examples 1 to 3) of the foregoing embodiment are
described. It is to be noted that the same reference numeral
is assigned to the same component in the foregoing embodi-
ment, and description therefor is omitted where appropriate.

Modification Example 1

[0106] FIG. 9 schematically illustrates a planar configu-
ration of an organic EL display unit (a display unit 2)
according to Modification Example 1 of the foregoing
embodiment. FIG. 10 illustrates a cross-sectional configu-
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ration taken along line I-I in FIG. 9. Unlike the display unit
1 in which the sealing section 50 is provided continuously
across the entire end surface of the display panel P, the
organic EL display unit 2 is provided with, for example, a
wiring line terminal (a terminal section 150), that drives the
organic EL device 10 from the outside, at one side of the
peripheral region 110B.

[0107] The terminal section 150 is provided with, for
example, a wiring line layer 61 that is formed as the same
wiring line layer as the above-described source electrode
21A and drain electrode 21B. The flattening insulating film
25 is formed on the wiring line layer 61 in the manufacturing
process; however, the flattening insulating film 25 on the
wiring line layer 61 is removed for electrical coupling to the
outside, and thus the wiring line layer 61 is in a state of being
exposed. The removal process is performed, for example,
after the formation of the sealing section 50 in the foregoing
embodiment, and thus the sealing section 50 at one side, at
which the terminal section 150 is provided, of the display
panel P results in being removed. Therefore, in the present
modification example, a separation groove A that completely
separates the flattening insulating film 25 is provided
between the display region 110A and the terminal section
150 as illustrated in FIG. 10. The provision of the separation
groove A forms a new end surface configured by the display
layer 50 and the counter substrate 31, and a sealing section
50A similar to the sealing section 50 in the foregoing display
unit 1 is formed on the new end surface.

[0108] Further, as illustrated in FIG. 11, on the new end
surface configured by the display layer 50 and the counter
substrate 31, the inorganic film 51 in direct contact with the
end surface is provided continuously from the end surface
onto the drive substrate 11 inside the separation groove A. A
sealing section 50B may be provided which includes the
organic films 52 and other inorganic films 51 being alter-
nately layered outside the inorganic film 51. One end surface
of each of the organic films 52 and other inorganic films 51
is in contact with the inorganic film 51 on the drive substrate
11. Tt is to be noted that FIG. 11 illustrates an example in
which the separation groove A is completely filled with the
sealing section 50B; however, there may be a gap between
the sealing section 50B and the flattening insulating film
25A that configures the separation groove A.

[0109] This makes it possible to reduce the bezel region as
much as possible while preventing the entering of moisture
into the organic layer 28, also in the display unit 2 including,
at one side of the peripheral region 110B, the terminal
section 150 that drives the organic EL device 10 from the
outside. In particular, the provision of the sealing section
50B having the structure illustrated in FIG. 11 makes it
possible to suppress the entering of moisture through a gap
between the drive substrate 11 and the flattening insulating
film 25 and thus to further prevent the entering of moisture
into the organic layer 28.

Modification Example 2

[0110] FIG. 12 illustrates a cross-sectional configuration
of an organic EL display unit (a display unit 3) according to
Modification Example 2 of the foregoing embodiment. The
display unit 3 has a configuration in which the wiring line of
the transistor 20X and the cathode electrode of the organic
EL device 10 are taken out toward a rear surface of the drive
substrate 11. This configuration may be used, for example,
as a method of taking out a wiring line of a display panel
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circumferentially surrounded by another display panel when
manufacturing an ultra-large-sized display panel by com-
bining a plurality of display panels as described above.
[0111] As for a specific method of taking out each wiring
line, for example, when a wiring line of the transistor 20X
is taken out toward the rear surface of the drive substrate 11,
a through-silicon via (TSV) that passes through the drive
substrate 11 may be provided to take out the witing line
toward the rear surface to electrically couple the wiring line
to an external drive circuit. In contrast, when taking out a
cathode electrode toward the rear surface of the drive
substrate 11, an electrically conductive film may be formed
between the end surface of the display panel P and a sealing
section 70 provided on the end surface thereof. Alterma-
tively, as illustrated in FIG. 12, an inorganic film 71A that
configures the sealing section 70 may be made of an
inorganic material having electrical conductivity (e.g., an
atomic layer deposition (ALD) film of zinc oxide (ZnO) and
aluminum (A1)). In this case, by extending the inorganic film
71A from the end surface to the rear surface of the drive
substrate 11, it becomes possible to take out the cathode
electrode toward the rear surface through the end surface of
the display panel.

