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(7) ABSTRACT

An organic light emitting display device can include a sub-
strate, two or more first electrodes positioned on the substrate
and spaced apart from one another, an auxiliary electrode
positioned between the first electrodes, a barrier rib posi-
tioned on the auxiliary electrode and having a reversely
tapered structure including at least two layers, a bank layer
exposing portions of the first electrodes to define a light
emission region, an organic layer positioned in the light emis-
sion region and patterned by the barrier rib, and a second
electrode positioned on the organic layer and the barrier rib
and disposed to be in contact with the auxiliary electrode.
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND REPAIR METHOD THEREOF

[0001] This application claims the priority benefit of
Korean Patent Application Nos. 10-2013-0161318 filed in the
Republic of Korea on Dec. 23, 2013 and 10-2014-0154589
filed on Nov. 7, 2014, which are incorporated herein by ref-
erence for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting display device and a repair method thereof, and more
particularly, to an organic light emitting display device and a
repair method thereof capable of simplifying a manufacturing
process, reducing resistance of a second electrode, and repair-
ing non-uniform brightness.

[0004] 2. Discussion of the Related Art

[0005] Recently, various flat display devices capable of
reducing aheavy weight and volume, and the shortcomings of
cathode ray tubes (CRTs), have been developed. Flat display
devices include, for example, a liquid crystal display (LCD),
afieldemission display (FED), aplasma display panel (PDP),
an organic light emitting display (OLED), and the like. An
organic light emitting display is a self-luminescence display
that emits light by exciting an organic compound. Eliminat-
ing the necessity of a backlight light such as required in
LCDs, an organic light emitting display may be lighter and
thinner and allow for simplification of processes. In addition,
organic light emitting displays are manufactured at low tem-
peratures, have a high response speed of 1 ms or less, and
exhibit characteristics such as low power consumption, a
wide viewing angle, high contrast, and the like.

[0006] Inan organic light emitting display device in which
a light emitting layer formed of an organic material is pro-
vided between a first electrode as an anode and a second
electrode as a cathode, holes supplied from the first electrode
and electrons received from the second electrode are com-
bined in the light emitting layer to form excitons, electron-
hole pairs, and as the excitons are restored to a ground state,
energy is generated to emit light. Organic light emitting dis-
play devices may be classified as a bottom emission type
organic light emitting display device and a top emission type
organic light emitting display device depending on the direc-
tion in which light is output. The bottom emission-type
organic light emitting display device refers to an organic light
emitting display device in which light is output ina downward
direction of a substrate, namely, from a light emitting layer
toward a first electrode, and the top emission-type organic
light emitting display device refers to an organic light emit-
ting display device in which light is output in an upward
direction of a substrate, namely, from a light emitting layer
toward a second electrode.

[0007] However, in the top emission-type organic light
emitting display device, since the second electrode, ametal, is
formed to be very thin to allow light to be transmitted there-
through, resistance of the second electrode increases, degrad-
ing device efficiency. In addition, since the light emitting
layer of the organic light emitting display device is deposited
using a fine metal mask (FMM), manufacturing cost of the
mask increases and a manufacturing process of the light emit-
ting layer is complicated.
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SUMMARY OF THE INVENTION

[0008] An aspect of the present invention provides an
organic light emitting display device and a repair method
thereof capable of simplifying a manufacturing process,
reducing resistance of a second electrode, and repairing non-
uniform brightness.

[0009] Inanembodiment,an organic light emitting display
device comprises, a substrate, two or more first electrodes
positioned on the substrate and spaced apart from one
another, an auxiliary electrode positioned between the first
electrodes, a barrier rib positioned on the auxiliary electrode
and having a reversely tapered structure including at least two
layers, a bank layer exposing portions of the first electrodes to
define a light emission region, an organic layer positioned in
the light emission region and patterned by the barrier rib, and
a second electrode positioned on the organic layer and the
barrier rib and disposed to be in contact with the auxiliary
electrode.

[0010] Inanembodiment,an organic light emitting display
device comprises, a substrate, two or more first electrodes
positioned on the substrate and spaced apart from one
another, an auxiliary electrode positioned between the first
electrodes, a barrier rib positioned on the auxiliary electrode
and including at least two layers, a bank layer exposing por-
tions of the first electrodes to define a light emission region,
an organic layer positioned in the light emission region and
patterned by the barrier rib, and a second electrode continu-
ously positioned on the organic layer and the barrier rib and
disposed to be in contact with the auxiliary electrode.

[0011] In an embodiment, a method is provided for repair-
ing an organic light emitting display device including a sub-
strate, two or more first electrodes positioned on the substrate
and spaced apart from one another, an auxiliary electrode
positioned between the first electrodes, a barrier rib posi-
tioned on the auxiliary electrode and having a reversely
tapered structure including at least two layers, a bank layer
exposing portions of the first electrodes to define a light
emission region, an organic layer positioned in the light emis-
sion region and patterned by the barrier rib, and a second
electrode positioned on the organic layer, spaced apart from
the barrier rib, and disposed to be in contact with the auxiliary
electrode, the method comprising, irradiating a laser to the
barrier rib to melt portions of the barrier rib and the second
electrode positioned on the barrier rib, and forming the sec-
ond electrode such that the second electrode continues from
anupper surface of the organic layer to an upper surface of the
barrier rib.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0013] FIG. 1 is a plan view illustrating an organic light
emitting display device according to an embodiment of the
present invention.

