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ORGANIC ELECTROLUMINESCENCE
PANEL AND METHOD OF
MANUFACTURING ORGANIC
ELECTROLUMINESCENCE PANEL

TECHNICAL FIELD

[0001] The present invention relates to an organic elec-
troluminescence panel and a method of manufacturing the
same.

BACKGROUND ART

[0002] Hereinafter, the organic electroluminescence is
referred to as the “organic EL”.

[0003] An organic EL panel having a substrate, an organic
EL element provided on the substrate, and a sealing layer
provided on the organic EL element has hitherto been known.
The organic EL element has a first electrode, a second elec-
trode, and an organic layer provided between the both elec-
trodes.

[0004] The organic EL element is typically used for illumi-
nating devices, image displays, and the like.

[0005] A roll-to-roll method is known as the organic EL
panel manufacturing method.

[0006] The roll-to-roll method is a manufacturing method
of sequentially forming organic EL elements and sealing
layers on a substrate while intermittently or continuously
conveying a belt-shaped flexible substrate rolled in a roll
state, and rolling the substrate in the roll state again.

[0007] As disclosed in Patent Document 1, the organic EL
panel obtained by this roll-to-roll method includes a belt-
shaped substrate, a plurality of organic EL elements aligned
and provided on the belt-shaped substrate in a long direction,
and a sealing layer provided on a plurality of organic EL
elements.

[0008] In the organic EL panel disclosed in Patent Docu-
ment 1, terminals of first electrodes and terminals of second
electrodes are disposed on both sides of a short direction of
the substrate, and the sealing layer is not provided on these
terminals. Further, the sealing layer is provided to form a belt
shape across a plurality of organic EL elements aligned in the
long direction of the substrate.

[0009] Such an organic EL panel is an aggregate of a plu-
rality of organic EL panels aligned on the substrate. Hence,
the individual organic EL panels are taken out by cutting the
substrate at boundary portions of the adjacent organic EL
elements.

[0010] However, in the organic EL panel disclosed in
Patent Document 1, the sealing layer is provided across a
plurality of organic EL elements. Hence, the sealing layer is
also cut when the substrate is cut at the boundary portion of
the adjacent organic EL elements as described above.
[0011] When the substrate is cut together with the sealing
layer, impact caused by cutting is applied to the sealing layer,
and therefore an edge of the sealing layer at the cut portion
(the edge of the sealing layer produced by cutting) slightly
floats from the substrate in some cases.

[0012] When the sealing layer floats in this way and then a
gap is produced between the sealing layer and the substrate,
moisture or oxygen enters the organic layer from this gap.
Hence, there is a problem that the organic EL panel is likely
to deteriorate and a product lifetime shortens.

[0013] Further, when shapes of the organic EL elements
seen from a plan view are formed in rectangular shapes whose
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long sides correspond to the long direction of the substrate in
the organic EL panel disclosed in Patent Document 1, the
following problem occurs.

[0014] That is, when the terminals of the first electrode and
the second electrode are disposed at both end sides of the
short direction of the substrate in the organic EL panel includ-
ing the organic EL elements of the rectangular shapes, a rate
of an area which an area of the terminals occupies in an area
of one organic EL panel becomes large.

[0015] In other words, the terminals of the first electrode
and the second electrode are disposed along the long direction
of the substrate in the organic EL panel disclosed in Patent
Document 1. The terminal of the first electrode is disposed
along the long side of the organic EL element of the rectan-
gular shape whose long side corresponds the long direction of
the substrate, and the terminal of the second electrode is
disposed along the other long side. Upon comparison of an
area of the terminals disposed along the long sides and an area
of the terminals disposed along the short sides, it is found that
the former area is larger. When a rate of the area which the
terminals occupy is large, a rate of an area which a light
emission area occupies in the area of the organic EL panel
becomes small to the contrary. For this reason, when the
shapes of the organic EL elements seen from a plan view are
formed in rectangular shapes whose long sides correspond to
the long direction of the substrate in the organic EL panel
disclosed in Patent Document 1, there is a problem that the
rate of the area which the light emission area occupies
becomes small.

[0016] [Patent Document 1] JP 2010-097803 A
SUMMARY OF THE INVENTION
[0017] A firstobject ofthe present invention is to provide an

organic EL panel which does not shorten a product lifetime
even when individual EL panels are cut and taken out and a
manufacturing method thereof.

[0018] A second object of the present invention is to pro-
vide an organic EL panel which can secure a relatively large
light emission area.

[0019] An organic EL panel of the present invention
includes a belt-shaped substrate, a plurality of organic EL
elements which is aligned and provided on the belt-shaped
substrate in a long direction of the belt-shaped substrate, and
aplurality of sealing layers which is provided on the organic
EL elements, wherein each of the sealing layers is indepen-
dently provided on each of the plurality of organic EL ele-
ments, and adjacent sealing layers of the plurality of sealing
layers do not contact each other.

[0020] In a preferable organic EL panel according to the
present invention, each of the plurality of organic EL ele-
ments includes a first electrode which includes a terminal, a
second electrode which includes a terminal, and an organic
layer which is provided between the first electrode and the
second electrode, the terminal of the first electrode is dis-
posed at at least one side in a long direction of the substrate
based on the organic layer, and the terminal of the second
electrode is disposed at at least an opposite side in the long
direction of the substrate to the terminal of the first electrode,
and each of the sealing layers is provided on each of the
organic EL elements except for the terminal of the first elec-
trode and the terminal of the second electrode.

[0021] In a preferable organic EL. panel according to the
present invention, a length of each of the organic EL element
corresponding to the long direction of the substrate is longer
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than a length of each ofthe organic EL element corresponding
to a short direction of the substrate.

[0022] According to another aspect of the present inven-
tion, a method of manufacturing an organic EL panel is pro-
vided.

[0023] The method of manufacturing an organic EL panel
includes an element forming step of forming in a long direc-
tion of a belt-shaped substrate a plurality of organic EL ele-
ments each including a first electrode, a second electrode, and
an organic layer provided between the first electrode and the
second electrode, and a sealing step of forming each of the
independent sealing layers on each of the plurality of organic
EL elements such that the sealing layers do not contact each
other.

