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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD FOR
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority of Patent Appli-
cation No. 10-2014-0096377 filed on Jul. 29, 2014, and
Patent Application No. 10-2014-0120202 filed on Sep. 11,
2014, in the Republic of Korea, the disclosures of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting display device and a method for manufacturing the
same, and more particularly, to an organic light emitting
display device which has a sufficient aperture ratio and is
minimized in a voltage drop at a cathode and a method for
manufacturing the same.

[0004] 2. Description of the Related Art

[0005] An organic light emitting display device (OLED) is
a self-light emitting display device that does not need a sepa-
rate light source unlike a liquid crystal display (LCD). Thus,
the OLED can be manufactured in a lightweight and thin
form. Further, the OLED is advantageous in terms of power
consumption since it is driven with a low voltage. Also, the
OLED has an excellent color expression ability, a high
response speed, a wide viewing angle, and a high contrast
ratio (CR). Therefore, the OLED has received attention as a
next-generation display device.

[0006] Among organic light emitting display devices, a
top-emission organic light emitting display device uses a
transparent electrode or a semi-transmission electrode as a
cathode in order to emit light emitted from an organic light
emitting layer to an upper side. In both instances, where a
transparent electrode is used as a cathode and where a semi-
transmission electrode is used as a cathode, the cathode is
formed to have small thickness in order to improve transmis-
sivity. A decrease in thickness of the cathode causes an
increase in electrical resistance of the cathode, Thus, with a
large-sized organic light emitting display device, voltage
drop may occur in the pixels that are located farther away
from a voltage supply pad unit, which may cause non-unifor-
mity in luminance of the organic light emitting display
device.

[0007] In the conventional OLED devices, auxiliary elec-
trodes and partition walls provided on the same substrate as
the cathode have been used to minimize the voltage drop.
More specifically, a partition wall having a reverse tapered
shape is provided between two adjacent sub-pixels and an
auxiliary electrode is placed under the partition wall (i.e.,
toward the smaller surface of the auxiliary electrode). The
partition wail functions similar to an umbrella, and hinders
the organic light emitting layer to be disposed thereunder. As
such, the partition wall disconnects the organic light emitting
layer between the sub-pixel areas and exposes a portion of the
auxiliary electrode without being covered by the organic light
emitting layer. As such, the cathode over the organic light
emitting layer, which has better step coverage than the
organic light emitting layer, can be in contact with the
exposed portion of the auxiliary electrode under the partition
wall.
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[0008] 1In such a configuration, the size of the contact area
between the auxiliary electrode and the cathode depends on
the size of the exposed portion of the auxiliary electrode. Not
much benefit is gained from the auxiliary electrode if the
contact area between the auxiliary electrode and the cathode
is too small. Accordingly, the partition walls need to be suf-
ficiently large in order to expose the auxiliary electrode. In a
given size of the organic light emitting display device, how-
ever, increasing the size of the partition walls translates to a
decrease in the aperture ratio of the sub-pixels of the organic
light emitting display device.

SUMMARY OF THE INVENTION

[0009] The inventors of the present invention recognized
the problems of the conventional organic light emitting dis-
play device with the auxiliary electrodes configured under the
partition walls as described above. Thus, the inventors
invented an organic light emitting display device with a novel
structure in which the cathode and the auxiliary electrodes are
connected without using the partition wall, thereby providing
sufficient contact area between a cathode and an auxiliary
electrode without the undesired decrease in the aperture ratio
of the sub-pixels.

[0010] An object of the present invention is to provide an
organic light emitting display device configured to minimize
the voltage drop caused by a resistance of a cathode in order
to maintain uniformity in luminance of the entire display, and
a method for manufacturing the same.

[0011] Another object of the present invention is to provide
an organic light emitting display device in which a contact
resistance is greatly decreased due to a large contact area
between an auxiliary electrode and a cathode, and a method
for manufacturing the same.

