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ORGANIC ELECTROLUMINESCENT PANEL

TECHNICAL FIELD

[0001] The present invention relates to an organic elec-
troluminescent panel.

BACKGROUND ART

[0002] An organic electroluminescent (hereinafter referred
to as organic EL) panel is a light-emitting device that includes
at least one organic EL element disposed on a supporting
substrate, acts as a surface light source, and functions as, for
example, an image display or an illuminating device. For
example, in the organic EL element, a pair of electrodes
including an anode and a cathode sandwiches an organic
functional layer in which an organic light-emitting layer is
held between a hole transport layer and an electrode transport
layer, and any one of the electrodes is fixed on the supporting
substrate such as a glass substrate and a resin substrate. In
order to cause this organic EL element to emit light, current
should be supplied through the electrode pair. For this reason,
a connecting wire pair is disposed to selectively supply cur-
rent to each organic EL element.

[0003] Use of the organic EL panel is not restricted to an
image display. Even when the organic EL panel is used as an
illuminating device, a plurality of organic EL elements are
aligned in the organic EL. panel in many cases. Therefore, it is
general that a power supply line for supplying power from the
outside to the connecting wire pair of each organic EL ele-
ment is disposed on the substrate over a distribution region of
the organic EL elements. In a case of an image display, the
power supply line includes a plurality of horizontal line
groups and vertical line groups that are crossed with the
horizontal line groups, and each organic EL element is pro-
vided on each intersection of these line groups and serves as
a pixel.

[0004] In the organic EL element, since the organic func-
tional layer that is provided between the anode and the cath-
ode has a thickness of submicron order, current leakage may
be caused by fine dust or a defect of the organic functional
layer. For example, when in the image display, current leak-
age occurs in one pixel, other pixels around the pixel may also
be damaged.

[0005] As atechnique for preventing damage of peripheral
cells from spreading as described above, Patent Document 1
describes a procedure of blocking short-circuit current by
providing a wire having a fuse function on each of a plurality
of pixels. The fuse function causes melting disconnection by
overcurrent during short circuit due to current leakage.
[0006] Patent Document 2 describes a technique of using a
resin substrate and providing a silicon oxide film as a barrier
layer against gas or the like on the resin substrate.

[0007] Patent Document 3 describes a technique of self-
repairing a short circuit part by applying reverse bias voltage
to electrodes to evaporate an electrode material.

[0008] Patent Document 4 discloses a technique of repair-
ing a short circuit part by irradiating laser beam to the short
circuit part, to melt and remove the short circuit part.
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SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

[0013] When a resin substrate containing a resin material is
used in a device described in Patent Literature 1, the resin
substrate may be damaged by impact and heat generated by
flowing overcurrent to a connecting wire pair resulting in
melting disconnection of a fuse part. When the resin substrate
is sealed by being covered with a barrier layer such as an
oxide film, the barrier layer on the resin substrate may be
damaged by impact and heat to impair a sealing performance.
In this case, not only the barrier layer but also the resin
substrate itself may be damaged. For example, even in an
organic EL panel having a mechanically and thermally fragile
support structure containing a resin material or a glass mate-
rial around a substrate such as a substrate in combination ofa
glass with a resin, for example, a color filter substrate, a metal
substrate having an insulating film formed thereon, and a
hybrid substrate of a metal and a resin, there is a problem in
which the support structure is damaged by melting discon-
nection of the fuse part.

[0014] The present invention has been made in view of the
circumstances described above, and it is an object of the
present invention to provide an organic EL panel that has a
wire with a fuse part and can prevent an adverse effect of heat
and impact generated by melting disconnection of the fuse
part.

Means to Solve the Problem

[0015] Anorganic EL panel according to the present inven-
tion is an organic EL panel including a support, at least one
organic EL element that is disposed on the support and
includes an organic functional layer including an organic
light-emitting layer and a pair of electrodes sandwiching the
organic functional layer, at least one pair of connecting wire
pairs that are connected to the respective electrodes and dis-
posed on the support, and a sealing film that seals both the
organic EL element and the connecting wire pairs together
with the support, wherein any one of the connecting wire
pairs has a fuse part, and a buffer layer is provided between
the support and the fuse part.

BRIEF DESCRIPTION OF DRAWINGS

[0016] FIG. 1 is a top plan view of part of an organic EL
panel according to a first embodiment of the present inven-
tion.

[0017] FIG.2ais atop plane view of a unit region including
one organic EL element in the organic EL panel of FIG. 1.
[0018] FIG. 25 is a cross-sectional view taken along line
26-2b6 in FIG. 2a.

[0019] FIG. 2¢ is an enlarged top plane view of a fuse part
according to the embodiment of FIG. 1.

