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portion of the surface of the TFT panel by applying a laser
beam onto the portion, the portion including a surface
exposed through the defectin the pixel electrode; forming
an organic functional layer over the pixel electrodes and
the surface of the TFT panel exposed through the defect
in the pixel electrode; and forming a counter electrode
over the organic functional layer.
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Description
Technical Field

[0001] Thepresentinventionrelatesto organic EL pan-
els and methods of manufacturing the same.

Background Art

[0002] An active matrix organic EL panel includes a
TFT panel incorporated with thin-film transistors (TFTs)
for controlling each individual sub-pixel, and organic EL
devices disposed over the TFT panel.

[0003] Each organic EL device used in organic EL dis-
plays generally includes a pixel electrode formed over
the surface of the TFT panel; an organic functional layer
disposed over the pixel electrode, which organic func-
tional layer contains fluorescent molecules; and a coun-
ter electrode disposed over the organic functional layer.
[0004] Recent increases in size and definition of or-
ganic EL panels has resulted in high probability of gen-
eration of defects in which portions of interconnects (e.g.,
pixel electrodes) on the TFT panel’s surface are lost. For
improved production yields, various approaches have
been proposed that aim to repair such defects generated
in the interconnects on the TFT panel (see, e.g., Patent
Literatures 1 to 3).

[0005] For example, Patent Literature 1 discloses re-
pairing defective interconnects by coating the defect with
a conductive repair paste (repair liquid) and baking the
same by irradiation with a laser beam. Patent Literature
2 discloses repairing defective interconnects by depos-
iting metal in the defect by irradiation with a laser beam
using laser CVD apparatus. Patent Literature 3 discloses
repairing defective interconnects by firmly attaching a
metal film-bearing transfer member to the defect and ir-
radiating the same with a laser beam to transfer the me-
tallic film into the defect.

[0006] Other known approaches include applying a la-
ser beam onto a heat-sensitive layer on the out-coupling
side of a defective pixel of an organic EL device to form
a light diffusion zone in the heat-sensitive layer, to lessen
luminance reduction at the defective pixel (see, e.g., Pat-
ent Literatures 4 and 5); detecting, after formation of an
organic luminescent layer, a pattern defect in the organic
luminescent layer using infrared rays before proceeding
to the subsequent step (see, e.g., Patent Literatures 6
and 7);covering the defect in the pixel electrode with in-
sulating material prior to counter electrode formation
(see, e.g., Patent Literature 8); cutting, among the mul-
tiplicity of interconnection layers stacked on top of each
other, only the interconnect in the defective interconnec-
tion layer by laser etching based on the stored data such
that the defect is electrically separated (see. e.g., Patent
Literature 9); configuring organic EL devices to include
pixel electrodes disposed on the planarized surface of a
TFT panel (see, e,g., Patent Literatures 10 and 11); and
configuring organic EL devices to include insulating films
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between the electrode layers of TFTs for preventing short
circuits between the electrodes (see, e.g., Patent Liter-
atures 12 and 13).

Citation List
Patent Literature
[0007]

[PTL 1] Japanese Patent Application Laid-Open No.
08-203898

[PTL 2] Japanese Patent Application Laid-Open No.
2002-131888

[PTL 3] Japanese Patent Application Laid-Open No.
2009-251119

[PTL 4] Japanese Patent Application Laid-Open No.
2009-027036

[PTL 5] U.S. Patent Application Publication No.
2009/0021156

[PTL 6] Japanese Patent Application Laid-Open No.
2009-158126

[PTL 7] U.S. Patent Application Publication No.
2009/0159817

[PTL 8] Japanese Patent Application Laid-Open No.
2004-253214

[PTL 9] Japanese Patent Application Laid-Open No.
2007-123616

[PTL 10] Japanese Patent Application Laid-Open
No0.2002-083691

[PTL 11] U.S. Patent Application Publication No.
2000/0047567

[PTL 12] Japanese Patent Application Laid-Open
No0.2004-103488

[PTL 13] U.S. Patent Application Publication No.
2004/0119399

Summary of Invention
Technical Problem

[0008] All of the repairing methods disclosed by Patent
Literatures 1 to 3 require expensive equipment such as
laser CVD apparatus or transfer apparatus, contributing
to increased production costs. These repairing methods
are also time-consuming and therefore rapid repair of
interconnects has been difficult.

