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7) ABSTRACT

A method for producing top-emission organic EL display
device, in which, using cover material having flexibility such
as resin film, space between organic EL layer-side substrate
and cover material is made into decompressed state, thereaf-
ter, adhesion properties between organic EL layer-side sub-
strate and cover material is maintained by retaining decom-
pressed state in the space between organic EL layer-side
substrate and cover material when adhering organic EL layer-
side substrate and cover material by adjusting pressure of
space on opposite side to the organic EL layer-side substrate,
in relation to cover material so that deterioration in display
properties can be restrained by preventing organic layer on
auxiliary electrode removed by laser light from being scat-
tered on pixel area. In the method for producing top-emission
organic EL display device described above, resin film includ-
ing barrier property with oxygen permeability of 100
cc/m2-day or less is used as the cover material.
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METHOD FOR PRODUCING TOP-EMISSION
ORGANIC ELECTROLUMINESCENCE
DISPLAY DEVICE AND COVER MATERIAL
FOR FORMING TOP-EMISSION ORGANIC
ELECTROLUMINESCENCE DISPLAY
DEVICE

TECHNICAL FIELD

[0001] The present disclosure relates to a method for pro-
ducing a top-emission organic electroluminescence display
device including an auxiliary electrode.

BACKGROUND ART

[0002] Organic electroluminescence elements have drawn
attention in terms of advantages such as high visibility by
self-coloring, excellent impact resistance for being an
entirely solid display unlike a liquid crystal display device, a
fast response rate, small influence by a change in temperature,
and a wide viewing angle. Incidentally, hereinafter, in some
cases, an organic electroluminescence is abbreviated to
organic EL.

[0003] The configuration of the organic EL element is
based on a laminated structure where an organic EL layer is
interposed between an anode and a cathode. As a driving
method for the organic EL display device including the
organic EL element, there are passive matrix driving and
active matrix driving, but the active matrix driving is useful in
terms that the active matrix driving can be performed at a low
voltage in production of a large-sized display. Incidentally,
the active matrix driving denotes a method of driving the
organic EL display device by forming a circuit such as TFT on
a substrate where the organic EL element is formed and
driving the organic EL display device by the circuit such as
TFTs.

[0004] As the organic EL display device, there are a bottom
emission type in which light is emitted from a substrate side
where the organic EL element is formed and a top emission
type in which light is emitted from a side opposite to the
substrate where the organic EL element is formed. Here, in
the case of the active matrix driving organic EL display
device, in the bottom emission type, there is a problem in that
an aperture ratio is limited by the circuit such as TFT formed
on the substrate, which is a light emitting surface, and a light
emitting efficiency is deteriorated. In contrast, in the top
emission type, since light is emitted from the surface of the
side opposite to the substrate, an excellent light emitting
efficiency can be obtained in comparison with the bottom
emission type. Incidentally, in the case of the top emission
type, atransparent electrode layer isused as an electrode layer
of the side which becomes the light emitting surface.

[0005] A general transparent electrode layer has high resis-
tance in comparison with an electrode layer comprising a
metal such as Al or Cu. For this reason, in the organic EL
display device including the transparent electrode layer, volt-
age drop occurs due to the resistance of the transparent elec-
trode layer, and as a result, uniformity of brightness of the
organic EL layer is deteriorated, so that a problem of so-called
brightness irregularity occurs. In addition, as an area of the
transparent electrode layer is increased, the resistance is
increased, and thus, the above-described problem of bright-
ness irregularity becomes remarkable in the case of produc-
ing a large-sized display.
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[0006] With respect to the above-described problem, there
is known a method of suppressing voltage drop by forming
auxiliary electrodes having a low resistance value and elec-
trically connecting the auxiliary electrodes to the transparent
electrode layer. Here, the auxiliary electrodes are generally
formed in a pattern shape by applying an etching process by
awet process after formation of a metal layer. For this reason,
in the top-emission organic EL display device, in the case
where the auxiliary electrodes are formed after formation of
the organic EL layer, there is a problem in that an etchant used
for forming the auxiliary electrode is infiltrated into the
organic EL layer. Therefore, as disclosed in Patent Docu-
ments 1 to 3, thereis known a method of forming the auxiliary
electrodes before formation of the organic EL layer.

[0007] However, if the auxiliary electrodes are formed
before formation of the organic EL layer, in the case where the
organic EL layer is to be formed on the entire surface or in the
case where at least one layer of the organic layers constituting
the organic FL layer is formed on the entire surface, the
organic EL layer or the at least one of the organic layers is
formed on the auxiliary electrodes. For this reason, there is a
problem in that electrically connection between the auxiliary
electrodes and the transparent electrode layer may be pre-
vented by the organic EL layer or the organic layer on the
auxiliary electrodes.

[0008] Therefore, in Patent Documents 1, there is proposed
a method of producing the organic EL display device where
the organic EL layer on the auxiliary electrodes is removed by
a laser light and the auxiliary electrode and the transparent
electrode layer are electrically connected to each other. How-
ever, in this case, the organic EL layer removed by the laser
light is scattered, and thus, pixel areas of the organic EL
display device are contaminated, so that there is a problem in
that display properties are deteriorated.

[0009] In addition, as a method of solving the above-de-
scribed problem, for example, in Patent Document 2, there is
proposed a method of forming a first electrode having light
transmittance on the entire surfaces of the auxiliary elec-
trodes covered with the organic EL layer before removing the
organic EL layer by a laser light, after that, removing the
organic EL layer by the laser light through the first electrode,
and finally, forming a second electrode. However, in this case,
although the above-described deterioration in display prop-
erties can be suppressed, since the first electrode and the
second electrode are formed as the transparent electrode lay-
ers, there is a problem in that the number of production
processes is increased.

CITATION LIST

Patent Documents

[0010] Patent Document 1: Japanese Patent No.
4959119
[0011] Patent Document 2: Japanese Translation of PCT

International Application Publication No. JP-T-2010-
538440

[0012] Patent Document 3:
4340982

Japanese Patent No.

SUMMARY

Technical Problem

[0013] Patent Document 3 discloses a production method
foranorganic EL display device as a method of preventing the
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organic layers removed by the laser light from contaminating
the display device, as follows. Namely, as illustrated in FIG.
12A, pixel electrodes 30 and an auxiliary electrode 40 are
formed on a substrate 20, and a partition 50 is formed between
the pixel electrodes 30 and the auxiliary electrode 40, and
after that, as illustrated in FIG. 12B, an organic EL layer 60 is
formed, so that an organic EL layer side substrate 100" is
formed. Next, as illustrated in FIG. 12C, under a reduced
pressure, a cover material 80 made of a glass substrate or a
resin film is allowed to face the organic EL layer side sub-
strate 100, so that the cover material 80 is arranged so as to be
in contact with top portions of the partition 50, and a space V
between the organic EL layer side substrate 100" and the cover
material 80 is set to be in a reduced pressure state. After that,
by pressuring an outer peripheral space of the organic EL
layer side substrate 100" and the cover material 80, the cover
material 80 is allowed to be adhered to the organic EL layer
side substrate 100'. Next, the organic EL layer 60 on the
auxiliary electrode 40 is removed by a laser light L, and as
illustrated in FIG. 12D, the cover material 80 is peeled off.
Finally, as illustrated in FIG. 12E, a transparent electrode
layer 70 is formed on the organic EL layer side substrate, so
that an organic EL display device 100, in which the auxiliary
electrode 40 and the transparent electrode layer 70 are elec-
trically connected to each other, is formed. Incidentally, the
problem is that the use of the cover material made of a glass
substrate in producing the organic EL display device by the
method described above makes difficult to develop the pro-
duction into a roll-to-roll manufacturing technique. Thus, itis
conceived that the use of the cover material having flexibility
such as a resin film is advantageous from the viewpoint of
improving production efficiency.

[0014] Thus, the inventors of an embodiment of the present
invention have studied a method such that a space between an
organic EL layer-side substrate and a cover material is made
into a decompressed state by contacting the organic EL layer-
side substrate and the cover material under reduced pressure
with the use of the cover material having flexibility such as a
resin film; subsequently, the organic EL layer-side substrate
and the cover material are adhered by pressurizing an outer
peripheral space of the organic EL layer-side substrate and
the cover material; thereafter, an organic layer on the auxil-
iary electrode is removed by illuminating with laser light
through the cover material. As a result, the inventors of the
present disclosure have found the following new problem.
That is to say, it was understood that when a space between
the organic EL layer-side substrate and the cover material is
made into a decompressed state by contacting the cover mate-
rial made of a resin film with the organic EL layer-side sub-
strate under reduced pressure to thereafter pressurize an outer
peripheral space of the organic EL layer-side substrate and
the cover material, degree of vacuum in the space between the
organic EL layer-side substrate and the cover material dete-
riorates with time. The reason therefore is conceived to be that
gas intrudes from the outer peripheral space of the organic EL
layer-side substrate and the cover material into the space
between the organic EL layer-side substrate and the cover
material. Also, the space between the organic EL layer-side
substrate and the cover material is so narrow that only a slight
intrusion of gas deteriorates the degree of vacuum remark-
ably. Here, adhesion properties between the organic EL layer-
side substrate and the cover material increases as a difference
between pressure of the space between the organic EL layer-
side substrate and the cover material and pressure of the outer
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peripheral space of the organic EL layer-side substrate and
the cover material increases. Accordingly, when the degree of
vacuum in the space between the organic EL layer-side sub-
strate and the cover material deteriorates, the difference
between pressure of the space between the organic EL layer-
side substrate and the cover material and pressure of the outer
peripheral space of the organic EL layer-side substrate and
the cover material decreases, and adhesion properties
between the organic EL layer-side substrate and the cover
material weakens. Asa result, the problem is that adhesion
properties on a contact face between the organic EL layer-
side substrate and the cover material may not be maintained in
removing an organic layer by laser light, and it becomes
difficult to sufficiently prevent the organic layer removed by
laser light from being scattered on a pixel area.

[0015] The present disclosure has been made in view ofthe
actual circumstances, and a main object thereof is to provide
a method for producing a top-emission organic EL display
device, in which, using a cover material having flexibility
such as a resin film, a space between an organic EL layer-side
substrate and a cover material is made into a decompressed
state, thereafter, adhesion properties between the organic EL
layer-side substrate and the cover material is maintained by
retaining the decompressed state in the space between the
organic EL layer-side substrate and the cover material when
adhering the organic EL layer-side substrate and the cover
material by adjusting pressure of a space on the opposite side
to the organic EL layer-side substrate, in relation to the cover
material so that the deterioration in display properties can be
restrained by preventing an organic layer on an auxiliary
electrode removed by laser light from being scattered on a
pixel area.

Solution to Problem

[0016] To achieve the above object, an embodiment of the
present invention provides a method for producing a top-
emission organic EL display device, the top-emission organic
EL display device comprising: a substrate, a plurality of pixel
electrodes formed on the substrate, an auxiliary electrode
formed between the pixel electrodes adjacent to each other, a
spacer portion formed on the substrate, an organic EL layer
formed on the pixel electrodes, comprising a plurality of
organic layers, and including at least a luminous layer, at least
one layer of the organic layers formed on the auxiliary elec-
trode, a contact portion as an opening of the organic layer,
formed on the auxiliary electrode, and a transparent electrode
layer formed on the organic EL layer and the contact portion,
the spacer portion being formed between the contact portion
and the pixel electrode adjacent to the contact portion, and the
transparent electrode layer being electrically connected to the
auxiliary electrode in the contact portion; and the method for
producing a top-emission organic EL display device compris-
ing steps of: an organic EL layer-side substrate preparing step
of preparing an organic EL layer-side substrate comprising
the substrate, the pixel electrodes, the auxiliary electrode, the
spacer portion, and the organic EL layer, at least one layer of
the organic layers being formed on the whole surface of the
auxiliary electrode, an arrangement step of arranging a cover
material to face the organic EL layer-side substrate obtained
in the organic EL layer-side substrate preparing step under a
first pressure so that the cover material is in contact with a top
portion of the spacer portion by the intermediary of the
organic layers, an adhering step of adhering the organic EL
layer-side substrate and the cover material by adjusting a
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space on the opposite side to the organic EL layer-side sub-
strate, in relation to the cover material, to a second pressure
which is higher than the first pressure, and a contact portion
forming step of forming the contact portion by removing the
organic layer formed on the auxiliary electrode by illuminat-
ing with laser light through the cover material, wherein the
cover material is aresin film including a barrier property with
an oxygen permeability of 100 cc/m*-day or less.

[0017] According to an embodiment of the present inven-
tion, the cover material used in the arrangement step is a resin
film including a barrier property with an oxygen permeability
of 100 cc/m>-day or less, so that a decompressed state in a
space between the organic EL layer-side substrate and the
cover material can be retained. Thus, in the contact portion
forming step, adhesion properties between the organic EL
layer-side substrate and the cover material can be maintained
also in illuminating the organic layer on the auxiliary elec-
trode with laser light through the cover material, and the
organic layer removed by laser light can be sufficiently pre-
vented from being scattered on a pixel area on which the pixel
electrode is formed, and a top-emission organic EL display
device, in which deterioration in display properties can be
restrained, can be obtained. Also, the cover material used in
an embodiment of the present invention is a resin film, so that
the production efficiency can be improved so that the devel-
opment into a roll-to-roll manufacturing technique is
allowed.