[0012] Yet another object of the present invention is to
provide an organic light emitting display device which can
solve a problem of a decrease in an aperture ratio caused by
disposing an auxiliary electrode between sub-pixel areas, and
a method for manufacturing the same.

[0013] According to an aspect of the present invention, in
order to achieve the above-described objects, there is pro-
vided an organic light emitting display device comprising a
lower substrate and an upper substrate; a bank layer on the
lower substrate to define a plurality of sub-pixel areas; a
cathode provided on the lower substrate, the cathode covering
the plurality of sub-pixel areas and the bank layer; an auxil-
iary electrode provided on the upper substrate, the auxiliary
electrode being positioned between two immediately adja-
cent sub-pixel areas among the plurality of pixel areas defined
by the bank layer; and a connection assistance unit provided
on at least one of the lower substrate and the upper substrate,
wherein the connection assistance unit is positioned to allow
the auxiliary electrode on the upper substrate to be in contact
with the cathode on the lower substrate.

[0014] According to another feature of the present inven-
tion, the connection assistance unit may be formed of a mate-
rial that expands upon laser irradiation.

[0015] According to yet another feature of the present
invention, the connection assistance unit may be interposed
between the bank layer and the cathode such that a portion of
the cathode on the bank layer is protruded toward the auxil-
iary electrode on the upper substrate.

[0016] According to still another feature of the present
invention, the organic light emitting display device may fur-
ther comprise an additional connection assistance unit inter-
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posed between the auxiliary electrode and the upper substrate
such that the auxiliary electrode over the connection assis-
tance unit is protruded toward a portion of the cathode on the
bank layer.

[0017] According to still another feature of the present
invention, the additional connection assistance may be
formed of a material that expands upon laser irradiation.
[0018] According to still another feature of the present
invention, the organic light emitting display device may fur-
ther comprise a first color filter and a second color filter on the
upper substrate, each of the first color filter and the second
color filter may correspond to a different sub-pixel area of the
two immediately adjacent sub-pixel areas separated by the
auxiliary electrode, wherein at least one of the first color filter
and the second color filter may be arranged to overlap with the
auxiliary electrode.

[0019] According to still another feature of the present
invention, the organic light emitting display device may fur-
ther comprise an alignment key disposed in a non-display
area of the upper substrate for alignment between the upper
and lower substrates; and a spacer on the upper substrate
provided under the auxiliary electrode, the spacer and the
alignment key may be formed of a same material.

[0020] According to still another feature of the present
invention, the connection assistance unit may be interposed
between the auxiliary electrode and the upper substrate such
that the auxiliary electrode over the connection assistance
unit is protruded toward a portion of the cathode on the bank
layer.

[0021] According to still another feature of the present
invention, the auxiliary electrode may be configured to pre-
vent the mixing of colors between a first sub-pixel area and a
second sub-pixel area.

[0022] According to still another feature of the present
invention, the auxiliary electrode may have a hydrophobic
property.

[0023] According to anotheraspect of the present invention
to achieve the above-described objects, there is provided a
method for manufacturing an organic light emitting display
device, comprising: a step of forming a bank layer on a lower
substrate to define a plurality of sub-pixel areas; a step of
providing a laser expandable material on at least one of the
lower substrate and an upper substrate, wherein the laser
expandable material is formed in a region between two imme-
diately adjacent sub-pixel areas among the plurality of sub-
pixel areas; a step of forming a cathode on the lower substrate
so as to cover the plurality of sub-pixel areas and the bank
layer; a step of forming an auxiliary electrode on an upper
substrate, wherein the auxiliary electrode is formed in the
region between the two immediately adjacent sub-pixel areas
among the plurality of sub-pixel areas; a step of bonding the
lower and upper substrates with an adhesive resin; and a step
of irradiating the laser expandable material with a laser to
expand the laser expandable material so that the cathode and
the auxiliary electrode come in contact with each other.
[0024] According to another feature of the present inven-
tion, the laser expandable material may be provided on the
upper substrate such that the laser expandable material is
interposed between the auxiliary electrode and the upper
substrate.

