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7) ABSTRACT

The present invention provides an organic EL panel and a
manufacturing method of the organic EL layer which can
slow the reduction in the light emission lifetime of an organic
layer and allow a short-circuit defect to be repaired. Organic
EL elements include: an organic EL element including a
short-circuit portion, and an altered portion formed to be
highly resistive by irradiating a cathode with a laser beam;
and an organic EL element which does not include the short-
circuit portion. In the organic EL element, an organic EL layer
emits light when a voltage higher than or equal to a first
voltage is applied. In the organic EL element, the organic EL
layer emits light when a voltage higher than equal to a second
voltage that is higher than the first voltage is applied.
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FIG. 2
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FIG. 3
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FIG. 4
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FIG. 7
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FIG. 8
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ELECTRO LUMINESCENCE PANEL AND
METHOD FOR MANUFACTURING ELECTRO
LUMINESCENCE PANEL

TECHNICAL FIELD

[0001] The present invention relates to an organic elec-
troluminescence (hereinafter referred to as “organic EL”)
panel including EL elements, and a method for manufactur-
ing the organic EL panel. In particular, the present invention
relates to a technique to repair a short-circuit defect in the
organic EL panel.

BACKGROUND ART

[0002] A conventional organic EL element includes an
organic EL layer formed between an upper electrode working
as a cathode and a lower electrode working as an anode. The
organic EL element becomes defective due to a short circuit
of the upper electrode and the lower electrode which occurs
when, for example, a conductive foreign substance attaches to
or enters the element during its manufacturing process. When
the defective and abnormal element is included in a pixel, the
pixel becomes defective and appears to be a dead spot or a
dark spot.

[0003] Here, several known techniques are used to repair
such a defective pixel by irradiating an abnormal element
with a laser beam (see Patent Literatures, or PTLs 1 to 3, for
example).

[0004] An exemplary repairing technique disclosed in PTL
3 involves detecting a conductive foreign substance attached
to an abnormal element, and irradiating a region around the
foreign substance with the laser beam. The technique can
repair a short-circuit defect of the upper electrode and the
lower electrode, without directly irradiating the foreign sub-
stance with the laser beam.

CITATION LIST
Patent Literature
[0005] [PTL 1]
[0006] Japanese Unexamined Patent Application Publica-

tion No. 2007-42498
[0007] [PTL 2]

[0008] Japanese Unexamined Patent Application Publica-
tion No. 2006-323032

[0009] [PTL 3]
[0010] Japanese Unexamined Patent Application Publica-
tion No. 2005-276600
SUMMARY OF INVENTION
Technical Problem

[0011] The repairing techniques disclosed in PTLs 1 to 3,
however, prevent an electric current from flowing through a
laser-irradiated spot in the repaired abnormal element. The
prevention of the current flow causes a rise in the current
density, as much as the prevented current, of a spot which is
included in the repaired abnormal element and left un-irradi-
ated with the laser beam (glowing spot). As a result, the
element suffers quick deterioration in luminance. In the
repair, when an organic EL layer is irradiated with a high-
energy laser beam, the irradiated organic EL layer is ther-
mally deteriorated. Consequently, the repairing techniques in
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PTLs 1 to 3 cause a problem of reducing the light emission
lifetime of the organic EL layer.

[0012] The present invention is conceived in view of the
above problems and aims to provide an organic EL panel and
a manufacturing method of the organic EL layer which can
slow the reduction in the light emission lifetime of an organic
layer and allow a short-circuit defect to be repaired.

Solution to Problem

[0013] In order to achieve the above aim, an organic EL
panel according to the present invention includes organic EL
elements arranged in a matrix and each including an anode, a
cathode, and an organic EL layer provided between the anode
and the cathode. The organic EL elements include: an abnor-
mal element including: a short-circuit portion at which the
anode and the cathode short-circuit; and a resistive portion
whichis (i) formed to be highly resistive by irradiating at least
one of the anode, the organic EL layer, and the cathode with
a laser beam, and (ii) positioned on a current pathway
between the short-circuit portion and one of the anode and the
cathode; and a normal element which does not include the
short-circuit portion, in the normal element, the organic EL
layer (i) emits light when a voltage higher than or equal to a
first voltage is applied between the anode and the cathode, and
(ii) does not emit light when a voltage lower than the first
voltage is applied between the anode and the cathode, and in
the abnormal element, the organic EL layer (i) emits light
when a voltage higher than or equal to a second voltage is
applied between the anode and the cathode, and (ii) does not
emit light when a voltage lower than the second voltage is
applied between the anode and the cathode, the second volt-
age being higher than the first voltage.

Advantageous Effects of Invention

[0014] An organic EL panel and a manufacturing method
thereof according to the present invention can slow the reduc-
tion in the light emission lifetime of the organic EL layer and
allow a short-circuit defect to be repaired.

BRIEF DESCRIPTION OF DRAWINGS

[0015] FIG. 1 illustrates an overall view of a display appa-
ratus according to an embodiment of the present invention.
[0016] FIG. 2 illustrates a cur-out perspective view of an
organic EL panel according to the embodiment of the present
invention.

[0017] FIG. 3 illustrates a circuit diagram representing a
circuit configuration of a pixel included in the organic EL
panel according to the embodiment of the present invention.
[0018] FIG. 4 illustrates configurations of two pixels
included in the organic EL panel according to the embodi-
ment of the present invention.

[0019] FIG. 5 illustrates an equivalent circuit diagram rep-
resenting electrical connection relationship between an
organic EL layer in a repaired abnormal element, a foreign
substance, and an altered portion.

[0020] FIG. 6A illustrates current-voltage characteristics
of the repaired abnormal element and a normal element.
[0021] FIG. 6B illustrates current-voltage characteristics of
the repaired abnormal element and the normal element.
[0022] FIG. 6C illustrates current-voltage characteristics of
the repaired abnormal element and the normal element.



US 2014/0209891 Al

[0023] FIG. 7 illustrates a flowchart representing a method
for manufacturing the organic EL panel according to the
embodiment of the present invention.

[0024] FIG. 8 illustrates a cross-sectional view represent-
ing the method for manufacturing the organic EL. panel
according to the embodiment of the present invention.
[0025] FIG. 9 illustrates configurations of two pixels
included in a modification of the organic EL panel according
to the embodiment of the present invention.