[0018] In an embodiment of the present invention, a mini-
mum transmittance value of the cover material in a wave-
length range of 340 nm to 400 nm is preferably equal to or
greater than 70%. The laser light can be prevented from being
absorbed in the cover material when illuminating the organic
layer with the laser light through the cover material in the
contact portion forming step for the reason that the minimum
transmittance value of the cover material in a wavelength
range 0f 340 nm to 400 nm is equal to or greater than 70%, so
that the contact portion can be formed while securely remov-
ing the organic layer. Thus, the occurrence of brightness
unevenness due to voltage drop can be restrained by suffi-
ciently connecting the transparent electrode layer and the
auxiliary electrode in the contact portion.

[0019] An embodiment of the present invention provides a
method for producing an organic EL display device, the top-
emission organic EL display device comprising a substrate, a
plurality of pixel electrodes formed on the substrate, an aux-
iliary electrode formed between the pixel electrodes adjacent
to each other, a spacer portion formed on the substrate, an
organic EL layer formed on the pixel electrodes, comprising
aplurality of organic layers, and including at least a luminous
layer, at least one layer of the organic layers formed on the
auxiliary electrode, a contact portion as an opening of the
organic layer, formed on the auxiliary electrode, and a trans-
parent electrode layer formed on the organic EL layer and the
contact portion, the spacer portion being formed between the
contact portion and the pixel electrode adjacent to the contact
portion, and the transparent electrode layer being electrically
connected to the auxiliary electrode in the contact portion,
and the method for producing a top-emission organic EL
display device comprising steps of: an organic EL layer-side
substrate preparing step of preparing an organic EL layer-side
substrate comprising the substrate, the pixel electrodes, the
auxiliary electrode, the spacer portion, and the organic EL
layer, at least one layer of the organic layers being formed on
the whole surface of the auxiliary electrode, an arrangement
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step of arranging a cover material to face the organic EL
layer-side substrate obtained in the organic EL layer-side
substrate preparing step under a first pressure so that the cover
material is in contact with a top portion of the spacer portion
by the intermediary of the organic layer, an adhering step of
adhering the organic EL layer-side substrate and the cover
material by adjusting a space on the opposite side to the
organic EL layer-side substrate, in relation to the cover mate-
rial, to a second pressure which is higher than the first pres-
sure, and a contact portion forming step of forming the con-
tact portion by removing the organic layer formed on the
auxiliary electrode by illuminating with laser light through
the cover material; wherein the cover material is a polyethyl-
ene terephthalate film.

[0020] According to an embodiment of the present inven-
tion, the cover material used in the arrangement step com-
prises polyethylene terephthalate, so that a decompressed
state in a space between the organic EL layer-side substrate
and the cover material can be retained. Thus, in the contact
portion forming step, adhesion properties between the
organic EL layer-side substrate and the cover material can be
maintained also when illuminating the organic layer on the
auxiliary electrode with laser light through the cover material,
and the organic layer removed by laser light can be suffi-
ciently prevented from being scattered on a pixel area on
which the pixel electrode is formed, and the top-emission
organic EL display device, in which deterioration in display
properties can be restrained, can be obtained. Also, the laser
light can be prevented from being absorbed in the cover
material when illuminating the organic layer with the laser
light through the cover material in the contact portion forming
step for the reason that the cover material used in an embodi-
ment of the present invention comprises polyethylene tereph-
thalate, so that the contact portion can be formed while
securely removing the organic layer. Thus, the occurrence of
brightness unevenness due to voltage drop can be restrained
by sufficiently connecting the transparent electrode layer and
the auxiliary electrode in the contact portion. In addition,
production efficiency can be improved so that the develop-
ment into a roll-to-roll manufacturing technique is allowed.

[0021] Inanembodiment ofthe present invention, the cover
material preferably has a barrier layer. The cover material
used in an embodiment of the present invention has a barrier
layer, so that a decompressed state in a space between the
organic EL layer-side substrate and the cover material can be
retained more effectively. Thus, in the contact portion form-
ing step, adhesion properties between the organic EL layer-
side substrate and the cover material can be sufficiently main-
tained also when illuminating the organic layer on the
auxiliary electrode with laser light through the cover material.
Thus, the organic layer removed by laser light can be pre-
vented more securely from being scattered on a pixel area on
which the pixel electrode is formed, and the top-emission
organic EL display device, in which deterioration in display
properties can be restrained, can be obtained.

[0022] An embodiment of the present invention provides a
method for producing a top-emission organic EL display
device, the top-emission organic EL display device compris-
ing a substrate, a plurality of pixel electrodes formed on the
substrate, an auxiliary electrode formed between the pixel
electrodes adj acent to each other, a spacer portion formed on
the substrate, an organic EL layer formed on the pixel elec-
trodes, comprising a plurality of organic layers, and including
at least a luminous layer, at least one layer of the organic
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layers formed on the auxiliary electrode, a contact portion as
an opening of the organic layer, formed on the auxiliary
electrode, and a transparent electrode layer formed on the
organic EL layer and the contact portion, the spacer portion
being formed between the contact portion and the pixel elec-
trode adjacent to the contact portion, and the transparent
electrode layer is electrically connected to the auxiliary elec-
trode in the contact portion; and the method for producing a
top-emission organic EL display device comprising steps of:
an organic EL layer-side substrate preparing step of preparing
an organic EL layer-side substrate comprising the substrate,
the pixel electrodes, the auxiliary electrode, the spacer por-
tion, and the organic EL layer, at least one layer of the organic
layers being formed on the whole surface of the auxiliary
electrode, an arrangement step of arranging a cover material
to face the organic EL layer-side substrate obtained in the
organic EL layer-side substrate preparing step under a first
pressure so that the cover material is in contact with a top
portion of the spacer portion by the intermediary of the
organic layer, an adhering step of adhering the organic EL
layer-side substrate and the cover material by adjusting a
space on the opposite side to the organic EL layer-side sub-
strate, in relation to the cover material, to a second pressure
which is higher than the first pressure, and a contact portion
forming step of forming the contact portion by removing the
organic layers formed on the auxiliary electrode by illumi-
nating with laser light through the cover material, wherein the
cover material is a glass film.

[0023] According to an embodiment of the present inven-
tion, the cover material used in the arrangement step is a glass
film, so that a decompressed state in a space between the
organic EL layer-side substrate and the cover material can be
retained. Thus, in the contact portion forming step, adhesion
properties between the organic EL layer-side substrate and
the cover material can be maintained also when illuminating
the organic layer on the auxiliary electrode with laser light
through the cover material, and the organic layer removed by
laser light can be sufficiently prevented from being scattered
on a pixel area on which the pixel electrode is formed, and the
top-emission organic EL display device, in which deteriora-
tion in display properties can be restrained, can be obtained.
Also, since the cover material is a glass film, production
efficiency can be improved so that the development into a
roll-to-roll manufacturing technique is allowed.

[0024] An embodiment of the present invention provides a
cover material for forming a top-emission organic EL display
device used in the above-mentioned method for producing a
top-emission organic EL display device, wherein the cover
material is a resin film including a barrier property with an
oxygen permeability of 100 cc/m*-day or less, and a mini-
mum transmittance value in the wavelength range of 340 nm
to 400 nm is equal to or greater than 70%.

[0025] An embodiment of the present invention can pro-
duce the top-emission organic EL display device by the pro-
ducing method described above for the reason that the cover
material is a resin film including a barrier property with an
oxygen permeability of 100 cc/m*-day or less and the mini-
mum transmittance value in a wavelength range of 340 nm to
400 nm is equal to or greater than 70%, and the top-emission
organic EL display device, in which deterioration in display
properties can be restrained, can be obtained.

Jul. 14,2016

Advantageous Effects of Disclosure

[0026] An embodiment of the present invention produces
the effect such that a decompressed state in a space between
the organic EL layer-side substrate and the cover material
having flexibility such as a resin film can be retained, and the
top-emission organic EL display device, in which deteriora-
tion in display properties can be restrained, can be obtained
by preventing the organic layer on the auxiliary electrode
removed by laser light from being scattered on a pixel area.

BRIEF DESCRIPTION OF DRAWINGS

[0027] FIGS. 1A to 1F are process drawings showing an
example of a method for producing a top-emission organic
EL display device of an embodiment of the present invention.
[0028] FIGS. 2A to 2F are process drawings showing
another example of a method for producing a top-emission
organic EL display device of an embodiment of the present
invention.

[0029] FIG. 3 is a schematic view explaining a method for
producing a top-emission organic EL display device of an
embodiment of the present invention.

[0030] FIG. 4 is a graph showing gas permeability of a
cover material.
[0031] FIG. 5 is a schematic view explaining a spacer por-

tion in an embodiment of the present invention.

[0032] FIGS. 6A to 60 are schematic views showing an
example of a spacer portion forming step and an insulating
layer forming step in an embodiment of the present invention.
[0033] FIGS. 7A and 7B are schematic views showing an
example of a formation aspect of a spacer portion in an
embodiment of the present invention.

[0034] FIGS. 8A and 8B are schematic views showing
another example of a formation aspect of a spacer portion in
an embodiment of the present invention.

[0035] FIGS. 9A and 9B are schematic views showing
another example of a formation aspect of a spacer portion in
an embodiment of the present invention.

[0036] FIG. 10 is a schematic view explaining a spacer
portion in an embodiment of the present invention.

[0037] FIGS.11A to 11C are schematic views explaining a
contact portion in an embodiment of the present invention.
[0038] FIGS.12Ato 12E are process drawings showing an
example of a conventional method for producing a top-emis-
sion organic EL display device.

DESCRIPTION OF EMBODIMENTS

[0039] A method for producing a top-emission organic EL
display device and a cover material for forming a top-emis-
sion organic EL display device of an embodiment of the
present invention are hereinafter described in detail. Inciden-
tally, a top-emission organic EL display device is occasion-
ally abbreviated as an organic EL display device hereinafter.

[0040] A. Method for Producing Organic EL Display
Device
[0041] A method for producing an organic EL display

device of an embodiment of the present invention has three
aspects in accordance with a cover material.

[0042] A firstaspect of the method for producing an organic
EL display device of an embodiment of the present invention
is amethod for producing an organic EL display device com-
prising a substrate, a plurality of pixel electrodes formed on
the substrate, an auxiliary electrode formed between the pixel
electrodes adjacent to each other, a spacer portion formed on
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the substrate, an organic EL layer formed on the pixel elec-
trodes, comprising a plurality of organic layers, and including
at least a luminous layer, at least one layer of the organic
layers formed on the auxiliary electrode, a contact portion as
an opening of the organic layer, formed on the auxiliary
electrode, and a transparent electrode layer formed on the
organic EL layer and the contact portion, the spacer portion
being formed between the contact portion and the pixel elec-
trode adjacent to the contact portion, and the transparent
electrode layer being electrically connected to the auxiliary
electrode in the contact portion; and the method for producing
a top-emission organic EL display device comprising steps
of: an organic EL layer-side substrate preparing step of pre-
paring an organic EL layer-side substrate comprising the
substrate, the pixel electrodes, the auxiliary electrode, the
spacer portion, and the organic EL layer, at least one layer of
the organic layers being formed on the whole surface of the
auxiliary electrode, an arrangement step of arranging a cover
material to face the organic EL layer-side substrate obtained
in the organic EL layer-side substrate preparing step under a
first pressure so that the cover material is in contact with the
top portion of the spacer portion by the intermediary of the
organic layer, an adhering step of adhering the organic EL
layer-side substrate and the cover material by adjusting a
space on the opposite side to the organic EL layer-side sub-
strate, in relation to the cover material, to a second pressure
which is higher than the first pressure, and a contact portion
forming step of forming the contact portion by removing the
organic layer formed on the auxiliary electrode by illuminat-
ing with laser light through the cover material, wherein the
cover material is a resin film including a barrier property with
an oxygen permeability of 100 cc/m*day or less.

[0043] A second aspect of the method for producing an
organic EL display device of an embodiment of the present
invention is a method for producing an organic EL display
device, the organic EL display device comprising a substrate,
a plurality of pixel electrodes formed on the substrate, an
auxiliary electrode formed between the pixel electrodes adja-
cent to each other, a spacer portion formed on the substrate, an
organic EL layer formed on the pixel electrodes, comprising
aplurality of organic layers, and including at least a luminous
layer, at least one layer of the organic layers formed on the
auxiliary electrode, a contact portion as an opening of the
organic layer, formed on the auxiliary electrode, and a trans-
parent electrode layer formed on the organic EL layer and the
contact portion, the spacer portion being formed between the
contact portion and the pixel electrode adjacent to the contact
portion, and the transparent electrode layer being electrically
connected to the auxiliary electrode in the contact portion;
and the method for producing a top-emission organic EL
display device comprising steps of: an organic EL layer-side
substrate preparing step of preparing an organic EL layer-side
substrate comprising the substrate, the pixel electrodes, the
auxiliary electrode, the spacer portion, and the organic EL
layer, at least one layer of the organic layers is formed on the
whole surface of the auxiliary electrode, an arrangement step
ofarranging a cover material to face the organic EL layer-side
substrate obtained in the organic EL layer-side substrate pre-
paring step under a first pressure so that the cover material is
in contact with the top portion of the spacer portion by the
intermediary of the organic layer, an adhering step of adher-
ing the organic EL layer-side substrate and the cover material
by adjusting a space on the opposite side to the organic EL
layer-side substrate, in relation to the cover material, to a
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second pressure which is higher than the first pressure, and a
contact portion forming step of forming the contact portion
by removing the organic layer formed on the auxiliary elec-
trode by illuminating with laser light through the cover mate-
rial, wherein the cover material is a polyethylene terephtha-
late film.