[0024] Inapreferable method of manufacturing an organic
EL panel according to the present invention, the element
forming step includes disposing a terminal of the first elec-
trode at at least one side in a long direction of the substrate
based on the organic layer, and disposing a terminal of the
second electrode at at least an opposite side in the long direc-
tion of the substrate to the terminal of the first electrode, and
the sealing step includes forming each of the sealing layers on
each of the organic EL elements except for the terminal of the
first electrode and the terminal of the second electrode.

[0025] Inapreferable method of manufacturing an organic
EL panel according to the present invention, each of the
sealing layers includes a sealing film, and an adhesive layer
whichis provided onaback surface of the sealing film and can
make the sealing film be attached to each of the organic EL
elements, and the sealing step includes repeatedly attaching
one of the sealing films to one of the organic EL elements
aligned in the long direction.

[0026] In the organic EL panel according to the present
invention, a plurality of organic EL elements is aligned and
provided on a belt-shaped substrate in a long direction of the
belt-shaped substrate, and, further, each of sealing layers is
provided on each of a plurality of organic EL elements and the
adjacent sealing layers do not contact each other. This organic
EL panel can be cut at boundary portions of organic EL
elements without contacting the sealing layers. Conse-
quently, the individual organic EL panels can be taken out
without edges of the sealing layers being floated. Conse-
quently, the present invention can provide an organic EL
panel whose the sealing layers can reliably seal the organic
EL elements, and which has a long product lifetime.

[0027] Further, the preferable organic EL panel according
to the present invention has a long product lifetime as
described above, and can also secure a large rate of an area
which a light emission area occupies.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG.1isaplan view of an organic EL panel accord-
ing to one embodiment of the present invention.

[0029] FIG. 2 is an enlarged sectional view taken along the
line II-[Tin FIG. 1 (an enlarged sectional view cut in the long
direction of an organic EL panel).

[0030] FIG. 3 is an enlarged sectional view taken along the
line III-IIT in FIG. 1 (an enlarged sectional view cut in the
short direction of an organic EL panel).

[0031] FIG.4isaplan view of an organic EL panel accord-
ing to another embodiment of the present invention.
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[0032] FIG. 5 is an enlarged sectional view of an organic
EL panel according to further and another embodiment of the
present invention cut in a long direction of an organic EL
panel.

[0033] FIG. 6is aplan view of an organic EL panel accord-
ing to further and another embodiment of the present inven-
tion.

[0034] FIG. 7is a plan view of a separator-attached sealing
film according to one embodiment.

[0035] FIG. 8 is an enlarged sectional view taken along the
line VIII-VIII in FIG. 7 (an enlarged sectional view of a
separator-attached sealing film cut in a long direction).
[0036] FIG. 9A is a side view of a belt-shaped laminated
body used to manufacture a separator-attached sealing film.
FIG. 9B is a plan view of the belt-shaped laminated body.
[0037] FIG. 101s an enlarged sectional view of a separator-
attached sealing film according to another embodiment cut in
a long direction.

[0038] FIG. 11 is a schematic side view of a sealing film
attaching apparatus for performing a sealing step.

[0039] Hereinafter, the present invention will be described
with reference to the drawings. It should be noted that dimen-
sions such as a layer thickness and alength in the drawings are
different from actual dimensions.

[0040] In this specification, the terms “first” and “second”
may be added as prefixes. These prefixes, however, are only
added in order to distinguish the terms and do not have spe-
cific meaning such as order and relative merits. The “belt
shape” means a substantially rectangular shape in which a
length in one direction is sufficiently longer than a length in
the other direction. For example, the “belt shape™ is a sub-
stantially rectangular shape in which a length in one direction
is 10 times or more, preferably 30 times or more, more pref-
erably 100 times or more of a length in the other direction.
The “long direction” is one direction of the belt shape (direc-
tion parallel to the longer side of the belt shape), and the
“short direction” is the other direction of the belt shape (direc-
tion parallel to the shorter side of the belt shape). The “planar
shape” refers to a shape of a substrate surface seen from a
vertical direction. A term “PPP to QQQ” means “PPP or more

and QQQ or less™.

[Configuration of Organic EL Panel]

[0041] As illustrated in FIG. 1 to FIG. 3, an organic EL
panel 1 according to one embodiment of the present invention
includes a belt-shaped substrate 2, a plurality of organic EL
elements 3 which is aligned and provided on the belt-shaped
substrate 2 in a long direction of the belt-shaped substrate,
and sealing layers 4 which are provided on the organic EL
elements 3.

[0042] The organic EL elements 3 include a first electrode
31 which includes a terminal 31a, a second electrode 32
which includes a terminal 324, and an organic layer 33 which
is provided between the first electrode 31 and the second
electrode 32.

[0043] In each of the organic EL elements 3, the terminal
31aofthe first electrode 31 is disposed at one side (a first side)
in a long direction based on the organic layer 33, and the
terminal 32a of the second electrode 32 is disposed at an
opposite side in the long direction of the substrate to the
terminal of the first electrode. It can be said that the second
electrode 32a 1s provided at a second side in the long direction
based on the organic layer 33. The first side and the second
side in the long direction are opposite to each other, and when
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referring to FIG. 1, the first side in the long direction is the left
side of the long direction and the second side in the long
direction is the right side.

[0044] The sealing layer 4 is provided on the organic EL.
elements 3 so asto cover a surface of each organic EL element
3 except for the terminals 31a and 32a.

[0045] The organic EL elements 3 are disposed in one row
in a short direction of the substrate 2, and a plurality of
organic EL elements 3 is aligned spaced predetermined inter-
vals apart in the long direction of the substrate 2. The portions
corresponding to these intervals are boundary portions of the
adjacent organic EL elements 3. Hence, the respective
organic EL elements 3 are not continuous, and independent
from each other.

[0046] The organic EL panel 1 of the present invention is
also an aggregate of organic EL panels 1 in which a plurality
of organic EL panels is provided in series in the long direction
by means of the belt-shaped substrate 2.

[0047] By cutting the aggregate of organic EL panels at a
boundary portion between adjacent organic EL elements 3,
individual organic EL panels can be taken out.