[0025] According to yet another feature of the present
invention, the laser expandable material may be provided on
the lower substrate such that the laser expandable material is
interposed between the cathode and the bank layer.
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[0026] As such, the present invention can minimize the
occurrences of voltage drop in the cathode by electrically
connecting the cathode on the lower substrate to the auxiliary
electrode provided on the upper substrate to increase the
contact area between the auxiliary electrode and the cathode.
Accordingly, uniformity in luminance of the organic light
emitting display device can be obtained without having to
sacrifice the aperture ratio of the sub-pixels by the use of the
partition walls.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The above and other aspects, features and other
advantages of the present invention will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:
[0028] FIG. 1is a schematic cross-sectional view of a top-
emission organic light emitting display device according to
an exemplary embodiment of the present invention;

[0029] FIG. 2 is a schematic cross-sectional view of a top-
emission organic light emitting display device according to
another exemplary embodiment of the present invention;
[0030] FIG. 3 is a schematic cross-sectional view of a top-
emission organic light emitting display device according to
yet another exemplary embodiment of the present invention;
[0031] FIG. 41s a schematic cross-sectional view of a top-
emission organic light emitting display device according to
still another exemplary embodiment of the present invention;
[0032] FIG. 5is a schematic cross-sectional view of a top-
emission organic light emitting display device according to
still another exemplary embodiment of the present invention;
[0033] FIG. 6 is a schematic cross-sectional view of a top-
emission organic light emitting display device according to
still another exemplary embodiment of the present invention;
[0034] FIG. 7 is a flowchart provided to explain a method
for manufacturing an organic light emitting display device
according to an exemplary embodiment of the present inven-
tion;

[0035] FIG. 8 is a flowchart provided to explain a method
for manufacturing an organic light emitting display device
according to another exemplary embodiment of the present
invention; and

[0036] FIG. 9is a schematic cross-sectional view of a top-
emission organic light emitting display device according to
still another exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0037] Advantages and features of the present invention,
and methods for accomplishing the same will be more clearly
understood from exemplary embodiments described below
with reference to the accompanying drawings. However, the
present invention is not limited to the following exemplary
embodiments and may be implemented in various different
forms. The exemplary embodiments are provided only to
complete disclosure of the present invention and to fully
provide a person having ordinary skill in the art to which the
present invention pertains with the category of the invention,
and the present invention will be defined by the appended
claims.

[0038] The shapes, sizes, ratios, angles, numbers, and the
like shown in the accompanying drawings for describing the
exemplary embodiments of the present invention are merely
examples, and the present invention is not limited thereto.
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Like reference numerals generally denote like elements
throughout the present specification.

[0039] In the following description, a detailed explanation
of known related technologies may be omitted to avoid
unnecessarily obscuring the subject matter of the present
disclosure. The terms such as “including,” “having,” and
“consist of” used herein are generally intended to allow other
components to be added unless the terms are used with the
term “only”. Any references to singular may include plural
unless expressly stated otherwise.

[0040] Ranges relating to some of the components men-
tioned in the disclosure may be adjusted by the ordinary
fabrication error margins even though the increase or
decrease of the range by the fabrication error margins is not
expressly stated.

[0041] When the position relation between two parts is
described using the terms such as “on”, “above” “below”,
“next” and the like, one or more parts may be positioned
between the two parts unless the terms are used with the term
“immediately” or “directly” is not used.

[0042] Unless expressly stated otherwise, an element or a
layer described as being “on” another element or “adjacent”
to another element is not necessarily placed directly on the
other element or immediately adjacent to another element.
Otherlayers or elements may be present therebetween, unless
oneis directly on another element/layer or immediately adja-
cent to another element/layer.