[0044] A third aspect of the method for producing an
organic EL display device of an embodiment of the present
invention is a method for producing an organic EL display
device, theorganic EL display device comprising: a substrate,
a plurality of pixel electrodes formed on the substrate, an
auxiliary electrode formed between the pixel electrodes adja-
cent to each other, a spacer portion formed on the substrate, an
organic EL layer formed on the pixel electrodes, comprising
aplurality of organic layers, and including at least a luminous
layer, at least one layer of the organic layers formed on the
auxiliary electrode, a contact portion as an opening of the
organic layer, formed on the auxiliary electrode, and a trans-
parent electrode layer formed on the organic EZ layer and the
contact portion, the spacer portion being formed between the
contact portion and the pixel electrode adjacent to the contact
portion, and the transparent electrode layer being electrically
connected to the auxiliary electrode in the contact portion;
and the method for producing a top-emission organic EL
display device comprising steps of: an organic EL layer-side
substrate preparing step of preparing an organic EL layer-side
substrate comprising the substrate, the pixel electrodes, the
auxiliary electrode, the spacer portion, and the organic EL
layer, at least one layer of the organic layers being formed on
the whole surface of the auxiliary electrode, an arrangement
step of arranging a cover material to face the organic EL
layer-side substrate obtained in the organic EL layer-side
substrate preparing step under a first pressure so that the cover
material is in contact with the top portion of the spacer portion
by the intermediary of the organic layer, an adhering step of
adhering the organic EL layer-side substrate and the cover
material by adjusting a space on the opposite side to the
organic EL layer-side substrate, in relation to the cover mate-
rial, to a second pressure which is higher than the first pres-
sure, and a contact portion forming step of forming the con-
tact portion by removing the organic layer formed on the
auxiliary electrode by illuminating with laser light through
the cover material, wherein the cover material is a glass film.

[0045] Here, the “first pressure” and the “second pressure”
are not particularly limited as long as the first pressure is a
lower pressure than the second pressure. Also, they are not
particularly limited as long as they are pressures such as to
allow the organic EL layer-side substrate and the cover mate-
rial to be adhered by differential pressure between pressure of
a space between the organic EL layer-side substrate and the
cover material and pressure of a space on the opposite side to
the organic FL layer-side substrate, in relation to the cover
material, when adjusting the pressure of a space between the
organic EL layer-side substrate and the cover material to the
first pressure and the pressure of a space on the opposite side
to the organic EL layer-side substrate, in relation to the cover
material, to the second pressure when arranging the cover
material on the surface ofthe organic EL layer-side substrate.
Incidentally, ordinarily, the “first pressure” is a lower pressure
than normal pressure and the “second pressure” is a higher
pressure than the “first pressure”. Also, the specific “first
pressure” and “second pressure” are described in the after-
mentioned items of “2. Arrangement step” and “3. Adhering
step”; therefore, the description herein is omitted.
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[0046] FIGS. 1A to 1F are a process drawing showing an
example of the method for producing an organic EL display
device of an embodiment of the present invention. First, as
exemplified in FIG. 1A, a pixel electrode and auxiliary elec-
trode forming step of forming a pixel electrode 3 and an
auxiliary electrode 4 on a substrate 2 is performed. Next, as
exemplified in FIG. 1B, a spacer portion forming step of
forming a spacer portion 5 on the substrate 2 is performed.
Thereafter, as exemplified in FIG. 1C, an organic EL layer
forming step of forming an organic EL layer 6 comprising a
plurality of organic layers and including at least a luminous
layer 1s performed. In this manner, an organic EL layer-side
substrate preparing step of preparing an organic EL layer-side
substrate 1 is performed. Subsequently, as exemplified in
FIG. 1D, an arrangement step of arranging a cover material 8
which is a resin film having a predetermined oxygen perme-
ability, a cover material 8 which is a polyethylene terephtha-
late film, or a cover material 8 which is a glass film to face the
organic EL layer-side substrate 1 under a first pressure so that
the cover material 8 is in contact with the top portion of the
spacer portion 5 by the intermediary of the organic EL layer
6 is performed. On this occasion, a space V between the
organic EL layer-side substrate 1 and the cover material 8 is
made into a decompressed state. Thereafter, an adhering step
of adhering the organic EL layer-side substrate and the cover
material by adjusting a space P1 on the opposite side to the
organic EL layer-side substrate 1, in relation to the cover
material 8, to a second pressure which is higher than the first
pressure, is performed. Next, a contact portion forming step
of removing the organic EL layer 6 on the auxiliary electrode
4 by illuminating the organic EL layer 6 formed on the aux-
iliary electrode 4 with laser light [ through the cover material
B to form the contact portion 9 by exposing the auxiliary
electrode 4 as exemplified in FIG. 1E is performed. Lastly, as
exemplified in FIG. 1F, a transparent electrode layer forming
step of forming a transparent electrode layer 7 on the organic
EL layer-side substrate so as to be electrically connected to
the auxiliary electrode 4 in the contact portion 9 is performed.
Thus, an organic EL display device 10 in an embodiment of
the present invention is obtained.

[0047] FIGS. 2A to 2F are a process drawing showing
another example of the method for producing an organic EL
display device of an embodiment of the present invention.
Incidentally, since FIGS. 2A to 2C are the same as FIGS. 1A
to 10 described above, the description is omitted. Next, as
exemplified in FIG. 2D, an arrangement step of arranging a
cover material 8 satisfying predetermined conditions to face
the organic EL layer-side substrate 1 under a first pressure so
that the top portion of the spacer portion 5 and the cover
material 8 is in contact by the intermediary of the organic EL
layer 6 is performed. On this occasion, a space V between the
organic EL layer-side substrate 1 and the cover material 8 is
made into a decompressed state. Thereafter, an adhering step
of adjusting a space P1 on the opposite side to the organic EL
layer-side substrate 1, in relation to the cover material 8, to a
second pressure which is higher than the first pressure to
adhere the organic EL layer-side substrate 1 and the cover
material 8 is performed. Subsequently, a contact portion
forming step of removing the organic EL layer 6 formed on
the auxiliary electrode 4 by illuminating with laser light L
from the cover material B side through a mask M including an
opening in a region in which the auxiliary electrode 4 is
formed to form the contact portion 9 by exposing the auxiliary
electrode 4 as exemplified in FIG. 2E is performed. Lastly, as
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exemplified in FIG. 2F, a transparent electrode layer forming
step of forming a transparent electrode layer 7 on the organic
EL layer-side substrate so as to be electrically connected to
the auxiliary electrode 4 in the contact portion 9 is performed.
Thus, an organic EL display device 10 in an embodiment of
the present invention is obtained.

[0048] Thus, in anembodiment of the present invention, the
cover material used in the arrangement step is a resin film
having predetermined oxygen permeability, a polyethylene
terephthalate film, ora glass film, so that adecompressed state
in a space between the organic EL layer-side substrate and the
cover material can be retained. Thus, in the contact portion
forming step, adhesion properties between the organic EL
layer-side substrate and the cover material can be maintained
also when illuminating the organic layer on the auxiliary
electrode with laser light through the cover material, and the
organic layer removed by laser light can be sufficiently pre-
vented from being scattered on a pixel area on which the pixel
electrode is formed. Thus, the organic EL display device, in
which deterioration in display properties can be restrained,
can be obtained.

[0049] The reason therefore is conceived to be as follows.
First, as exemplified in FIG. 3, adhesion properties between
the organic EL layer-side substrate 1 and the cover material 8
increases as a difference between pressure of a space P1 on
the opposite side to the organic EL layer-side substrate 1, in
relation to the cover material 8, and pressure of a space V
between the organic EL layer-side substrate 1 and the cover
material 8, that is, differential pressure increases. Thus, the
organic EL layer-side substrate 1 and the cover material 8 are
contacted under a first pressure, and thereafter pressure of a
space V between the organic EL layer-side substrate 1 and the
cover material 8 is made lower than pressure of a space P1 on
the opposite side to the organic EL layer-side substrate 1, in
relation to the cover material 8, by adjusting a space P1 on the
opposite side to the organic EL layer-side substrate 1, in
relation to the cover material 8, to a second pressure which is
higher than the first pressure, and adhesion properties
between the organic EL layer-side substrate 1 and the cover
material 8 increases by increasing differential pressure
between a space P1 on the opposite side to the organic EL
layer-side substrate 1, in relation to the cover material 8, and
a space V between the organic EL layer-side substrate 1 and
the cover material 8. However, in a conventional method
using a general cover material made of a resin film, as shown
in the graph of FIG. 4, differential pressure between a space
on the opposite side to the organic EL layer-side substrate, in
relation to the cover material, and a space between the organic
EL layer-side substrate and the cover material decreases with
time. Specifically, in the case of a conventional cover mate-
rial, differential pressure decreases by 50% in two minutes
and the differential pressure dissolves in ten minutes. The
reason therefore is conceived to be that the barrier property of
the cover material, used in a conventional method, against gas
is so low that gas intrudes from the outer peripheral of the
organic EL layer-side substrate and the cover material into the
space between the organic EL layer-side substrate and the
cover material. Incidentally, it is conceived that the space
between the organic EL layer-side substrate and the cover
material is so narrow that only a slight intrusion of gas dete-
riorates the degree of vacuum remarkably and differential
pressure between a space on the opposite side to the organic
EL layer-side substrate, in relation to the cover material, and
a space between the organic EL layer-side substrate and the



US 2016/0204389 A1

cover material decreases. On the other hand, in an embodi-
ment of the present invention using a cover material satisfying
predetermined conditions, as shown in the graph of FIG. 4,
differential pressure between a space on the opposite side to
the organic EL layer-side substrate, in relation to the cover
material, and a space between the organic EL layer-side sub-
strate and the cover material can be maintained. The reason
therefore is conceived to be that the cover material used in an
embodiment of the present invention has a predetermined
barrier property against gas, so that gas can be prevented from
intruding from the outer peripheral space of the organic EL
layer-side substrate and the cover material into the space
between the organic FL layer-side substrate and the cover
material. Accordingly, in an embodiment of the present
invention, it is surmised that a decompressed state in a space
between the organic EL layer-side substrate and the cover
material can be retained, and in the contact portion forming
step, adhesion properties between the organic EL layer-side
substrate and the cover material can be maintained also when
illuminating the organic layer on the auxiliary electrode with
laser light through the cover material.

[0050] In addition, the cover material used in an embodi-
ment of the present invention is a resin film, a polyethylene
terephthalate film or a glass film, so that the development into
a roll-to-roll manufacturing technique is allowed. Thus, pro-
duction efficiency of an organic EL display device can be
improved.

[0051] Also, in the case where the cover material used in an
embodiment of the present invention is a resin film or a
polyethylene terephthalate film, cracking can be prevented
and the handling is facilitated.

[0052] Here, “at least one layer of the organic layers is
formed on the whole surface of the auxiliary electrode” in an
embodiment of the present invention, as exemplified in FIG.
10 and FIG. 2C, includes, for example, an aspect such that all
layers composing the organic EL layer 6 are formed on the
whole surface so as to cover the inside of a pixel area p, on
which the pixel electrode 3 is formed, and the auxiliary elec-
trode 4; additionally, in the case where the organic EL layer is
provisionally comprising four layers of a hole injecting layer,
a hole transporting layer, a luminous layer and an electron
injecting layer, an aspect such that three layers of the four
layers are formed in the pixel area in a pattern and the other
layer is formed on the whole surface so as to cover the inside
of the pixel area and the auxiliary electrode, an aspect such
that two layers of the four layers are formed in the pixel area
in a pattern and the other two layers are formed on the whole
surface so as to cover the inside of the pixel area and the
auxiliary electrode, and an aspect such that one layer of the
four layers is formed in the pixel area in a pattern and the other
three layers are formed on the whole surface so as to cover the
inside of the pixel area and the auxiliary electrode.

[0053] Also, “the top portion of the spacer portion” in an
embodiment of the present invention, as exemplified in FIG.
5, signifies an upper base surface H of the spacer portion 5 in
the case where the spacer portion 5 is a trapezoid. Also, in the
case where the spacer portion is a shape except a trapezoid, it
signifies the most top portion of the spacer portion, and a
portion where the cover material contacts first in the spacer
portion on the occasion of contacting the organic EL layer-
side substrate and the cover material.

[0054] Each step inthe method for producing an organic EL
display device of an embodiment of the present invention is
hereinafter described.
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[0055] 1. Organic EL Layer-Side Substrate Preparing Step
[0056] Inanembodiment of the present invention, first, ina
method for producing an organic EL display device compris-
ing: a substrate, a plurality of pixel electrodes formed on the
substrate, an auxiliary electrode formed between the pixel
electrodes adjacent to each other, a spacer portion formed on
the substrate, an organic EL layer formed on the pixel elec-
trodes, comprising a plurality of organic layers, and including
at least a luminous layer, at least one layer of the organic
layers formed on the auxiliary electrode, a contact portion as
an opening of the organic layer, formed on the auxiliary
electrode, and a transparent electrode layer formed on the
organic EL layer and the contact portion, the spacer portion
being formed between the contact portion and the pixel elec-
trode adjacent to the contact portion, and the transparent
electrode layer is electrically connected to the auxiliary elec-
trode in the contact portion; an organic EL layer-side sub-
strate preparing step of preparing an organic EL layer-side
substrate comprising the substrate, the pixel electrodes, the
auxiliary electrode, the spacer portion, and the organic EL
layer, at least one layer of the organic layers being formed on
the whole surface of the auxiliary electrode is performed.
[0057] The forming step of each member formed in this
step 1s hereinafter described.

[0058] (1) Pixel Electrode and Auxiliary Electrode Form-
ing Step
[0059] This stepisa step of forming a pixel electrode and an

auxiliary electrode on a substrate.

[0060] Each member used in this step and the specific pixel
electrode and auxiliary electrode forming step are hereinafter
described.

[0061] (a) Substrate

[0062] A substratein this step supports the after-mentioned
pixel electrode, auxiliary electrode, spacer portion, organic
EL layer and transparent electrode layer.