[0009] Furthermore, the repairing methods disclosed
by Patent Literatures 1 to 3 are directed to repair of rel-
atively large defects. For example, difficulties have been
encountered with these methods in repairing defects of
20 pm or less in diameter. More specifically, when at-
tempting to repair relatively small defects by laser CVD
as taught in Patent Literature 2, it becomes more likely
that the device is contaminated with foreign substance,
which is undesirable. Moreover, when attempting to re-
pair relatively small defects by attachment of new inter-
connect material as taught in Patent Literature 1 or 3,
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there are cases where the interconnect material is mis-
placed or where the repaired interconnect becomes non-
uniform in thickness.

[0010] It has thus been difficult with the conventional
repairing methods to successfully repair defective pixel
electrodes having a relatively small defect. The defect in
the pixel electrode becomes a non-luminescent area (de-
fect) in the resultant organic EL device. Accordingly, un-
less any proper measure is taken, even a small defect
causes a local luminance reduction in the organic EL
device, leading to poor organic EL panel quality.

[0011] The present invention has been accomplished
in an aim to overcome the foregoing drawback pertinent
in the art, and an object of the present invention is to
provide a method of manufacturing an organic EL panel,
which method enables to easily lessen local luminance
reductions at defects in pixel electrodes in short time.

Solution to Problem

[0012] Theinventor has established thatluminance re-
duction caused by defects in pixel electrodes can be
avoided by roughening the exposed surface of the TFT
panel at the defects without having to repair the defects.
The inventor then completed the present invention with
additional studies.

[0013] A first aspect of the present invention thus re-
lates to methods of manufacturing an organic EL panel
given below.

[11 A method of manufacturing an organic EL panel,
including:

providing a TFT panel;

patterning pixel electrodes on a surface of the
TFT panel;

detecting in the pixel electrodes defects in which
the surface of the TFT panel is exposed;
roughening a portion of the surface of the TFT
panel by applying a laser beam onto the portion,
the portion including a surface exposed through
the defect in the pixel electrode;

forming an organic functional layer over the pixel
electrodes and the surface of the TFT panel ex-
posed through the defect in the pixel electrode;
and

forming a counter electrode over the organic
functional layer.

[2] The method according to [1], wherein the laser
beam has a wavelength of 400 nm or less.
[3] The method according to [1] or [2], further includ-

ing:

determining a criteria on which to select one or
more of the defects to be repaired; and

selecting, from the defects detected, one or
more of the defects that comply with the criteria,

)]
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wherein the laser beam is applied onto a surface
of the TFT panel, the surface exposed through
one or more of the defects selected.

[0014] Asecond aspectofthe presentinvention relates
to organic EL panels given below.

[4] An organic EL panel including:

a TFT panel; and

organic EL devices disposed over a surface of
the TFT panel in matrix arrangement, each of
the organic EL devices including a pixel elec-
trode disposed over the surface of the TFT pan-
el, an organic luminescent layer disposed over
the pixel electrode, and a counter electrode dis-
posed over the organic functional layer,
wherein at least one of the organic EL devices
has a defect in which the surface of the TFT
panel is exposed, and

the surface exposed through the defectis rough-
ened.

[5] The organic EL panel according to [4], wherein
the roughened surface of the TFT panel exposed
through the defect has an arithmetic average rough-
ness of 0.25 um or more.

[6] The organic EL panel according to [4] or [5],
wherein the TFT panel includes a substrate, TFTs
disposed over the substrate in matrix arrangement,
and a planarization film disposed over the substrate
so as to cover the TFTs, the planarization film con-
stituting the surface of the TFT panel.