[0043] Although the terms “first”, “second”, and the like
are used for describing various components, these compo-
nents are not confined by these terms. These terms are merely
used for distinguishing one component from the other com-
ponents. Therefore, a first component to be mentioned below
may be a second component in a technical concept of the
present invention.

[0044] Various exemplary embodiments of the present
invention will be described in detail with reference to the
accompanying drawings.

[0045] FIG. 11is a schematic cross-sectional view of a top-
emission organic light emitting display device according to
an exemplary embodiment of the present invention.

[0046] Referring to FIG. 1, an organic light emitting dis-
play device 100 according to an exemplary embodiment of
the present invention includes a lower substrate 110, a buffer
layer 120, a gate insulating layer 122, a thin film transistor
130 an interlayer dielectric layer 136, an overcoating layer
140, a first anode 1504, a second anode 1505, a bank layer
152, a connection assistance unit 154, an organic light emit-
ting layer 156, a cathode 158, an auxiliary electrode 160, an
adhesive resin layer 170, a first color filter layer 180a, a
second color filter layer 1805, a black matrix 182, and an
upper substrate 190.

[0047] Thelower substrate 110 and the upper substrate 190
support various components of the organic light emitting
display device 100. The lower substrate 110 and the upper
substrate 190 may be formed of a material provided with
some degree of transparency and flexibility, for example
polyimide (PI), thin-glass and the like.

[0048] A bank layer is provided on lower substrate 110 to
define a plurality of sub-pixels between the lower substrate
110 and the upper substrate 190. That is, the batik area BA is
configured to separate multiple sub-pixel areas, and does not
emit light. For instance, a first sub-pixel area 1PA and a
second sub-pixel area 2PA are separated by the bank area BA
of the bank layer. The first sub-pixel area 1PA and the second
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sub-pixel area 2PA are configured to emit light of a different
color from one another. The first sub-pixel area 1PA and the
second sub-pixel area 2PA are configured to emit light any
one of red, green, blue and white color.

[0049] The buffer layer 120 is formed on the lower sub-
strate 110. The buffer layer 120 may be formed of a transpar-
ent material. The buffer layer 120 protects the components on
the lower substrate 110 from undesired impurities or mois-
ture. It should be noted that the buffer layer 120 may not be
provided on the lower substrate 110 depending on the mate-
rial of the lower substrate 110. Also, the structure, placement
and the material of the butler layer 120 can vary depending on
the structure of the thin film transistor 130 as well as the type
of the active layer 131 used in the thin-film transistor 130.
[0050] The thin film transistor 130 is disposed on the buffer
layer 120. As illustrated in FIG. 1, the thin film transistor 130
includes an active layer 131, a gate electrode 132, a source
electrode 133, and a drain electrode 134. In the example
depicted in FIG. 1, the active layer 131 is formed on the buffer
layer 120, the gate insulting layer 122 for insulating the active
layer 131. The gate electrode 132 1is formed on the active layer
131, and the gate electrode 132 is formed on the gate insulat-
ing layer 122 so as to be overlapped with the active layer 131.
The interlayer dielectric layer 136 is formed on the gate
electrode 132 and the gate insulating layer 122, and the source
electrode 133 and the drain electrode 134 are formed on the
interlayer dielectric layer 136. The source electrode 133 and
the drain electrode 134 are electrically connected with the
active layer 131. In the drawings of the present specification,
only a driving thin film transistor among various thin film
transistors in the organic light emitting display device 100 is
illustrated for convenience of explanation. Further, in the
present specification, the thin film transistor 130 having a
coplanar structure is described, but a thin film transistor hav-
ing an inverted staggered structure can also be used.

[0051] The overcoating layer 140 is disposed on the thin
film transistor 130. The overcoating layer 140 is configured to
planarize an upper portion of a substrate.