[0112] It is to be noted that the film formation of the
Zn0-based electrically conductive film by the atomic layer
deposition (ALD) method may be performed, for example,
at a low temperature around 100° C. using zinc diethyl
((C,H;),Zn) and water. The specific resistance for a ZnO
monolayer prepared at 110° C. is 2x10-2x. cm. In order to
lower the specific resistance, Al is doped into ZnO (i.e,
Zn0:Al (AZ0)). When the doping of Al is performed by the
ALD method, trimethyl aluminum (TMA) and water are
used in a manner similar to the Al,O film. For example,
when 20 ZnO layers are stacked as 20 atomic layers by
means of the ALD method, and one Al,O, layer is interlay-
ered to prepare ZnO (20 layers)/Al,O, (1 layer), there is a
poszibility that the specific resistance may be on the order of
107°Q.

Modification Example 3

[0113] FIG. 13 illustrates a portion of steps for manufac-
turing a display unit 1 according to Modification Example 3
of the foregoing Example. In the present modification
example, an description is given of a dividing method in
which a plurality of organic EL devices (display layer 20)
that serve as the display panel P are formed on and joined to
a large-sized substrate referred to as a so-called “mother
glass”, and thereafter the substrate with the organic EL
devices being joined thereto is divided into display panels P
having a predetermined size.

[0114] As described above, cutting processing after dicing
and scribing may be one of the methods of forming the
plurality of organic EL devices on the large-sized substrate
and thereafter dividing it into the display panels P having the
predetermined size as described above. However, the cutting
processing is slower than a typical scribing division in the
processing speed; for example, the speed of the cutting
process is a tenth (Yio) of the speed of scribing processing,
although it depends on the amount of processing, and thus
the production efficiency is lowered.

[0115] Therefore, in the present modification example, the
dividing step is performed by separating it into two stages.
First, as illustrated in FIG. 13A, scribing division is per-
formed as a first cut, in which division speed is fast while
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division precision is low. More specifically, for example, a
large-sized glass substrate PL is divided into a plurality of
display panels PP by scribing along a cut line 1 using a laser,
after removal of the adhesive layer 40 as illustrated in FIG.
8A. The cut line 1 is configured to allow for scribing division
such that the display panel PP is larger than a predetermined
outer shape of the organic EL display unit taking into
consideration division precision in the scribing division.
[0116] Subsequently, as illustrated in FIG. 13B, a second
cut is performed which involves dividing the display panel
PP having been divided separately to have a predetermined
size by means of precision division. As the dividing method
in this case, it is preferable to adopt mechanical cutting
processing using dicing or the abrasive sheet S with use of
the solid abrasive grain.

[0117] Performing the two-stage division in this manner
makes it possible to enhance the production efficiency.
Further, even taking into consideration a processing facility,
it is possible to significantly reduce the facility cost.
[0118] It is to be noted that, when a plurality of display
panels P are prepared at once as in the present modification
example, forming the above-described sealing section 50 as
described below makes it possible to further enhance the
production efficiency of the display unit 1.

[0119] The inorganic film 51 configuring the sealing sec-
tion 50 is effectively formed by the ALD method from the
viewpoints of film thickness and a film property as described
above. However, the ALD method is slow in the film-
forming speed; a time period of 10 hours or more may be
sometimes necessary to form a film having a thickness of 25
nm, for example. Therefore, in the present modification
example, it is preferable to join a plurality of display panels
P together and to form an inorganic film at once on the
surface thereof. More specifically, the large-sized glass
substrate PL illustrated in (A) of FIG. 14 is divided sepa-
rately as illustrated in (B) of FIG. 14 by the above-described
two-stage division, and the divided display panels PP are
further subjected to the precision division to provide the
display panels P having a predetermined size. The display
panels P are overlapped on top of each other as illustrated in
(C) of FIG. 14, and the inorganic film is formed at once on
the surfaces thereof. This makes it possible to significantly
increase the film formation speed per display panel.