DESCRIPTION OF EMBODIMENT

[0026] An organic EL panel according to an implementa-
tion of the present invention includes organic EL elements
arranged in a matrix and each including an anode, a cathode,
and an organic EL layer provided between the anode and the
cathode. The organic EL elements include: an abnormal ele-
ment including: a short-circuit portion at which the anode and
the cathode short-circuit; and a resistive portion which is (i)
formed to be highly resistive by irradiating at least one of the
anode, the organic EL layer, and the cathode with a laser
beam, and (ii) positioned on a current pathway between the
short-circuit portion and one of the anode and the cathode;
and a normal element which does not include the short-circuit
portion, in the normal element, the organic EL layer (i) emits
light when a voltage higher than or equal to a first voltage is
applied between the anode and the cathode, and (ii) does not
emit light when a voltage lower than the first voltage is
applied between the anode and the cathode, and in the abnor-
mal element, the organic FL layer (i) emits light when a
voltage higher than or equal to a second voltage is applied
between the anode and the cathode, and (ii) does not emit light
when a voltage lower than the second voltage is applied
between the anode and the cathode, the second voltage being
higher than the first voltage.

[0027] According to the aspect, the resistive portion is
formed on a current pathway between an electrode and the
short-circuit portion. Such a feature makes it possible to cause
the abnormal element to normally emit light by flowing a
current to the organic EL layer, and to repair a short-circuit
defect. Moreover, the short-circuit portion is not completely
insulated and allows a portion of the current to flow in the
short-circuit portion. Such features contribute to curbing a
rise in the current density of the organic EL layer and slowing
the reduction in the light emission lifetime of the abnormal
element.

[0028] Here, the resistive portion may have: a resistance
lower than a resistance of the organic EL layer when a voltage
lower than a third voltage is applied between the anode and
the cathode; and a resistance higher than the resistance of the
organic EL layer when a voltage higher than or equal to the
third voltage is applied between the anode and the cathode.
[0029] According to the aspect, the resistance of the resis-
tive portion found on the current pathway is higher than the
resistance of the organic EL layer when a voltage between the
electrodes (a voltage for which a normal element emits light
whose luminance is of a low gradation close to black) is
higher than or equal to the third voltage. Hence, when the
voltage is higher than or equal to the third voltage, the above
features make it possible to flow more currents to the organic
EL layer than to the resistive portion, and cause the abnormal
element to emit light. Hence, when the voltage is higher or
equal to the third voltage, the features allow the abnormal
element to have the same light-emitting characteristics as the
light-emitting characteristics obtained when the abnormal
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element is repaired to completely insulate the short-circuit
portion, even though the resistive portion does not have to be
repaired to be completely insulated. In addition, since the
organic EL layer does not have to be newly repaired to be
highly resistive, there is no increase in current density or
thermal deterioration caused by a decrease in light-emitting
area due to repair. Here, the abnormal element does not nor-
mally emit light since a current flows from the organic EL
layer to the short-circuit portion when the voltage is lower
than the third voltage. The normal element, however, emits
light whose luminance is of a low gradation close to black,
which does no cause any problem in visual sense.

[0030] The resistive portion may be at least one of the
anode, the organic EL layer, and the cathode which is irradi-
ated with the laser beam and denatured into a highly resistive
substance.

[0031] The resistive portion may have an ohmic property.
[0032] The third voltage may be lower than or equal to a
voltage corresponding to a current value of 50% of a maxi-
mum value of a current which flows in the organic EL layer in
the normal element.

[0033] The resistive portion may be formed to be highly
resistive by irradiating, with the laser beam, at least one of the
anode and the cathode, the laser beam surrounding or con-
tacting the short-circuit portion.

[0034] A method for manufacturing an organic EL panel
includes: forming organic EL elements each including an
anode, an organic EL layer, and a cathode; and repairing an
abnormal element in the organic EL elements, the organic EL
elements including the abnormal element and a normal ele-
ment, wherein the abnormal element includes a short-circuit
portion at which the anode and the cathode short-circuit, the
normal element does not include the short-circuit portion, the
repairing the abnormal element includes forming a resistive
portion which is (i) formed to be highly resistive by irradiat-
ing with a laser beam at least one of the anode, the organic EL
layer, and the cathode included in the abnormal element, and
(ii) positioned on a current pathway between the short-circuit
portion and one of the anode and the cathode, in the normal
element, the organic EL layer (i) emits light when a voltage
higher than or equal to a first voltage is applied between the
anode and the cathode, and (ii) does not emit light when a
voltage lower than the first voltage is applied between the
anode and the cathode, and in the abnormal element, the
organic EL layer (i) emits light when a voltage higher than or
equal to a second voltage is applied between the anode and the
cathode, and (i1) does not emit light when a voltage lower than
the second voltage is applied between the anode and the
cathode, the second voltage being higher than the first volt-
age.

[0035] According to the aspect, the features can slow the
reduction in the light emission lifetime of an organic EL layer
in an abnormal element and allow a short-circuit defect to be
repaired.

[0036] Described hereinafter are an organic EL panel and a
method for manufacturing the organic EL panel according to
an embodiment of the present invention, with reference to the
drawings. It is noted that the embodiment below is a specific
example of the present invention. The numerical values,
shapes, materials, constituent elements, arrangement posi-
tions of and connecting schemes between the constituent
elements, steps, and an order of steps all described in the
embodiment are examples, and shall not be defined as they
are. The present invention shall be defined only by claims.
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Hence, among the constituent elements in the embodiment,
those not described in an independent claim representing the
most generic concept of the present invention are not neces-
sarily required to achieve the objects of the present invention;
however, such constituent elements are introduced to imple-
ment a preferable form of the present invention.