[0052] The first anode 150a and the second anode 1505 are
disposed on the overcoating layer 140. Contact holes are
provided through the overcoating layer 140 to electrically
connect the source electrode 133 of the thin film transistor
130 with the first anode 150a and the second anode 1505.
Each of the first anode 150 and the second anode 1505
applies a voltage to the organic light emitting layer 156. As
illustrated in FIG. 1, the first anode 150a and the second
anode 1505 are separated from each other such that the first
anode 1504 is provided in the first sub-pixel area 1PA and the
second anode 1505 is provided in the second sub-pixel area
2PA.

[0053] Each of the first anode 1504 and the second anode
1505 may be formed of a transparent conductive material
having a high work function value and a reflector. Herein, the
transparent conductive material may include indium tin oxide
(ITO), indium zinc oxide (IZ0), and indium tin zinc oxide
(ITZO).

[0054] Thebank layer 152 is disposed to cover edges of the
first anode 150a and the second anode 1505. The bank layer
152 is disposed in the bank area BA and separates the adjacent
sub-pixel areas 1PA and 2PA. The bank layer 152, may be
formed of any one of transparent organic insulating materials
such as polyimide. photo acryl, and benzocyclobutene
(BCB), or may be formed of a black material such as a black
resin.
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[0055] The connection assistance unit 154 is interposed
between the lower substrate 110 and the upper substrate 190
such that the cathode 158 and the auxiliary electrode 160 can
be easily brought into contact with each other. In FIG. 1, the
connection assistance unit 154 is disposed on the bank layer
152 in the bank area BA so that its position corresponds to the
auxiliary electrode 160. The connection assistance unit 154
provided on the upper surface of the bank layer 152 at the
bank area BA may be tapered toward the auxiliary electrode
160 provided on the upper substrate.

[0056] The connection assistance unit 154 may be formed
of the same material as that of the bank layer 152, or may be
formed of the same material as that of a column spacer, which
may be provided in the organic light emitting display device
100.

[0057] Further, the connection assistance unit 154 may be
formed of a material that expands by laser irradiation. To be
specific, the connection assistance unit 154 may comprise a
binder, an IR dye, a crosslinker, a plasticizer, and the like.
Since the connection assistance unit 154 is formed of a mate-
rial that expands by laser irradiation, the connection assis-
tance unit 154 disposed in the bank area BA expands upon
laser irradiation and facilitates the cathode 158 and the aux-
iliary electrode 160 to be in contact with each other in the
bank area BA.

[0058] As such, the bank layer 152 at the bank area BA does
not need a height that makes the cathode 158 and the auxiliary
electrode 160 to be in contact with each other. The height of
the bank layer 152 at the bank area BA is sufficient so long as
the contact between the cathode 158 and the auxiliary elec-
trode 160 can he made by the expansion of the connection
assistance unit 154. For example, the bank layer 152 may
have a height equal to or higher than 1 pm.

[0059] Although the connection assistance unit 154 is pro-
vided between the bank layer 152 and the cathode 158 in the
example depicted in FIG. 1, in some other embodiments, the
connection assistance unit 154 may be provided between the
auxiliary electrode 160 and the upper substrate 190. In some
embodiments, the connection assistance unit 154 may be
provided between the bark layer 152 and the cathode 158 as
well as between the auxiliary electrode 160 and the upper
substrate 190.

[0060] The organic light emitting layer 156 is disposed on
the first anode 1504, the second anode 1505, the bank layer
152, and the connection assistance unit 154. The organic light
emitting layer 156 is configured to receive a voltage from the
first anode 1504, the second anode 1505, and the cathode 158
and emit light. In FIG. 1, the organic light emitting layer 156
is illustrated as being continuously disposed over the entire
first sub-pixel area 1PA, the bank area BA and the second
sub-pixel area 2PA. The organic light emitting layer 156 may
be configured to emit white light. However, it should be noted
that the organic light emitting layers 156 in the first sub-pixel
area 1PA and the second sub-pixel area 2PA may be separated
from each other and configured to emit different colors from
one another.