[0048] The plane shape of the substrate 2 is a belt shape.
[0049] A length of the belt shape of the substrate 2 (length
in along direction) is not particularly limited, but it is 10 m to
1000 m, for example. Furthermore, a width of the substrate 2
(length in a short direction) is not particularly limited, but for
example, it is 10 mm to 300 mm, preferably 10 mm to 100
mm. A thickness of the substrate 2 is also not particularly
limited, and it is appropriately designed in consideration of
the material thereof. When a metal substrate or a synthetic
resin substrate is used as the substrate 2, the thickness thereof
is 10 pm to 50 pm, for example.

[0050] As illustrated in FIG. 2 and FIG. 3, a layer configu-
ration of one organic EL panel 1 is a laminate structure
including a substrate 2, a first electrode 31 provided on the
substrate 2, an organic layer 33 provided on the first electrode
31, a second electrode 32 provided on the organic layer 33,
and a sealing layer 4 provided on the second electrode 32.
[0051] When the substrate 2 has electric conductivity, an
insulating layer (not illustrated) is provided between the sub-
strate 2 and the first electrode 31 in order to prevent an
electrical short-circuit.

[0052] Alength ofthe organic EL element 3 corresponding
to the long direction of the substrate 2 is longer than a length
of the organic EL element 3 corresponding to the short direc-
tion of the substrate 2. In the illustrated example, the plane
shape of the organic EL element 3 is a substantially rectan-
gular shape having a longer side in the long direction and a
shorter side in the short direction of the substrate 2. The length
of the long side of the organic EL element 3 is not particularly
limited, but for example, it is 1.5 times to 20 times and
preferably 2 times to 15 times the length of the short side.
[0053] However, the organic EL element 3 does not neces-
sarily have a substantially rectangular shape, but may have,
for example, a substantially elliptical shape which is long in
the long direction of the substrate 2 (not illustrated). In the
organic EL panel 1 of the present invention, the organic EL
element 3 does not necessarily have a shape in which a length
corresponding to the long direction of the substrate 2 is longer
than a length corresponding to the short direction of the
substrate 2. For example, the present invention also includes
the organic EL panel in which the shape of the organic EL
element 3 in plan view is a substantially square or circular
shape (not illustrated).
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[0054] The organic layer 33 of the organic EL element 3
includes a light emitting layer, and has various kinds of func-
tional layers such as a positive hole transport layer and an
electron transport layer, as necessary. The layer configuration
of the organic layer 33 is described later.

[0055] For forming the terminal 31a of the first electrode
31, the organic layer 33 is provided on the first electrode 31
except for the end portion (terminal 31a) of the first electrode
31 on the first side in the long direction.

[0056] Although the second electrode 32 is provided on the
organic layer 33 so as to cover a surface of the organic layer
33, for forming the terminal 32a of the second electrode 32,
the end portion (terminal 32a) of the second electrode 32 is
drawn from the end portion of the organic layer 33 to the
second side in the long direction.

[0057] The terminals 31a and 324 of the first electrode 31
and the second electrode 32 are portions that are connected to
the outside. The terminal 31a of the first electrode 31 is an
exposed surface of the first electrode 31, and the terminal 32a
of the second electrode 32 is an exposed surface of the second
electrode 32.

[0058] Inthe examples in FIGS. 1to 3, planar shapes of the
terminals 31a and 32a of the first electrode 31 and the second
electrode 32 have substantially rectangular shapes extending
along the short direction of the substrate 2. In this regard, the
planar shapes of the terminals 31a and 32¢ are not limited to
the substantially rectangular shapes extending in the short
direction, and may have shapes such as a square shape, anarc
shape or a spot shape, for example.

[0059] In addition, in the examples in FIGS. 1 to 3, the
terminals 31« of the first electrodes 31 are disposed at a first
side in a long direction, and the terminals 32a of the second
electrode 32 are disposed at a second side in the long direc-
tion. However, the present invention is not limited to this
configuration. As illustrated in, for example, FIG. 4, terminals
311a and 3124 of the first electrode 31 may be disposed at the
first side in the long direction and a first side in a short
direction of the substrate 2, and terminals 321« and 322a of
the second electrode 32 may be disposed at the second side in
the long direction and a second short direction side of the
substrate 2. In this case, as illustrated in FIG. 4, each sealing
layer 4 may be provided on each organic EL element 3 except
for the terminals 311a, 3124, 321a and 322q. Alternatively,
similar to the above-described embodiment, although not
illustrated, each sealing layer 4 may be provided on each
organic EL element 3 except for the terminal 3114 of the first
electrode 31 at the first side in the long direction and the
terminal 321a of the second electrode 32 at the second side in
the long direction.

[0060] Back to FIGS. 1 to 3, the electrodes of the adjacent
organic EL elements 3 do not contact each other and include
a slight gap W therebetween. That is, there is a boundary
portion of the adjacent organic EL elements 3 between an
edge of the first electrode 31 of one organic EL element 3 and
an edge of the second electrode 32 of'the adjacent organic EL
element 3. There is the gap W which does not include an
electrode at this boundary portion, and there is only the sub-
strate 2 in this gap W. By cutting the substrate 2 at this
boundary portion (gap W), it is possible to take out the indi-
vidual organic EL panels 1 without applying impact to the
electrodes 31 and 32, the sealing layers 4 and the like.
[0061] The length of the gap W is not particularly limited
yet is preferably the same as or is longer than the thickness of
a cutting tool. By setting the length of the gap W to the same



US 2015/0357594 A1

as or longer than the thickness of a cutting tool, only the
substrate 2 can be cut by the cutting tool without grinding the
edge of the first electrode 31 or the edge of the second elec-
trode 32 when the substrate 2 is cut along the boundary
portion by using the cutting tool.

[0062] For example, the length of the gap W is 0.5 mm or
more and is preferably 1 mm or more. Meanwhile, when the
length of the gap W is too long, the number of organic EL
elements 3 which can be formed on one substrate 2 decreases.
From this point of view, the length of the gap W is preferably
5 mm or less and is more preferably 3 mm or less.

[0063] Inthisregard, the electrodes of the adjacent organic
EL elements 3 may contact or overlap each other (not illus-
trated). This is because the present invention can prevent the
sealing layer 4 from being peeled off upon cutting since the
sealing layers 4 are not provided at the boundary portions of
the adjacent organic EL elements 3.

[0064] Thesealinglayer 4is independently provided on the
surface of each organic EL element 3 (second electrode 32)
without covering the terminals 31a and 324 of the first elec-
trode 31 and the second electrode 32. The adjacent sealing
layers 4 and 4 do not contact each other (are placed in a
non-contact state).