[0037] FIG. 1 illustrates an overall view of a display appa-
ratus according to an embodiment of the present invention.
FIG. 2 illustrates a cur-out perspective view of an organic EL
panel according to the embodiment of the present invention.
[0038] A display apparatus 100 in FIG. 1 includes an
organic EL panel 110 in FIG. 2. The organic EL panel 110
includes: an active-matrix substrate 21; multiple pixel circuits
(driving circuits) 23 which are arranged in a matrix on the
active-matrix substrate 21 and are different from one another;
an anode 31, an organic EL layer 40, and a cathode (a trans-
parent electrode) 32 which are sequentially stacked above the
pixel circuits; and multiple source lines 24 and gate lines 28
connecting each of the pixel circuits 23 to a control circuit
(not shown). The organic EL layer 40 is separated by banks
into the pixels circuits 23—multiple regions each corre-
sponding to one of the pixels.

[0039] FIG. 3 illustrates a circuit diagram representing a
circuit configuration of a pixel included in the organic EL
panel 110.

[0040] The pixel includes a pixels circuit 23 and an organic
EL element 30. The pixel circuit 23 includes a driving tran-
sistor 25, a switching transistor 22, and a capacitor 26.
[0041] The driving transistor 25 is used to drive the organic
EL element 30. The switching transistor 22 selects a pixel.
[0042] Multiple organic EL elements 30 are arranged on the
active-matrix substrate 21 and each corresponding to one of
the pixels. Each organic EL element 30 includes an anode 31,
acathode 32, and the organic EL layer 40 separated by a bank
and provided between the anode 31 and the cathode 32.
[0043] The switching transistor 22 has a source electrode
22S connected to a source line 24, a gate electrode 22G
connected to a gate line 28, and a drain electrode 22D con-
nected to the capacitor 26 and to a gate electrode 25G of the
driving transistor 25.

[0044] Moreover, the driving transistor 25 has a drain elec-
trode 25D connected to a power source line 29, and a source
electrode 25S connected to an anode of the organic EL ele-
ment 30.

[0045] Here, when a gate signal is inputted to the gate lines
28 and the switching transistor 22 turns on, a signal voltage
supplied via the source lines 24 is written in the capacitor 26.
The voltage written in the capacitor 26 is held for one frame
period. The voltage held in the capacitor 26 makes an analog
change in conductance of the driving transistor 25, and a
driving current corresponding to a light-emitting gradation
flows from the anode to the cathode of the organic EL element
30. Hence, the organic EL layer 40 in the organic EL element
30 glows and the light is displayed as an image.

[0046] FIG. 4 illustrates configurations of two pixels
included in the organic EL. panel 110. It is noted that the
illustration (a) in FIG. 4 is a cross-sectional view (a cross-
sectional view along a line A-A' in the illustration (b) in FIG.
4) of the organic EL panel 110. The illustration (b) in FIG. 4
is a plan view (a top view when the organic EL panel 110 in
the illustration (a) in FIG. 4 is seen from the top without a
thin-film encapsulating layer 61, an encapsulating resin layer
62, and a transparent substrate 70) of the organic EL panel
110.
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[0047] Organic EL elements 30a and 305 are the organic
EL element 30 in FIG. 3. Each of the organic EL element 30a
and 305 corresponds to a different pixel and includes: a sub-
strate 10; a planarizing layer 20 formed above the substrate
10; an anode (a lower electrode) 31, an organic EL layer 40,
and a cathode (an upper electrode) 32 sequentially formed
above the planarizing layer 20; the thin-film encapsulating
layer 61; the encapsulating resin layer 62; and the transparent
substrate 70.

[0048] The planarizing layer 20 between the organic EL
elements 30¢ and 305 has a bank 50 formed to segment,
insulate, and separate the organic EL layer 40. Each of por-
tions of the EL layer 40 (ahole injection layer (HIL) 41 and an
emitting layer (EML) 42) and the anode 31 separated by the
bank 50 forms a different pixel.

[0049] The organic EL layer 40 includes: the HIL 41; the
EML 42; and an electron transport layer (ETL) 43. The
organic EL layer 40 is formed between the anode 31 and the
cathode 32. Theorganic EL layer 40 has a thickness of 100 nm
to 200 nm inclusive, for example.

[0050] Itis noted that the organic EL layer 40 may include
a hole transport layer (HTL) and an electron injection layer
(EIL) other than the HIL 41, the EML 42, and the ETL 43.
Here, the EIL may include polyphenylene vinylene (PPV),
and the HTL may include triphenylamine and polyaniline.
[0051] The substrate 10 may be a transparent substrate. For
example, the substrate 10 may be a transparent glass substrate
having a thickness of 0.5 mm and including transparent
alkali-free glass. The substrate 10 may be a flexile substrate
including resin. The substrate 10 does not have to be trans-
parent. A top-emission organic EL element illustrated in FIG.
4 may include a non-transparent substrate, such as a silicon
substrate, as the substrate 10.

[0052] The planarizing layer 20 includes a pixel circuit
including a circuit device such as a transistor, and a planariz-
ing film to plararize the pixel circuit. An exemplary planariz-
ing film may be an insulating organic material.

[0053] The anode 31 is an electrode where holes are sup-
plied—that is, where a current flows from the pixel circuit.
The anode 31 is formed above the planarizing layer 20. The
organic EL elements 30a and 304 are top emission elements,
and the anode 31 is formed to be a reflective electrode. The
anode 31 as a reflective electrode may be formed in a single-
layered structure of a reflective metal such as Al and silver
alloy APC, or a double-layered structure of a transplant metal
oxide such as indium tin oxide (ITO) and a reflective metal
such as silver alloy APC. The anode 31 may have a thickness
of 10 nm to 40 nm inclusive, for example. When the organic
EL elements 30a and 306 are bottom-emission ones, the
anode 31 may be a transparent electrode including a trans-
plant metal oxide such as ITO.

[0054] The HIL 41 is formed above the anode 31 and
capable of injecting holes in a stable manner or while assist-
ing the generation of the holes. The forming of the HIL 41
contributes to decreasing a driving voltage and increasing the
lifetime of a element. The HIL 41 can be formed using a
predetermined organic material including a hole injecting
material as the main component. For example, the HIL 41
may include a compound such as polyethylenediox-
ythiophene (PEDOT), and aniline.