[0014] FIG. 2 is a cross-sectional view illustrating the
organic light emitting display device according to an embodi-
ment of the present invention.
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[0015] FIGS. 3 and 4 are cross-sectional views illustrating
barrier ribs according to embodiments of the present inven-
tion.

[0016] FIGS. 5A through 5D are cross-sectional views
illustrating sequential processes of a method for manufactur-
ing an organic light emitting display device according to an
embodiment of the present invention.

[0017] FIGS. 6 and 7 are images illustrating a barrier rib
having a triple-layer structure manufactured according to an
embodiment of the present invention.

[0018] FIG. 8 is a plan view illustrating an organic light
emitting display device according to an embodiment of the
present invention.

[0019] FIGS.9 and 10 are cross-sectional views illustrating
a contact region of an auxiliary electrode and a second elec-
trode according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0020] Reference will now be made in detail to embodi-
ments of the invention, examples of which are illustrated in
the accompanying drawings. Wherever possible, the same
reference numbers will be used throughout the drawings to
refer to the same or like parts. It will be paid attention that
detailed description of known arts will be omitted if it is
determined that the arts can mislead the embodiments of the
invention.

[0021] FIG. 1 is a plan view illustrating an organic light
emitting display device according to an embodiment of the
present invention, and FIG. 2 is a cross-sectional view illus-
trating the organic light emitting display device according to
an embodiment of the present invention.

[0022] Referring to FIG. 1, in an organic light emitting
display device 100 according to an embodiment of the present
invention, an active area AA is demarcated in a substrate 110,
and an image is implemented through the active area AA. The
active area AA includes a plurality of red (R), green (G), and
blue (B) pixels, and emission of light from the plurality of
pixels is adjusted by a scan signal and a data signal. The
plurality of pixels each include a first electrode as an anode
electrode connected to a thin film transistor and a second
electrode 180 as a cathode electrode facing the first electrode.
Cathode power lines CPL supplying a low potential voltage to
the second electrode 180 are positioned on both sides of the
active region AA, and the second electrode 180 having a small
thickness is formed on the entire surface of the active region
AA and connected to the cathode power lines CPL.

[0023] In an embodiment of the present invention, the
organic light emitting display device 100 further includes
auxiliary electrodes 155 in order to prevent resistance of the
second electrode 180 from being increased. In more detail,
the auxiliary electrodes 155 are formed between the plurality
of pixels in a direction intersecting the cathode power lines
CPL. As illustrated, one auxiliary line 155 may be formed
between pixels, but the present invention is not limited thereto
and one auxiliary line 155 may be formed between every two
pixels or every three or more pixels. The auxiliary electrodes
155 are connected to the cathode power lines CPL at both
ends thereof, and are connected in the form of a line to the
second electrode 180. Thus, the auxiliary electrodes 155 may
reduce resistance of the second electrode 180, preventing
non-uniform brightness of the display device.

[0024] The organic light emitting display device 100
according to an embodiment of the present invention includes
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a plurality of pixels, but hereinafter, two subpixels will be
described as an example for the purposes of description.

[0025] Referring to FIG. 2, in the organic light emitting
display device 100 according to an embodiment of the present
invention, a semiconductor layer 115 is positioned on a sub-
strate 110 and a gate insulating layer 120 is positioned on the
semiconductor layer 115. A gate electrode 125 is positioned
on the gate insulating layer 120 such that the gate electrode
125 corresponds to the semiconductor layer 115, and the
cathode power lines CPL are positioned on both sides of the
substrate 110. An interlayer insulating layer 130 is positioned
on the gate electrode 125 and the cathode power lines CPL,
and a source electrode 137a and a drain electrode 1375 are
positioned on the interlayer insulating layer 130. The source
electrode 137a and the drain electrode 1375 are connected to
the semiconductor layer 115 via first contact holes 135 pen-
etrating through the interlayer insulating layer 130 and the
gate insulating layer 120. Accordingly, a thin film transistor
TFT including the semiconductor layer 115, the gate elec-
trode 125, the source electrode 137a, and the drain electrode
1375 is formed.

[0026] A planarization layer 140 is positioned on the TFT,
and first electrodes 150 and the auxiliary electrodes 155 are
positioned on the planarization layer 140. The first electrode
150 is connected to the drain electrode 1375 of the TFT via a
via hole 145 penetrating through the planarization layer 140.
The auxiliary electrodes 155 are positioned between the first
electrodes 150 spaced apart from one another, so as to be
positioned to be spaced apart from the first electrodes 150.
Also, the auxiliary electrodes 155 positioned on both sides of
the substrate 110 are formed along the planarization layer 140
and connected to the cathode power lines CPL via second
contact holes 136 penetrating through the interlayer insulat-
ing layer 130.

[0027] Abank layer 160 is positioned on the first electrodes
150 and the auxiliary electrodes 155. The bank layer 160
includes openings 165 exposing the first electrodes 150,
defining a pixel and an emission area EA. Also, the bank layer
160 exposes the auxiliary electrodes 155 via the openings
165. Barrier ribs 170 are positioned on the auxiliary elec-
trodes 155. The barrier ribs 170 positioned on the auxiliary
electrodes 155 may have a reversely tapered shape and spaced
apart from one another. Details of the barrier ribs 170 will be
described hereinafter.