[0063] An organic EL display device produced in an
embodiment of the present invention is of a top-emission
type, so that the substrate may have light transmittance or not.
In the case where the substrate has light transmittance and is
a transparent substrate, an organic EL display device of a
double-face emitting type can be obtained.

[0064] Also, the substrate may have flexibility or not,
which is properly selected in accordance with uses of the
organic EL display device. Examples of a material for such a
substrate include glass and resin. Incidentally, a gas barrier
layer may be formed on the surface of the substrate.

[0065] The thickness of the substrate is properly selected in
accordance with materials of the substrate and uses of the
organic EL display device, specifically, approximately 0.005
mm to S mm.

[0066] (b) Pixel Electrode

[0067] A pixel electrode in this step is formed on the sub-
strate in a pattern by plurality.

[0068] The pixel electrode may have light transmittance or
not, but ordinarily does not have light transmittance for the
reason that an organic EL, display device produced by an
embodiment of the present invention is of a top-emission type
and the light is taken out from the transparent electrode layer
side. Also, in the case where the pixel electrode has light
transmittance and is a transparent electrode, an organic EL
display device of a double-face emitting type can be obtained.
[0069] The pixel electrode may be either of an anode and a
cathode.
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[0070] 1In the case where the pixel electrode is an anode,
resistance is preferably small and a metallic material which is
a conductive material is generally used, but an organic com-
pound or an inorganic compound may be used.

[0071] A conductive material with a large work function is
preferably used for an anode so that a positive hole is easily
injected. Examples thereof include metals such as Au, Crand
Mo; inorganic oxides such as indium tin oxide (ITO), indium
zine oxide (IZ0), zinc oxide and indium oxide; and conduc-
tive polymers such as metal-doped polythiophene. These
conductive materials may be used singly or in combination of
two kinds or more. In the case of using two kinds or more,
layers composed of each material may be laminated.

[0072] Also, in the case where the pixel electrode is a cath-
ode, a metallic material which is a conductive material is
generally used, but an organic compound or an inorganic
compound may be used.

[0073] A conductive material with a small work function is
preferably used for a cathode so that an electron is easily
injected. Examples thereof include magnesium alloys such as
MgAg; aluminum alloys such as Alli, AlCa and AIMg; and
alloys of alkali metals and alkali-earth metals such as Li, Cs,
Ba, Sr and Ca.

[0074] The thickness of the pixel electrode is properly
adjusted in accordance with, for example, the presence or
absence of leak current from an edge portion of the pixel
electrode, and is, for example, approximately 10 nm to 1000
nm, preferably approximately 20 nm to 500 nm. Incidentally,
the thickness of the pixel electrode may be the same as or
different from the thickness of the after-mentioned auxiliary
electrode.

[0075] Incidentally, in the case of forming the pixel elec-
trode all together with the after-mentioned auxiliary elec-
trode, the thickness of the pixel electrode and the auxiliary
electrode is equalized.

[0076] (c) Auxiliary Electrode

[0077] An auxiliary electrode in this step is formed
between the pixel electrodes adjacent to each other.

[0078] The auxiliary electrode may have light transmit-
tance or not.
[0079] A metallic material which is a conductive material is

generally used for the auxiliary electrode. Incidentally, a
material used for the auxiliary electrode is the same as the
material used for the pixel electrode. Therefore, the descrip-
tion herein is omitted.

[0080] Also, the material used for the auxiliary electrode
may be the same as or different from the material used for the
pixel electrode. Above all, the pixel electrode and the auxil-
iary electrode are preferably of the same material. The reason
therefore is to allow the pixel electrode and the auxiliary
electrode to be formed all together and allow the production
processes to be simplified.

[0081] The thickness of the auxiliary electrode is properly
adjusted in accordance with, for example, the presence or
absence of leak current from an edge portion of the auxiliary
electrode, and is preferably, for example, within a range of 10
nm to 1000 nm, more preferably within a range of 20 nm to
500 nm. Incidentally, in the case of forming the auxiliary
electrode all together with the pixel electrode described
above, the thickness of the pixel electrode and the auxiliary
electrode is equalized.

[0082] The shape when observing such an auxiliary elec-
trode in the thickness direction thereof, that is, a planar shape
is not particularly limited as long as the shape is a shape such
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as to allow the function of the auxiliary electrode, which
restrains voltage drop due to the resistance of the transparent
electrode layer, to be performed, but the shape is preferably a
shape such as not to deteriorate the takeoff efficiency of light
of an organic EL display device. Examples thereof include a
stripe shape and a lattice shape.

[0083] (d) Pixel Electrode and Auxiliary Electrode

[0084] A clearance between the adjacent pixel electrode
and auxiliary electrode is not particularly limited as long as
the clearance is such as to allow the after-mentioned spacer
portion to be formed. Specifically, the clearance is preferably
within a range of 1 pm to 50 um, more preferably within a
range of 2 um to 30 pm. Incidentally, the clearance between
the adjacent pixel electrode and auxiliary electrode signifies a
distance d shown in FIG. 1A.

[0085] (e) Pixel Electrode and Auxiliary Electrode Form-
ing Step
[0086] The pixel electrode and auxiliary electrode forming

step in an embodiment of the present invention has a step of
forming the pixel electrode on the substrate first. A method
for forming the pixel electrode is not particularly limited as
long as the method is a method such as to allow the pixel
electrode to be formed on the substrate in a pattern, but a
general method for forming an electrode may be adopted.
Examples thereof include an evaporation method using a
mask and a photolithography method. Also, examples of the
evaporation method include a sputtering method and a
vacuum deposition method.

[0087] Next, this step has a step of forming the auxiliary
electrode between the pixel electrodes adjacent to each other.
A method for forming the auxiliary electrode is not particu-
larly limited as long as the method is a method such as to
allow the auxiliary electrode to be formed on the substrate in
a pattern, but a general method for forming an electrode may
be adopted. The specific method for forming the auxiliary
electrode is the same as the method for forming the pixel
electrode. Therefore, the description herein is omitted. Inci-
dentally, in this step, the auxiliary electrode is preferably
formed all together with the pixel electrode. The reason there-
fore is to allow the production processes to be simplified.

[0088] (2) Spacer Portion Forming Step

[0089] This step is a step of forming a spacer portion on the
substrate.

[0090] The spacer portion formed in this step and the spe-

cific spacer portion forming step are hereinafter described.
[0091] (a) Spacer Portion

[0092] The spacer portion formed in this step is formed
between the pixel electrode and the after-mentioned contact
portion, and has the function of the spacer portion to prevent
the organic layer removed by laser light from being scattered
in the after-mentioned contact portion forming step. Also,
when the spacer portion is in contact with the pixel electrode,
the spacer portion has the function as an insulating layer.
[0093] Incidentally, inthe case where the spacer portionhas
the function as an insulating layer, an insulating layer forming
step of forming the insulating layer is simultaneously per-
formed together with this step of forming the spacer portion,
and the spacer portion and the insulating layer may be formed
all together. The formation of the spacer portion and the
insulating layer all together allows the production efficiency
to be improved. FIGS. 6A and 6B are a schematic process
drawing showing an example of the case of performing the
insulating layer forming step simultaneously with this step to
form the spacer portion and the insulating layer all together,
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and FIG. 6C is an A-A line cross-sectional view of FIG. 6B.
First, as exemplified in FIG. 6A, the pixel electrode 3 and the
frame-like auxiliary electrode 4 are formed on the substrate 2.
Next, as exemplified in FIGS. 6B and 6C, the spacer portion
5 and the insulating layer 13 are formed all together so that the
top of the pixel electrode 3 and the upper part of the auxiliary
electrode 4 forming the contact portion 9 are exposed. In the
case where the spacer portion and the insulating layer are
formed all together, the spacer portion and the insulating layer
comprise the same material, and the spacer portion 5 and the
insulating layer 13 may be successively formed as exempli-
fied in FIG. 63.

[0094] In this step, the number of the spacer portions
formed between the pixel electrode and the after-mentioned
contact portion is not particularly limited as long as the func-
tion described above of the spacer portion can be sufficiently
performed by separating the pixel area, on which the pixel
electrode is formed, and the contact portion, but the number
may be one, or two or more.

[0095] Here, the number of the spacer portions formed
between the pixel electrode and the after-mentioned contact
portion signifies the number of stripes formed between the
pixel electrode and the contact portion when the spacer por-
tion in stripes is formed in the lengthwise direction between
the adjacent pixel electrode and contact portion. Accordingly,
the number of the spacer portions 5 as exemplified in FIGS.
7A and 7B is 1. Incidentally, FIGS. 7A and 75 are schematic
views showing an example of the spacer portion formed in
this step. Also, FIG. 7A is a schematic plan view of the case
where the spacer portion is formed between the pixel elec-
trode and the auxiliary electrode, and FIG. 7B is a B-B line
cross-sectional view of F1IG. 7A. The reference numerals not
explained in FIGS. 7A and 73 are the same as FIGS. 1A to 1F.
Therefore, the description herein is omitted.

[0096] Theplanar shape of the spacer portion formed in this
step is not particularly limited as long as the spacer portion is
formed so as to separate the pixel electrode and the after-
mentioned contact portion. However, as exemplified in FIG.
7A, the spacer portions 5 may be formed in stripes between
the pixel electrode 3 and the contact portion 9 in the auxiliary
electrode 4, as exemplified in FIG. 8A, the spacer portions 5
may be formed in frames so as to surround the contact portion
9inthe auxiliary electrode 4, or as exemplified in FIG. 9A, the
spacer portions 5 may be formed in frames so as to surround
the contact portion 9 in the auxiliary electrode 4 and the
adjacent pixel electrode 3. Incidentally, FIGS. 8A and 8B and
9A and 9B are schematic views showing another example of
the spacer portion formed in this step. Also, FIGS. 8A and 9A
are schematic plan views of the case where the spacer portion
is formed between the pixel area, on which the pixel electrode
is formed, and the contact portion in the auxiliary electrode,
FIG. 8B is a C-C line cross-sectional view of FIG. 8A, and
FIG. 9B is a D-D line cross-sectional view of FIG. 9A. The
reference numerals not explained in FIGS. 8A to 9B are the
same as FIGS. 1A to 1F. Therefore, the description herein is
omitted.

[0097] Also, the longitudinal cross-sectional shape of the
spacer portion formed in this step is not particularly limited as
long as the function described above of the spacer portion can
be performed. Examples thereof include a forward tapered
shape, an inverse tapered shape and a rectangular shape,
above all, a forward tapered shape is preferable. The reason
therefore is to allow the after-mentioned transparent electrode
layer to be uniformly formed on the whole surface and allow
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sufficient continuity even though the spacer portion is formed
so as to surround the pixel electrode or the auxiliary electrode
as exemplified in FIGS. 8A and 9A.

[0098] The height of the spacer portion formed in this step
is not particularly limited as long as the height is such as to
allow the cover material to be arranged so as to contact with
the top portion of the spacer portion by the intermediary of the
organic layer when facing the organic EL layer-side substrate
and the cover material in the after-mentioned arrangement
step; however, specifically, the height is preferably within a
range of 0.1 pum to 10 um, more preferably within a range of
0.5 um to 5 um, particularly, within a range of 1 pm to 3 um.
The reason therefore is that the height of the spacer portion
being within the range, the space between the organic EL
layer-side substrate and the cover material, formed when
facing the organic EL layer-side substrate and the cover mate-
rial, can be made larger so as to allow the degree of vacuum of
the space to be restrained from deteriorating abruptly even in
the case where gas intrudes slightly into the space. Also, the
problem can be prevented that when facing and contacting the
organic EL layer-side substrate and the cover material in the
after-mentioned arrangement step, the cover material warps
to contact with the organic EL layer formed on the pixel
electrode, and has a bad influence on display properties of the
organic EL display device.

[0099] Incidentally, the height of the spacer portion signi-
fies a height h from the lower base to the top portion H of the
spacer portion 5 as shown in FIG. 5.

[0100] A material used for such a spacer portion is not
particularly limited as long as the material is a material such
as not to have a bad influence on the properties of the organic
EL display device obtained by an embodiment of the present
invention, but, for example, an insulating material is prefer-
ably used as the material for the spacer portion in the case
where the spacer portion contacts with the pixel electrode. A
malfunction due to leak current from an edge portion of the
pixel electrode may be prevented. Specific examples of the
material include photocurable resin such as photosensitive
polyimide resin and acrylic resin, or thermosetting resin and
inorganic materials.

[0101] In addition, the spacer portion formed in this step
may comprise a pedestal portion and a adhering portion
formed on the pedestal portion. Specifically, as exemplified in
FIG. 10, the spacer portion may comprise a pedestal portion
11 formed on the substrate 2 and a adhering portion 12 formed
on the pedestal portion 11.

[0102] The spacer portion comprises the pedestal portion
and the adhering portion, so that the height of the spacer
portion is easily adjusted. For example, in the case where any
wiring layer is formed on the substrate and an insulating layer
is formed on the wiring layer, the height of the insulating layer
rises by an equivalent to the thickness of the wiring layer. In
such a case, by making the insulating layer into the pedestal
portion, and forming the adhering portion on the insulating
layer as the pedestal portion to obtain the spacer portion, the
height of the spacer portion comprising the insulating layer as
the pedestal portion and the adhering portion formed on the
insulating layer can be easily made higher than the height of
the insulating layer formed on the wiring layer. Also, when
facing the cover material to the organic EL layer-side sub-
strate in the after-mentioned arrangement step, the spacer
portion and the cover material can be selectively contacted.
Thus, the function described above as the spacer portion can
be sufficiently performed.