[0055] The EML 42 is formed above the HIL 41. When a
predetermined voltage is applied to the anode 31 and the
cathode 32 to re-combine injected electrons and holes and
generate energy, the generated energy excites the emitting
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material of the EML 42 so that the EML 42 emits light. The
EML 42 is an organic emitting layer including an organic
material having a predetermined electroluminescence capa-
bility for each of elements. The EML 42 is formed in a
stacking structure whose lower layer is a-NPD(Bis[N-(1-
naphthyl)-N-phenyl|benzidine) and upper layer is Alq3(tris-
(8-hydroxyquinoline)aluminum).

[0056] TheETL 43 is formed between the EML 42 and the
cathode 32. The ETL 43 is capable of efficiently transporting
electrons injected from the cathode 32 into the EML 42,
preventing deactivation of an exciter on an interface between
the EML 42 and the cathode 32, and further blocking the
holes. The ETL 43 is formed adjacent to the EML 42 and the
cathode 32, and provided in common with each of the ele-
ments (pixels).

[0057] The cathode 32 is an electrode where electrons are
supplied—that is where a current flows to the pixel circuit.
The cathode 32 is capable of applying a negative voltage, with
respect to the anode 31, to the EML 42, and injecting the
electrons in the EML 42. The cathode 32 1s a transparent
electrode formed above the ETL 43 to oppose the anode 31. 1t
is noted that the cathode 32 is a common electrode formed in
common with each of the elements.

[0058] The materials and configurations of the cathode 32
shall not be limited in particular; however, it is beneficial that
the cathode 32 is made of a material and designed in a con-
figuration with a high transmittance. Such a structure makes
it possible to implement a display apparatus using a top-
emission organic EL element having high luminance effi-
ciency. The cathode 32 may be made of a transplant metal
oxide such as indium tin oxide (ITO) or indium zinc oxide
(IZ0). Moreover, the cathode 32 may be a transparent elec-
trode made of Mg and Ag. The cathode 32 may have a thick-
ness of 10 nm to 40 nm inclusive, for example.

[0059] The bank 50 is formed of, for example, black pho-
tosensitive resin such as resist.

[0060] The thin-film encapsulating layer 61 is a protective
layer formed above the cathode 32. The thin-film encapsulat-
ing layer 61 protects an organic layer, such as the EML 42,
and the cathode 32 from moisture and oxygen, and prevents
deterioration of the EML 42. The thin-film encapsulating
layer 61 is required to be transparent, and may be made of a
transparent insulating material such as silicon nitride (SiN),
silicon oxynitride (SiON) and an organic film.

[0061] The encapsulating resin layer 62 is an adhesion
layer to bond the transparent substrate 70 with a monolithic
layer (an organic layer) formed above the substrate 10 and
including the planarizing layer 20 through thin-film encapsu-
lating layer 61. The encapsulating resin layer 62 also works as
a protective layer to protect an organic layer. The encapsulat-
ing resin layer 62 may be made of acrylic or epoxy resin, for
example.

[0062] Here, the organic EL element 30a is a repaired
abnormal element. In other words, the organic EL element
30a contains, during the manufacturing process, a conductive
foreign substance 90 between the anode 31 and the cathode
32. The organic EL element 30 includes: a short-circuit por-
tionatwhich the anode 31 and the cathode 32 short-circuit via
the foreign substance 90; and an altered portion 32a which is
(1) formed to be highly resistive by irradiating the cathode 32
with a laser beam and becomes highly resistive, and (ii)
positioned on a current pathway between the cathode 32 and
the short-circuit portion. In contrast, the organic EL element
304 1s anormal element which does not include a short-circuit
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portion. Itis noted that the altered portion 32ais an exemplary
resistance portion. The altered portion 324 is a portion of the
cathode 32 which is left un-irradiated with a laser beam—that
is, a highly resistive portion of the cathode 32 that is a normal
element.

[0063] Itis noted the abnormal element obtains a defective
portion which is the short-circuit portion between the anode
31 and the cathode 32 due to the conductive foreign substance
90 that enters during the manufacturing process. Hence, the
organic EL panel 110 including the abnormal element shows
a dead spot or a dark spot as a defect caused by the short-
circuit portion. The foreign substance 90 is formed of Al, a
material of the anode 31, which attaches to the anode 31 after
the anode 31 is formed. When the organic EL layer 40 and the
cathode 32 are stacked with the conductive foreign substance
90 attached, the short-circuit portion appears between the
anode 31 and the cathode 32. The short-circuit portion inevi-
tably causes a current, which is primarily for light emitting, to
intensively flow into the short circuit portion. Hence, a ele-
ment which contains the foreign substance 90 cannot suffi-
ciently emit light or cannot emit light at all. A pixel corre-
sponding to such a element without a normal light-emitting
capability is also referred to as dark-spot pixel.

[0064] The altered portion 32a is formed by irradiating,
with a laser beam, a portion of the cathode 32 around the
foreign substance 90. The altered portion 324 is a portion of
amaterial of the cathode 32, the material being irradiated with
a laser beam and denatured into a highly resistive substance.
Hence, the altered portion 32a can be observed as a laser-
irradiated mark. When the cathode 32 includes ITO, the
altered portion 32a is where the substance structure of the
ITO is altered into a granular substance structure. The altered
portion 32a is more resistive than any other portion of the ITO
has.

[0065] The laser beam is emitted to the cathode 32 to
encompass the short-circuit portion caused by the foreign
substance 90. For example, the laser beam is emitted to the
cathode 32 so as to trace a 20 pm-by-20 pm-square outline
defined approximately 20 um away around the foreign sub-
stance 90. As a result, the altered portion 32a is formed out of
the cathode 32 in a hollow-square shape (painting-frame
shape) as represented in the illustration (b) in FIG. 4, 50 as to
encompass the foreign substance 90. The resistance of the
altered portion 324 is higher than the original resistance of the
cathode 32 that is left un-irradiated with the laser beam. The
altered portion 32a has a sheet resistance of 1 MQ/sq or
higher. It is noted that, in the description below, having being
highly resistive means that the resistance of a portion is higher
after the portion is irradiated with the laser beam than the
resistance of the portion before the portion is irradiated with
the laser beam.

[0066] FIG. 5 illustrates an equivalent circuit diagram rep-
resenting electrical connection relationship between the
organic EL layer 40, the foreign substance 90, and the altered
portion 32a that are included in the organic EL element 30a in
which the altered portion 32¢—that is a repaired abnormal
element—is formed.