[7] The organic EL panel according to [6], wherein
the planarization film is formed of a cured product of
a photosensitive resin.

Advantageous Effects of Invention

[0015] The present invention enables to lessen lumi-
nance reductions at defects in pixel electrodes in short
time without relying on expensive equipment. The
present invention thus enables rapid and inexpensive
manufacture of organic EL panels having minimized lu-
minance unevenness.

Brief Description of Drawings
[0016]

FIG.1 is a flowchart of a method of manufacturing
an organic EL panel according to an embodiment of
the present invention;

FIG.2is agraph of luminance atthe center of a defect
versus defect size;

FIG.3is a graph showing light transmittance ofa TFT
panel with and without a roughened surface;

FIG.4 is a cross-sectional view of an organic EL de-
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vice according to an embodiment of the present in-
vention;

FIG.5 is a cross-sectional view of an organic EL de-
vice;

FIG.6 is a perspective view of a pixel electrode hav-
ing a defect; and

FIG.7 illustrates a flow of manufacture of an organic
EL panel according to an embodiment of the present
invention.

Description of Embodiments
1. Method of Manufacturing Organic EL Panel

[0017] Thepresentinventionis effective particularly for
the manufacture of large-screen organic EL panels. The
reason for this is that manufacture of large-screen organ-
ic EL displays suffers from high risk of generation of de-
fects in the pixel electrodes and therefore it is highly nec-
essary to lessen luminance reductions caused by such
defects. A manufacturing method according to an em-
bodiment of the present invention will now be described
with reference to the flowchart depicted in FIG.1.
[0018] As seen from the flowchart depicted in FIG.1,
the manufacturing method according to an embodiment
of the present invention includes: 1) a first step of pro-
viding a TFT panel (S1100); 2) a second step of pattern-
ing pixel electrodes on a surface of the TFT panel
(S1200); 3) a third step of detecting in the pixel electrodes
any defect in which the surface of the TFT panel is ex-
posed (S1300); 4) a fourth step of roughening a surface
of the TFT panel by applying a laser beam thereon, the
surface being exposed through the defect in the pixel
electrode (S1400); 5) a fifth step of forming an organic
functional layer over the pixel electrode and the surface
of the TFT panel exposed through the defect in the pixel
electrode (S1500); and 6) a sixth step of forming a coun-
ter electrode over the organic functional layer (S1600).
Each step will now be described in detail.

[0019] 1)Inthefirststep,a TFT panelis provided. Pixel
electrodes (later described), i.e., organic EL devices are
disposed on a surface of the TFT panel. The TFT panel
includes a substrate, thin-film transistors (hereinafter
may simply referred to as "TFTs") disposed over the sub-
strate in matrix arrangement; and a planarization film dis-
posed over the substrate so as to cover the TFTs. The
planarization film constitutes the surface of the TFT pan-
el. The TFT panel may be provided by applying resin
material, a material of the planarization film, over a sur-
face of a substrate having TFTs disposed in matrix ar-
rangement and by curing the resin material. Examples
of the resin material to be applied include photosensitive
resins. Thus the planarization film is formed of, for ex-
ample, a cured product of photosensitive resin.

[0020] 2) In the second step, pixel electrodes are pat-
terned on the surface of the TFT panel in matrix arrange-
ment or other arrangement. Patterning of pixel electrodes
on the surface of the TFT panel in matrix arrangement
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may be accomplished by depositing a metal film made
of pixel electrode material onto the entire surface of the
TFT panel by sputtering, vapor deposition or other meth-
od, and etching the deposited metal film by photolithog-
raphy.

[0021] There are cases where during etching of the
metal film to pattern pixel electrodes an otherwise un-
etched area of the metal film is also etched, resulting in
a portion of the patterned the pixel electrode being lost.
Such a defectin the pixel electrode (hereinafter may sim-
ply referred to as "defect") becomes a non-luminescent
area in the resulting organic EL device. If such a defect
in the pixel electrode is left without being repaired, the
organic EL device exhibits reduced luminance.