[0020] FIG. 3 is a cross-sectional view of an organic EL
panel according to a modification of the present invention.
[0021] FIG. 4 is a top plan view showing each process in a
method for producing the organic EL panel according to the
first embodiment of the present invention.
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[0022] FIG. 5includes cross-sectional views of the organic
EL panel in respective processes in the production method
shown in FIG. 4, that are taken along lines da-da, 4b-4b,
4c-4c¢, 4d-4d, and de-4e in FIGS. 4(a) to 4(e), respectively.
[0023] FIG. 6 is a cross-sectional view showing another
method for producing the organic EL panel according to the
first embodiment.

[0024] FIG. 7 is a cross-sectional view of an organic EL,
panel according to a second embodiment of the present inven-
tion.

[0025] FIG. 8 is a cross-sectional view showing a method
for producing the organic EL panel according to the second
embodiment of the present invention.

[0026] FIG.9isatop plan view showing a configuration of
an organic EL panel according to a third embodiment of the
present invention.

DESCRIPTION OF EMBODIMENTS

[0027] Hereinafter, embodiments of the present invention
will be described with reference to the drawings. In views
shown below, substantially the same or equivalent compo-
nents or parts are provided with the same reference signs. In
FIGS. 1 and 2¢, a configuration excluding an insulating layer
and a sealing layer is shown for easy understanding,

First Embodiment

[0028] Inanorganic EL panel 10 ofeach of FIGS. 1 and 2a
to 2¢, aplurality of organic EL elements 13 are disposed in a
matrix shape on a support 11. When the organic EL panel 10
is used as an image display, each of the organic EL elements
13 acts as a pixel. When the organic EL panel is used as an
illuminating device, the organic EL elements 13 are driven
together or selectively.

[0029] On the support 11, a power supply strip group 15 in
a strip shape is disposed. As a first electrode in a strip shape,
an electrode (i.e., common electrode) strip group 17 is dis-
posed so asto be crossed with the power supply strip group 15
in anon-contact state, and each of the organic EL elements 13
is disposed in a vicinity of each intersection of the electrode
strip group and the power supply strip group. As especially
evident from FIG. 24, each of the organic FL elements 13 has
a layered structure including a conductive layer 19 as a sec-
ond electrode in contact with a surface of the support 11, an
organic functional layer 21, and one strip in the electrode strip
group 17. The electrode strip group 17 is common to the
plurality of organic EL elements 13 formed along each strip in
the electrode strip group 17. In each of the organic EL ele-
ments 13, one end of a connecting wire 23 is connected to the
conductive layer 19. When the conductive layer 19 and the
support 11 are transparent, the organic EL panel is a so-called
bottom emission-type light-emitting panel, in which light
generated in the organic functional layer 21 is extracted from
a side of the support 11.

[0030] Thesupport11 includesasubstrate 11a anda barrier
film 115 formed on the substrate 11a. The substrate 11a is
made of a transparent and flexible film of a resin such as
polycarbonate (PC), polyester (PET), polyethylene naphtha-
late (PEN), or polyether sulfone or a glass. The barrier film
114 is a film body for maintaining moisture-proof perfor-
mance of the substrate 11a and preventing oxygen or mois-
ture content from entering the organic EL elements 13 formed
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on the substrate 11. For example, the barrier film 115 is made
of an inorganic material such as SiO,, SiO,N,, SiN,, AlO,,
AIN_, or TiO,.

[0031] For example, the conductive layer 19 as the second
electrode is formed by patterning a light-transmissive con-
ductive metal oxide of about 100 nm in thickness, such as
indium tin oxide (ITO) and indium zinc oxide (I70), in a
rectangular shape.

[0032] Through each connecting wire 23, one strip in the
power supply strip group 15 disposed on the support 11 is
electrically connected to the conductive layer 19 of each
organic EL element 13. For example, the connecting wire 23
is made of an alloy including tin, bismuth, or lead as a main
component, more specifically solder that is a tin-based alloy,
oralow-melting point metal such as a Wood’s metal, a Rose’s
alloy, and a Newton’s alloy.

[0033] Theconnecting wire 23 is ina strip shapeasawhole,
and has aline width narrower than those of other parts. There-
fore, the connecting wire 23 has a fuse part 23a that has a
maximum peak current lower than those of the other parts.
For example, the fuse part 23a has a substantial ribbon shape
thathas a length L. a narrow-width part at the central part, and
wide-width parts with a width W at the both ends. Since the
fuse part 234 has a low maximum peak current, the fuse part
23a has function of blocking entry of short-circuit current to
the organic EL elements 13 by melting disconnection. This
melting disconnection is caused when short circuit is caused
by leakage of current or the like in each organic EL element
13 and excessive current is supplied from the power supply
strip group 15 to the organic EL element 13. The maximum
peak current may be decreased by making the thickness ofthe
fuse part 23a smaller than those of other parts of the connect-
ing wire 23 or using a material with a melting point lower than
those of materials for the other parts of the connecting wire 23
as a material for the fuse part 23a. Thus, each organic EL
element 13 is connected to the power supply strip group 15
through the connecting wire 23 with the fuse part 23a. There-
fore, even when short circuit occurs in one of the organic EL
elements 13, driving current to the one of the organic EL
elements is blocked, and damage does not spread to other
organic EL elements.