[0067] As illustrated in FIG. 5, the repaired organic EL
element 30q is of an equivalent circuit on which (i) a resistor
R1 formed of the foreign substance 90 and a resistor R2
formed of the altered portion 324 are connected in series with
each other, and (i1) a resistor EL formed of the organic EL
layer 40 is connected in parallel with the resistors R1 and R2
connected in series. In such a circuit, a high resistance of the
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resistor R2 formed of the altered portion 32a increases the
combined resistance of the resistors R1 and R2 thereby
decreasing a current which flows in the resistors R1 and R2.
Consequently, the highly-resistive altered portion 32a formed
in the organic EL element 30a successfully controls the flow
of the current into the foreign substance 90.

[0068] FIGS. 6A to 6C illustrate current-voltage character-
istics ofthe organic EL element 30a—that is arepaired abnor-
mal element—and the organic EL element 305—that is a
normal element. In each of FIGS. 6A to 6C, the abscissa
represents a voltage applied between the anode 31 and the
cathode 32, and the ordinate represents a current flowing in
the organic EL layer 40 or in the foreign substance 90 and the
altered portion 32a. FIG. 6B illustrates FIG. 6 A whose range
of the ordinate is reduced, and FIG. 6C illustrates FIG. 6A
whose range of the ordinate is enlarged. I, represents a current
flowing in the organic EL layer 40 (the resistor EL in FIG. §)
included in the repaired abnormal element. I, represents a
current flowing in the foreign substance 90 and the altered
portion 324 (the resistors R1and R2 in FIG. 5) included in the
repaired abnormal element, I, represents a current flowing in
the organic EL layer 40 included in the normal element. 1,
represents a current flowing in the foreign substance 90
included in a non-repaired abnormal element in which no
altered portion 32a is formed. Furthermore, the currents I,
and [; have a linear relationship with the light-emission lumi-
nance of the organic EL layer 40.

[0069] FIGS. 6A to 6C illustrate that the currents I, and I,
flowing in the organic EL layer 40 show EL diode character-
istics and are non linear. In contrast, the currents 1, and 1,
flowing in the resistors R1 and R2 show ohmic properties and
are linear because the altered portion 32a has ohmic proper-
ties. The repair of the abnormal element changes the current
which flows in the foreign substance 90 and the altered por-
tion 32a from I, to I,, and the change results in a decrease in
current flow. The current I, is smaller than the current I, in the
change rate of the current to the voltage, for the amount of the
current flowing to the foreign substance 90 and the altered
portion 32aq.

[0070] The current I, in FIGS. 6A to 6C shows that, in the
normal element, the organic EL layer 40 (i) conducts a current
and emits light when a voltage higher than or equal to V, (a
first voltage) is applied between the anode 31 and the cathode
32, and (i) does not conduct a current and does not emit light
when a voltage lower than V| is applied. In contrast, the
current I, in FIGS. 6A to 6C shows that, in the repaired
abnormal element, the organic EL layer 40 (i) conducts a
current and emits light when a voltage higher than or equal to
V, (asecond voltage) is applied between the anode 31 and the
cathode 32, and (ii) does not conduct a current and does not
emit light when a voltage lower than V, is applied. Here, V, is
higher than V.

[0071] As illustrated in FIGS. 6A to 6C, the current I; and
1, cross with V5 (a third voltage). Thus, the altered portion 32a
has a resistance lower than a resistance of the organic EL layer
40 (the resistance, between the anode 31 and the cathode 32,
observed in a region which is not encompassed with the
altered portion 32a) when a voltage lower than V is applied
between the anode 31 and the cathode 32. The altered portion
32a has a resistance higher than the resistance of the organic
EL layer 40 when a voltage higher than or equal to V; is
applied between the anode 31 and the cathode 32. Hence,
once the voltage reaches V;, the current I, flowing in the
organic EL layer 40 is greater than the current [, flowing in the
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foreign substance 90 and the altered portion 32a. Conse-
quently, the organic EL layer 40 is free from the foreign
substance 90 and emits light.

[0072] When a voltage applied between the anode 31 and
the cathode 32 is between OV and V,, the organic EL layer 40
does not conduct a current in neither the abnormal element
nor the normal element. Thus, the organic EL layer 40 does
not emit light. When the voltage between the anode 31 and the
cathode 32 goes higher than V, however, the organic EL
layer 40 only in the normal element conducts a current and
starts emitting light. When the voltage between the anode 31
and the cathode 32 goes even higher than V ,, the organic EL
layer 40 in the repaired abnormal element conducts a current
and starts emitting light. Here, V, is a very low voltage. Even
though a voltage between V, and V, is applied between the
anode 31 and the cathode 32, the normal element emits invis-
ible light having low gradation and low luminance, and it is
impossible to recognize that the abnormal element does not
emit light. When the voltage between the anode 31 and the
cathode 32 goes higher and exceeds V;, the normal element
emits visible light having high gradation and high luminance.
In the repaired abnormal element, the organic EL layer 40
starts to conduct a greater current than the altered portion 32a
and the foreign substance 90 does and the abnormal element
starts to emit light as bright as the light from the normal
element. Consequently, it is impossible to recognize that the
element is an abnormal one. Such features make the abnormal
element indistinguishable from the normal element by the
difference in light emitting in any given voltage region.
[0073] Hence, the values of V, and V, are set so that the
repaired abnormal element does not emit light when the nor-
mal element emits invisible light. Such setting allows the
repaired abnormal element to operate appropriately as well as
slows a repair-caused reduction in the light emission lifetime
of the organic EL layer 40 which occurs when the altered
portion 32a and the foreign substance 90 conduct a great
current in low gradation in which the repaired abnormal ele-
ment does not have to emit light. Where Imax is the maximum
value ofa current flowing in the organic EL layer 40 included
in the normal element, for example, V; is lower than or equal
to a voltage corresponding to a current value of 50% as high
as Imax. For example, V; may correspond to a current value of
50% as high as Imax. It is noted that the light-emission
luminance of an organic EL element is highest in light-emis-
sion luminance at Imax—that is the highest value of the
current.