[0022] The following description of the third and fourth
steps is directed to a measure with which to lessen lumi-
nance reductions at such defects in the pixel electrodes.
[0023] 3) In the third step, the pixel electrodes are
checked for the presence of a defect, where the surface
of the TFT panel is exposed. There are no particular lim-
itations on the method of detection of defects; examples
include microscopic visual inspection, image inspection,
and pattern inspection. Image inspection and pattern in-
spection includes the die-to-die inspection mode in which
the images of adjacent dies are compared for detecting
defects, and the die-to-database inspection mode in
which dies are compared with corresponding design data
for detecting defects.

[0024] When any defect has been detected, the proc-
ess proceeds to the fourth step, where ameasure is taken
to lessen luminance reduction at the defect. On the other
hand, when no defects have been detected, the process
skips the fourth step and proceeds to the subsequent
step.

[0025] 4) In the fourth step, a laser beam is applied
onto a portion of the surface of the TFT panel, which
portion includes a surface exposed through the defect in
the pixel electrode (hereinafter may simply referred to as
"exposed surface"), toroughen the exposed surface. The
expression "laser beam is applied onto a surface of a
TFT panel" as used herein means to focus a laser beam
on the exposed surface of the TFT panel.

[0026] There are no particular limitations on the laser
source used for laser irradiation; examples include flash
lamp-pumped Nd:YAG laser. When an Nd:YAG laser is
employed, the wavelength of laser beam can be selected
from 1,064 nm (fundamental), 532 nm (second harmon-
ics), 355 nm (third harmonics), and 266 nm (fourth har-
monics) wavelengths.

[0027] The wavelength of the laser beam to be applied
onto the surface of the TFT panel is preferably 532 nm
or less, most preferably 400 nm or less. That is, when
employing an Nd:YAG laser, the third or fourth harmonics
wavelength may be employed. This is because laser
beams with a wavelength of 400 nm or less are more
likely to be absorbed by the planarization film that con-
stitutes the TFT panel’s surface and therefore are capa-
ble of roughening of the panel’s surface at high energy
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efficiency.

[0028] The energy (energy density) of the laser beam
to be applied may be setto alevel enough to effect rough-
ening of the TFT panel’s surface. The energy level of the
laser beam is determined according to the material
and/or thickness of the planarization film that constitutes
the TFT panel’'s surface.

[0029] For example, when the TFT panel’'s surface
(planarization film material: positive-type photosensitive
resin, thickness: 5 um) is to be roughened using an Nd:
YAG laser, it is preferable to employ the third harmonics
wavelength (355 nm) with the energy density set at 0.35
Jiem?2 or above.

[0030] Roughening of a TFT panel’s surface exposed
through a defect in a pixel electrode (hereinafter may
simply referred to as "roughening of a defect") as de-
scribed above enables to lessen luminance reduction at
the defect. How roughening of a defect is associated with
lessening of luminance reduction at the defect will be
described in detail later in the section titled "2. Organic
EL panel."

[0031] In some embodiments, only some selected de-
fects may be roughened rather than roughening all of the
defects detected. When roughening is intended for only
selected defect(s), the manufacturing method according
to an embodiment of the present invention includes, be-
tween the third and fourth steps, the steps of: a) deter-
mining a criteria on which to select a defect to be repaired;
and b) selecting, from the defects that have been detect-
ed, defect(s) that comply with the criteria.

[0032] In step a), a criteria on which to select a defect
to be repaired is determined. The "criteria on which to
select a defect to be repaired" herein is the distance be-
tween a point within a defect, which point is the farthest
away from all the points along the edge of the defect, and
the edge of the defect (hereinafter may also referred to
as "maximum distance"). The "criteria on which to select
a defect to be repaired" varies depending on the required
luminance at the defect.