US 2016/0204389 A1

[0103] In the case where the spacer portion comprises the
pedestal portion and the adhering portion, the size of the
pedestal portion is properly adjusted in accordance with the
size between the pixel area and the contact portion, or the size
and the number of the adhering portion formed on the pedes-
tal portion. The height of the pedestal portion is, for example,
preferably within a range of 0.1 pm to 5 um, more preferably
within a range of 0.5 pm to 3 um, particularly, within a range
of 1 um to 2 pm. The height of the pedestal portion being
within the range allows the effect described above by forming
the pedestal portion.

[0104] Incidentally, the height of the pedestal portion sig-
nifies a height h, from the lower base to the top portion of the
pedestal portion 11 as shown in FIG. 10.

[0105] Also, the longitudinal cross-sectional shape of the
pedestal portion is not particularly limited as long as the
adhering portion can be formed on the pedestal portion.
Examples thereof include a forward tapered shape, an inverse
tapered shape and a rectangular shape. Above all, a forward
tapered shape is preferable. The reason therefore is to allow
the after-mentioned transparent electrode layer to be uni-
formly formed on the whole surface and allow sufficient
continuity even though the pedestal portion and the adhering
portion are formed so as to surround the pixel electrode or the
auxiliary electrode.

[0106] In addition, a material used for the pedestal portion
is the same as the material for the spacer portion described
above. Therefore, the description herein is omitted.

[0107] On the other hand, a material used for the adhering
portion may be the same as the material for the spacer portion
described above. However, additionally, a conductive mate-
rial may be used as the material for the adhering portion in the
case where the pedestal portion is formed from an insulating
material.

[0108] The size and the number of the adhering portion are
the same as the size and the number of the spacer portion
described above. Therefore, the description herein is omitted.

[0109]

[0110] The spacer portion forming step in an embodiment
of the present invention has a step of forming the spacer
portion between the pixel area, on which the pixel electrode is
formed, and the after-mentioned contact portion. A general
method such as a lamination method, a photolithography
method and a printing method may be used as a method for
forming the spacer portion. Also, examples thereof include a
method wherein the spacer portion is separately formed by
using a mold, for example, and the spacer portion is adhered
between the pixel area and the contact portion by using an
adhesive.

[0111] Also, in the case where the spacer portion comprises
the pedestal portion and the adhering portion, the spacer
portion forming step in an embodiment of the present inven-
tion has a step of forming the pedestal portion between the
pixel area, on which the pixel electrode is formed, and the
after-mentioned contact portion, to thereafter, forming the
adhering portion on the pedestal portion. A method for form-
ing the pedestal portion and the adhering portion is the same
as a method for forming the spacer portion described above.
Therefore, the description herein is omitted. Incidentally, in
the case where the pedestal portion and the adhering portion
comprise the same material, the pedestal portion and the
adhering portion may be formed all together.

(b) Spacer Portion Forming Step
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[0112] (3) Organic EL Layer Forming Step

[0113] This step is a step of forming an organic EL layer
comprising a plurality of organic layers and including at least
a luminous layer on the pixel electrode. Also, in this step, at
least one layer of the organic layers is formed on the whole
surface of the auxiliary electrode in an organic EL layer-side
substrate.

[0114] The organic EL layer formed in this step and the
specific organic EL layer forming step are hereinafter
described.

[0115] (a) Organic EL Layer

[0116] Examples of the organic layers composing the
organic EL layer include a hole injecting layer, a hole trans-
porting layer, an electron injecting layer and an electron trans-
porting layer other than a luminous layer.

[0117] Each of the organic layers composing the organic
EL layer is hereinafter described.

[0118] (i) Luminous Layer

[0119] The luminous layer formed in this step may be a
monochromatic luminous layer or a multicolored luminous
layer, and is properly selected in accordance with uses of the
organic EL display device. In the case where the organic EL
display device is a display device, a multicolored luminous
layer is ordinarily formed.

[0120] A luminescent material used for the luminous layer
may be a material emitting fluorescence or phosphorescence,
and examples thereof include coloring materials, metal com-
plex materials and polymeric materials. Incidentally, specific
coloring materials, metal complex materials and polymeric
materials are the same as materials to be generally used.
Therefore, the description herein is omitted.

[0121] The thickness of the luminous layer is not particu-
larly limited as long as the thickness is such as to allow the
function of emitting light by providing the field for recombi-
nation of electrons and positive holes, but may be approxi-
mately 10 nm to 500 nm, for example.

[0122] (ii) Hole Injecting Transporting Layer

[0123] As the organic EL layer formed in this step, a hole
injecting transporting layer may be formed between the lumi-
nous layer and an anode.

[0124] The hole injecting transporting layer may be a hole
injecting layer including a hole injection function, a hole
transporting layer including a hole transport function, a lami-
nated layer of the hole injecting layer and the hole transport-
ing layer, and a layer including both the hole injection func-
tion and the hole transport function.

[0125] A material used for the hole injecting transporting
layer is not particularly limited as long as the material is such
as to allow injection and transportation of positive holes into
the luminous layer to be stabilized, but a general material may
be used.

[0126] The thickness of the hole injecting transporting
layer is not particularly limited as long as the thickness is such
as to allow the hole injection function and the hole transport
function to be sufficiently performed; specifically, the thick-
ness is preferably within a range of 0.5 nm to 1000 nm, more
preferably within a range of 10 nm to 500 nm.

[0127] (iii) Electron Injecting Transporting Layer

[0128] As the organic EL layer formed in this step, an
electron injecting transporting layer may be formed between
the luminous layer and a cathode.

[0129] The electron injecting transporting layer may be an
electron injecting layer including an electron injection func-
tion, an electron transporting layer including an electron
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transport function, a laminated layer of the electron injecting
layer and the electron transporting layer, and a layer including
both the electron injection function and the electron transport
function.

[0130] A material used for the electron injecting layeris not
particularly limited as long as the material is such as to allow
injection of electrons into the luminous layer to be stabilized,
and a material used for the electron transporting layer is not
particularly limited as long as the material is such as to allow
electrons injected from the cathode to be transported into the
luminous layer.

[0131] A general material may be used as a specific mate-
rial used for the electron injecting layer and the electron
transporting layer.

[0132] The thickness of the electron injecting transporting
layer is not particularly limited as long as the thickness is such
as to allow the electron injection function and the electron
transport function to be sufficiently performed.

[0133] (b) Organic EL Layer Forming Step

[0134] The organic EL layer forming step in an embodi-
ment of the present invention has a step of forming the organic
EL layer described above on the pixel electrode. Incidentally,
the case where the organic EL layers are laminated in order of
the hole injecting transporting layer, the luminous layer and
the electron injecting transporting layer is described herein.

[0135] A method for forming the hole injecting transport-
ing layer is not particularly limited as long as it can be formed
at least on the pixel electrode, but is properly selected in
accordance with kinds of the material. Examples thereof
include a wet process of applying a coating liquid for forming
the hole injecting transporting layer in which the material is
dissolved or dispersed in a solvent, and a dry process such as
a vacuum deposition method.

[0136] Next, amethod for forming the luminous layerisnot
particularly limited as long as it can be formed on the hole
injecting transporting layer, but examples thereof include a
wet process of applying a coating liquid for forming the
luminous layer in which the luminescent material is dissolved
or dispersed in a solvent, and a dry process such as a vacuum
deposition method. Above all, a dry process is preferable in
view of an influence on luminous efficiency and lifetime of
the organic EL display device.

[0137] Next, a method for forming the electron injecting
transporting layer is not particularly limited as long as it can
be formed on the luminous layer, but is properly selected in
accordance with kinds of the material. Examples thereof
include a wet process of applying a coating liquid for forming
the electron injecting transporting layer in which the material
is dissolved or dispersed in a solvent, and a dry process such
as a vacuum deposition method.

[0138] Also, in the organic EL layer forming step, the
organic EL layer is formed and at least one layer of the
organic layers composing the organic EL layer is formed so as
to cover the auxiliary electrode. For example, in the case of
assigning the luminous layer to each pixel of the organic EL
display device, the hole injecting transporting layer and the
electron injecting transporting layer are formed on the pixel
electrode and the auxiliary electrode, and the luminous layer
is formed on the pixel electrode in a pattern. Incidentally, in
the case where the organic layer is formed on the pixel elec-
trode and the auxiliary electrode, the organic layer is gener-
ally formed successively on the pixel electrode and the aux-
iliary electrode.
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[0139] Incidentally, in an embodiment of the present inven-
tion, for example, the hole injecting transporting layer, the
luminous layer and the electron transporting layer may be
formed in this step, and thereafter the electron injecting layer
may be formed after the after-mentioned arrangement step
and contact portion forming step. The reason therefore is that
the auxiliary electrode and the transparent electrode layer
formed by the after-mentioned transparent electrode layer
forming step can be electrically connected in the contact
portion in the case where the thickness of the electron inject-
ing layer is extremely thin, even though the electron injecting
layer formed after the arrangement step and the contact por-
tion forming step is formed on the pixel electrode as well as on
the contact portion in the auxiliary electrode. In this manner,
in the case of forming the electron injecting layer after the
arrangement step and the contact portion forming step, the
electron injecting layer can be prevented from deteriorating
due to the arrangement step and the contact portion forming
step, so that a material such as lithium fluoride, which is
conceived to be comparatively unstable, can be used as the
material for the electron injecting layer.

[0140] 2. Arrangement Step

[0141] In an embodiment of the present invention, an
arrangement step of arranging a cover material to face the
organic EL layer-side substrate obtained in the organic EL
layer-side substrate preparing step under a first pressure so
that the cover material is in contact with the top portion of the
spacer portion by the intermediary of the organic layers is
performed.

[0142] The cover material used in this step and the specific
arrangement step are hereinafter described.

[0143] (1) Cover Material

[0144] The cover material used in this step can be divided
into three aspects of a first aspect in which the cover material
is a resin film including a barrier property with an oxygen
permeability of 100 cc/m?-day or less, a second aspect in
which the cover material is a polyethylene terephthalate film
and a third aspect in which the cover material is a glass film.
[0145] The cover material used in this step is hereinafter
described while divided into each aspect.

[0146] (a) First Aspect

[0147] The oxygen permeability of the cover material of
this aspect is 100 cc/m*-day or less, preferably 30 cc/m?*-day
or less, particularly, 15 cc/m>day or less. The oxygen perme-
ability of the cover material being within the range allows the
cover material to have a desired barrier property, so that gas
can be prevented from intruding from the space on the oppo-
site side to the organic EL layer-side substrate, in relation to
the cover material, into the space between the organic EL
layer-side substrate and the cover material during the after-
mentioned contact portion forming step. Thus, a decom-
pressed state in the space between the organic EL layer-side
substrate and the cover material can be retained, and in the
contact portion forming step, adhesion properties between
the organic EL layer-side substrate and the cover material can
be maintained also when illuminating the organic layer on the
auxiliary electrode with laser light through the cover material.
[0148] Incidentally, the oxygen permeability herein can be
calculated by using the following formula (T).

GIR=VJ/(RxTxP, xA)xd,/d, 8]
[0149] GTR: gas permeability (mol/m? Pa)
[0150] V. low-pressure side capacity (1)
[0151] T: test temperature
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[0152] P, differential pressure of supply gas (Pa)

[0153] A: permeable area (m?)

[0154] d,/d,: pressure change on low-pressure side at

unit time (s) (Pa)

[0155] R:8.31x10° (1-Pa/K'mol)
[0156] Also, the cover material of this aspect comprises a
resin film. The cover material comprising a resin film, so as to
allow the development into a roll-to-roll manufacturing tech-
nique and allow the improvement of production efficiency.
Examples of a specific material include polyethylene (PE),
polycarbonate (PC), polyethylene terephthalate (PET) and
cyclopolyolefin (COP). Aboveall, polyethylene terephthalate
is preferable. The resin film made of polyethylene terephtha-
lateis so low in oxygen permeability as compared with a resin
film composed of other materials so that gas can be prevented
more effectively from intruding from the space on the oppo-
site side to the organic EL layer-side substrate, in relation to
the cover material, into the space between the organic EL
layer-side substrate and the cover material during the after-
mentioned contact portion forming step.
[0157] Inaddition, with regard to the cover material of this
aspect, the minimum transmittance value in a wavelength
range of 340 nm to 400 nm is preferably equal to or greater
than 70%. Above all, the minimum transmittance value is
preferably equal to or greater than 75%, particularly equal to
or greater than 80%. The laser light can be restrained from
being absorbed in the cover material when illuminating with
the laser light through the cover material in the contact por-
tion forming step for the reason that the minimum transmit-
tance value of the cover material in a wavelength range of 340
nm to 400 nm is within the range. Thus, the contact portion
can be formed by securely removing the organic layer, and the
occurrence of brightness unevenness due to voltage drop can
be restrained by sufficiently connecting the transparent elec-
trode layer and the auxiliary electrode in the contact portion.
[0158] Incidentally, the minimum transmittance value of
the cover material in a wavelength range 0340 nm to 400 nm
can be measured by, for example, ultraviolet and visible spec-
trophotometer UV-3600 manufactured by Shimadzu Corpo-
ration.
[0159] The thickness of the cover material is not particu-
larly limited as long as the thickness can achieve the oxygen
permeability and transmittance value described above. The
thickness is preferably, for example, within a range of 1 pm to
1000 um, more preferably within a range of 10 pm to 200 pm,
particularly, within a range of 30 um to 100 pm.
[0160] Also, with regard to the cover material of this aspect,
a barrier layer may be formed on the surface thereof. The
cover material of this aspect including a barrier layer, gas can
be prevented more effectively from intruding from the space
on the opposite side to the organic EL layer-side substrate, in
relation to the cover material, into the space between the
organic EL layer-side substrate and the cover material in the
after-mentioned contact portion forming step.
[0161] A material for the barrier layer in this aspect is not
particularly limited as long as the barrier layer can perform a
desired barrier property against gases such as oxygen and
nitrogen and can transmit laser light used in the after-men-
tioned contact portion forming step, but examples thereof
include inorganic materials. Specific examples of the inor-
ganic materials include silicon oxide, silicon nitride, silicon
carbide, titaniumoxide, niobiumoxide, indiumoxide, zinc
oxide, tin oxide, tantalum oxide, aluminum oxide, magne-
sium oxide, calcium oxide and zirconium oxide. Also, a glass
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film may be used as the barrier layer. It is feared that a glass
film cracks, however, being adhered to the resin film allows a
glass film to be restrained from cracking, and a glass film can
be conveyed even in the case of cracking.