[0074] Adjustment of V, and V; is made by changing the
resistance of the altered portion 324. The change in the resis-
tance is made by changing (i) the width (a width d in FIG. 4)
of the altered portion 32« and (ii) the degree of denaturation
in forming the altered portion 32a by changing the intensity of
and the time period for the laser beam.

[0075] In the above-described organic EL panel 110
according to the embodiment, a portion of the cathode 32 is
altered to form the altered portion 32a so that the altered
portion 32a encompasses the foreign substance 90 that is a
cause of the short-circuit defect. Hence, the altered portion
32a can form a highly resistive region between the cathode 32
and the foreign substance 90. Thus, when a voltage is sup-
plied between the anode 31 and the cathode 32, the current is
more likely to flow to a region included in the organic EL
layer 40 other than a region encompassed with the altered
portion 32a and included in the organic EL layer 40. Such
features can eliminate a short-circuit defect due to the foreign
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substance 90 between the anode 31 and the cathode 32, and
restore the light emission capability of the organic EL layer
40. Here, the altered portion 32a is not completely insulated
and allows a degree of current to flow in the foreign substance
90, which contributes to slowing the reduction in the light
emission lifetime of the organic EL layer 40.

[0076] Described next is a method for manufacturing the
organic EL panel 110 according to the embodiment. The
manufacturing method includes a step to repair a defect due to
a short circuit of the organic EL element 30a.

[0077] Described next is the method for manufacturing the
organic EL. panel 110 according to the embodiment, with
reference to FIG. 7. FIG. 7 illustrates a flowchart representing
amethod for manufacturing the organic EL panel 110 accord-
ing to the embodiment.

[0078] First, the organic EL panel 110 is prepared (Step
S10). The organic EL panel 110 has multiple organic EL
organic EL elements including the organic EL element 30a
having a short-circuit portion at which the anode 31 and the
cathode 32 short-circuit; and the organic EL element 305 not
having a short-circuit portion. As described above, the
organic EL panel 110 has the organic EL elements arranged in
a matrix for each pixel.

[0079] Next, the organic EL. elements in the prepared
organic EL panel 110 are inspected for each pixel to detect an
abnormal element, and, in the detected abnormal element, the
short-circuit portion is detected as a defective portion (Step
S11). Here, the short-circuit portion is where the anode 31 and
the cathode 32 short-circuit.

[0080] Then laser beam irradiation starts, and a defect due
to the detected short-circuit portion is irradiated with the laser
beam and repaired (Step S12). The irradiation repairs the
organic EL. element 30a—that is the abnormal element—
included in the organic EL elements.

[0081] Detailed hereinafter is each of the steps with refer-
ence to FIG. 8. FIG. 8 illustrates a cross-sectional view rep-
resenting the organic EL panel 110 in each of the steps in the
manufacturing method for the organic EL panel 110 accord-
ing to the embodiment. It is noted that the illustration (a) in
FIG. 8 is a cross-sectional view of the organic EL panel 110
prepared in Step S10 of FIG. 7. The illustration (b) in FIG. 8
is a cross-sectional view representing how the organic EL
panel 110 is irradiated with the laser beam in Step S12 of FIG.
7. The illustration (¢) in FIG. 8 is a cross-sectional view
representing the altered portion 32a formed in the organic EL
panel 110 in Step S12 of FIG. 7.

[0082] Described first is a step (Step S10 in FIG. 7) to
prepare the organic EL panel 110 including the organic EL
element 30a having the short-circuit portion.

[0083] First, a planarizing film, including an insulating
organic material, is formed above the substrate 10 to form the
planarizing layer 20. Then, the anode 31 is formed above the
planarizing layer 20. For example, forming the anode 31
involves depositing, above the planarizing layer 20, Al of 30
nm in film thickness using sputtering, and then patterning the
Al film by photolithography and wet etching.

[0084] Next, for example, PEDOT is dissolved in a solvent
including xylene, and the PEDOT solution is spin coated
above the anode 31 to form the HIL 41.

[0085] Then, c.-NPD and Alg3 are stacked above the HIL
41 by, for example, vacuum deposition to form the EML 42.
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[0086] Next, for example, a compound such as nitro-sub-
stituted fluorenone derivative is stacked above the EML 42 to
form the ETL 43. The ETL 43 is stacked by deposition, spin
coating, and casting.

[0087] Then, the cathode 32 is formed without exposing to
the air the substrate 10 above which the ETL 43 is formed.
Specifically, ITO of 35 nm in film thickness is deposited
above the ETL 43 by sputtering to form the cathode 32.
[0088] Theorganic elements 30a and 305 working as light-
emitting elements are formed in the above manufacturing
steps. It is noted that, in manufacturing the organic EL panel
110, a step for patterning the bank 50, made of photosensitive
resin and to be formed in a predetermined shape, is included
between the step for forming the anode 31 and the step for
forming the HIL 41. The patterning step is included in order
to form multiple EMLs 42 segmented in a matrix.

[0089] Next, SiN of 500 nm in film thickness is deposited
above the cathode 32 by, for example, plasma chemical vapor
deposition (CVD) to form the thin-film encapsulating layer
61. Since the thin-film encapsulating layer 61 is formed in
contact with a surface of the cathode 32, it is beneficial for the
thin-film encapsulating layer 61 to set a severe requirement
as, in particular, a protective film. Favorably, the thin-film
encapsulating layer 61 may include a non-oxygen series inor-
ganic material typified by the above-described SiN. The thin-
film encapsulating layer 61 may include oxygen series inor-
ganic material such as silicon oxide and silicon oxynitride,
and be formed of multiple layers of the inorganic materials. It
is noted that the technique for forming the thin-film encapsu-
lating layer 61 shall not be limited to the PECVD; instead,
another technique may be utilized such as sputtering using
argon plasma.

[0090] Then, the encapsulating resin layer 62 is applied to
the surface of the thin-film encapsulating layer 61. The trans-
parent substrate 70 made of transparent glass is provided
above the applied encapsulating resin layer 62. Here color
filters (light control layer) may be previously formed on the
main surface of the transparent substrate 70. In such a case,
the transparent substrate 70 is provided on the applied encap-
sulating resin layer 62 so that the surface on which the color
filters are formed faces the thin-film encapsulating layer 61. It
is noted that the thin-film encapsulating layer 61, the encap-
sulating resin layer 62, and the transparent substrate 70 work
as protective layers.