[0065] As described above, the sealing layers 4 are not
provided at the boundary portions of the adjacent organic EL
elements 3. Hence, as illustrated in FIG. 1, non-sealing
regions which do not include the sealing layers 4 and extend
fully in the short direction are intermittently provided on the
surface of the substrate 2 in the long direction.

[0066] In other words, the sealing layer 4 is not provided
across the adjacent organic EL elements 3, and one sealing
layer 4 is provided on one organic EL element 3. Hence, each
sealing layer 4 is independent, and is provided spaced a pre-
determined interval apart in the long direction of the substrate
2.

[0067] Thesealing layer 4 is a layer which prevents oxygen
and moisture from entering the organic EL element 3.
[0068] The sealing layer 4 covers the entire organic EL
element 3 in an airtight manner except for the terminals 31a
and 32a. More specifically, the sealing layer 4 is closely
attached to the surface of the second electrode 32 except for
the terminals 31a and 32q, and is further closely attached to
both lateral portions of the organic EL element 3 as illustrated
in FIG. 3. Further, a circumference portion of the sealing layer
4 is adhered to the surface of the substrate 2, the surface of the
first electrode 31, and the surface of the second electrode 32.
[0069] Each sealing layer 4 may be formed by a sealing
film, may be formed by a resin coating film formed by coating
the organic EL element with synthetic resin or may be formed
by an inorganic material such as a nitride.

[0070] In the present embodiment, the sealing layer 4 is
formed by a sealing film 41. This sealing film 41 is adhered to
the organic EL element 3, and therefore, as illustrated in
FIGS. 2 and 3, an adhesive layer 42 which can make the
sealing film 41 be attached to the organic EL element 3 is
provided on the back surface of the sealing film 41. The
sealing layer 4 is adhered to the organic EL element 3 through
the adhesive layer 42.

[0071] Inaddition, as illustrated in FIG. 5, a barrier layer 5
may be provided under the sealing layer 4 when necessary.
The barrier layer 5 is provided on the surface of the second
electrode 32, and the sealing layer 4 is provided on this barrier
layer 5.
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[0072] Further, the organic EL panel 1 according to the
present invention is not limited to a configuration where the
organic EL elements 3 are disposed in one row in the short
direction of the substrate 2, and may employ a configuration
where the organic EL elements 3 are disposed in a plurality of
rows in the short direction of the substrate 2. As illustrated in,
for example, FIG. 6, the present invention includes the
organic EL panel 1, too, in which the organic EL elements 3
are disposed in two rows in the short direction of the substrate
2.

[0073] By cutting the organic EL panel 1 according to the
present invention along the boundary portions of the organic
EL elements 3 by using the cutting tool (cutting lines are
indicated as dashed-dotted lines in FIG. 1), the organic EL
panel 1 can be separated to an individual organic EL panel.
[0074] A cutting method which uses the cutting tool
includes cutting performed by using a blade of a knife edge
shape, mechanical cutting such as cutting performed by using
a rotary blade or cutting performed by irradiation of laser
beams.

[0075] The organic EL. panel 1 according to the present
invention includes the sealing layers 4 independently pro-
vided on a plurality of organic EL elements 3, respectively,
and the adjacent sealing layers 4 and 4 do not contact each
other. In this organic EL panel 1, cutting can be performed to
cut the substrate 2 at boundary portions of organic EL ele-
ments 3 without contacting the sealing layers 4. Conse-
quently, edges of the sealing layers 4 do not float upon cutting,
and the individual organic EL panels can be taken out.
[0076] Consequently, the present invention can provide an
organic EL panel whose sealing layers 4 can reliably seal the
organic EL elements 3, and which has a long product lifetime.
[0077] Particularly, according to the organic EL panel 1 of
the present invention, the terminals 31a of the first electrodes
31 are disposed at the first side in the long direction and the
terminals 32a of the second electrode 32 are disposed at the
second side in the long direction, and each sealing layer 4 is
provided on each organic EL element 3 except for the surface
of each of the terminals 31a and 32a. Consequently, this
organic EL panel can be cut at boundary portions of organic
EL elements 3 without contacting the organic EL elements 3
and the sealing layers 4.

[0078] Further, according to the organic EL panel 1 of the
present invention, the terminals 31a of the first electrode 31
are disposed at the first side in the long direction, and the
terminals 32a of the second electrode 32 are disposed at the
opposite side of the first side in the long direction. Conse-
quently, when the length of the organic EL element 3 corre-
sponding to the long direction of the substrate 2 is formed
longer than the length corresponding to the short direction of
the substrate 2, it is possible to obtain the organic EL panel 1
whose rate of an area (a planar shape area) of the organic
layers 33 is large. This organic EL panel 1 has a large rate of
an area which a light emission area occupies in the area of the
organic EL panel.

[0079] An organic EL panel 1 of the present invention can
be used as a light emitting panel such as an illuminating
device, animage display, and the like. A formation material of
the organic EL panel 1 is specifically explained below.

(Belt-Shaped Substrate)

[0080] For a belt-shaped substrate, a flexible substrate can
be used, for example. The flexible substrate is a flexible
sheet-shaped material that can be wound in the form of a roll.
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[0081] The substrate may be either transparent or opaque.
When a bottom emission type organic EL panel is formed, a
transparent substrate is used.

[0082] In this specification, the index of transparency may
be, for example, a total light transmittance of 70% or more,
preferably 80% or more. It is to be noted that the total light
transmittance is a value measured by a measurement method
conforming to JIS K7105 (Method of Testing Optical Char-
acteristics of Plastics).

[0083] While a material of the substrate is not particularly
limited, examples thereof include a glass substrate, a metal
substrate, a synthetic resin substrate, and a ceramic substrate.
Examples of the synthetic resin substrate include a flexible
synthetic resin film such as that of a polyester-based resin
such as polyethylene terephthalate (PET), polyethylene
naphthalate (PEN), and polybutylene terephthalate (PBT); an
olefin-based resin having an a-olefin as a monomer compo-
nent, such as polyethylene (PE), polypropylene (PP), polym-
ethylpentene (PMP), ethylene-propylene copolymers, and an
ethylene-vinyl acetate copolymer (EVA); polyvinyl chloride
(PVC); a vinyl acetate-based resin; polycarbonate (PC),
polyphenylene sulfide (PPS); an amide-based resin such as
polyamide (nylon) and wholly aromatic polyamide (aramid);
a polyimide-based resin; and polyether ether ketone (PEEK).
Examples of the metal substrate include a flexible thin plate
formed of stainless steel, copper, titanium, aluminum, and
alloys.