[0034] Abufferlayer 25is provided between the support 11
and the fuse part 23a, and the fuse part 23a is not in contact
with the support 11. The buffer layer 25 is made of an organic
substance such as polyimide, acryl, orresist, and for example,
has a rectangular cross section as apparent from FIG. 25.
[0035] The buffer layer 25 is allowed to prevent damages of
the barrier layer 115 constituting the support 11, and the
substrate 11a under the barrier layer 115 by buffering heat
generated during melting disconnection of the fuse part 23a
caused by short circuit due to leakage in the organic EL
elements 13 or stress due to deformation of the fuse part 23a.
Itis preferable that the buffer layer 25 be formed so as to cover
at least the entire lower surface of the fuse part 23« since the
heat or the stress is sufficiently buffered during melting dis-
connection of the fuse part 23a. It is more preferable that the
buffer layer 25 have a size that is set to a range equal to or
more than the length L and the width W of'the fuse part 23 as
shown in FIG. 2c¢.

[0036] Forexample, the buffer layer 25 may be formed ina
multilayer structure in which a resin layer is sandwiched
between inorganic substance layers of several tens nanom-
eters. When the buffer layer 25 is made of an organic layer, it
is preferable that the buffer layer 25 be made of an acrylic
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resin or a polyimide-novolac-based resin that is curable at
relatively low temperature (for example, 70% to 80% of the
resin is cured at a temperature equal to or lower than the
softening point of a material constituting the support 11).
When such a material is used, degradation of the support 11
due to heat and generation of outgas can be prevented in a
process of curing the buffer layer 25 during production. The
buffer layer 25 may be made of a porous SiO, material which
is the same as that for a void-containing layer 31 described
below.

[0037] The organic functional layer 21 is formed by layer-
ing a hole injection layer, a hole transport layer, a light-
emitting layer, and an electron injection layer in this order on
the conductive layer 19 which is the second electrode. For
example, the hole injection layer has a thickness of about 10
nm, and is made of copper phthalocyanine (CuPc), the hole
transport layer has a thickness of about 50 nm, and is made of
bis[N-(1-naphthyl)-N-pheny]benzidine (c-NPD), the light-
emitting layer has a thickness of about 50 nm, and is made of
tris-(8-hydroxyquinoline Jaluminum (Alg,), and the electron
injection layer has a thickness of about 1 nm, and is made of
lithium fluoride (LiF).

[0038] The electrode strip group 17 as a cathode is for
example, made of Al, or the like, and provided so as to cover
the organic functional layer 21. The electrode strip group 17
extends in a direction orthogonal to the extension direction of
the power supply strip group 15 to form a matrix with the
power supply strip group 15. Further, the electrode strip group
17 forms an electrode pair that sandwiches the organic func-
tional layer 21 with the conductive layer 19, and forms a
connecting wire pair that supplies current to the organic EL
element with the connecting wire 23. Aninsulating layer 27 is
formed on the support 11 on which the electrode strip group
17, the power supply strip group 15, and the connecting wire
23 have been formed. Since at least an end of the conductive
layer 19, an upper surface of the connecting wire 23 excluding
the fuse part 23a, and an upper surface of the power supply
strip group 15 are covered with the insulating layer 27, they
are electrically insulated from the electrode strip group 17. As
another material for the electrode strip group 17, an alloy with
relatively low work function, such as Mg—Ag or Al—1Li is
suitable.

[0039] A sealing layer 29 is constructed by a thin film made
of an inorganic material such as SiO,, SiON,, SiN_, AlO,,
AIN_, and TiO_.. The sealing layer 29 has a sealing structure of
entirely covering each component of the organic EL panel 10
and serving as a sealing function of preventing entry of oxy-
gen and moisture content from the outside. The sealing layer
29 is formed so as to be in close contact with the organic EL
element 13.

[0040] Between the sealing layer 29 and the fuse part 23a,
a void-containing layer 31 including an aggregate of a plu-
rality of voids intervenes. Specifically, the connecting wire 23
is in contact with the void-containing layer 31 in at least a
formation part of the fuse part 23a. Therefore, the fuse part
23a of the connecting wire 23 is held between the buffer layer
25 and the void-containing layer 31.

[0041] The void-containing layer 31 is a layer having a
void-containing structure that has a plurality of voids there-
inside, and for example, is made of a porous material. Spe-
cifically, the void-containing layer 31 is made of a porous
SiQ, film that may be formed by baking an insulating material
such as polysilazane at low temperature. Polysilazane is an
inorganic polymer that is soluble in an organic solvent. A
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solution of polysilazane in an organic solvent is used as a
coating solution, and baked in the air or a water vapor-con-
taining atmosphere to obtain an amorphous SiO, film. Pol-
ysilazane is usually baked at about 400° C. However, when
the baking temperature is set to about 100° C., a porous SiO,
film is obtained. The void-containing layer 31 can be formed
by applying polysilazane to the fuse part 23a before forma-
tion of the sealing layer 29, and baking polysilazane at low
temperature. The sealing layer 29 is formed so as to also cover
a surface of the void-containing layer 31.