[0028] An organic layer 175 is formed on the substrate 110
with the first electrode 150, the bank layer 160, and the barrier
rib 170 formed thereon. The organic layer 175 is deposited on
the first electrode 150, the bank layer 160, and the barrier rib
170 and patterned by the barrier rib 170 such that the organic
layer 175 is not deposited on the auxiliary electrode 155. The
second electrode 180 is positioned on the organic layer 175.
The second electrode 180 is stacked on the entire surface of
the substrate 110 and also on the auxiliary electrode 155
positioned below the barrier rib 170. Namely, the second
electrode 180 is continuously formed on the entire surface of
the substrate 100 without being patterned. Thus, since the
second electrode 180 is electrically connected to the auxiliary
electrode 155 positioned therebelow, resistance is reduced by
the auxiliary electrode. Thus, by forming the auxiliary elec-
trode for the second electrode having high resistance in the
related art, resistance of the second electrode may be reduced,
a driving voltage of an element can be lowered to facilitate
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increasing a size of the device, and generation of non-uniform
brightness otherwise due to a non-uniform voltage based on
resistance can be prevented.

[0029] FIGS. 3 and 4 are cross-sectional views illustrating
barrier ribs according to embodiments of the present inven-
tion. Referring to FIG. 3, the barrier rib 170 according to an
embodiment of the present invention is positioned on the
auxiliary electrode 155 and has a dual-layer structure includ-
ing a first layer 172 positioned on the auxiliary electrode 155
and positioned in a lower portion and a second layer 174
positioned on the first layer 172. The first layer 172 of the
barrier rib 170, which is in direct contact with the auxiliary
electrode 155 to form a lower portion of the barrier rib 170, is
formed of any one selected from among ITO, ITZ0, 10, SnO,
Zn0, ISnO, 170, IGO, GZO, and IGZO. The second layer
174 ofthe barrier rib 170, which is positioned on the first layer
172 to form an upper portion of the barrier rib 170, is formed
of any one selected from among ITO, ITZ0, 10, SnO, Zn0O,
1Sn0,170,1G0, GZO,and IGZ0. In this instance, the second
layer 174 is formed of a material different from that of the first
layer 172.

[0030] In more detail, the barrier rib 170 has a reversely
tapered shape, and thus, the first layer 172 is formed of a
material having an etching rate higher than that of the second
layer 174 with respect to the same etching solution, and the
second layer 174 is formed of a material having an etching
rate lower than that of the first layer 172. For example, when
the first layer 172 is formed of ZnO, the second layer 174 may
be formed of ITO having an etching rate higher than that of
Zn0. Namely, in a case in which the first layer 172 is formed
ofany material among ITO, [TZO, 10, SnQO, ZnO, ISn0O, 170,
1GO, GZO, and IGZO, the second layer 174 may be formed of
a material having an etching rate lower than that of the first
layer 172, in order to form the barrier rib 170.

[0031] The barrier rib 170 according to an embodiment of
the present invention has an overall thickness equal to or
greater than 0.3 pum, thicker than the bank layer 160. In a case
in which the barrier rib 170 is configured to have double
layers including the first layer 172 and the second layer 174,
a thickness of the first layer 172 is 30% to 70% of the overall
thickness of the barrier rib 170, and a thickness of the second
layer 174 i3 30% to 70% of the overall thickness of the barrier
rib 170. This is to enhance adhesive strength between the
barrier rib 170 and the auxiliary electrode 155 and reliability
of the barrier rib 170 having a reversely tapered shape. Here,
an external angle 01 between a horizontal line L. passing
through a point where the first layer 172 and the auxiliary
electrode 155 meet and the side of the first layer 172 may be
30 degrees or smaller, a tapered angle 62 of the second layer
174 of the barrier rib 170 may be 30 degrees or smaller, or
both the external angle 61 between a horizontal line L passing
through a point where the first layer 172 and the auxiliary
electrode 155 meet and the side of the first layer 172 and the
tapered angle 02 of the second layer 174 of the barrier rib 170
may be 30 degrees or smaller. When the external angle 61
between a horizontal line L passing through a point where the
first layer 172 and the auxiliary electrode 155 meet and the
side of the first layer 172 and the tapered angle 02 of the
second layer 174 of the barrier rib 170 are 30 degrees or
smaller, the barrier 170 having the reversely tapered shape
may be properly formed, and thus, the organic layer may be
patterned during a follow-up organic layer deposition pro-
cess.
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[0032] Referring to FIG. 4, the barrier rib 170 may be
configured as a triple-layer structure. The barrier rib 170 may
have a triple-layer structure including a third layer 176 posi-
tioned in the lowermost portion, a first layer 172 positioned on
the third layer 176, and a second layer 174 positioned on the
first layer 172. The third layer 176 of the barrier rib 170,
which is directly in contact with the auxiliary electrode 155 to
form a lower portion of the barrier rib 170, may be formed of
any one selected from among ITO, ITZO, 10, SnO, Zn0,
ISnO, 170, IGO0, GZ0, and IGZO. The first layer 172, which
is positioned on the third layer 176 to form a middle portion
of the barrier rib 170, is formed of any one selected from
among ITO, ITZ0O, 10, SnO, ZnO, 1Sn0O, 170, 1GO, GZO,
and IGZ0, and is formed of a material different from that of
the third layer 176. The second layer 174, which is positioned
on the first layer 172 to form the uppermost portion of the
barrier rib 170, is formed of any one selected from among
ITO, ITZO, 10, SnO, ZnO, ISnO, 170, 1GO, GZO, and
1GZ0, and is formed of a material different from that of the
first layer 172.