[0033] FIG.2is an exemplary graph of luminance at a
given point in a defect versus distance between the point
and the edge of the defect (the boundary between the
luminescent area and defect). The luminance at a point
within a defect is expressed as percent of the luminance
at the luminescent area. As seen from FIG.2, luminance
at a given point within a defect decreases as it becomes
farther away from the edge of the defect. More specifi-
cally, in the case of a roughened defect, the defect ex-
hibits 80% luminance at a point spaced from the edge of
the defect by 2.5 pm, and 50% luminance at a point
spaced from the edge of the defect by 10 um. On the
other hand, in the case of a non-roughened defect, the
defect exhibits 80% luminance at a point spaced from
the edge of the defect by 0.5 wm, and 50% luminance at
a point spaced from the edge of the defect by 2 um.
[0034] Accordingly, when the required luminance at
defects is 50% or more of the luminance at the lumines-
cent area, the "criteria on which to select a defect to be
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repaired" may be set to 2 um to 10 pm. Roughening of
defects having a maximum distance of 10 um or less
ensures that the luminance at the defects is 50% or more
of the luminance at the luminescent area. Moreover, with
regard to defects having a maximum distance of less
than 2 um, the luminance at the defects does not de-
crease to 50% or less of the luminance atthe luminescent
area even when they are not roughened. On the other
hand, with regard to defects having a maximum distance
exceeding 10 pm, the luminance at the defects cannot
be increased to a level exceeding 50% of the luminance
at the luminescent area even when they are roughened.
Thus, when intending to increase the luminance at de-
fects having a maximum distance exceeding 10 um to a
level exceeding 50% of the luminance of the luminescent
area, they are preferably repaired in the manner com-
monly known in the art - by forming new films of electrode
material within the defects.

[0035] When the required luminance at defects is 80%
or more of the luminance at the luminescent area, the
"criteria on which to select a defect to be repaired" may
be setto 0.5 umto 2.5 um. Roughening of defects having
a maximum distance of 2.5 um or less ensures that the
luminance at the defects is 80% or more of the luminance
at the luminescent area. Moreover, with regard to defects
having a maximum distance of less than 0.5 um, the lu-
minance at the defects does not decrease to 80% or less
of the luminance at the luminescent area even when they
are not roughened. On the other hand, with regard to
defects having a maximum distance exceeding 2.5 pm,
the luminance at the defects cannot be increased to a
level exceeding 80% of the luminance at the luminescent
area even when they are roughened.

Thus, when intending to increase the luminance at de-
fects having a maximum distance exceeding 2.5 pm to
a level exceeding 80% of the luminance of the lumines-
cent area, it is preferable to repair these defects in the
manner commonly known in the art - by forming new
electrode films in the defects.

[0036] As described above, the "criteria on which to
select a defect to be repaired” is determined based on
the relationship between the distance from the edge of
the defect and luminances of the TFT panel surface be-
fore and after roughening. This relationship can be found
experimentally by, for example, roughening a surface of
a model TFT panel (later described) to a desired level.
[0037] 5) In the fifth step, an organic functional layer
is formed over the pixel electrode and a surface of the
TFT panel exposed through the defect in the pixel elec-
trode. The formation of the organic functional layer in an
organic EL device may be accomplished either by vapor
deposition or coating techniques. In view of achieving a
large-screen organic EL display, the organic functional
layer is preferably formed by coating techniques. Forma-
tion of the organic functional layer by coating techniques
may be accomplished by applying an ink containing the
material of the organic functional layer and a solvent by
inkjet printing, dispensing nozzle coating, spin coating,
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intaglio printing, relief printing or other coating technique,
followed by drying the applied ink.

[0038] 6)Inthesixth step, acounterelectrode is formed
over the organic functional layer. The counter electrode
is formed by, for example, sputtering.

[0039] In this way the present invention enables less-
ening of luminance reduction at defects without having
to form new films of electrode material within the defects,
which has been carried out in the art. The present inven-
tion thus enables to lessen luminance reductions of or-
ganic EL devices at low costs.