3. Application Example

[0120] Application examples of the organic EL display
units (display units 1 to 3) described in the foregoing
embodiment and Modification Examples 1 to 3 are described
below. The display units 1 to 3 of the foregoing embodiment
are applicable to display units of electronic apparatuses in
any fields that display, as an image or a picture, an image
signal input from outside or an image signal produced
inside, such as televisions, digital cameras, notebook per-
sonal computers, portable terminal devices such as mobile
phones, and video cameras. The display units 1 to 3
described herein are particularly suitable for small-sized to
mid-sized displays for mobile applications. The followings
show examples thereof.

Application Example 1

[0121] FIG. 15 illustrates an outer appearance of a tele-
vision according to Application Example 2. The television
may include, for example, an image display screen section
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200 that includes a front panel 210 and a filter glass 220. The
image display screen section 200 corresponds to any of the
display units 1 to 3 according to the foregoing embodiment
and Modification Examples 1 to 3.

Application Example 2

[0122] FIG. 16 illustrates an outer appearance of a note-
book personal computer to which the display unit 1A of the
foregoing embodiment is applicable. The notebook personal
computer may include, for example, a main body 410, a
keyboard 420 for operation of inputting characters, for
example, and a display section 430 as any of the above-
described display units 1 to 3.

Application Example 3

[0123] FIG. 17A and 17B illustrate an outer appearance of
a tablet personal computer 640 according to Application
Example 3. The tablet personal computer 640 may include,
for example, a casing 620 on which a touch panel section
610 and an operation section 630 are disposed. Any of the
above-described display units 1 to 3 of the foregoing
embodiment and Modification Examples 1 to 3 is mounted
in the touch panel section 610.

[0124] Although description has been given of the present
disclosure, referring to the embodiment, Modification
Examples 1 to 3, and the application examples, the disclo-
sure is by no means limited to the foregoing embodiment,
Modification Examples 1 to 3, and the application examples,
and various modifications are possible.

[0125] For example, the material and thickness of each
layer, the method and conditions of forming each layer are
not limited to those described in the foregoing embodiment,
Modification Examples 1 to 3, and Application Examples 1
to 3; each layer may be made of any other material with any
other thickness by any other method under any other con-
ditions. For example, the display units 1 to 3 described in the
above-described embodiment, modification examples 1 to 3,
and application examples may use a resin substrate such as
a plastic as a substrate on which the organic EL device 10 is
provided, thus achieving a bendable display unit by taking
advantage of flexibility of an organic substance.

[0126] Further, the description has been given of the case
where the organic EL display unit is the top surface emission
(top emission) display unit in the foregoing embodiment,
Modification Examples 1 to 3, and Application Examples 1
to 3; however, this is not limitative. The organic EL display
unit may also be configured to be a bottom surface emission
(bottom emission) display unit. In the case of such a bottom
surface emission organic EL display unit, the pixel electrode
26 may be made of any of ITO, 1Z0, and ZnO, for example.
The counter electrode 29 may be made of Al or MgAg, or
the layered structure of ITO/Ag/ITO. The bottom surface
emission organic EL display unit may be formed with a
layering order in which the organic layers 28 are layered
reversely to the foregoing embodiment.

[0127] Furthermore, the description has been given with
reference specifically to the configuration of the organic EL
display device 10 in the foregoing embodiment, Modifica-
tion Examples 1 to 3, and Application Examples 1 to 3;
however, all the layers are not necessarily provided, and
another layer may also be provided. For example, a resistive
layer made of a material having a resistivity of, for example,
1 to 107 Qcm may be provided on the electron supply layer



US 2019/0008015 A1

28C. Examples of the specific material of a resistive layer
163 may include niobium oxide (NbO,), titanium oxide
(Ti0,), molybdenum oxide (MoO,), and tantalum oxide
(Ta0,), and a mixture of niobium oxide (NbO, ) and titanium
oxide (TiO,), a mixture of titanium oxide (TiO,) and zinc
oxide (ZnO,), and a mixture of silicon oxide (SiO,) and tin
oxide (SnQ,). The provision of the resistive layer makes it
possible to suppress the generation of a dark spot in the
organic EL display unit in addition to the effects described
in the foregoing embodiment.