[0091] Lastly, the encapsulating resin layer 62 is hardened
by applying a heat or energy ray to the encapsulating resin
layer 62 while putting downward pressure on the transparent
substrate 70 from the upper side, so that the transparent sub-
strate 70 and the thin-film encapsulating layer 61 bond
together.

[0092] Such a technique makes it possible to form the
organic EL, panel 110 in the illustration (a) in FIG. 8. It is
noted that the anode 31, the HIL 41, the EML 42, the ETL 43,
and the cathode 32 may be formed in, but not limited to, the
steps in the embodiment.

[0093] Described next is a step to detect the organic EL
element 30a as an abnormal element and a defective portion
of the organic EL element 304. The step involves detecting a
portion short-circuited by the foreign substance 90 or the
contained foreign substance 90 itself.

[0094] An exemplary detection of the portion where the
anode 31 and the cathode 32 are short-circuited or of the
foreign substance 90 itself is conducted as follows: A lumi-
nance signal voltage corresponding to an intermediate lumi-
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nance gradation is inputted to each of the elements. Then the
light-emission luminance of an abnormal element—that is a
lower luminance than the light-emission luminance of a nor-
mal element—is detected either visually or by a luminance
measurement apparatus using a CCD camera. It is noted that
the technique to detect the short-circuited portion or the for-
eign substance 90 shall not be limited to the above one;
instead, for example, a current value is measured between the
anode 31 and the cathode 32 in each of the elements to detect
the short-circuited portion or the foreign substance 90 based
on the level of the measured current value. Here, if a element
presents a current value equivalent to a current value of the
normal element when a forward-bias voltage is applied to the
element and develops leak light emission when a reverse-bias
voltage is applied to the element, such a element may be
determined as an abnormal element.

[0095] Described next is a step (step S12 in FIG. 7) to
execute laser beam irradiation to repair a defect caused by the
defective portion in the organic EL element 30a; namely an
abnormal element. As the illustration (b) in FIG. 8 represents,
the step involves irradiating, with the laser beam 200 from the
transparent-substrate-70 side, the cathode 32 provided above
the short-circuit portion in the organic EL element 30a.
[0096] Specifically, after the foreign substance 90 is
detected, the step involves altering the material of the anode
31 by the laser beam 200 emitted in a line to trace an outline
formed in a predetermined shape and to encompass the por-
tion where the anode 31 and the cathode 32 are short-circuited
by the foreign substance 90. For example, the laser beam 200
is emitted along the outline of a square for all the sides. It is
noted that the focus of the laser beam 200 is set according to
the cathode 32.

[0097] The laser beam 200 can be oscillated using a laser
oscillator. For example, the laser beam 200 may be an
ultrashort pulse laser having the output energy of 1 nJto 30 uJ
and the pulse width of several femto seconds (fs) to several
picosecond-order (ps). A favorable pulse width ranges
between 100 fs and 20 ps. Such features make it possible to
reduce the pulse time of the laser beam 200 emitted to the
organic EL layer 40, which contributes to reducing damage to
the organic EL layer 40 and changing the short-circuit portion
to be highly resistive. It is noted that the laser beam 200 may
have the wavelength of 900 nm to 2500 nm. The irradiation
condition of the laser beam 200 may be set depending on
intended values 0of V, and V; so that the formed altered por-
tion 32q is a desired one.

[0098] Hence, the irradiation with the ultrashort pulse laser
alters the material of the cathode 32 in an amorphous state
(non-crystalline state) to a highly resistive one with ease. In
particular the ultrashort pulse laser can alter a transparent
conductive material which cannot be easily processed with
another laser to be highly resistive.

[0099] As the illustration (c) in FIG. 8 represent, the sub-
stance structure of a portion of the cathode 32 irradiated with
the laser beam 200 changes to the altered portion 324 having
a granular substance structure. Here, the granular substance
structure is a structure in which multiple particles gather with
air gaps left therebetween. The particle size of 10 to 500 nm
is an exemplary particle size of each of the particles included
in the granular substance structure. Moreover, within the
altered portion 324, air gaps are found between the particles.
Thanks to the air gaps, the altered portion 324 is less likely to
conduct a current compared with a non-altered portion of the
cathode 32, thereby considered to be highly resistive.

Jul. 31,2014

[0100] The above-described method for manufacturing the
organic EL panel 110 according to the embodiment can repair
a short-circuit defect due to the foreign substance 90 between
the anode 31 and the cathode 32, and restore the light emis-
sion capability of the organic EL layer 40. Here, the altered
portion 324 is not completely insulated and allows a degree of
current to flow in the foreign substance 90, which contributes
to slowing the reduction in the light emission lifetime of the
organic EL layer 40.

[0101] Although only an exemplary embodiment of this
invention has been described in detail above, those skilled in
the art will readily appreciate that many modifications are
possible in the exemplary embodiment without materially
departing from the novel teachings and advantages of this
invention. Accordingly, all such modifications are intended to
be included within the scope of this invention.

[0102] Inthe embodiment, for example, the altered portion
32ais formed by irradiating the cathode 32 with a laser beam
so that a short-circuit portion (the foreign substance 90) is
encompassed, and altering a portion (the portion in which the
short-circuit portion is encompassed) of the cathode 32 is
formed to be highly resistive. As FIG. 9 illustrates, however,
the altered portion 324 may be formed by irradiating the
cathode 32 with a laser beam so that the laser beam directly
contacts the short-circuit portion, and altering a portion (the
portion in contact with the short-circuit portion) of the cath-
ode 32 is formed to be highly resistive.