[0042] Metal evaporated from the fuse part 23¢ during
melting disconnection of the fuse part 23a is incorporated in
the void-containing layer 31 by a capillary phenomenon, to
prevent reconnection of the fuse part 23a. In the void-con-
taining layer, heat or deforming stress during melting discon-
nection of the fuse part 23a is absorbed and buffered by a void
structure, damage of the sealing layer 29 is prevented, and
heat and deforming stress applied to the buffer layer 25 are
relieved. In order to sufficiently absorb and buffer heat or
stress during melting disconnection of the fuse part 234, it is
preferable that the void-containing layer 31 be formed so as to
cover at least the entire upper surface of the fuse part 23a. It
is more preferable that the void-containing layer 31 have a
size that is set to a range equal to or more than the length 1 and
the width w of the fuse part 23 as shown in FIG. 2¢.

[0043] In the embodiment described above, a strip elec-
trode 17 is used as a cathode, and the conductive layer 19 is
used as an anode. However, positive and negative driving
currents to be supplied may be reversed.

[0044] In order to easily form a connecting wire 23 on a
buffer layer 25 as shown in FIG. 3, it is preferable that the
buffer layer 25 have a cross section with a forward tapered
side, that is, a trapezoidal cross section with a lower base in
contact with a support 11 and an upper base shorter than the
lower base.

[0045] Hereinafter, a method for producing the organic EL
panel of this embodiment will be described with reference to
FIGS. 4(a) to 4(e) and 5(a) to 5(e). In production of the
organic EL of the embodiment, a film as the barrier film 114
is first formed from an inorganic material such as SiO,,
SiON,, SiN_, AlO,, AIN,, or TiO, on a transparent and flex-
ible film substrate 11a of a resin such as polycarbonate (PC),
polyester (PET), polyethylene naphthalate (PEN), or poly-
ether sulfone (PES) to form the support 11.

[0046] Subsequently. alight-transmissive conductive metal
oxide such as ITO and IZO is deposited to about 100 nm on
the support 11 by a sputtering method, and patterned in a
rectangular shape by etching to form the conductive layer 19.
The power supply strip group 15 made of a low-resistance
metal such as Al, Cu, Ag, or Au is formed at a position away
from the conductive layer 19 on the support 11 by the same
procedure as the procedure for forming the conductive layer
19 (FIGS. 4(a) and 5(a)).

[0047] A photoresist (polyimide, or acryl) is then applied
onto the support 11 between the power supply strip group 15
and the conductive layer 19, exposed, developed, patterned,
and cured to form the buffer layer 25. Herein, the buffer layer
25 may be made of an inorganic material such as Si0O,, and
patterning may be performed by a known liftoff method or an
etching method using a resist mask formed by known photo-
lithography. As described above, the buffer layer 25 may be
formed in a multilayer structure in which a resin layer is
sandwiched between inorganic substance layers of several
tens nanometers. In order to facilitate the formation of the
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connecting wire 23 on the buffer layer 25, it is preferable that
the buffer layer 25 be formed so as to have a cross section with
a forward tapered side, that is, a trapezoidal cross section with
alower base in contact with the support 11 and an upper base
shorter than the lower base. When the buffer layer 25 is made
of an organic layer, it is preferable that an acrylic resin or a
polyimide-novolac-based resin that is curable at relatively
low temperature (for example, 70% to 80% of the resin is
cured at a temperature equal to or lower than the softening
point of a material constituting the support 11) be used. When
such a material is used, degradation of the support 11 due to
heat and generation of outgas can be prevented in a process of
curing the buffer layer 25 during production.

[0048] Subsequently, the connecting wire 23 made of an
alloy including tin, bismuth, or lead as a main component,
more specifically solder that is a tin-based alloy, or a low-
melting point metal such as a Wood’s metal, a Rose’s alloy, or
a Newton’s alloy is formed by a mask vapor deposition
method or the like. After that, the fuse part 234 is formed on
the buffer layer 25 by patterning. Specifically, the connecting
wire 23 is patterned so that the line width of the fuse part 23a
on the buffer layer 254 is locally narrow (FIGS. 4(b) and
3(b))-

[0049] Subsequently, a photoresist (or polyimide) that is a
material for the insulating layer 27 is applied so as to cover
surfaces of the conductive layer 19 and the power supply strip
group 15. After that, the photoresist is exposed, developed,
and patterned. Thus, the insulating layer 27 is formed so as to
have an opening for exposure of surfaces of the conductive
layer 19 and the fuse part 23a (FIGS. 4(c) and 5(c)). The
material for the insulating layer 27 and a method of patterning
the insulating layer 27 are not limited to those described
above. For example, similarly to the buffer layer 25 described
above, the insulating layer 27 may be made of an inorganic
material such as Si0O,, and patterning may be performed by a
known liftoff method or an etching method using a resist
mask formed by known photolithography.