2. Organic EL Panel

[0040] An organic EL panel according to an embodi-
ment of the present invention is one manufactured by the
above-described manufacturing method of the present
invention. The organic EL panel is of the top-emission
type as well as of the active matrix type, including a TFT
panel and organic EL devices disposed over the surface
of the TFT panel in matrix arrangement.

[0041] The TFT panel includes a substrate, thin-film
transistors (hereinafter may simply referred to as "TFTs")
disposed over the substrate in matrix arrangement; and
a planarization film disposed over the substrate so as to
cover the TFTs.

[0042] Examples of the material of the substrate in-
clude silicon carbide (SiC), alumina (Al,03), aluminum
nitride (A1N), glass, silicon, and germanium wafer.
[0043] Each TFT includes a source electrode; a drain
electrode; a channel formed of a semiconductor layer for
connecting together the source electrode and drain elec-
trode; a gate electrode for controlling the channel; and a
date insulation film for electrically isolating the gate elec-
trode from the source electrode and drain electrode.
[0044] There are no particular limitations on the mate-
rial of the planarization film as long as it is electrically
insulating and a pattern of contact holes or like pattern
can be formed therein; examples thereof include acrylic
and polyimide resins.

[0045] Each organic EL device includes a pixel elec-
trode disposed over the surface of the TFT panel; an
organic functional layer disposed over the pixel elec-
trode; and a counter electrode disposed over the organic
functional layer. The organic EL devices may further in-
clude a bank for defining the organic functional layer.
[0046] The pixel electrode is an electrically conductive
member. The pixel electrode generally serves as an an-
ode, but may serve as a cathode. The pixel electrode
preferably has light reflectivity. Examples of materials of
the pixel electrode include APC alloys (silver-palladium-
copper alloys), ARA alloys (silver-ruthenium-gold alloys),
MoCr alloys (molybdenum/chrome alloys), and NiCr al-
loys (nickel/chrome alloys). The pixel electrode may be
connected to the drain electrode or source electrode of
aTFT through a contact hole provided in the planarization
films on the TFT panel.

[0047] Theorganicfunctionallayerincludesan organic
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luminescent layer containing organic luminescent mate-
rial. The organic luminescent material contained in the
organicluminescentlayeris preferably polymeric organic
luminescent material so that the layer can be formed by
coating methods. Examples of the polymeric organic lu-
minescent material include polyphenylenevinylene and
its derivatives, polyacetylene and its derivatives,
polyphenylene and its derivatives, poly para phenylene
ethylene and its derivatives, poly(3-hexylthiophenc) and
its derivatives, and polyfluorene and its derivatives.
[0048] The organic luminescent layer emits red, green
or blue light depending on the position of the organic EL
device. The organic functional layer may further include
a hole injection layer, a hole transport layer, an electron
transport layer, and other layers.

[0049] The bank is an insulating partition wall for de-
fining the organic functional layer. The bank may be pat-
terned by exposing and developing a resist material,
which is a photosensitive material.

[0050] The counter electrode is an electrically conduc-
tive member disposed over the organic functional layer.
The counter electrode generally serves as a cathode, but
may also serve as an anode. The counter electrode pref-
erably has a light transmittance. Examples of materials
of the counter electrode include ITOand 1ZO. The counter
electrode is about 100 nm in thickness.

[0051] A feature of the present invention is that the
surface of the TFT panel exposed through a defect in a
pixel electrode is roughened. There are no particular lim-
itations on the degree to which the exposed surface is
roughened, as long as the TFT panel exhibits reduced
light transmittance (or luminance) at the exposed surface
due to light diffusion. The exposed surface roughened
preferably has an arithmetic average roughness of 0.25
wmormore which s preferably smaller than the thickness
of the planarization film. Measurement of arithmetic av-
erage roughness of the roughened exposed surface can
be accomplished using any of the general surface rough-
ness analyzers.