[0033] Inmore detail, the barrier rib 170 composed of three
layers has a reversely tapered shape, and may have a sandg-
lass shape with wider uppermost and lowermost portions.
Thus, the third layer 176 is formed of a material having an
etching rate lower than that of the first layer 172 with respect
to the same etching solution, the first layer 172 is formed of a
material having an etching rate higher than that of the second
layer 174 with respect to the same etching solution, and the
second layer 174 is formed of a material having an etching
rate smaller than that of the first layer 172. For example, when
the third layer 176 is formed of ITO, the first layer 172 may be
formed of IGZ0 having an etching rate higher than that of
ITO and the second layer 174 may be formed of ITO having
an etching rate higher than that of IGZ0. Namely, in a case in
which the third layer 176 is formed from any one among ITO,
IT70,10, SnO, Zn0O, 1Sn0, 170, 1GO, GZO, and IGZ0. The
first layer 172 may be formed of a material having an etching
rate higher than that of the third layer 176 and the second layer
174 may be formed of a material having an etching rate lower
than that of the first layer 172, to form the barrier rib 170. As
discussed above, all the barrier ribs according to an embodi-
ment of the present invention are formed of a conductive
material, for example, a metal oxide. The barrier ribs 170,
formed of a conductive material, may have excellent adhesive
strength with respect to the auxiliary electrode 155 therebe-
low, thus being prevented from peeling, implementing a fine
pattern, and being prevented from being damaged even at
high temperatures, securing process stability.

[0034] Thebarrier rib 170 has an overall thickness equal to
or greater than 0.3 um, thicker than the bank layer 160. In a
case in which the barrier rib 170 is composed of three layers
including the third layer 176, the first layer 172, and the
second layer 174, a thickness of the third layer 176 ranges
from 10% to 50% of the overall thickness of the barrier rib
170, athickness of the first layer 172 ranges from 10% to 50%
of the overall thickness of the barrier rib 170, and a thickness
ofthe secondlayer 174 ranges from 10% to 50% of the overall
thickness of the barrier rib 170. This is to enhance adhesive
strength between the barrier rib 170 and the auxiliary elec-
trode 155 and reliability of the barrier rib 170 having a
reversely tapered shape.

[0035] Here, an external angle 61 between the first layer
172 and the horizontal line L. may be 30 degrees or smaller, a
tapered angle 62 of the second layer 174 of the barrier rib 170
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may be 30 degrees or smaller, or both the external angle 61
between a horizontal line L passing through a point where the
first layer 172 and the auxiliary electrode 155 meet and the
side of the first layer 172 and the tapered angle 62 of the
second layer 174 of the barrier rib 170 may be 30 degrees or
smaller. When the external angle 81 between a horizontal line
L passing through a point where the first layer 172 and the
auxiliary electrode 155 meet and the side of the first layer 172
and the tapered angle 62 of the second layer 174 of the barrier
rib 170 are 30 degrees or smaller, the barrier 170 having the
reversely tapered shape may be properly formed, and thus, the
organic layer may be patterned during a follow-up organic
layer deposition process.

[0036] As described above, in the organic light emitting
display device according to an embodiment of the present
invention, since the auxiliary electrode is provided, resistance
of the second electrode is reduced and a driving voltage of an
element can be lowered, facilitating increasing a size of the
device, and generation of non-uniform brightness otherwise
due to a non-uniform voltage based on resistance can be
prevented. In addition, since the conductive barrier rib having
a reversely tapered shape is provided on the auxiliary elec-
trode, an organic layer may be formed without a mask, sim-
plifying the manufacturing process, reducing manufacturing
cost, and enhancing reliability of the barrier rib.

[0037] Hereinafter, a method for manufacturing an organic
light emitting display device according to an embodiment of
the present invention will be described. FIGS. 5A through 5D
are cross-sectional views illustrating sequential processes of
amethod for manufacturing an organic light emitting display
device according to an embodiment of the present invention.
In the following descriptions, the same reference numerals
will be used for the same components as those of FIG. 2 to
facilitate understanding.

[0038] First, referring to FIG. 5A, amorphous silicon (a-Si)
is stacked on a substrate 100 formed of glass, plastic, or a
conductive material, dehydrogenation is performed thereon,
and a laser is subsequently irradiated to the amorphous silicon
layer to crystallize the amorphous silicon layer to form a
polycrystalline silicon layer. Thereafter, the polycrystalline
silicon layer is patterned using a mask to form a semiconduc-
tor layer 115. Before the semiconductor layer 115 is formed,
a buffer layer may be further formed. The buffer layer pre-
vents impurities present on a surface of the substrate 110 from
being eluted and spreading to the amorphous silicon layer
during the crystallization process, and may be formed of a
silicon oxide (SiOx), a silicon nitride (SiNX), or have a
stacked structure of the silicon oxide (SiOx) and the silicon
nitride (SiNx).

[0039] Subsequently, a gate insulating layer 120 is formed
on the substrate 110 including the semiconductor layer 115.
The gate insulating layer 120 may be formed of a silicon
oxide (SiOx) or a silicon nitride (SiNx) or may be formed as
amulti-layer. A gate electrode 125 may be formed in a region,
corresponding to the semiconductor layer 115, of the gate
insulating layer 120, and cathode power lines CPL are formed
on both sides of the substrate 110. The gate electrode 125 and
the cathode power lines CPL may be a monolayer formed of
aluminum (Al), molybdenum (Mo), tungsten (W), titanium
(Ti), or an alloy thereof, or may be a multi-layer of titanium/
aluminum/titanium (Ti/Al/Ti).