[0050] Polysilazane is then applied onto the fuse part 23a
exposed in the opening of the insulating layer 27, and baked
at a low temperature of about 100° C. Thus, the void-contain-
ing layer 31 made of a porous SiO, film is formed so as to
cover the fuse part 23a.

[0051] Subsequently, a hole injection layer, a hole transport
layer, a light-emitting layer, and an electron injection layer
are formed in turn on the exposed conductive layer 19 by an
inkjet method or a mask vapor deposition method to form the
organic functional layer 21. For example, the hole injection
layer has a thickness of about 10 nm, and is made of copper
phthalocyanine (CuPc), the hole transport layer has a thick-
ness of about 50 nm, and is made of bis|N-(1-naphthyl)-N-
phenyl]benzidine (a-NPD), the light-emitting layer has a
thickness of about 50 nm, and is made of tris-(8-hydrox-
yquinoline)aluminum (Alq,), and the electron injection layer
has a thickness of about 1 nm, and is made of lithium fluoride
(LiF) (FIGS. 4(d) and 5(d)).

[0052] Subsequently, Al that is an electrode material for an
electrode strip group 17 is deposited in a desired pattern on
the structure obtained through the respective processes
described above by the vapor deposition method using a mask
with an opening corresponding to the pattern of the electrode
strip group 17. Thus, the electrode strip group 17 that is
connected to the organic functional layer 21 and extends in a
direction orthogonal to the extension direction of the power
supply strip group 15 is formed. Specifically, the organic
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functional layer 21 is held between the electrode strip group
17 and the conductive layer 19, and the electrode strip group
17 is insulated from the power supply strip group 15 and the
connecting wire 23 by the insulating layer 27.

[0053] Subsequently. an inorganic material such as SiO,,
SiO,N,, SiN,, AlO,, AIN,, or TiO, is deposited by a plasma
CVD method that allows an isotropic film to be formed so as
to cover the structure obtained through the respective pro-
cesses described above, thereby forming the sealing layer 29.
The sealing layer 29 is formed so as to be in intimate contact
with the organic EL element 13 (FIGS. 4(e) and 5(¢)).
Through the respective processes, the organic EL panel 10 is
completed.

[0054] In the processes of forming the buffer layer 25, the
connecting wire 23, and the insulating layer 27 as shown in
FIGS. 4(b), 4(c), 5(b), and 5(c), the buffer layer 25 and the
insulating layer 27 may be formed simultaneously from the
same material, followed by forming the connecting wire 23
on the buffer layer 25. Thus, a production process can be
simplified.

[0055] Similarly to the void-containing layer 31, the buffer
layer 25 may be formed by applying polysilazane to the
support 11 between the power supply strip group 15 and the
conductive layer 19 followed by baking at a low temperature
of about 100° C.

[0056] In the organic EL panel 10 of the embodiment, the
buffer layer 25 is present between the fuse part 234 and the
support 11 containing a material having low mechanical
resistance or thermal resistance, such as a resin. This can
prevent damage of the support 11, which may be caused when
overcurrent flows from the power supply strip group 15
through the connecting wire 23 to the organic EL element 13
by short circuit between first and second electrodes, and metal
constituting the connecting wire 23 is melt and evaporated
with deformation and expansion. Therefore, destruction of
mechanically or thermally fragile part of a barrier layer that is
formed on a substrate constituting the support or the surface
can be prevented, and entry of oxygen or moisture content to
the organic EL panel can be prevented. Further, the durability
and reliability of the organic EL panel can be improved.
[0057] The organic EL panel 10 of the embodiment has a
structure in which the void-containing layer 31 is provided on
the fuse part 23a and the fuse part 23a is held between the
buffer layer 25 and the void-containing layer 31. In the void-
containing layer, heat or deforming stress during melting
disconnection of the fuse part 23« is absorbed and buffered by
the void structure, damage of the sealing layer 29 is pre-
vented, and heat and deforming stress applied to the buffer
layer 25 are relieved. Therefore, when the fuse part 23a is held
between the buffer layer 25 and the void-containing layer 31,
damage of the organic EL panel 10 caused by melting dis-
connection of the fuse part 234 can be effectively prevented.
[0058] Hereinafter, another method for producing the
organic EL panel 10 will be described with reference to FIGS.
6(a) to 6(c).