[0052] In the present invention the surface of the TFT
panel exposed through a defect in a pixel electrode is
roughened as described above, whereby luminance re-
duction at the defect, a non-luminescent area, is less-
ened. How roughening of adefectis associated with less-
ening of luminance reduction at the defect will now be
described with reference to the accompanying drawings.
[0053] FIG.3showslighttransmittances ofa TFT panel
model before and after roughening, where the TFT panel
model includes a 0.7 mm-thick glass substrate and a 5
pm-thick resin film disposed on the glass substrate. The
wavelength of a laser beam used to roughen the resin
surface of the TFT panel model is 355 nm with energy
density set at 0.35 J/cmZ. Light beams of different wave-
lengths are then applied onto the resin surface ofthe TFT
panel, measuring intensities of the light beams passed
through the glass substrate to measure light transmit-
tance of the manufactured TFT panel. As seen from FIG.
3, for example, a TFT panel having a roughened surface
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successfully exhibited approximately 10% reduced
transmittance to light having a wavelength of 500 nm to
800 nm. The fact that a TFT panel that has a roughened
resin surface exhibited reduced light transmittance sug-
gests that the TFT panel exhibits increased light reflec-
tivity correspondingly.

[0054] As described above, a TFT panel having a
roughened surface exhibits reduced light transmittance.
How reduced light transmittance of a TFT panel is asso-
ciated with lessening of luminance reduction at a defect
will now be described.

[0055] FIG.4 illustrates an organic EL device having
defect 121 in pixel electrode 120. Organic EL device 100
includes TFT panel 100, pixel electrode 120, organic
functional layer 130, counter electrode 140, and sealing
layer 150. Organic EL device 100 has defect 121 in which
a portion of pixel electrode 120 is lost. A surface of TFT
panel 110 is exposed through defect 121. Surface 111
of TFT panel 110 exposed through defect 121 is rough-
ened.

[0056] Sincedefect121is anon-luminescentarea (de-
fect) as described above, organic functional layer 130
does not emit light at a position corresponding to defect
121. Nevertheless, light beams emitting from other areas
of organic functional layer 130 around defect 121 also
travel into defect 121. Thus, light can also be out-coupled
from defect 121, a non-luminescent area. Moreover,
since TFT panel 110 exhibits reduced light transmittance
at roughened surface 111 as described above, light
beams travelled into defect 121, where roughened sur-
face 111 is present, are less likely to pass through TFT
panel 110. Thus, most of the light beams travelled into
defect 121 do not pass through TFT panel 110 and can
be out-coupled from counter electrode 140 side. In this
way the presentinvention makes it possible to out-couple
light from defect 121 even when defect 121 forms a non-
luminescent area, lessening luminance reduction at de-
fect 121.

[0057] Ontheotherhand, when surface 111 ofthe TFT
panel exposed through defect 121 is not roughened as
illustrated in FIG.5, the TFT panel exhibits high light trans-
mittance. Thus, lightbeams travelled into defect 121 from
surrounding areas of organic functional layer 130 are
more likely to pass through TFT panel 110 to the outside.
Thus, when surface 111 of the TFT panel exposed
through defect 121 is not roughened, the amount of light
which can be out-coupled from counter electrode 140
side is reduced by an amount corresponding to the
amount of light passing through the TFT panel to the
outside, resulting in reduced luminance.

[0058] A method of manufacturing an organic EL dis-
play according to an embodiment of the present invention
will now be described with reference to the accompany-
ing drawings. The following description is focused on the
manufacturing steps subsequent to the third step in which
detection of defects is carried out.

[0059] FIG.6 is a perspective view of a pixel electrode
having a defect detected in the third step (step of detect-
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ing any defect in the pixel electrodes). FIG.7A is a cross-
sectional view of the defective pixel electrode illustrated
in FIG.6, which is cut along dashed line AA.