[0040] Subsequently, an interlayer insulating layer 130 is
formed on the substrate with the gate electrode 125 and the
cathode power lines CPL formed thereon. The interlayer
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insulating layer 130 may be formed of a silicon oxide (SiOx)
or a silicon nitride (SiNx), or may be formed as a multi-layer.
Thereafter, the interlayer insulating layer 130 is etched to
form first contact holes 135 exposing both sides of the semi-
conductor layer 115, and second contact holes 136 exposing
the cathode power lines CPL. A source electrode 137a and a
drain electrode 1375 connected to the semiconductor layer
115 through the first contact holes 135 are formed, thus form-
ing a TFT including the semiconductor layer 115, the gate
electrode 125, the source electrode 1374, and the drain elec-
trode 1375. The source electrode 137a and the drain electrode
13756 may be a monolayer formed of aluminum (Al), molyb-
denum (Mo), tungsten (W), titanium (Ti), or an alloy thereof,
or may be a multi-layer of titanium/aluminum/titanium (T1/
AlTH).

[0041] Subsequently, referring to FIG. 5B, a planarization
layer 140 is formed on the substrate 110 with the TFT formed
thereon. The planarization layer 140 may be formed of an
organic material such as a benzocyclobutene (BCB)-based
resin, an acrylic resin, a polyimide resin, and the like. There-
after, the planarization layer 140 is patterned to form a via
hole 145 exposing the drain electrode 1375 of the TFT. Sub-
sequently, a material having a high work function such as
ITO, 170, or ZnO is stacked on the planarization layer 140
and the via hole 145 and patterned to form a first electrode 150
and an auxiliary electrode 155. The first electrode 150 fills the
via hole 145 and is electrically connected to the drain elec-
trode 1375, and the auxiliary electrode 155 is formed between
the first electrodes 150 and spaced apart therefrom. Also, the
auxiliary electrode 155 at an outer edge of the substrate 110 is
formed along the planarization layer 140 and connected to the
cathode power line CPL exposed by the second contact hole
136.

[0042] Subsequently, referring to FIG. 5C, a bank layer 160
is formed on the substrate 110 with the first electrode 150 and
the auxiliary electrode 155 formed thereon. The bank layer
160 is formed of an organic material such as polyimide, a
benzocyclobutene resin, acrylate, and the like. Thereafter, the
bank layer 160 is patterned to form openings 165 exposing the
first electrode 150 and the auxiliary electrode 155.

[0043] Thereafter, the barrier rib 170 is formed on the aux-
iliary electrode 155 exposed by the opening 165. In more
detail, a first material selected from among ITO, ITZO, 10,
SnO, Zn0O, ISn0, 170, 1GO, GZO, and 1GZO is stacked on
the substrate 110 with the bank layer 160 formed thereon, a
second material having an etching rate lower than that of the
first material, selected from among ITO, ITZO, 10, SnO,
7n0, ISn0, 170, IGO0, GZ0, and IGZ0 is stacked, which are
then etched with an etching solution to form a barrier rib 170
including a first layer 172 positioned in a lower portion and a
second layer 174 positioned on the first layer 172. Here, the
first layer 172 having a relatively high etching rate with
respect to the etching solution has been rapidly etched, while
the second layer 174 having a relatively low etching rate has
been slowly etched, the barrier rib 170 having a reversely
tapered shape in which the second layer 174 having a width
greater than that of the first layer 172 is manufactured. In the
present embodiment, manufacturing of the barrier rib 170
having a dual-layer structure is described, but in the case of a
barrier rib 170 having a triple-layer structure, a third material
having an etching rate lower than that of the first material may
be first stacked, a first material may be stacked, and a second
material may subsequently be stacked, which are then etched
with an etching solution to manufacturing the barrier rib 170
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having a triple-layer structure. A thickness, a tapered angle,
and the like, of the barrier rib 170 have been described above,
s0 a detailed description thereof will be omitted.

[0044] Thereafter, referring to FIG. 5D, an organic layer
175 is formed on the substrate with the barrier rib 170 formed
thereon. The organic layer 175 is deposited on the first elec-
trode 150, the bank layer 160, and the barrier rib 170 and
patterned by the barrier rib 170 having the reversely tapered
shape, but the organic layer 175 is not deposited on the aux-
iliary electrode 155 positioned below the barrier rib 170. The
organic layer 175 may include at least one among a hole
injection layer HIL, a hole transport layer HTL, an light
emitting layer LEL, an electron transport layer ETL, and an
electron injection layer EIL. For example, the organic layer
175 may be formed using evaporation.

[0045] Subsequently, a second electrode 180 is formed on
the substrate 110 with the organic layer 175 formed thereon.
The second electrode 180 is stacked on the organic layer 175,
but unlike the organic layer 175, the second electrode 180 is
stacked on the surface of the barrier rib 170 and stacked also
ontheauxiliary electrode 155. Thus, the second electrode 180
is electrically connected to the auxiliary electrode 155, and is
connected to the auxiliary electrode 155 at an outer edge of
the substrate 110 so as to be electrically connected to the
cathode power line CPL. The second electrode 180 may be
formed of magnesium (Mg), silver (Ag), aluminum (Al),
calcium (Ca), or an alloy thereof. Accordingly, the organic
light emitting display device 100 according to an embodi-
ment of the present invention is manufactured.