[0059] Similarly to the production method as described
above, the support 11 is formed, the conductive layer 19 is
formed on the support 11, and the power supply strip group 15
is formed. Subsequently, the buffer layer 25 is formed on the
support 11 between the power supply strip group 15 and the
conductivelayer 19. The connecting wire 23 is then formed so
that the fuse part 23a is formed on the buffer layer 25. A bank
(partition part) 33 is formed so as to surround the fuse part
23a. The bank 33 is formed, for example, by forming a film



US 2015/0325809 A1

from an organic material such as photosensitive polyimide
followed by patterning through exposure and development
processes. The bank 33 is formed as a partition surrounding
the fuse part 23a. For example, the bank 33 can be formed on
the conductive layer 19 and the power supply strip group 15.
Subsequently, the insulating film 27 having an opening is
formed at a part surrounded by the bank 33 and on the con-
ductive layer 19. After that, polysilazane is applied to a sut-
face of the fuse part 23a surround by the bank 33, and baked
at a low temperature of about 100° C. Thus, the void-contain-
ing layer 31 made of a porous SiO, film is formed so as to
cover the fuse part 234 (FIG. 6(a)).

[0060] Then, similarly to the production method, the
organic functional layer 21 is formed on the conductive layer
19. An electrode strip group 17 that is connected to the
organic functional layer 21 and extends in a direction
orthogonal to the extension direction of the power supply
strip group 15 is then formed (FIG. 6(5)).

[0061] Subsequently, the sealing layer 29 made of an inor-
ganic material is formed so as to entirely cover the structure
obtained through the respective processes described above.
The sealing layer 29 is formed so as to be in intimate contact
with the organic EL element 13. The sealing layer 29 is
formed so as to also cover even the void-containing layer 31
(FIG. 6(c)). Through the respective processes described
above, the organic EL panel 10 is completed.

[0062] For patterning of the electrode strip group 17, the
same bank may be used. In this case, a partition can be formed
at a part where the electrode strip group 17 is not formed, or
can also be formed on the void-containing layer 31.

Second Embodiment

[0063] FIG. 7is a cross-sectional view showing a configu-
ration of an organic EL panel 40 according to a second
embodiment of the present invention. The organic EL panel
40 is different from the organic EL panel 10 according to the
first embodiment in terms that the buffer layer 25 extends
below the conductive layer 19 that is the second electrode of
the organic EL element 13.

[0064] Inthe organic EL panel 40 according to the embodi-
ment, a pattern used in formation of the buffer layer 25 can be
expanded. Thus, a requirement for patterning accuracy can be
reduced, the production cost can be made low, and the pro-
duction can be made easy.

[0065] The organic EL panel 40 can be produced, for
example, by the following process. A film as a barrier film 115
is formed from an inorganic material such as SiO,, SiO,N,,
SIN_, AlO_, AIN , or TiO_ on a transparent and flexible film
substrate 11a of a resin such as polycarbonate (PC), polyester
(PET), polyethylene naphthalate (PEN), or polyether sulfone
(PES) to form the support 11.

[0066] A photoresist (polyimide, or acryl) is then applied
onto the support 11, exposed, developed, patterned, and cured
to form the buffer layer 25. Herein, the buffer layer 25 may be
made of an inorganic material such as SiO,, and patterning
may be performed by a known liftoff method or an etching
method using a resist mask formed by known photolithogra-
phy. As described above, the buffer layer 25 may be formed in
a multilayer structure in which a resin layer is sandwiched
between inorganic substance layers of several tens nanom-
eters. In order to facilitate the formation of the connecting
wire 23 on the buffer layer 25, it is preferable that the buffer
layer 25 be formed so as to have a cross section with a forward
tapered side, that is, a trapezoidal cross section with a lower
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base in contact with the support 11 and an upper base shorter
than the lower base. When the buffer layer 25 is made of an
organic layer, it is preferable that an acrylic resin or a poly-
imide-novolac-based resin that is curable at relatively low
temperature (for example, 70% to 80% of the resin is cured at
a temperature equal to or lower than the softening point of a
material constituting the support 11) be used. When such a
material is used, degradation of the support 11 due to heat and
generation of outgas can be prevented in a process of curing
the buffer layer 25 during production.

[0067] Subsequently. alight-transmissive conductive metal
oxide such as ITO and IZ0 is deposited to about 100 nm on
the buffer layer 25 by a sputtering method, and patterned in a
rectangular shape by etching to form the conductive layer 19.
The power supply strip group 15 made of a low-resistance
metal such as Al, Cu, Ag, or Au is formed at a position away
from the conductive layer 19 on the buffer layer 25 by the
same procedure as the procedure for forming the conductive
layer 19 (FIG. 8(a)).

[0068] Subsequently, the connecting wire 23 made of an
alloy including tin, bismuth, or lead as a main component,
more specifically solder that is a tin-based alloy, or a low-
melting point metal such as a Wood’s metal, a Rose’s alloy,
and a Newton’s alloy is formed by a mask vapor deposition
method or the like. After that, the fuse part 23a is formed on
the buffer layer 25 by patterning. Specifically, the connecting
wire 23 is patterned so that the line width of the fuse part 23a
on the buffer layer 25 is locally narrow.