[0084] For preventing a rise in temperature of the organic
EL panel at the time of driving, the substrate is preferably
excellent in heat dissipation. For preventing infiltration of
oxygen and water vapor into the organic EL panel, the sub-
strate preferably has gas and water vapor barrier properties.
[0085] When ametal substrate is used, an insulating layer is
provided on a surface of the metal substrate in order to insu-
late the substrate against an electrode formed on the surface
thereof.

(First Electrode of Organic EL Element)

[0086]

[0087] A formation material ofthe first electrode (anode) is
not particularly limited, but examples include indium tin
oxide (ITO); indium tin oxide including silicon oxide (ITSO);
aluminum; gold; platinum; nickel; tungsten; copper; and an
alloy. When a bottom emission type organic EL panel is
formed, a transparent first electrode is used. A thickness of the
first electrode is not particularly limited, but it is usually 0.01
um to 1.0 pm

A first electrode is an anode, for example.

(Organic Layer of Organic EL Element)

[0088] Anorganiclayer is alaminated body composed of at
least two layers. Examples of a structure of the organic layer
include (A) a structure composed of three layers including a
positive hole transport layer, a light emitting layer, and an
electron transport layer; (B) a structure composed of two
layers including a positive hole transport layer and a light
emitting layer; and (C) a structure composed of two layers
including a light emitting layer and an electron transport
layer.

[0089] Inthe organic layer of the above-mentioned (B), the
light emitting layer also works as an electron transport layer.
In the organic layer of the above-mentioned (C), the light
emitting layer works as a positive hole transport layer.
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[0090] The organic layer used in the present invention can
have any of the structures (A) to (C) mentioned above.

[0091] The organic layer having the structure (A) is
explained below.

[0092] The positive hole transport layer is provided on the
surface of the first electrode. An arbitrary function layer other
than the first electrode and the positive hole transport layer
may be interposed between the first electrode and the positive
hole transport layer under the conditions in which the light
emitting efficiency of the organic EL element is not lowered.

[0093] For example, the positive hole injection layer is
provided on the surface of the first electrode, and the positive
hole transport layer may be provided on the surface of the
positive hole injection layer. The positive hole injection layer
is a layer having a function of aiding injection of a positive
hole from the anode layer to the positive hole transport layer.
[0094] A formation material of the positive hole transport
layer is not particularly limited as long as the formation
material has a positive hole transport function. Examples of
the formation material of the positive hole transport layer
include an aromatic amine compound such as 4,4',4"-tris
(carbazole-9-yl)-triphenyl amine (abbreviation: TcTa); a car-
bazole derivative such as 1,3-bis(N-carbazolyl)benzene; a
spiro compound such as N,N'-bis(naphthalene-1-y1)-N,N'-
bis(phenyl)-9,9'-spiro-bisfluorene  (abbreviation: ~ Spiro-
NPB); a polymer compound; and the like. The formation
material of the positive hole transport layer may be used alone
or in combination of two or more types. Furthermore, the
positive hole transport layer may be a multi-layer structure
having two or more layers.

[0095] A thickness ofthe positive hole transport layer is not
particularly limited, but the thickness of 1 nm to 500 nm is
preferable from the viewpoint of reducing drive voltage.

[0096] A light emitting layer is provided on the surface of
the positive hole transport layer.

[0097] A formation material of the light emitting layer is
not particularly limited as long as it has light emitting prop-
erty. Examples of the formation material of the light emitting
layer include a low molecular light emission material such as
a low molecular fluorescence emission material, and a low
molecular phosphorescence emission material.

[0098] Examples of the low molecularlight emission mate-
rial include an aromatic dimethylidene compound such as
4,4'bis(2,2'-diphenyl  vinyl)-biphenyl  (abbreviation:
DPVBi); an oxadiazole compound such as 5-methyl-2-[2-[4-
(5-methyl-2-benzoxazolyl)phenyl]|vinyl|benzoxazole; a tria-
zole derivative such as 3-(4-biphenyl-yl)-4-phenyl-5-t-butyl
phenyl-1,2,4-triazole; a styryl benzene compound such as
1,4-bis(2-methyl styryl)benzene; a benzoquinone derivative;
a naphthoquinone derivative; an anthraquinone derivative; a
fluorenone derivative; an organic metal complex such as an
azomethine-zinc complex, tris(8-quinolinolato)aluminum
(Algs), and the like.

[0099] Furthermore, as the formation material of the light
emitting layer, a host material doped with light emitting
dopant material may be used.

[0100] For the host material, for example, the above-men-
tioned low molecular light emission material can be used,
and, other than this, a carbazole derivative such as 1,3,5-tris
(carbazo-9-yl)benzene (abbreviation: TCP), 1,3-bis(N-car-
bazolyl)benzene (abbreviation: mCP), 2,6-bis(N-carbazolyl)
pyridine, 9,9-di(4-dicarbazole-benzyl)fluorene
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(abbreviation: CPF), 4,4'-bis(carbazole-9-y1)-9,9-dimethyl-
fluorene (abbreviation: DMFL-CBP), and the like can be
used.

[0101] Examples of the dopant material include a styryl
derivative; a perylene derivative; a phosphorescence emission
metal complex including an organic iridium complex such as
tris(2-phenyl pyridyl)iridium (IIT) (Tr(ppy),), tris(1-phenyl
isoquinoline)iridium (IIT) (Ir(piq);), and bis(1-phenyl iso-
quinoline)(acetylacetonato)iridium ~ (III)  (abbreviation:
Ir(piq),(acac)), and the like.

[0102] Furthermore, the formation material of the light
emitting layer may include such as the formation material of
the positive hole transport layer mentioned above, the forma-
tion material of the electron transport layer mentioned below,
and various additives.

[0103] A thickness of the light emitting layer is not particu-
larly limited, but the thickness of 2 nm to 500 nm is prefer-
able, for example.