[0046] FIGS. 6 and 7 are images illustrating a barrier rib
having a triple-layer structure manufactured according to an
embodiment of the present invention. Referring to FIGS. 6
and 7. it can be seen that a triple-layer barrier rib having a
ITO/IGZO/TO structure in which ITO is formed in the low-
ermost portion, IGZO is formed on ITO, and ITO is posi-
tioned in the uppermost portion, is formed. Here, an overall
thickness of the barrier rib is 3800 A. Namely, the lowermost
ITO layer has a thickness of 1000 A, the IGZO layer has a
thickness of 2000 A, and the uppermost ITO layer has a
thickness of 800 A. Due to the difference in etching rates
between ITO and IGZO layers, the IGZO layer having a
higher etching rate is formed between the ITO layers having
a lower etching rate, forming a barrier having a reversely
tapered shape similar to a cross-section of a sandglass.
[0047] As described above, in the organic light emitting
display device according to an embodiment of the present
invention, since the auxiliary electrode is provided, resistance
of the second electrode is reduced and a driving voltage of an
element can be lowered, facilitating increasing a size of the
device, and generation of non-uniform brightness otherwise
due to a non-uniform voltage based on resistance can be
prevented. In addition, since the conductive barrier rib having
a reversely tapered shape is provided on the auxiliary elec-
trode, an organic layer may be formed without a mask, sim-
plifying the manufacturing process, reducing manufacturing
cost, and enhancing reliability of the barrier rib.

[0048] Meanwhile, in the organic light emitting display
device according to an embodiment of the present invention,
if non-uniform brightness occurs due to resistance of the
second electrode, the non-uniform brightness may be
repaired using laser welding.

[0049] FIG. 8 is a plan view illustrating an organic light
emitting display device according to an embodiment of the
present invention, and FIGS. 9 and 10 are cross-sectional
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views illustrating a contact region of an auxiliary electrode
and a second electrode according to an embodiment of the
present invention.

[0050] Referring to FIG. 8. in an organic light emitting
display device 100 according to an embodiment of the present
invention, an active area AA is demarcated in a substrate 110,
and a plurality of red (R), green (G), and blue (B) pixels are
formed in the active area AA. The plurality of pixels each
includes a first electrode and a second electrode 180 as a
cathode electrode facing the first electrode. Cathode power
lines CPL supplying a low potential voltage to the second
electrode 180 are positioned on both sides of the active area
AA, and auxiliary electrodes 155 are provided to prevent an
increase in resistance of the second electrode 180.

[0051] Non-uniform brightness may occur due to resis-
tance of the second electrode 180 in a partial region of the
organic light emitting display device 100. As illustrated in
FIG. 8, a non-uniform brightness region H in which bright-
ness is not uniform in a partial region is present. When the
non-uniform brightness region H is present in the organic
light emitting display device 100, display quality is lowered
to degrade reliability. In an embodiment of the present inven-
tion, the non-uniform brightness of the organic light emitting
display device 100 may be repaired using laser welding as
described hereinafter. Meanwhile, in FIG. 8, it is illustrated
that the active area AA includes 30 pixels and the non-uni-
form brightness region H is large, but this is merely exagger-
ated to help understanding of the present invention and the
present invention is not limited thereto.

[0052] Referring to FIG. 9, a structure of the portion of the
barrier rib 170 where the non-uniform brightness region H is
present will be described. The barrier rib 170 is positioned on
the auxiliary electrode 155. The barrier rib 170 has a triple-
layer structure including a third layer 176 positioned in the
lowermost portion, a first layer 172 positioned on the third
layer 176, and a second layer 174 positioned on the first layer
172. Details of the barrier rib 170 have been described above,
s0 a description thereof will be omitted.

[0053] As for a structure of the second electrode 180
formed in the portion of barrier rib 170 in the non-uniform
brightness region H, the second electrode 180 formed on the
bank layer 160 is in contact with portions of the auxiliary
electrode 155 and the third layer 176 and is not in contact with
the lateral surfaces of the second layer 174 and the first layer
172 of the barrier rib 170. Thus, the second electrode 180
positioned on the second layer 174 of the barrier rib 170 and
the second electrode 180 formed on the bank layer 160 are
separated. This structure is generated due to low deposition
uniformity of the second electrode 180. In this instance, a
contact area CS of the second electrode 180 formed on the
bank layer 160 with the barrier rib 170 having conductivity is
so small that resistance of the second electrode 180 is
increased. Thus, the region of the second electrode 180 hav-
ing increased resistance appears as the non-uniform bright-
ness region H in which non-uniform brightness occurs.
[0054] Inanembodiment ofthe present invention, a laser is
irradiated to the barrier rib 170 positioned within the non-
uniform brightness region H to melt a partial layer of the
barrier rib 170 to increase the contact area CS between the
second electrode 180 and the barrier rib 170 to thereby reduce
resistance of the second electrode 180.