[0128] In addition, description has been given of the case
of the active matrix display unit in the foregoing embodi-
ment, Modification Examples 1 to 3, and Application
Examples 1 to 3; however, the present disclosure may also
be applicable to a passive matrix display unit. Furthermore,
the configuration of the pixel drive circuit that performs an
active matrix drive is not limited to those described in the
foregoing embodiment; a capacitor or a transistor may also
be added as necessary. In this case, a necessary drive circuit
may also be added, in addition to the above-described signal
line drive circuit 120 and the scanning line drive circuit 130,
depending on alteration of the pixel drive circuit.

[0129] Description has been given of three types of pixels
of the red pixel 5R, the green pixel 3G, and the blue pixel
5B as color pixels in the foregoing embodiment, Modifica-
tion Examples 1 to 3, and Application Examples 1 to 3.
However, this is not limitative; for example, a color pixel
such as a white pixel SW and a yellow pixel 5Y may also be
combined.

[0130] Itisto be noted that the effects described herein are
mere examples. The effect of the technology is not limited
thereto, and may include other effects.

[0131] It is to be noted that the technology may also have
the following configurations.

[0132] (1)

[0133] An organic EL display unit including:

[0134] a first substrate;

[0135] a second substrate;

[0136] a display layer provided between the first substrate

and the second substrate, the display layer including an
organic layer; and

[0137] a sealing section provided continuously from an
end surface of the display layer to at least a portion of
respective end surfaces of the first substrate and the second
substrate.

[0138] (2)

[0139] The organic EL display unit according to (1),
wherein the sealing section has a layered structure in which
an inorganic material layer and an organic material layer are
stacked in this order.

[0140] (3)

[0141] The organic EL display unit according to (1) or (2),
wherein the sealing section has a multi-layered structure in
which an inorganic material layer and an organic material
layer are stacked alternately.

[0142] (4)

[0143] The organic EL display unit according to (3),
wherein the organic material layer includes a plurality of
organic material layers, and the organic material layers that
configure the multi-layered structure have a width in a
direction in which the first substrate, the second substrate,
and the display layer are stacked, the width of the organic
material layers becoming larger in an order of the stack of
the organic material layers.
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[0144] (5)

[0145] The organic EL display unit according to any one
of (2) to (4), wherein the inorganic material layer contains
one or more of aluminum oxide (AI203), silicon oxide
(8102), zirconium oxide (Zr02), titanium oxide (Ti02), zinc
oxide (Zn02), indium-zinc oxide (IZQ), indium-tin oxide
(ITO), indium-gallium-zine oxide (IGZO), aluminum-zinc
oxide (AZ0), gallium-zinc oxide (GZO), silicon nitride
(SiN), and silicon oxynitride (SiON).

[0146] (6)

[0147] The organic EL display unit according to any one
of (2) to (4), wherein the inorganic material layer contains
one or more of ruthenium (R), platinum (Pt), iridium (Ir),
palladium (Pd), rhodium (Rh), gold (Au), silver (Ag), cop-
per (Cu), nickel (Ni), cobalt (Co), iron (Fe), manganese
(Mn), tantalum (Ta), tungsten (W), molybdenum (Mo),
titanium (T1), aluminum (Al), silicon (Si), germanium (Ge),
and zinc (Zn), or an alloy thereof.

[0148] (7)

[0149] The organic EL display unit according to any one
of (1) to (6), further including a flattening film containing an
organic material and provided on the end surface of the
display layer.

[0150] (8)

[0151] The organic EL display unit according to any one
of (2) to (7), wherein the inorganic material layer firstly
provided on the end surface of the display layer has elec-
trical conductivity.

[0152] (9)
[0153] A method of manufacturing an organic EL display
unit, the method including:

[0154] forming, on a first substrate, a display layer includ-
ing an organic layer;

[0155] joining the first substrate and the second substrate
together, with the display layer being provided therebe-
tween; and

[0156] forming a sealing section continuously from an end
surface of the display layer to at least a portion of respective
end surfaces of the first substrate and the second substrate.
[0157] (10)

[0158] The method of manufacturing the organic EL dis-
play unit according to (9), further including providing an
adhesive layer on the second substrate before the joining,
with the display layer being provided therebetween, of the
first substrate and the second substrate together.

[0159] (11)

[0160] The method of manufacturing the organic EL dis-
play unit according to (9) or (10), further including dividing,
including the display layer, the first substrate and the second
substrate after the joining, with the display layer being
provided therebetween, of the first substrate and the second
substrate together.