[0103] Moreover, in the embodiment, the altered portion
32ais formed to be highly resistive by irradiating the cathode
32 with a laser beam. Instead, the altered portion 324 may be
formed to be highly resistive by irradiating the anode 31 with
alaser beam, so that the altered portion 32a can be formed on
a current pathway between the anode 31 and a short-circuit
portion. The altered portion 32¢ may also be formed to be
highly resistive by irradiating the organic EL layer 40 with a
laser beam, so that the altered portion 324 can be formed ona
current pathway between the short-circuit portion and one of
the anode 31 and the cathode 32. In other words, the altered
portion 32a may be formed in any one or all of the anode 31,
the cathode 32, and the organic EL layer 40 as far as the
altered portion 32q is formed to be highly resistive by laser
irradiation and located between a short-circuit portion and
one of the anode 31 and the cathode 32. Hence, the altered
portion 32a is a portion of a material of at least one of the
anode 31, the organic EL layer 40, and the cathode 32, the
portion being irradiated with a laser beam and altered to a
highly resistive substance. In such a case, as well, the electri-
cal connection relationship in FIG. 5 is established between
the organic EL layer 40, the foreign substance 90, and the
altered portion 32a.

[0104] Moreover, in the embodiment, the organic EL ele-
ments 30 and 305 may further have color filters above the
thin-film encapsulating layer 61 and the encapsulating resin
layer 62 so that the color filters covers each of the organic EL
elements 30a and 305 separated by the bank 50. The color
filters may be used for adjusting colors ofred, green, and blue.
Here, the laser beam irradiation for the repair is executed
through the color filters, as well as the protective layer. It is
noted that the color filters may be provided to the undersur-
face (the surface facing the organic EL layer 40) of the trans-
parent substrate 70.

[0105] Furthermore, in the embodiment, the anode 31 is the
lower electrode, and the cathode 32 is the upper electrode.
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Instead, the anode 31 may be the upper electrode, and the
cathode 32 may be the lower electrode.

INDUSTRIAL APPLICABILITY

[0106] The present invention is applicable to organic EL
panels and methods for manufacturing the organic EL panel.
In particular, the present invention may be applicable to flat
panel displays including organic EL display apparatuses, or
to display apparatuses for television sets, personal computers,
or cellular phones including such flat panel displays.

REFERENCE SIGNS LIST

[0107] 10 Substrate
[0108] 20 Planarizing layer
[0109] 21 Active-matrix substrate
[0110] 22 Switching transistor
[0111] 22D and 25D Drain electrode
[0112] 22G and 25G Gate electrode
[0113] 225 and 25S Source electrode
[0114] 23 Pixel circuit
[0115] 24 Source line
[0116] 25 Driving transistor
[0117] 26 Capacitor
[0118] 28 Gate line
[0119] 29 Power source line
[0120] 30, 30a, and 305 Organic EL element
[0121] 31 Anode
[0122] 32 Cathode
[0123] 324 Altered portion
[0124] 40 Organic EL layer
[0125] 41 HIL
[0126] 42 EML
[0127] 43 ETL
[0128] 50 Bank
[0129] 61 Thin-film encapsulating layer
[0130] 62 Encapsulating resin layer
[0131] 70 Transparent substrate
[0132] 90 Foreign substance
[0133] 100 Display apparatus
[0134] 110 Organic EL panel
[0135] 200 Laser beam
1. An organic electroluminescence (EL) panel comprising
organic EL elements arranged in a matrix and each includ-
ing an anode, a cathode, and an organic EL layer pro-
vided between the anode and the cathode,
wherein the organic EL elements include:
an abnormal element including: a short-circuit portion at
which the anode and the cathode short-circuit; and a
resistive portion which s (i) formed tobe highly resis-
tive by irradiating at least one of the anode, the
organic EL layer, and the cathode with a laser beam,
and (ii) positioned on a current pathway between the
short-circuit portion and one of the anode and the
cathode; and
a normal element which does not include the short-
circuit portion,
in the normal element, the organic EL layer (i) emits light
when a voltage higher than or equal to a first voltage is
applied between the anode and the cathode, and (i1) does
not emit light when a voltage lower than the first voltage
is applied between the anode and the cathode, and
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in the abnormal element, the organic EL layer (i) emits
light when a voltage higher than or equal to a second
voltage is applied between the anode and the cathode,
and (ii) does not emit light when a voltage lower than the
second voltage is applied between the anode and the
cathode, the second voltage being higher than the first
voltage.

2. The organic EL panel according to claim 1,

wherein the resistive portion has:

a resistance lower than a resistance of the organic EL
layer when a voltage lower than a third voltage is
applied between the anode and the cathode; and

aresistance higher than the resistance of the organic EL
layer when a voltage higher than or equal to the third
voltage is applied between the anode and the cathode.

3. The organic EL panel according to claim 1,

wherein the resistive portion is at least one of the anode, the
organic EL layer, and the cathode which is irradiated
with the laser beam and denatured into a highly resistive
substance.

4. The organic EL panel according to claim 3,

wherein the resistive portion has an ohmic propetty.

5. The organic EL panel according to claim 2,

wherein the third voltage is lower than or equal to a voltage
corresponding to a current value of 50% of a maximum
value of a current which flows in the organic EL layer in
the normal element.

6. The organic EL panel according to claim 1,

wherein the resistive portion is formed to be highly resis-
tive by irradiating, with the laser beam, at least one of the
anode and the cathode, the laser beam surrounding or
contacting the short-circuit portion.

7. A method for manufacturing an organic EL panel, the

method comprising:

forming organic EL elements each including an anode, an
organic EL layer, and a cathode; and

repairing an abnormal element in the organic EL elements,
theorganic EL elements including the abnormal element
and a normal element,

wherein the abnormal element includes a short-circuit por-
tion at which the anode and the cathode short-circuit,

the normal element does not include the short-circuit por-
tion,

the repairing the abnormal element includes forming a
resistive portion which is (i) formed to be highly resis-
tive by irradiating with a laser beam at least one of the
anode, the organic EL layer, and the cathode included in
the abnormal element, and (ii) positioned on a current
pathway between the short-circuit portion and one of the
anode and the cathode,

in the normal element, the organic EL layer (i) emits light
when a voltage higher than or equal to a first voltage is
applied between the anode and the cathode, and (i1) does
not emit light when a voltage lower than the first voltage
is applied between the anode and the cathode, and

in the abnormal element, the organic EL layer (i) emits
light when a voltage higher than or equal to a second
voltage is applied between the anode and the cathode,
and (i1) does not emit light when a voltage lower than the
second voltage is applied between the anode and the
cathode, the second voltage being higher than the first
voltage.
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