[0055] In more detail, a laser is irradiated to the barrier rib
170 positioned within the non-uniform brightness region H.
Here, the laser may be irradiated from a lower side of the
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substrate 110 toward the barrier rib 170, may be irradiated
from an upper side of the barrier rib 170 toward the barrier rib
170, or may be irradiated from both sides of the barrier rib
170. The laser may be irradiated in any direction as long as it
can melt the barrier rib 170. As for laser irradiation condi-
tions, a source, a focal point, power, an irradiation time, and
the like, may be appropriately adjusted and used to generate a
laser, and any laser may be used as long as it can melt the
second layer 174 of the barrier rib 170. Here, however, in
orderto minimize an influence on an element such as the TF'T,
or the like, of the organic light emitting display device, an
irradiation temperature of the laser may be adjusted to be
equal to or lower than 350° C. Also, in order to repair non-
uniform brightness of the organic light emitting display
device 100, a layer may be irradiated to every barrier rib 170
positioned within the non-uniform brightness region H. How-
ever, the present invention is not limited thereto and a laser
may also be irradiated even to barrier ribs 170 which are not
positioned within the non-uniform brightness region H but in
close proximity thereto.

[0056] Referring to FIG. 10, a final structure of thee barrier
rib 170 to which a laser has been irradiated is illustrated.
When a laser is irradiated to the barrier rib 170, the second
layer 174 positioned in the uppermost portion of the barrier
rib 170 is melted down by the laser, and the organic layer 175
is melted and removed. The second layer 174 formed of any
one selected from among ITO, 1TZO, 10, SnO, ZnO, ISnO,
170, 1GO, GZ0, and IGZ0 is melted down to the auxiliary
electrode 155 and the third layer 176 according to laser irra-
diation. The first layer 172 of the barrier rib 170 is partially
melted but does not flow down. The laser irradiation is per-
formed until the second layer 174 is melted down to cover
both the auxiliary electrode 155 and the third layer 176.
Accordingly, the second layer 174 covers the first layer 172
and the third layer 176 of the barrierrib 170. When the second
layer 174 of the barrier rib 170 is melted down by the laser
irradiation, the second electrode 180 positioned on the second
layer 174 is melted down to a degree so as to be connected to
the second electrode 180 adjacent thereto. Accordingly, the
contact area CS in which the second electrode 180 is in
contact with the barrier rib 170 can be remarkably enhanced,
reducing resistance of the second electrode 180, to thus repair
the generated non-uniform brightness.

[0057] As described above, in the organic light emitting
display device according to an embodiment of the present
invention, since the auxiliary electrode is provided, resistance
of the second electrode is reduced and a driving voltage of an
element can be lowered, facilitating increasing a size of the
device, and generation of non-uniform brightness otherwise
due to a non-uniform voltage based on resistance can be
prevented. In addition, since the conductive barrier rib having
a reversely tapered shape is provided on the auxiliary elec-
trode, an organic layer may be formed without a mask, sim-
plifying the manufacturing process, reducing manufacturing
cost, and enhancing reliability of the barrier rib. In addition,
when non-uniform brightness occurs, a contact area with the
auxiliary electrode is increased by melting the conductive
barrier, whereby the region with the non-uniform brightness
can be repaired.

[0058] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the scope of the principles of this invention.

Jun. 25, 2015

More particularly, various variations and modifications are
possible in the component parts and/or arrangements of the
subject combination arrangement within the scope of the
invention, the drawings and the appended claims. In addition
to variations and modifications in the component parts and/or
arrangements, alternative uses will also be apparent to those
skilled in the art.

What is claimed is:

1. An organic light emitting display device comprising:

a substrate;

two or more first electrodes positioned on the substrate and
spaced apart from one another;

an auxiliary electrode positioned between the first elec-
trodes;

a barrier rib positioned on the auxiliary electrode and hav-
ing a reversely tapered structure including at least two
layers;

a bank layer exposing portions of the first electrodes to
define a light emission region;

an organic layer positioned in the light emission region and
patterned by the barrier rib; and

a second electrode positioned on the organic layer and the
barrier rib, and disposed to be in contact with the auxil-
iary electrode.

2. The organic light emitting display device of claim 1,
wherein the barrier rib comprises a first layer formed of a
material having a relatively high etching rate and a second
layer positioned on the first layer and formed of a material
having an etching rate lower than that of the first layer.

3. The organic light emitting display device of claim 1,
wherein the barrier rib comprises a first layer formed of a
material having a relatively high etching rate, a second layer
positioned on the first layer and formed of a material having
an etching rate lower than that of the first layer, and a third
layer positioned below the first layer and formed of a material
having an etching rate lower than that of the first layer.

4. The organic light emitting display device of claim 1,
wherein the barrier rib includes materials of at least two or
more selected from among ITO, ITZO, 10, SnO, ZnO, ISnO,
170, 1GO, GZ0, and IGZO.

5. The organic light emitting display device of claim 2,
wherein a thickness of the first layer ranges from 30% to 70%
of the overall thickness of the barrier rib, and a thickness of
the second layer ranges from 30% to 70% of the overall
thickness of the barrier rib.

6. The organic light emitting display device of claim 3,
wherein a thickness of the first layer ranges from 10% to 50%
of the overall thickness of the barrier rib, and thicknesses of
the second layer and the third layer range from 10% to 50% of
the overall thickness of the barrier rib, respectively.

7. The organic light emitting display device of claim 2,
wherein an external angle between a horizontal line passing
through a point where the first layer and the auxiliary elec-
trode meet and the side of the first layer is 30 degrees or
smaller, and a tapered angle of the second layer is 30 degrees
or smaller.