[0162] The thickness of the barrier layer is not particularly
limited as long as the thickness is such that the cover material
can achieve the average transmittance value described above
when forming the barrier layer on the cover material of this
aspect, but the thickness is preferably, for example, within a
range of 10 nm to 800 nm, more preferably within a range of
50 nm to 500 nm, particularly, within a range of 70 nm to 300
nm.

[0163] Examples of a method for forming the barrier layer
on the surface of the cover material of this aspect include a
sputtering method, a vacuum deposition method and a plasma
CVD method. Also, the barrier layer may be formed singly
and the barrier layer may be adhered on the surface of the
cover material by using an adhesive layer composed of a
cohesive material. Also, in the case of using a glass film as the
barrier layer, a glass film may be adhered on the surface of the
cover material by the intermediary of the adhesive layer. The
cohesive material used for the adhesive layer is not particu-
larly limited as long as the cohesive material can adhere the
barrier layer on the surface of the cover material at a desired
strength and can transmit laser light used in the after-men-
tioned contact portion forming step, but examples thereof
include polycarbonate-based resin, polyolefin-based resin,
acrylic-based resin, urethane-based resin, silicone-based
resin, polyester-based resin and epoxy-based resin. In addi-
tion, the thickness of the adhesive layer is not particularly
limited as long as the thickness is such as to allow the cover
material and the barrier layer to be sufficiently adhered, but
the thickness can be specifically determined within a range of
5 pm to 50 pm.

[0164] In the case where the cover material of this aspect
has the barrier layer, the barrier layer may be disposed on one
surface of the cover material, or on both surfaces of the cover
material. Incidentally, in the case where the barrier layer is
disposed on one surface of the cover material, the barrier layer
in the cover material may be disposed on the side of the
organic EL layer-side substrate or on the opposite side to the
organic EL layer-side substrate when facing the cover mate-
rial and the organic EL layer-side substrate.

[0165] Also, a combination of the cover material and the
barrier layer in the case where the cover material of this aspect
has the barrier layer is not particularly limited as long as the
combination can perform a desired barrier property, but the
combination is preferably, for example, a combination such
that the barrier layer is formed on the surface of the cover
material made of COP, a combination such that the barrier
layer is formed on the surface of the cover material made of
PP, and a combination such that the barrier layer is formed on
the surface of the cover material made of PC. Above all, a
combination such that the barrier layer is formed on the
surface of the cover material made of COP is preferable. The
reason therefore is that the cover material made of COP is
high in transmittance value of the laser light as compared with
the cover material composed of other materials so as to be
capable of sufficiently illuminating with the laser light
through the cover material in the contact portion forming step
even in the case where the barrier layer is formed on the
surface of the cover material.
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[0166] (b) Second Aspect

[0167] The cover material of this aspect is a polyethylene
terephthalate film. The cover material being a polyethylene
terephthalate film allows the development into a roll-to-roll
manufacturing technique and allows the improvement of pro-
duction efficiency.

[0168] The thickness of such a cover material of this aspect
is not particularly limited as long as the thickness is within a
range of 15 pm to 200 pum, but is preferably, within a range of
30 um to 150 pum, particularly, within a range of 70 um to 130
pm. The thickness of the cover material of this aspect being
equal to or greater than 15 um, a desired barrier property can
be performed against gas even in the case where the barrier
layer, for example, is not separately formed on the surface of
the cover material. Thus, in the after-mentioned contact por-
tion forming step, the effect such that gas can be prevented
from intruding from the outer peripheral of the organic EL
layer-side substrate and the cover material into the space
between the organic EL layer-side substrate and the cover
material, is obtained. Also, the thickness of the cover material
of this aspect being 200 um or less, the effect such the devel-
opment into a roll-to-roll manufacturing technique of the
cover material is made appropriate and the production effi-
ciency is improved, is obtained.

[0169] Incidentally, the above-mentioned desired barrier
property is not particularly limited as long as the barrier
property is such as to allow the effect, but the oxygen perme-
ability is preferably, for example, 100 cc/m? day or less, more
preferably 30 cc/m>-day or less, particularly, 15 cc/m>day or
less.

[0170] Also, the barrier layer may be formed on one surface
or on both surfaces of the cover material. The cover material
of thisaspect has the barrier layer, so that gas can be prevented
more effectively from intruding from the outer peripheral of
the organic EL layer-side substrate and the cover material into
the space between the organic EL layer-side substrate and the
cover material in the after-mentioned contact portion forming
step. Incidentally, the material, thickness and forming
method of the barrier layer are the same as the contents
described in the item of “(a) First aspect”. Therefore, the
description herein is omitted.

[0171] (c) Third Aspect

[0172] The cover material of this aspect is a glass film. The
glass film is a glass substrate having flexibility. Incidentally,
flexibility signifies the capability of winding up into a roll.
Specifically, flexibility signifies bending at application of a
force of 5 KN in a bending test method of fine ceramics of JIS
R1601.

[0173] A material used for the glass film is not particularly
limited as long as the material can be formed into a film, but
examples thereof include soda lime glass and alkalifree glass.
Above all, colorless alkalifree glass with high degree of trans-
parency is appropriate. The reason therefore is that the laser
light can be restrained from being absorbed in the cover
material when illuminating with the laser light through the
cover material in the contact portion forming step.

[0174] The thickness of the glass film may be a thickness
such as to satisfy flexibility and is, for example, preferably
within a range of 5 um to 300 pm.

[0175] Incidentally, the glass film is generally high in bar-
rier property and satisfies the barrier property of the resin film
of the first aspect.

[0176] A resin layer may be formed on one surface or on
both surfaces of the glass film. The glass film can be
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restrained from cracking. A resin substrate may be used as the
resin layer. Examples of a material used for the resin substrate
include polyethylene naphthalate (PEN), polyethylene
terephthalate (PET), polyether sulfone (PES), polyimide (PI),
polyether ether ketone (PEEK), polycarbonate (PC), polyeth-
vlene (PE), polypropylene (PP), polyphenylene sulfide
(PPS), polyether imide (PEI), cellulose triacetate (CTA),
cyclopolyolefin (COP), polymethyl methacrylate (PMMA),
polysulfone (PSF), polyamide imide (PAI), norbornene-
based resin and allyl ester resin.

[0177] The thickness of the resin substrate is not particu-
larly limited as long as the thickness allows the cover material
to have flexibility, but is, for example, preferably within a
range of 3 um to 200 um, more preferably within a range of 5
pum to 200 pm.

[0178] The resin substrate may be adhered to the glass film
by the intermediary of an adhesive layer. Incidentally, the
adhesive layer may be the same as the adhesive layer
described in the first aspect.

[0179] (2) Arrangement Step

[0180] This step is a step of arranging the cover material
described above to face the organic EL layer-side substrate
under a first pressure so that the cover material is in contact
with the top portion of the spacer portion by the intermediary
of the organic layer. At this moment, a space between the
organic EL layer-side substrate and the cover material is made
into a decompressed state. Specific examples of a method for
performing such a step include the following method. That is
to say, examples thereofinclude a method wherein, at first, the
organic EL layer-side substrate with a sealing material
formed on periphery thereof and the cover material are
arranged to face to each other in a vacuum chamber set at a
predetermined degree of vacuum which is the first pressure,
and then, the organic EL layer-side substrate and the cover
material are brought into contact, and a method wherein the
organic EL layer-side substrate and the cover material are
brought into contact by using ajig in a vacuum chamber set at
the first pressure.

[0181] In the case of using a jig, the jig may be such as to
allow the organic EL layer-side substrate and the cover mate-
rial to be in contact. For example, a jig may fix by pinching the
organic EL layer-side substrate and the cover material, ora jig
may fix by pinching only the cover material in such a marner
that the cover material does not bend.

[0182] Also, thejig is preferably such as to allow a space on
the opposite side to the organic EL layer-side substrate, in
relation to the cover material, to be sealed hermetically. Spe-
cific examples thereof include a frame-like jig. The reason
therefore is that, for example, by arranging a frame-like jig on
both faces of the cover material and pushing the cover mate-
rial against a laser light transmission window of the vacuum
chamber by the intermediary of the frame-like jig arranged on
the face of the cover material on the opposite side to the
organic EL layer-side substrate, the space on the opposite side
to the organic EL layer-side substrate, in relation to the cover
material, can be sealed hermetically and pressure in the space
on the opposite side to the organic EL layer-side substrate, in
relation to the cover material, can be adjusted in the after-
mentioned adhering step. In this case, the organic EL layer-
side substrate may be mounted, for example, on a stage mov-
able upward and downward, and by moving the stage upward
to bring contact the organic EL layer-side substrate into con-
tact with the cover material fixed by the frame-like jig, the
space between the organic EL layer-side substrate and the
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cover material can be made into a decompressed state. An 0
ring may be used as the frame-like jig arranged on the face of
the cover material on the opposite side to the organic EL
layer-side substrate.

[0183] The space between the organic EL layer-side sub-
strate and the cover material is made into a predetermined
degree of vacuum which is the first pressure. Specifically, the
predetermined degree of vacuum is not particularly limited as
long as the organic EL layer-side substrate and the cover
material can be sufficiently adhered, and dust of the organic
layer removed by laser light can be prevented from being
scattered on the pixel area in the after-mentioned contact
portion forming step by adjusting the pressure in the space on
the opposite side to the organic EL layer-side substrate, in
relation to the cover material, to a second pressure in the
after-mentioned adhering step, so as to cause differential
pressure between the space between the organic EL layer-side
substrate and the cover material and the space on the opposite
side to the organic EL layer-side substrate, in relation to the
cover material. However, the value of the degree of vacuum is
preferably as large as possible, namely, the value of the pres-
sure in the space between the organic EL layer-side substrate
and the cover material is preferably as small as possible.
Above all, in this step, the space between the organic EL
layer-side substrate and the cover material is preferably a
vacuum space. A specific degree of vacuum is preferably
within a range of 1x107> Pa to 1x10* Pa, more preferably
within a range of 1x107> Pa to 1x10° Pa, particularly, within
arange of 1x107> Pato 1x10° Pa.

[0184] 3. Adhering Step

[0185] Inanembodiment ofthe present invention, a adher-
ing step of adhering the organic EL layer-side substrate and
the cover material by adjusting a space on the opposite side to
the organic EL layer-side substrate, in relation to the cover
material, to a second pressure which is higher than the first
pressure is performed.

[0186] The specific adhering step is hereinafter described.
[0187] This step is a step of adhering the organic EL layer-
side substrate and the cover material by adjusting the space on
the opposite side to the organic EL layer-side substrate, in
relation to the cover material, to the second pressure which is
higher than the first pressure to thereby cause differential
pressure between the space between the organic EL layer-side
substrate and the cover material and the space on the opposite
side to the organic EL layer-side substrate, in relation to the
cover material.

[0188] When adjusting the space on the opposite side to the
organic EL layer-side substrate, in relation to the cover mate-
rial, to the second pressure, at least the space on the opposite
side to the organic EL layer-side substrate, in relation to the
cover material, can be adjusted to the second pressure. For
example, only the space on the opposite side to the organic EL
layer-side substrate, in relation to the cover material, may be
adjusted to the second pressure, or the outer peripheral space
of the cover material and the organic EL layer-side substrate
may be adjusted to the second pressure.

[0189] A method for adjusting the space on the opposite
side to the organic EL layer-side substrate, in relation to the
cover material, to the second pressure is not particularly lim-
ited as long as the method is such as to cause differential
pressure between the space between the organic EL layer-side
substrate and the cover material and the space on the opposite
side to the organic EL layer-side substrate, in relation to the
cover material, and allow the organic EL layer-side substrate
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and the cover material to be adhered. However, examples
thereof include the following method. Thatis to say, examples
thereof include a method wherein the outer peripheral space
of the organic EL layer-side substrate and the cover material
is returned to normal pressure by exposing the organic EL
layer-side substrate and the cover material brought into con-
tact in the vacuum chamber, to a normal-pressure space, and
a method wherein, after making the space between the
organic EL layer-side substrate and the cover material into a
decompressed state in the vacuum chamber, the space is pres-
surized by flowing gas into the vacuum chamber. Incidentally,
the “normal-pressure space” in the case of performing the
adhering step by the method wherein the contacted organic
EL layer-side substrate and cover material are exposed to a
normal-pressure space is preferably a space, for example,
filled with inert gas such as nitrogen and argon, in which
oxygen concentration and moisture concentration are at least
1 ppm or less, from the viewpoint of restraining the organic
EL display device from deteriorating. Also, in the case of
pressurizing by flowing gas into the vacuum chamber, gas
may be flown into the whole vacuum chamber, or gas may be
flown into only the space on the opposite side to the organic
EL layer-side substrate, in relation to the cover material. As
described above, in the case of using the frame-like jig, for
example, the space on the opposite side to the organic EL
layer-side substrate, in relation to the cover material, can be
hermetically sealed to allow the organic EL layer-side sub-
strate and the cover material to be adhered by flowing gas into
this space. The gas flown into the vacuum chamber is prefer-
ably inert gas such as nitrogen and argon for the same reason
as the above.