[0104] The electron transport layer is provided on the sur-
face of the light emitting layer. An arbitrary function layer
other than the second electrode and the electron transport
layer may be interposed between the second electrode and the
electron transport layer under the conditions in which the
light emitting efficiency of the organic EL element is not
lowered.

[0105] Forexample, the electron injection layer is provided
on the surface of the electron transport layer, and the second
electrode 32 is provided on the surface of the electron injec-
tion layer. The electron injection layer is a layer having a
function of aiding injection of an electron from the second
electrode to the electron transport layer.

[0106] A formation material of the electron transport layer
is not particularly limited as long as it is a material having an
electron transport function. Examples of the formation mate-
rial of the electron transport layer include a metal complex
such as tris(8-quinolinolato)aluminum (abbreviation: Algs),
bis(2-methyl-8-quinolinolato)(4-phenyl  phenolate)alumi-
num (abbreviation: BAlq); a heteroaromatic compound such
as 2,7-bis[2-(2,2'"-bipyridine-6-yl)-1,3,4-oxadiazo-5-y1]-9,9-
dimethy] fluorene (abbreviation: Bpy-FOXD), 2-(4-bipheny-
lyD)-5-(4-tert-butyl phenyl)-1,3,4-oxadiazole (abbreviation:
PBD), 1,3-bis[5-(p-tert-butyl phenyl)-1,3,4-oxadiazole-2-y]]
benzene (abbreviation: OXD-7), and 2,2',2"-(1,3,5-phe-
nylene)-tris(1-phenyl-1H-benzimidazole)  (abbreviation:
TPB1); and a polymer compound such as poly(2,5-pyridine-
diyl) (abbreviation: PPy). The formation material of the elec-
tron transport layer may be used alone or in combination of
two or more types. Furthermore, the electron transport layer
may have a multi-layered structure composed of two or more
layers.

[0107] A thickness of the electron transport layer is not
particularly limited, but the thickness of 1 nm to 500 nm is
preferable from the viewpoint of reducing drive voltage.

(Second Electrode of Organic EL Element)

[0108] A second electrode is a cathode, for example.

[0109] A formation material of the cathode is not particu-
larly limited, but a transparent second electrode is used when
a top emission type organic EL element is formed. Examples
of the formation material of the second electrode which is
transparent and has electric conductivity include indium tin
oxide (ITO); indium tin oxide including silicon oxide (ITSO);
zine oxide in which electric conductive metal such as alumi-
num is added (ZnO:Al); and a magnesium-silver alloy, and
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the like. A thickness of the second electrode is not particularly
limited, but it is usually 0.01 um to 1.0 pm.

(Barrier Layer of Organic EL Element)

[0110] Abarrierlayeris provided for protecting the organic
EL element and preventing infiltration of moisture and oxy-
gen. While a formation material of the barrier layer is not
particularly limited, but examples include a metal oxide film,
an oxynitride film, a nitride film, and a carbide nitride oxide
film. Examples of the metal oxide film include MgO, SiO,
51,0, AL, O, GeO, and Ti,O. The barrier layer is preferably
a silicon carbide nitride oxide film, a silicon oxynitride film,
and a silicon nitride film.

[0111] A thickness of the barrier layer is not particularly
limited, but it is 50 nm to 50 pm, for example.

(Sealing Layer)

[0112] As a formation material of the sealing layer, a syn-
thetic resin such as an ethylene tetrafluoroethylene copoly-
mer (ETFE), high density polyethylene (HDPE), oriented
polypropylene (OPP), polystyrene (PS), polymethyl meth-
acrylate (PMMA), oriented nylon (ONy), polyethylene
terephthalate (PET), polycarbonate (PC), polyimide, poly-
ether sulfone (PES), or polyethylene naphthalate (PEN) can
be suitably used. As the sealing layer, a metallic thin plate
formed of stainless steel, copper, titanium, aluminum, or an
alloy can also be used. For preventing infiltration of oxygen
and water vapor into the organic EL panel, the sealing layer
preferably has gas and water vapor barrier properties. As the
formation material of the sealing layer, inorganic materials
such as nitride can be used.

[0113] When a sealing film is used as the sealing layer, a
film composed of the above-mentioned synthetic resin or a
metallic thin plate can be used.

[0114] A thickness of the sealing film (such as a synthetic
resin film and a metallic thin plate) is not particularly limited,
but for example, it is 5 um to 1 mm and preferably 10 pm to
500 um.

[0115] The adhesive layer for adhering the sealing film to
the organic EL element is formed from a known adhesive. Tt
is preferred to use, for example, a thermosetting or photo-
setting adhesive as the above-mentioned adhesive. The adhe-
sive is adjusted to an appropriate viscosity, and provided on
the back surface of the sealing film with a uniform thickness.

[Organic EL Panel Manufacturing Method]

[0116] An organic EL panel manufacturing method at least
includes: an element forming step of aligning and forming in
the long direction of the belt-shaped substrate a plurality of
organic EL elements each including a first electrode including
a terminal, a second electrode including a terminal and an
organic layer provided between the first electrode and the
second electrode; and a sealing step of forming the sealing
layers on a plurality of organic EL elements. In the element
forming step, the terminal of the first electrode and the termi-
nal ofthe second electrode are disposed at the first and second
sides in the long direction of the substrate based on the
organic layer. In the sealing step, the sealing layer is formed
on the organic EL element except for the terminal of the first
electrode disposed at the first side in the long direction of the
substrate and the terminal of the second electrode disposed at
the second side in the long direction.



US 2015/0357594 A1

[0117] Preferably, the organic EL panel 1 according to the
present invention can be manufactured using a roll-to-roll
method.

(Flement Forming Step)

[0118] The organic EL element forming step is performed
in the same way as conventionally performed.

[0119] Briefly, the belt-shaped substrate rolled in a roll state
is led out, the substrate is rinsed and then the first electrodes
are formed on this substrate.

[0120] As the first electrode formation method, an opti-
mum method can be employed depending on the formation
material thereof, and examples of the method include a spat-
tering method, a deposition method and an ink-jet method.
When, for example, the first electrode is made of metal, the
deposition method is used.

[0121] Inaddition, a substrate on which the first electrodes
are patterned in advance may be used. When the substrate on
which the first electrodes are patterned in advance is used, the
substrate is led out from aroll and rinsed, and then the organic
layers are formed on the first electrodes.