[0069] Subsequently. a photoresist (or polyimide) that is a
material for the insulating layer 27 is applied so as to cover
surfaces of the conductive layer 19 and the power supply strip
group 15. After that, the photoresist is exposed, developed,
and patterned. Thus, the insulating layer 27 is formed so as to
have an opening for exposure of the surface of the conductive
layer 19 and the fuse part 23a (FIG. 8(5)). The material for the
insulating layer 27 and a method of patterning the insulating
layer 27 are not limited to those described above. For
example, Similarly to the buffer layer 25, the insulating layer
27 may be made of an inorganic material such as SiO,, and
patterning may be performed by a known liftoff method or an
etching method using a resist mask formed by known photo-
lithography.

[0070] Polysilazane 1s then applied onto the fuse part 23a
exposed in the opening of the insulating layer 27, and baked
at a low temperature of about 100° C. Thus, the void-contain-
ing layer 31 made of a porous SiO, film is formed so as to
cover the fuse part 23a (FIG. 8(c)).

[0071] Subsequently. a hole injection layer, a hole transport
layer, a light-emitting layer, and an electron injection layer
are formed in turn on the exposed conductive layer 19 by an
inkjet method or a mask vapor deposition method to form the
organic functional layer 21. For example, the hole injection
layer has a thickness of about 10 nm, and is made of copper
phthalocyanine (CuPc), the hole transport layer has a thick-
ness of about 50 nm, and is made of bis[N-(1-naphthyl)-N-
phenyl]benzidine (0.-NPD), the light-emitting layer has a
thickness of about 50 nm, and is made of tris-(8-hydrox-
yquinoline)aluminum (Alqs), and the electron injection layer
has a thickness of about 1 nm, and is made oflithium fluoride
(LiF).

[0072] Subsequently, Al thatis an electrode material for the
electrode strip group 17 is deposited in a desired pattern on
the structure obtained through the respective processes
described above by the vapor deposition method using a mask
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with an opening corresponding to the pattern of the electrode
strip group 17. Thus, the electrode strip group 17 that is
connected to the organic functional layer 21 and extends in a
direction orthogonal to the extension direction of the power
supply strip group 15 is formed. Specifically, the organic
functional layer 21 is held between the electrode strip group
17 and the conductive layer 19, and the conductive layer 19 is
insulated from the power supply strip group 15 and the con-
necting wire 23 by the insulating layer 27.

[0073] Subsequently, an inorganic material such as SiO,,
SiO,N,, SiN,, AlO,, AIN,, or TiO, is deposited by a plasma
CVD method that allows an isotropic film to be formed so as
to entirely cover the structure obtained through the processes,
thereby forming the sealing layer 29. The sealing layer 29 is
formed so as to be in intimate contact with the organic EL
element 13 (FIG. 8(d)). Through the respective processes
described above, the organic EL panel 40 is completed.

Third Embodiment

[0074] In the above-described embodiments, a display
device in which the power supply strip group 15 and the
electrode strip group 17 are arranged in a lattice shape, and
each organic EL element 13 is disposed on each intersection
therebetween, that is, a display device of so-called dot matrix
display has been described as an example. However, the
present invention is not limited to such a configuration. FIG.
9 isatop plan view showing a configuration of an organic EL
panel 50 in which arrangement of an electrode, a wire, and an
organic EL element is modified.

[0075] Inthe organic EL panel 50, the plurality of connect-
ing wires 23 are connected to one strip in the power supply
strip group 15 formed on the support 11. The connecting
wires 23 are aligned at an equal interval in one part (or a
plurality of parts) together, and each have the fuse part 23a
similarly to the respective embodiments. Each of the connect-
ing wires 23 is connected to the conductive layer 19 patterned
in a strip shape. The organic functional layer 21 in the same
strip shape is provided on the conductive layer 19. On the
organic functional layer 21, the electrode strip group 17 com-
mon to the plurality of organic EL elements 13 is provided.
The electrode strip group 17 extends parallel to the extension
direction of the power supply strip group 15. Further, the
electrode strip group 17 may be separated for every organic
EL element into a strip shape, similarly to the conductive
layer 19 and the organic functional layer 21. According to an
arrangement where the connecting wires 23 are gathered in
one part, the fuse parts 23a can be collected into one part.
Therefore, patterning of a buffer layer (or forming of a void-
containing layer) is made easy.

[0076] In each of the embodiments described above, the
void-containing layer 31 is provided on the fuse part 23a.
However, the void-containing layer 31 may not be necessarily
formed, and the fuse part 23a may be in contact with the
sealing layer 29. In this case, it is preferable that the buffer
layer 25 be made of a porous polysilazane material that is the
same as used for the void-containing layer 31 to secure a
scattering space of a metal material melt during disconnec-
tion of the fuse part 23a.