[0060] Asillustratedin FIG.6AandFIG.7A, surface 111
of TFT panel 110 is exposed through a defect in the pixel
electrode. The TFT panel includes substrate 113 having
thereon TFTs, and planarization film 115 disposed over
the substrate so as to cover the TFTs.

[0061] FIG.7B illustrates the fourth step (laser irradia-
tion step) according to the presentinvention. As illustrat-
ed in FIG.7B, in the third step, laser beam 170 is applied
onto surface 111 exposed through defect 121.

[0062] By irradiation with laser beam 170, the surface
of the TFT panel exposed through defect 121 is rough-
ened (FIG.7C).

[0063] FIG.7D illustrates the fifth step according to the
present invention. As illustrated in FIG.7D, in the fifth
step, organic functional layer 130 is formed over pixel
electrode 120 and surface 111 by application of a material
solution of organic functional layer 130.

[0064] FIG.7E llustrates the sixth step according to the
present invention. As illustrated in FIG.7E, in the sixth
step, counter electrode 140 is formed over organic func-
tional layer 130 by, for example, sputtering.

[0065] This application is entitled to and claims the
benefit of the priority of Japanese Patent Application No.
2011-045014 filed on March 2, 2011, the disclosure of
which is incorporated herein by reference in its entirety.

Industrial Applicability

[0066] The manufacturing method according to anem-
bodiment of the present invention enables lessening of
luminance reduction atdefects in pixel electrodes without
needing having to repair the defects, whereby reduced
defects rates and improved quality are realized for or-
ganic EL panels.

Reference Signs List

[0067]

100  Organic EL device

110  TFT panel

111 Surface of TFT panel exposed through defect
113  Substrate

115  Planarization Film

120  Pixel electrode

121 Defect

130  Organic functional layer
140  Counter electrode

150  Sealing films

170 Laser beam

Claims

1. A method of manufacturing an organic EL panel,
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comprising:

providing a TFT panel;

patterning pixel electrodes on a surface of the
TFT panel;

detecting in the pixel electrodes defects in which
the surface of the TFT panel is exposed;
roughening a portion of the surface of the TFT
panel by applying a laser beam onto the portion,
the portion including a surface exposed through
the defect in the pixel electrode;

forming an organic functional layer over the pixel
electrodes and the surface of the TFT panel ex-
posed through the defect in the pixel electrode;
and

forming a counter electrode over the organic
functional layer.

2. The method according to claim 1, wherein the laser

beam has a wavelength of 400 nm or less.

3. Themethod according to claim 1, further comprising:

determining a criteria on which to select one or
more of the defects to be repaired; and
selecting, from the defects detected, one or
more of the defects that comply with the criteria,
wherein the laser beam is applied onto a surface
of the TFT panel, the surface exposed through
one or more of the defects selected.

4. An organic EL panel comprising:

a TFT panel; and

organic EL devices disposed over a surface of
the TFT panel in matrix arrangement, each of
the organic EL devices including a pixel elec-
trode disposed over the surface of the TFT pan-
el, an organic luminescent layer disposed over
the pixel electrode, and a counter electrode dis-
posed over the organic functional layer,
wherein at least one of the organic EL devices
has a defect in which the surface of the TFT
panel is exposed, and

the surface exposed through the defectis rough-
ened,

wherein at least one of the organic EL devices
has a defect in which the surface of the TFT
panel is exposed, and

the surface exposed through the defectis rough-
ened.

The organic EL panel according to claim 4, wherein
the roughened surface of the TFT panel exposed
through the defect has an arithmetic average rough-
ness of 0.25 um or more.

The organic EL panel according to claim 4, wherein
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the TFT panel includes a substrate, TFTs disposed
over the substrate in matrix arrangement, and a
planarization film disposed over the substrate so as
to cover the TFTs, the planarization film constituting
the surface of the TFT panel.

The organic EL panel according to claim 6, wherein
the planarization film is formed of a cured product of
a photosensitive resin.
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