[0161] (12)

[0162] The method of manufacturing the organic EL dis-
play unit according to (11), wherein the dividing is per-
formed by dicing. (13)

[0163] The method of manufacturing the organic EL dis-
play unit according to (11), wherein the dividing is per-
formed by scribing after removal, with a laser, of the
adhesive layer provided between the display layer and the
second substrate.
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[0164] (14)
[0165] An electronic apparatus with an organic EL display
unit, the organic EL display unit including:

[0166] a first substrate;
[0167] a second substrate;
[0168] a display layer provided between the first substrate

and the second substrate, the display layer including an
organic layer; and

[0169] a sealing section provided continuously from an
end surface of the display layer to at least a portion of
respective end surfaces of the first substrate and the second
substrate.

[0170] This application is based upon and claims the
benefit of priority of the Japanese Patent Application No.
2014-201517 filed with the Japan Patent Office on Sep. 30,
2014, the entire contents of which are incorporated herein by
reference.

[0171] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations,
and alterations may occur depending on design requirements
and other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

1. An organic EL display device comprising:

a first substrate;

a second substrate having a side surface extending from a
lower edge to an upper edge when viewed in a cross-
section;

a display layer located in a gap between the first substrate
and the second substrate, the display layer including a
plurality of transistors, a first insulating layer covering
the transistors, a reflective electrode layer over the first
insulating layer, a second insulating layer made of an
organic material and covering the reflective electrode
layer, an organic layer having a light-emitting layer on
the reflective electrode layer, and a counter electrode on
the organic layer; and

a sealing member provided on a periphery of the display
layer so as to surround the gap between the first
substrate and the second substrate,

wherein, when viewed in the cross-section, the sealing
member:

(1) 1s disposed on an upper surface of the first substrate,
(ii) extends continuously upward at least to the lower
edge of the second substrate,
(iil) covers a side surface of the first insulating layer,
and
(iv) covers a side surface of the second insulating layer.
2. The organic EL display device according to claim 1,
wherein, when viewed in the cross-section, the first substrate
extends outward beyond the side surface of the second
substrate.
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3. The organic EL display device according to claim 1,
wherein an outer side surface of the sealing member has a
convex shape when viewed in the cross-section.

4. The organic EL display device according to claim 3,
wherein the first substrate extends outward beyond the side
surface of the sealing member having the convex shape.

5. The organic EL display device according to claim 1,
wherein, when viewed in the cross-section, the sealing
member extends continuously upward beyond the lower
edge of the second substrate so as to cover the side surface
of the second substrate.

6. The organic EL display device according to claim 5,
wherein, when viewed in the cross-section, the sealing
member extends to the upper edge of the second substrate.

7. The organic EL display device according to claim 1,
wherein the display layer includes a protection film disposed
on the counter electrode, and the sealing member is in
contact with the protection film.

8. The organic EL display device according to claim 1,
wherein the reflective electrode layer includes a plurality of
pixel electrodes, and each of the pixel electrodes corre-
sponds to a respective one of light emitting devices.

9. The organic EL display device according to claim 8,
wherein the second insulating layer includes a plurality of
partition walls, and each of the partition walls respectively
separates an adjacent two of the pixel electrodes.

10. The organic EL display device according to claim 9,
wherein the second insulating layer is made of a photosen-
sitive resir.

11. The organic EL display device according to claim 1,
wherein at least a portion of the gap is a hollow portion.

12. The organic EL display device according to claim 1,
wherein at least a portion of the gap is filled with an adhesive
layer.

13. The organic EL display device according to claim 12,
wherein another portion of the gap is a hollow portion.

14. The organic EL display device according to claim 13,
wherein another portion of the gap is a hollow portion.

15. The organic EL display device according to claim 1,
further comprising a wiring line terminal disposed on the
second substrate in a first region outside of the sealing
member.

16. The organic EL display device according to claim 15,
wherein light emitting devices of the display layer are
configured to be driven in response to a driving signal
received through the wiring line terminal.

17. The organic EL display device according to claim 15,
further comprising a third insulating layer is disposed in a
second region adjacent to the wiring line terminal.

18. The organic EL display device according to claim 17,
wherein a groove is formed by the third insulating layer and
the outer side surface of the sealing member.
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