[0077] Instead of formation of a void-containing layer, an
opening may be formed at a part above the fuse part 23a of the
sealing layer 29 so as to penetrate the fuse part 23a and the
exterior. Thus, the scattering space of a metal material melt
during disconnection of the fuse part 23a can be secured.
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[0078] In each of the embodiments described above, the
organic EL panel having the support that is a combination of
aresin substrate and a barrier film has been described. How-
ever, even in another support structure, the same effects can
be obtained by providing the buffer layer 25 or the void-
containing layer 31. For example, even in a panel having a
mechanically and thermally fragile support structure contain-
ing a resin material or a glass material around a supporting
substrate such as a substrate in combination of a glass with a
resin, for example, a color filter substrate, a metal substrate
having an insulating film formed thereon, and a hybrid sub-
strate of a metal and a resin, when the buffer layer 25 or the
void-containing layer 31 is provided, damage of the support
structure that may be caused by melting and evaporating
metal constituting a connecting wire with deformation and
expansion can be prevented. Therefore, a decrease in the
performance of an organic EL element caused by destruction
of a mechanically fragile part or a thermally fragile part can
be prevented, and the durability and reliability of an organic
EL panel can be improved.

[0079] In the embodiments described above, a sealing film
structure in intimate contact with an organic EL element has
been used as means for sealing an organic EL panel, to seal a
film. However, a sealing can structure made of a metal may be
formed so as to cover the organic FL element 13 on the
support 11 and hollow sealing may be performed.

REFERENCE SIGNS LIST

[0080] 10, 40, 50 organic EL panel
[0081] 11 support

[0082] 13 organic EL element
[0083] 15 power supply strip group
[0084] 17 electrode strip group
[0085] 19 conductive layer

[0086] 21 organic functional layer
[0087] 23 connecting wire

[0088] 23a fuse part

[0089] 25 buffer layer

[0090] 27 insulating layer

[0091] 29 sealing layer

[0092] 31 void-containing layer

1. An organic EL panel comprising:

a support including a resin material;

at least one organic EL element that is provided on the

support and includes an organic functional layer includ-
ing an organic light-emitting layer and a pair of elec-
trodes sandwiching the organic functional layer;

at least one pair of connecting wire pairs that are connected

to the pair of respective electrodes and disposed on the
support; and
asealing structure that seals the organic EL element and the
connecting wire pairs together with the support,

wherein any one of the connecting wire pairs has a fuse
part, and a buffer layer is provided between the support
and the fuse part.

2. The organic EL panel according to claim 1, further
comprising a void-containing layer, with the fuse part being
held between the buffer layer and the void-containing layer.

3. The organic EL panel according to claim 2, wherein the
buffer layer has a cross-sectional shape of trapezoid with a
lower base in contact with the support and an upper base
shorter than the lower base.

4. The organic EL panel according to claim 2, further
comprising an insulating layer that comprises the same mate-
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rial as that for the buffer layer and serves to insulate connect-
ing wires of the connecting wire pair from each other.

5. The organic EL panel according to claim 2, wherein the
buffer layer extends below at least a part of the organic EL
element.

6. The organic EL panel according to claim 2, wherein the
support contains at least one of a resin material and a glass
material.

7. The organic EL panel according to claim 2, further
comprising at least one power supply strip that is disposed on
the support and relays power to the connecting wire pair, with
one wire of the connecting wire pair being connected to the
power supply strip, and with another wire of the connecting
wire pair being integral with at least one common electrode
strip crossed with the power supply strip.

8. The organic EL panel according to claim 1, wherein the
sealing structure comprises a sealing film with which the
organic EL element and the connecting wire pair are covered.

9. An organic EL panel comprising:

a support including a resin material;

at least one organic EL, element that is provided on the

support, the at least one organic EL element comprising
an organic functional layer including an organic light-
emitting layer and a pair of electrodes sandwiching the
organic functional layer; and

aconnecting wire that is connected to either one of the pair

of electrodes;

wherein the connecting wire includes a narrow-width part,

and

a buffer layer is provided between the support and the

narrow-width part.

10. The organic EL panel according to claim 9, further
comprising:
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a power supply line provided on the support; and

a plurality of the connecting wires, wherein

the power supply line is connected to the plurality of the
connecting wires, and

each of the plurality of'the connecting wires is connected to
one electrode of a plurality of pairs of the electrodes
which are patterned in a strip shape.

11. An organic EL panel comprising:

an organic EL element strip group provided on a support,
each organic EL element of the organic EL element strip
group comprising an organic light emitting layer dis-
posed between one of a plurality of first electrodes and at
least one second electrode;

a plurality of connecting wires, each one of the plurality of
connecting wires being connected to a corresponding
one of the plurality of first electrodes, and each one of the
plurality of connecting wires comprising a fuse part; and

a buffer layer disposed between the support and the fuse
part of the plurality of connecting wires.

12. The organic EL panel according to claim 11, wherein

the support comprises a resin material.

13. The organic EL panel according to claim 11, further
comprising a power supply line disposed on the support.

14. The organic FL panel according to claim 13, wherein
the power supply line is connected to the plurality of connect-
ing wires, and the fuse part of each of the plurality of con-
necting wires is disposed between the power supply line and
the respective one of the plurality of first electrodes.

15. The organic EL panel according to claim 11, wherein
the plurality of first electrodes is disposed in a striped pattern.
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