[0190] The “second pressure” is not particularly limited as
long as the pressure is a pressure higher than the first pressure
in the arrangement step and a pressure such as to allow the
organic EL layer-side substrate and the cover material to be
adhered by differential pressure between the first pressure and
the second pressure, but, for example, the second pressure is
higher than the first pressure preferably by equal to or greater
than 100 Pa, more preferably by equal to or greater than 1000
Pa, particularly, by equal to or greater than 10000 Pa. The
organic EL layer-side substrate and the cover material can be
sufficiently adhered for the reason that differential pressure
between the first pressure and the second pressure is the
numerical value described above or more.

[0191] 4. Contact Portion Forming Step

[0192] Inanembodiment ofthe presentinvention, a contact
portion forming step of forming the contact portion by remov-
ing the organic layer covering the auxiliary electrode by illu-
minating with laser light through the cover material is per-
formed.

[0193] The contact portion formed in this step and the spe-
cific contact portion forming step are hereinafter described.
[0194] (1) Contact Portion

[0195] The contact portion formed in this step is an area in
which the auxiliary electrode and the after-mentioned trans-
parent electrode layer contact.

[0196] The planar shape of the contact portion formed in
this step is not particularly limited as long as the planar shape
is such as to allow the after-mentioned transparent electrode
layer and the auxiliary electrode to be electrically connected
sufficiently, but examples thereof include a rectangular shape
and a circular shape.

[0197] Also, the aspect of the contact portion is not particu-
larly limited as long as it allows the after-mentioned trans-
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parent electrode layer and the auxiliary electrode to be elec-
trically connected sufficiently. FIGS. 11A to 11C are
schematic views explaining the aspect of the contact portion
formed in this step. The specific aspect of the contact portion
9 may be an aspect such as to be formed by removing at least
one layer of the organic layers 6a formed on the auxiliary
electrode 4 in stripes as shown in FIG. 11A, an aspect such as
to be formed by making an opening in at least one layer of the
organic layers 6a formed on the auxiliary electrode 4 as
shown in FIG. 11B, and an aspect such as to be formed by
making a plurality of openings in at least one layer of the
organic layers 6a formed on the auxiliary electrode 4 as
shown in FIG. 11C.

[0198] (2) Contact Portion Forming Step

[0199] The contact portion forming step in an embodiment
of the present invention has a step of forming the contact
portion described above by removing the organic layers cov-
ering the auxiliary electrode by illuminating with laser light
through the cover material. Incidentally, in the case of using
the method wherein pressure is adjusted by flowing gas into
the vacuum chamber as the adhering step described above,
this step may be performed by the following method. That is
to say, the method is such that the contact portion is formed by
removing the organic layers covering the auxiliary electrode
by illuminating with laser light through a laser light transmis-
sion window placed in the vacuum chamber comprising a
translucent substrate such as glass.

[0200] The laser light used in this step is not particularly
limited as long as it can remove the organic layers covering
the auxiliary electrode transmitting through the cover mate-
rial when illuminating through the cover material, but laser
light used generally in a removal method by laser light of the
organic layers may be adopted. A wavelength range of the
laser light is not particularly limited as long as the wavelength
range is such as to transmit through the cover material used in
an embodiment of the present invention to efficiently remove
the organic layer, but, for example, an ultraviolet range is
preferable. A specific ultraviolet range is preferably within a
range 0f 300 nm to 400 nm, more preferably within a range of
320 nm to 380 nm, particularly, within a range of 340 nm to
360 nm. Examples of the laser light with such a wavelength
range include solid-state laser such as YAG and YVO,, exci-
mer laser such as XeCl and XeF, and semiconductor laser.
[0201] Also, the laser light may be pulsed laser or continu-
ous-wave laser, above all, preferably pulsed laser. The pulsed
laser has a high peak-to-peak value allowing the organic
layers covering the auxiliary electrode to be efficiently
removed. On the other hand, since the pulsed laser has high
output, the organic layers removed by the pulsed laser are
easily scattered to bring a possibility of contaminating the
pixel area extensively. In contrast, an embodiment of the
presentinvention is useful in the case of using the pulsed laser
since the organic layer can be prevented from being scattered.
[0202] In the case of the pulsed laser, a pulse width is
preferably within a range of 0.01 nanosecond to 100 nano-
second. Also, a repetition frequency is preferably within a
range of 1 kHz to 1000 kHz. The output may be properly
adjusted so as to allow the organic layer to be removed.
[0203] 5. Transparent Electrode Layer Forming Step
[0204] Inan embodiment of the present invention, a trans-
parent electrode layer forming step of forming a transparent
electrode layer on the organic EL layer and on the contact
portion so as to be electrically connected to the auxiliary
electrode in the contact portion, is performed.
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[0205] The transparent electrode layer formed in this step
and the specific transparent electrode layer forming step are
hereinafter described.

[0206]

[0207] Thetransparent electrode layer in this step is formed
on the organic EL layer-side substrate.

[0208] The transparent electrode layer may be such as to
have transparency and electrical conductivity, and examples
thereof include metallic oxides. Specific examples of the
metallic oxides include indium tin oxide, indium oxide,
indium zinc oxide, zinc oxide and stannic oxide. Also, metal-
lic materials such as magnesium-silver alloy, aluminum and
calcium may be used in the case of forming a film so thinly as
to have light transmittance.

[0209]

[0210] The transparent electrode layer forming step in an
embodiment of the present invention has a step of forming the
transparent electrode layer on the organic EL layer and the
contact portion so as to be electrically connected to the aux-
iliary electrode in the contact portion while peeling off the
cover material adhered to the organic EL layer-side substrate
in the adhering step. A general method for forming an elec-
trode may be used as a method for forming the transparent
electrode layer, and examples thereof include PVD methods
or CVD methods such as a vacuum deposition method, a
sputtering method, an EB evaporation method and an ion
plating method.

[0211] 6. Other Steps

[0212] An embodiment of the present invention is not par-
ticularly limited as long as it has the steps described above but
may have other steps. Examples of the other steps include a
sealing step of sealing an organic EL display device by a
sealing substrate.

[0213]

[0214] The organic EL display device in an embodiment of
the present invention is of a top-emission type, so that the
sealing substrate has light transmittance. The light transmit-
tance of the sealing substrate may have transmittance for
wavelength of a visible light range. Specifically, the light
transmittance value for all wavelengths of a visible light range
is preferably equal to or greater than 80%, more preferably
equal to or greater than 85%, particularly, equal to or greater
than 90%.

[0215] Here, the light transmittance value may be mea-
sured, for example, by ultraviolet and visible spectrophotom-
eter UV-3600 manufactured by Shimadzu Corporation.

[0216] Also, the sealing substrate may have flexibility or
not, which is properly selected in accordance with uses of the
organic EL display device.

[0217] A material for the sealing substrate is not particu-
larly limited as long as the material is such as to allow the
sealing substrate having light transmittance, but examples
thereof include inorganic materials such as quartz and glass,
and resins such as acrylic resin, cycloolefin polymer referred
to as COP, polycarbonate, polyethylene terephthalate, poly-
butylene terphthalate, polyphenylene sulfide, polyimide,
polyamide imide, polyether sulfone, polyether imide and
polyether ether ketone. Also, a gas barrier layer may be
formed on the surface of the sealing substrate made of resin.

(1) Transparent Electrode Layer

(2) Transparent Electrode Layer Forming Step

The sealing substrate is hereinafter described.
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[0218] The thickness of the sealing substrate is properly
selected in accordance with materials for the sealing substrate
and uses of the organic EL display device. Specifically, the
thickness of the sealing substrate is approximately 0.001 mm
to 5 mm.

[0219] 7. Organic EL Display Device

[0220] The organic EL display device obtained by a pro-
ducing method of an embodiment of the present invention
may be such as to take light out from at least the transparent
electrode layer side, it may be of a top-emission type in which
light is taken out from the transparent electrode layer side, or
may be of a double-face emitting type in which light is taken
out from both the transparent electrode layer side and the
pixel electrode side.

[0221] B. Cover Material for Forming Organic EL Display
Device
[0222] A cover material for forming an organic EL display

device of an embodiment of the present invention is used in
the above-described method for producing for an organic EL
display device, wherein the cover material is a resin film
including a barrier property with an oxygen permeability of
100 ce/m*>-day or less, and the minimum transmittance value
in the wavelength range of 340 nm to 400 nm is equal to or
greater than 70%.

[0223]

EL display device of an embodiment of the present invention

The use of the cover material for forming an organic

allows the organic EL display device to be produced by the
method described in the item of “A. Method for producing
organic EL display device”, and allows to obtain the organic
EL display device in which deterioration in display properties
can be restrained.

[0224] The cover material for forming an organic EL dis-
play device is the same as described in the item of “A. Method
for producing organic EL display device 2. Arrangement step
(1) Cover material (a) First aspect”; therefore, the description
herein is omitted.

[0225] Incidentally, an embodiment of the present inven-
tion is not limited to the above-described aspects. The aspects
are exemplification, and thus, any is included in the technical
scope of an embodiment of the present invention if it has
substantially the same constitution and exhibiting the same
functions and effects as the technical idea described in the
claim of an embodiment of the present invention.

EXAMPLES

[0226] An embodiment of the present invention is herein-
after described specifically while using examples.

Example 1

[0227] A simulation was performed for a change with time
in a difference between pressure in the space between the
organic EL layer-side substrate and the cover material and
pressure in the outer peripheral space of the organic EL layer-
side substrate and the cover material, that is, differential pres-
sure between both spaces when facing the cover material to
the surface of the organic EL layer-side substrate under a first
pressure to make the space between the organic EL layer-side
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substrate and the cover material into a decompressed state,
and thereafter, adjusting the outer peripheral space of the
organic EL layer-side substrate and the cover material to a
second pressure. Incidentally, the conditions of the cover
material are as shown in the following Table 1.

TABLE 1

Oxygen Permeability  Nitrogen Permeability

Ne. (ce/m? - day) (ce/m? - day) Remarks
1 0.3 0.1 Examples
2 15 5
3 30 10
4 100 33
3 300 100 Comparative
6 600 200 Examples
7 1500 500
8 3000 1000

[0228] Incidentally, nitrogen permeability is ordinarily

conceived to be approximately 5 of oxygen permeability.
Accordingly, the nitrogen permeability shown in Table 1 was
calculated as /4 of the oxygen permeability. Also, the oxygen
permeability was evaluated by using MOCON oxygen per-
meability measuring device OX-TRAN 2/21 manufactured
by Hitachi High-Technologies Corporation.

[0229]

[0230] Evaluations were performed for a change with time
in a difference between pressure in the space between the
organic EL layer-side substrate and the cover material and
pressure in the outer peripheral space of the organic EL layer-
side substrate and the cover material, that is, differential pres-
sure between both spaces when facing the cover material to
the surface of the organic EL layer-side substrate under a first
pressure to make the space between the organic EL layer-side
substrate and the cover material into a decompressed state,
and thereafter, adjusting the outer peripheral space of the
organic EL layer-side substrate and the cover material to a
second pressure. Incidentally, the differential pressure herein
is calculated by the following formulae (1) and (2).

(Evaluations)

GIR=V(RxIxPuxA)xd,/d, (1)

[0231] (In the formula (1), GTR: gas permeability (mol/
m*-Pa), V. low-pressure side capacity (1), T: test tempera-
ture, P, differential pressure of supply gas (Pa), A: permeable
area (m®), d,/d,: pressure change on low-pressure side at unit
time (s) (Pa), R: 8.31x10° (1-Pa/K-mol))
Differential pressure=(pressure in the outer peripheral
space of the organic EL layer-side substrate and
the cover material)-(pressure in the space

between the organic EL layer-side substrate and
the cover material) 2)



US 2016/0204389 A1

Jul. 14,2016

[0232] The evaluation results are shown in Table 2.
TABLE 2
Kind of Cover Material
No. 1 No.2 No. 3 No. 4
Differential Change Differential Change Differential Change Differential Change
Pressure Rate Pressure Rate Pressure Rate Pressure Rate
(Pa) (%) (Pa) (%) (Pa) (%) (Pa) (%)
Change 1 Minut 99995 100 99769 100 99537 100 98472 98
With Later
Time 2 Minutes 99991 100 99538 100 99076 99 96968 97
Later
5 Minutes 99977 100 98848 99 97707 98 92591 93
Later
10 Minutes 99954 100 97709 98 95466 95 85731 86
Later
1 Hour 99723 100 87018 87 75698 76 39703 40
Later
Kind of Cover Material
No.5 No. 6 No.7 No. 8
Differential Change Differential Change Differential Change Differential Change
Pressure Rate Pressure Rate Pressure Rate Pressure Rate
(Pa) %) (Pa) (%) (Pa) (%) (Pa) (%)
Change 1 Minut 95370 95 90741 91 76852 77 53704 54
With Later
Time 2 Minutes 90955 91 82339 82 59062 59 28841 29
Later
5 Minutes 78898 79 61519 62 26803 27 4467 4
Later
10 Minutes 62249 62 37846 38 7187 7 200 0
Later
1 Hour 5818 6 294 0 0 0 0 0
Later
[0233] As shown in the results of Table 2, the differential [0235] (Spacer Portion Forming Step)
pressure lowering rate in 10 minutes after making the space [0236] Next, a spacer portion was formed in between the

between the cover material and the organic EL layer-side
substrate into a decompressed state was 15% or less in Nos. 1
to 4, and adhesion properties between the cover material and
the organic EL layer-side substrate could be maintained. In
contrast, the differential pressure lowering rate in 10 minutes
after making the space between the cover material and the
organic EL layer-side substrate into a decompressed state was
38%, 62%, 93% and 100% respectively in Nos. 5 to 8, it was
difficult to maintain adhesion properties between the cover
material and the organic EL layer-side substrate. Through the
above, it was found that the use of the cover material of an
embodiment of the present invention, whose gas permeability
is in a predetermined range, allowed the decompressed state
of the space between the cover material and the organic EL
layer-side substrate to be maintained and allowed adhesion
properties between the cover material and the organic EL
layer-side substrate to be prevented from lowering with time.