[0122] A positive hole transport layer, a light emitting
layer, and an electron transport layer are formed in this order
on the first electrode except for a terminal thereof.

[0123] As the formation method of the positive hole trans-
port layer and the electron transport layer, an optimum
method can be employed depending on the formation mate-
rial thereof, and examples of the method include a sputtering
method, a deposition method, an ink-jet method, a coating
method, and the like.

[0124] As the formation method of the light emitting layer,
an optimum method can be employed depending on the for-
mation material thereof, but usually it is formed by a deposi-
tion method.

[0125] Subsequently, the second electrode is formed on the
organic layer. The second electrode is formed so as not to
cover the terminal of the first electrode. As the formation
method of the second electrode, an optimum method can be
employed depending on the formation material thereof, and
examples of the method include a sputtering method, a depo-
sition method, an ink-jet method, and the like.

[0126] In this way, a plurality of organic EL elements are
formed at necessary intervals on the substrate. A state where
the organic EL elements 3 have been formed on the substrate
2 is the same as a state where the sealing layers 4 (the sealing
films 41 and the adhesive layers 42) are removed from FIGS.
1 to 5. and therefore is not illustrated in particular.

[0127] After a plurality of organic EL elements is formed
on the substrate, this substrate may be rolled in a roll state
once, or the sealing layers may be continuously provided
thereon.

(Sealing Step)

[0128] In the sealing step, the sealing layers are formed on
a plurality of organic EL elements without contacting each
other.

[0129] The sealing layer is formed on the organic EL ele-
ment except for the terminal of the first electrode disposed at
the first side in the long direction of the substrate and the
terminal of the second electrode disposed at the second side in
the long direction.

[0130] The sealing layer formation method is not particu-
larly limited. For example, the sealing layer may be formed
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on the organic EL element by coating a required area with a
coating solution including synthetic resin, or may be formed
by attaching the sealing film 41 onto the organic EL element.
[0131] The sealing layer can be relatively easily formed on
the required area, and therefore using the sealing film is
preferable.

[0132] FIGS. 7 and 8 illustrate examples of a laminated
body 6 (separator-attached sealing film) used for the roll-to-
roll method.

[0133] The adhesive layer 42 is provided on the back sur-
face of the sealing film 41. The adhesive layer 42 is tempo-
rarily attached onto a separator 61.

[0134] A planarshape of the separator 61 is a belt-shape. A
plurality of sealing films 41 is temporarily attached spaced
predetermined intervals apart on the surface of this belt-
shaped separator 61.

[0135] One sealing film 41 is attached to cover the organic
layer of one organic EL element except for the terminal of the
first electrode and the terminal of the second electrode. There-
fore, the planar shape of the sealing film 41 is formed into a
similar figure a little larger than a planar shape of the organic
layer.

[0136] The laminated body 6 formed by attaching a plural-
ity of these sealing films 41 spaced an interval apart on the
separator 61 can be easily obtained as follows.

[0137] First, as illustrated in FIG. 9A, a belt-shaped lami-
nated body A including the belt-shaped separator 61 and a
belt-shaped original sealing film 411 laminated through the
adhesive layer 42 on the belt-shaped separator 61 is prepared.
[0138] Only the original sealing film 411 (and the adhesive
layer 42) is cut into a predetermined shape from above this
belt-shaped laminated body A. FIG. 9B illustrates cut lines S
obtained by cutting. By forming the cut lines S and S at
predetermined intervals, a plurality of sealing films 41 is
formed in the plane of the original sealing film 411. Areas
partitioned by the cut lines S are the individual sealing films
41. Further, by removing portions other than the areas parti-
tioned by the cut lines S, from the separator 61, it is possible
to obtain the laminated body 6 illustrated in FIGS. 7 and 8. In
addition, an infinite number of dots are added to the portions
to be removed (the portions other than the areas partitioned by
the cut lines 5) in FIG. 9B.

[0139] As the formation material of the sealing film 41,
those shown above as an example are used.

[0140] As the separator 61, a sheet-shaped article having a
surface subjected to a mold releasability imparting treatment
so that the adhesive layer 42 is easily peeled off is used. The
formation material of the separator 61 is not particularly
limited, and examples thereofinclude a synthetic resin film, a
synthetic paper, and a paper subjected to a mold releasability
imparting treatment.

[0141] In addition, as illustrated in FIG. 10, a barrier layer
62 may be provided under the sealing film 41 when necessary.
The barrier layer 62 is provided to the back surface of the
sealing film 41, and the adhesive layer 42 is provided on the
back surface of this barrier layer 62. The same barrier layer as
that ofthe organic EL element can be used for the barrier layer
62.

[0142] The sealing films 41 are attached to an organic EL
element-formed substrate X obtained in the element forming
step while the organic EL element-formed substrate X is
conveyed to a downstream side as illustrated in FIG. 11.
[0143] FIG. 11 is a schematic side view of a sealing film
attaching apparatus.
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[0144] An attaching apparatus 7 includes convey rollers 71
which convey in the long direction the organic EL element-
formed substrate X, a peel plate 72 which separates the sepa-
rator 61 and the sealing film 41, a guide roller 73 which is
provided at a front end portion 72a of the peel plate 72,
convey collection rollers (not illustrated) which convey the
laminated body 6 (separator-attached sealing film) to the peel
plate 72 and collects the separator 61, a pressing roller 74
which presses the surface of the sealing film 41 peeled from
the separator 61, and curing device 75 which cures the adhe-
sive layer 42 provided on the back surface of the sealing film
41.

[0145] The peel plate 72 is a plate-shaped body formed in
the shape of an acute angled triangle in side view. The peel
plate 72 is disposed such that the front end portion 72a (acute-
angled portion) thereof is positioned in the vicinity of a sut-
face of the organic EL element-formed substrate X. The dis-
tance between the front end portion 724 of the peel plate 72
and the surface of the organic EL element-formed substrate X
1s not particularly limited. Of course, when the above-men-
tioned distance is excessively small, the front end portion 72a
of the peel plate 72 may come into contact with the surface of
the organic EL element 3 to damage the surface of the organic
EL element 3. On the other hand, when the above-mentioned
distance is excessively long, the sealing film 41 peeled off by
the peel plate 72 may not be transferred to the surface of the
organic EL element 3. In view of these considerations, the
distance between the front end portion 72a of the peel plate 72
and the surface of the organic EL element-formed substrate X
is preferably 2 mm or more, more preferably 3 mm or more.
The upper limit of the above-mentioned distance is, for
example, 20 mm or less, preferably 10 mm or less although
depending on a size of the sealing film 41.