8. The organic light emitting display device of claim 3,
wherein an external angle between a horizontal line passing
through a point where the first layer and the auxiliary elec-
trode meet and the side of the first layer is 30 degrees or
smaller, and a tapered angle of the second layer is 30 degrees
or smaller.

9. The organic light emitting display device of claim 2,
wherein an external angle between a horizontal line passing
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through a point where the first layer and the auxiliary elec-
trode meet and the side of the first layer, or a tapered angle of
the second layer is 30 degrees or smaller.

10. The organic light emitting display device of claim 3,
wherein an external angle between a horizontal line passing
through a point where the first layer and the auxiliary elec-
trode meet and the side of the first layer, or a tapered angle of
the second layer is 30 degrees or smaller.

11. The organic light emitting display device of claim 1,
further comprising thin film transistors each including a gate
electrode, a semiconductor layer, a source electrode, and a
drain electrode between the substrate and the first electrodes.

12. An organic light emitting display device comprising:

a substrate;

two or more first electrodes positioned on the substrate and

spaced apart from one another;

an auxiliary electrode positioned between the first elec-

trodes;

a barrier rib positioned on the auxiliary electrode and

including at least two layers;

a bank layer exposing portions of the first electrodes to

define a light emission region; and

a second electrode continuously positioned on the barrier

rib, and disposed to be in contact with the auxiliary
electrode.

13. The organic light emitting display device of claim 12,
wherein a first layer of the barrier rib is in contact with the
auxiliary electrode, and a second layer positioned on the first
layer covers the first layer and is in contact with the auxiliary
electrode.

14. The organic light emitting display device of claim 13,
wherein a third layer of the barrier rib is in contact with the
auxiliary electrode, the first second layer of the barrier rib is
positioned on the third layer, and the second layer of the
barrier rib is positioned on the first layer, covers the first layer,
and is in contact with the auxiliary electrode.

15. The organic light emitting display device of claim 12,
wherein the barrier rib has a reversely tapered structure.

16. A method for repairing an organic light emitting dis-
play device including a substrate, a plurality of first electrodes
positioned on the substrate and spaced apart from one
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another, an auxiliary electrode positioned between the first
electrodes, a barrier rib positioned on the auxiliary electrode
and having a reversely tapered structure including at least two
layers, a bank layer exposing portions of the first electrodes to
define a light emission region, an organic layer positioned in
the light emission region and patterned by the barrier rib, and
a second electrode positioned on the organic layer, spaced
apart from the barrier rib, and disposed to be in contact with
the auxiliary electrode, the method comprising;

irradiating a laser to the barrier rib to melt portions of the
barrier rib and the second electrode positioned on the
barrier rib; and

forming the second electrode such that the second elec-
trode continues from an upper surface of the organic
layer to an upper surface of the barrier rib.

17. The method of claim 16, wherein the bartier rib com-
prises at least two or more layers, and at least one layer of the
at least two or more layers of the barrier rib, starting from the
uppermost portion of the barrier rib, is melted by the laser.

18. The method of claim 17, wherein when the laser is
irradiated to the barrier rib and the second electrode, the at
least one layer positioned in the uppermost portion of the
barrier rib and the second electrode are melted down and the
organic layer positioned between the barrier rib and the sec-
ond electrode is removed.

19. The method of claim 16, wherein the barrier rib com-
prises at least three layers, and at least one layer of the at least
three layers of the barrier rib, starting from the uppermost
portion of the barrierrib, is melted by the laser to cover two of
the at least three layers and increase a contact area between
the second electrode and the auxiliary electrode.

20. The method of claim 16, wherein the irradiating of the
laser to the barrier rib to melt portions of the barrier rib and the
second electrode positioned on the barrier rib is controlled to
only melt portions of the barrier rib corresponding to regions
of non-uniform brightness in the organic light emitting dis-
play device.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

EHA

IPCH 25
CPCHRF

£

H b2 FF SRRk
HAEREEEE

E)

BNEAXEREEASEER , W TEREHREHABFNRNRES
NE—BR, ATE-—BRZEANEYER , A THBRREHFEER
EHEFENNEENEEEDLRER , REHTF —BRAREL X
HRE  WTRAXEPHABEERCNEIE  URETHEIE

BNAKEREREREEESE

US20150179719A1

US14/575435

REETRERAF

LG DISPLAY CO. , LTD.

LG DISPLAY CO. , LTD.

NAM KYOUNGJIN
NOH SOYOUNG
HONG GISANG
HWANG SEONHUI
KIM JEONGOH

NAM, KYOUNGJIN
NOH, SOYOUNG
HONG, GISANG
HWANG, SEONHUI
KIM, JEONGOH

HO1L27/32 HO1L51/56 HO1L51/52

patsnap

2015-06-25

BH 2014-12-18

HO1L27/3246 HO1L51/56 HO1L51/5203 HO1L27/3258 HO1L51/5212 HO1L51/5228

1020140154589 2014-11-07 KR
1020130161318 2013-12-23 KR

US9478591

Espacenet USPTO

P4 E EHY 58 — B ARAD AR B AL 5 78 B eR AR s Al

7
/

a1 1T 1 1

o m“..hulilf;‘.'lmmmﬂnr‘

il


https://share-analytics.zhihuiya.com/view/4b21ac08-a957-4f25-895d-ceb7c84b219b
https://worldwide.espacenet.com/patent/search/family/053400954/publication/US2015179719A1?q=US2015179719A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220150179719%22.PGNR.&OS=DN/20150179719&RS=DN/20150179719