Example 2

Pixel Electrode and Auxiliary Electrode Forming
Step

[0234] A chromium film with a film thickness of 150 nm
was formed by a sputtering method on a substrate made of
alkalifree glass with a film thickness of 0.7 mm. Thereafter, a
pixel electrode and an auxiliary electrode were concurrently
formed by a photolithography method.

pixel electrode and an area for forming a contact portion in the
auxiliary electrode by a photolithography method. Inciden-
tally, the planar shape of the spacer portion was a frame-like
shape and the longitudinal cross-sectional shape thereof was
a forward tapered shape. Also, the height of the spacer portion
was 1.5 pum.

[0237] (Organic EL Layer Forming Step)

[0238] Next, aholeinjecting layer of 0.1 um was formed on
the pixel electrode, and subsequently a luminous layer of 0.3
um was formed on the hole injecting layer. Thereafter, an
electron transporting layer of 0.3 um was formed on the
luminous layer and regarded as an organic EL layer. Inciden-
tally, the organic EL layer was formed on the pixel electrode
as well as on the auxiliary electrode.

[0239] (Sealing Material Forming Step)

[0240] A sealing material was formed on the outer periph-
ery of the pattern of the organic EL layer-side substrate by
using a dispenser.

[0241] (Arrangement Step and Adhering Step)

[0242] Next, in a vacuum chamber set at a degree of
vacuum of 50 Pa, a cover material was faced to the organicEL
layer-side substrate to contact the cover material with the
surface of the organic EL layer-side substrate and a space
between the organic EL layer-side substrate and the cover
material was made into a decompressed state. Thereafter,
nitrogen gas was flown into the vacuum chamber, so that the
inside of the chamber was returned to normal pressure to
adhere the organic EL layer-side substrate and the cover
material. The cover material used in these steps satisfies the
conditions shown in Table 3.
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Oxygen Nitroge Minimum

Thickness Permeability Permeability Transmittance Barrier

No. Material (pm) (ce/m? - day) (cc/m?-day)  Value (%) Layer  Remarks
9 COP 100 >200 >200 90 Not Comparative

10 PE 50 >200 >200 90 Formed Examples
11 PC 50 >200 >200 84

12 PET 15 100 33 86 Examples
13 PET 50 27.8 93 86

14 PET 100 129 43 84

15 PET 200 6 2 84

16 COpP 50 43 14 85 Fromed

17 COp 100 0.07 0.02 84

18 PET 100 <0.01 <0.01 82

[0243] Incidentally, oxygen permeability and nitrogen pet-
meability in Table 3 were calculated by the same method as
Example 1.

[0244] Also, the minimum transmittance shown in Table 3
was a measured value in a wavelength range of 340 nm to 400
nm and was measured by using ultraviolet and visible spec-
trophotometer UV-3600 manufactured by Shimadzu Corpo-
ration.

[0245] In addition, in Nos. 16 to 18 in Table 3, a cover
material with a barrier layer made of SiO, of film thickness of
0.2 um formed on the surface thereof was used.

[0246] (Contact Portion Forming Step)

[0247] Next,YAG laserlight with an energy of 500 mJ/cm?,
a spot diameter of 10 um¢, a wavelength of 355 nm and a
pulse width of 5 nsec was illuminated by one shot through the
cover material to remove the hole injecting layer, the lumi-
nous layer and the electron transporting layer covering the
auxiliary electrode and to form a contact portion by exposing
the auxiliary electrode.

[0248] (Electron Injecting Layer and Transparent Elec-
trode Layer Forming Step)

[0249] Thereafter, peeling off the cover material, lithium
fluoride was formed into a film with thickness of 0.5 nm by a
vacuum deposition method so as to be electrically connected
to the auxiliary electrode exposed in the contact portion to
form an electron injecting layer. Subsequently, calcium was
formed into film with thickness of 10 nm and aluminum was
formed into film with thicknesses of 5 nm by a vacuum
deposition method to form a transparent electrode layer.
[0250] (Sealing Step)

[0251] Anorganic EL display device produced as described
above was adhered and sealed by adhering a sealing substrate
with an adhesive applied thereon.

[0252] (Evaluations)

[0253] The space between the cover material and the
organic EL layer-side substrate was made into a decom-
pressed state by using the cover material of Nos. 9 to 18
shown in Table 3 to adhere the organic EL layer-side substrate
and the cover material. After a predetermined time, the
organic layer formed on the auxiliary electrode was removed
by laser light through the cover material, and the presence or
absence of the scattering of the organic layer onto the surface
of the organic EL layer in a pixel area at this time was
observed. Incidentally, a case was evaluated as “A” when the
scattering of the organic layer onto the surface of the organic
EL layer in a pixel area was prevented in the illumination of
the laser light after elapsed time of 1 hour or more from the
occurrence of the decompressed state, and a case was evalu-
ated as “B” when the scattering of the organic layer onto the

surface of the organic EL layer in a pixel area was prevented
in illumination of the laser light after elapsed time of 10
minutes or less from the occurrence of the decompressed
state, and additionally, a case was evaluated as “0” when the
scattering of the organic layer onto the surface of the organic
EL layer in a pixel area was not prevented in the illumination
of the laser light after elapsed time of 10 minutes or less from
the occurrence of the decompressed state.

[0254] The evaluation results are shown in Table 4.
TABLE 4
No. Evaluation Result Remarks
9 C Comparative
10 C Examples
11 C
12 B Examples
13 A
14 A
15 A
16 A
17 A
18 A
[0255] Inthe case ofusingthe cover material of Nos. 9 to 11

of which both oxygen permeability and nitrogen permeability
are 200 cc/m>-day or more, the removed organic layer was
scattered on the pixel area even though the elapsed time from
the occurrence of the decompressed state to the illumination
of the laser light was 10 minutes or less. Through the above,
it was found that oxygen permeability and nitrogen perme-
ability of a predetermined range or more made it difficult to
maintain the decompressed state of the space between the
organic EL layer-side substrate and the cover material, and
did not allow the organic EL layer-side substrate and the
cover material to be sufficiently adhered.

[0256] Incontrast,in the case of using the cover material of
No. 12 whose oxygen permeahility is 100 cc/m*-day and
nitrogen permeability is 33 cc/m*-day, by removing the
organic layer on the auxiliary electrode by illuminating with
laser light within 10 minutes after the occurrence of the
decompressed state, the removed organic layer was prevented
from being scattered on the pixel area. Also, in the case of
using the cover material of Nos. 13 to 18 whose oxygen
permeability is 27.8 cc/m*-day or less and nitrogen perme-
ability is 9.3 cc/m*-day or less, the removed organic layer was
prevented from being scattered on the pixel area even though
the organic layer on the auxiliary electrode was removed by
illuminating with laser light after elapsed time of 1 hour or
more from the occurrence of the decompressed state.
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Through the above, it was found that oxygen permeability and
nitrogen permeability of a predetermined range or less
allowed the decompressed state of the space between the
organic EL layer-side substrate and the cover material to be
maintained, and allowed the organic EL layer-side substrate
and the cover material to be sufficiently adhered.

Example 3

[0257] An organic EL display device was produced in the
same manner as Example 2 except for performing the organic
EL layer forming step in the following manner.

[0258] (Organic EL Layer Forming Step)

[0259] Next, a hole injecting layer and a hole transporting
layer were formed on the pixel electrode so as to be 0.1 um,
and subsequently a luminous layer of 0.02 um was formed on
the hole transporting layer. Thereafter, an electron transport-
ing layer of 0.03 pm was formed on the luminous layer and
regarded as an organic EL layer. Incidentally, the organic EL,
layer was formed on the pixel electrode as well as on the
auxiliary electrode.

[0260] (Evaluations)

[0261] The same results as Example 2 were obtained.
REFERENCE SIGNS LIST

[0262] 1 organic EL layer-side substrate

[0263] 2 substrate

[0264] 3 pixel electrode

[0265] 4 auxiliary electrode

[0266] 5 spacer portion

[0267] 6 organic EL layer

[0268] 7 transparent electrode layer

[0269] 8 cover material

[0270] 9 contact portion

[0271] 10 top-emission organic EL display device

[0272] 11 pedestal portion

[0273] 12 adhering portion

1. A method for producing a top-emission organic elec-
troluminescence display device, the top-emission organic
electroluminescence display device comprising: a substrate,
a plurality of pixel electrodes formed on the substrate, an
auxiliary electrode formed between the pixel electrodes adja-
cent to each other, a spacer portion formed on the substrate, an
organic electroluminescence layer formed on the pixel elec-
trodes, comprising a plurality of organic layers, and including
at least a luminous layer, at least one layer of the organic
layers formed on the auxiliary electrode, a contact portion as
an opening of the organic layer, formed on the auxiliary
electrode, and a transparent electrode layer formed on the
organic electroluminescence layer and the contact portion,
the spacer portion being formed between the contact portion
and the pixel electrode adjacent to the contact portion, and the
transparent electrode layer being electrically connected to the
auxiliary electrode in the contact portion; and

the method for producing a top-emission organic electrolu-

minescence display device comprising steps of:

an organic electroluminescence layer-side substrate pre-

paring step of preparing an organic electroluminescence
layer-side substrate comprising the substrate, the pixel
electrodes, the auxiliary electrode, the spacer portion,
and the organic electroluminescence layer, at least one
layer of the organic layers being formed on the whole
surface of the auxiliary electrode,

Jul. 14,2016

an arrangement step of arranging a cover material to face
the organic electroluminescence layer-side substrate
obtained in the organic electroluminescence layer-side
substrate preparing step under a first pressure so that the
cover material is in contact with a top portion of the
spacer portion by the intermediary of the organic layer,

an adhering step of adhering the organic electrolumines-
cence layer-side substrate and the cover material by
adjusting a space on the opposite side to the organic
electroluminescence layer-side substrate, in relation to
the cover material, to a second pressure which is higher
than the first pressure, and

a contact portion forming step of forming the contact por-

tion by removing the organic layer formed on the auxil-
iary electrode by illuminating with laser light through
the cover material;

wherein the cover material is a resin film including a barrier

property with an oxygen permeability of 100 cc/m2-day
or less, and

the cover material is supplied in a roll-to-roll manner.

2. The method for producing a top-emission organic elec-
troluminescence display device according to claim 1, wherein
a minimum transmittance value of the cover material in a
wavelength range of 340 nm to 400 nm is equal to or greater
than 70%.

3. A method for producing a top-emission organic elec-
troluminescence display device, the top-emission organic
electroluminescence display device comprising a substrate, a
plurality of pixel electrodes formed on the substrate, an aux-
iliary electrode formed between the pixel electrodes adjacent
to each other, a spacer portion formed on the substrate, an
organic electroluminescence layer formed on the pixel elec-
trodes, comprising a plurality of organic layers, and including
at least a luminous layer, at least one layer of the organic
layers formed on the auxiliary electrode, a contact portion as
an opening of the organic layer, formed on the auxiliary
electrode, and a transparent electrode layer formed on the
organic electroluminescence layer and the contact portion,
the spacer portion being formed between the contact portion
and the pixel electrode adjacent to the contact portion, and the
transparent electrode layer being electrically connected to the
auxiliary electrode in the contact portion; and

the method for producing a top-emission organic electrolu-

minescence display device comprising steps of:

an organic electroluminescence layer-side substrate pre-

paring step of preparing an organic electroluminescence
layer-side substrate comprising the substrate, the pixel
electrodes, the auxiliary electrode, the spacer portion,
and the organic electroluminescence layer, at least one
layer of the organic layers being formed on the whole
surface of the auxiliary electrode,

an arrangement step of arranging a cover material to face
the organic electroluminescence layer-side substrate
obtained in the organic electroluminescence layer-side
substrate preparing step under a first pressure so that the
cover material is in contact with a top portion of the
spacer portion by the intermediary of the organic layer,

an adhering step of adhering the organic electrolumines-
cence layer-side substrate and the cover material by
adjusting a space on the opposite side to the organic
electroluminescence layer-side substrate, in relation to
the cover material, to a second pressure which is higher
than the first pressure, and
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a contact portion forming step of forming the contact por-
tion by removing the organic layer formed on the auxil-
iary electrode by illuminating with laser light through
the cover material;

wherein the cover material is a polyethylene terephthalate
film, and

the cover material is supplied in a roll-to-roll manner.

4. The method for producing a top-emission organic elec-
troluminescence display device according to claim 1, wherein
the cover material has a barrier property with an oxygen
permeability of 30 cc/m2-day or less.

5. The method for producing a top-emission organic elec-
troluminescence display device according to claim 3, wherein
the cover materials has a barrier property with an oxygen
permeability of 30 cc/m2-day or less.

6. The method for producing a top-emission organic elec-
troluminescence display device according to claim 1, wherein
the cover materials has a barrier layer.

7. The method for producing a top-emission organic elec-
troluminescence display device according to claim 3, wherein
the cover material has a barrier layer.
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