[0146] The organic EL element-formed substrate X is con-
veyed to the long direction with the terminals 32a of the
second electrodes 32 directed toward the downstream side. In
the figure, solid arrows indicate conveying directions.
[0147] The laminated body is conveyed to the peel plate 72
in synchronization with conveyance of the organic EL ele-
ment-formed substrate.

[0148] In addition, the laminated body 6 may be continu-
ously conveyed or may be intermittently conveyed by way of
segment conveyance of the length of one sealing film.
[0149] At the front end portion 72a of the peel plate 72,
only the separator 61 is turned around and collected. In the
figure, the void arrow shows a direction in which the separator
61 is collected.

[0150] As the separator 61 is turned around at the front end
portion 72a of the peel plate 72, interlayer peeling occurs
between the adhesive layer 42 and the separator 61, so that the
sealing film 41 is separated from the separator 61 together
with the adhesive layer 42.

[0151] The adhesive layer 42 comes into contact with the
surface of the organic EL element to attach the sealing film 41
to the organic EL element 3. The sealing film 41 is attached
while being appropriately aligned so as not to cover each of
the terminals 31a and 32a.

[0152] The pressing roller 74 presses the sealing film 41
from above the sealing film 41 attached to the organic EL
element 3, so that the circumference portion of the sealing
film 41 is closely attached to the both lateral portions of the
organic EL element.

[0153] Subsequently, the curing device 75 which is pro-
vided at the downstream side of the pressing roller 74 cures
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the adhesive layer 42, so that the sealing film 41 is fixed on the
organic EL element 3 and sealing the organic EL element 3 is
finished. An optimum device is used for the curing device 75
according to a type of an adhesive. A heating device is used
for a thermal-curing adhesive, and a light irradiating device
such as an ultraviolet lamp is used for a photo-curable adhe-
sive.

[0154] Thus, by attaching one sealing film 41 to one
organic BEL element and repeating attaching one sealing film
41 to each of the organic EL elements aligned in the long
direction of the substrate 2, it is possible to obtain the belt-
shaped organic EL panel 1 illustrated in FIGS. 1 to 3.
[0155] The organic EL panel of the present invention and
the method of manufacturing thereof are not limited to the
embodiments described above, and a design change may be
appropriately made within a scope intended by the present
invention.

INDUSTRIAL APPLICABILITY

[0156] An organic EL panel of the present invention can be

used for illuminating devices, image displays, or the like.

[0157] 1 Organic EL panel, 2 Substrate, 3 Organic EL ele-
ment, 31 First electrode, 31a, 311qa, 312a Terminal of first
electrode, 32 Second electrode, 324, 321a, 322a Terminal
of second electrode, 33 Organic layer, 4 Sealing layer, 41
Sealing film, 42 Adhesive layer, 61 Separator

1. An organic electroluminescence panel comprising:

a belt-shaped substrate;

a plurality of organic electroluminescence elements which

1s aligned and provided on the belt-shaped substrate in a
long direction of the belt-shaped substrate; and

a plurality of sealing layers which is provided on the

organic electroluminescence elements, wherein

each of the sealing layers is independently provided on

each of the plurality of organic electroluminescence ele-
ments, and

adjacent sealing layers of the plurality of sealing layers do

not contact each other.

2. The organic electroluminescence panel according to
claim 1, wherein

each of the plurality of organic electroluminescence ele-

ments includes

a first electrode which includes a terminal;

a second electrode which includes a terminal; and

an organic layer which is provided between the first elec-

trode and the second electrode;
the terminal of the first electrode is disposed at at least one
side in a long direction of the substrate based on the
organic layer, and the terminal of the second electrode is
disposed at at least an opposite side in the long direction
of the substrate to the terminal of the first electrode, and

each of the sealing layers is provided on each of the organic
electroluminescence elements except for the terminal of
the first electrode and the terminal of the second elec-
trode.

3. The organic electroluminescence panel according to
claim 1, wherein a length of each of the organic electrolumi-
nescence element corresponding to the long direction of the
substrate is longer than a length of each of the organic elec-
troluminescence element corresponding to a short direction
of the substrate.

4. A method of manufacturing an organic electrolumines-
cence panel comprising:
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an element forming step of forming in a long direction of a
belt-shaped substrate a plurality of organic electrolumi-
nescence elements each including a first electrode, a
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each of the sealing layers includes a sealing film, and an
adhesive layer which is provided on a back surface of the
sealing film and can make the sealing film be attached to

each of the organic electroluminescence elements, and

the sealing step includes repeatedly attaching one of the
sealing films to one of the organic electroluminescence
elements aligned in the long direction.
7. The organic electroluminescence panel according to
claim 2, wherein a length of each of the organic electrolumi-
nescence element corresponding to the long direction of the
substrate is longer than a length of each of the organic elec-
troluminescence element corresponding to a short direction
of the substrate.
8. The method of manufacturing the organic electrolumi-
nescence panel according to claim 5, wherein
each of the sealing layers includes a sealing film, and an
adhesive layer which is provided on a back surface of the
sealing film and can make the sealing film be attached to
each of the organic electroluminescence elements, and

the sealing step includes repeatedly attaching one of the
organic electroluminescence elements to one of the
organic electroluminescence elements aligned in the
long direction.

second electrode, and an organic layer provided between
the first electrode and the second electrode; and

a sealing step of forming each of the independent sealing
layers on each of the plurality of organic electrolumi-
nescence elements such that the sealing layers do not
contact each other.

5. The method of manufacturing the organic electrolumi-

nescence panel according to claim 4, wherein

the element forming step includes disposing a terminal of
the first electrode at at least one side in a long direction
of the substrate based on the organic layer, and disposing
aterminal of the second electrode at at least an opposite
side in the long direction of the substrate to the terminal
of the first electrode, and
the sealing step includes forming each of the sealing layers
on each of the organic electroluminescence elements
except for the terminal of the first electrode and the
terminal of the second electrode.
6. The method of manufacturing the organic electrolumi-
nescence panel according to claim 4, wherein L
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