[0061] The cathode 158 is disposed on the organic light
emitting layer 156. As illustrated in FIG. 1, the cathode 158 is
disposed continuously over the first sub-pixel area 1PA, the
bank area BA and the second sub-pixel area 2PA. The cathode
158 is arranged such that the organic light emitting layer 156
is interposed between the cathode 158 and the anode (150q,
1500). The cathode 158 may be connected to a power line and
configured to apply the same voltage to all of the sub-pixel
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areas. The cathode 158 may be formed of very thin layer of
one or mote of metallic materials with a low work function
value, such as silver (Ag), titanium (Ti), aluminum (Al),
molybdenum (Mo), or an alloy of silver (Ag) and magnesium
(Mg). With sufficiently thin layer of such materials, the cath-
ode 158 can be transparent enough to transmit light from the
organic light emitting layer 156. In some embodiments, the
cathode 158 is formed from transparent materials such as ITO
or [70.

[0062] Theauxiliary electrode 160 is disposed on the upper
substrate 190 (i.e., the substrate other than the one provided
with the anode 150, the organic light emitting layer 156 and
the cathode 158). The auxiliary electrode 160 is positioned on
the upper substrate 190 such that it is aligned to the bank area
BA when the upper substrate and the lower substrate are
joined together. As illustrated in FIG. 1, the auxiliary elec-
trode 160 may be protruded toward the cathode 158 in the
bank area BA. The auxiliary electrode 160 may be formed of
a material having a sheet resistance of about 50Q/sq or less,
suich as aluminum (Al), copper (Cu), molybdenum (Mo), and
silver (Ag). The auxiliary electrodes may be formed in a line
parallel to gate lines or data. lines of the organic light emitting
display device. Also, the auxiliary electrodes may be pro-
vided in a mesh pattern corresponding to the bank layer. The
auxiliary electrode 160 is in contact with the cathode 158 in
the bank area BA to help suppress occurrences of voltage
drops in the cathode 158.

[0063] The cathode 158 and the auxiliary electrode 160
may be connected by welding, To be more specific, a part of
the cathode 158 and/or a part of the auxiliary electrode 160
canbe melted by alaser beam, and then gradually hardened as
a temperature decreases. In this process, the cathode 158 and
the auxiliary electrode 160 can be directly contact each other.
Since the cathode 158 and the auxiliary electrode 160 are
connected by welding, a sufficient contact area between the
cathode 158 and the auxiliary electrode 160 can be obtained.
It should be noted that the connection assistance unit 154 may
be expanded by the laser beam that is used to melt the part of
the cathode 158 and/or the part of the auxiliary electrode 160.
That is, the expansion of the connection assistance unit 154
may occur as the melting of the cathode 158 and/or the aux-
iliary electrode 160 is carried out by the laser irradiation. In
some cases, a separate laser irradiation processes can be used
for the expansion of the connection assistance electrode 154
and for the melting of the cathode 158 and/or the auxiliary
electrode 160. A laser beam may be irradiated from the out-
side ofthe upper substrate 190 toward the cathode 158 and the
auxiliary electrode 160, but the direction in which the laser is
irradiated from may not be limited as described above.
[0064] If a laser beam is irradiated to the sub-pixel areas
1PA and 2PA, the organic light emitting layer 156 disposed in
the sub-pixel areas 1PA and 2PA may be damaged. Therefore,
a laser beam cannot be irradiated to the entire surface of the
upper substrate 190 to connect the cathode 158 and the aux-
iliary electrode 160. Accordingly, the laser should be irradi-
ated on the targeted regions. Here, the time needed for con-
necting the cathode 158 and the auxiliary electrode 160
increases as a region in need of laser irradiation, i.e., the
region Where the cathode 158 and the auxiliary electrode 160
to be in contact, which slows down the production of the
organic light emitting display devices.

[0065] Accordingly, the number of auxiliary electrodes 160
provided in the organic light emitting display device 100 is
not particularly limited. Further, the size and the number of



US 2016/0035803 A1

actual contact areas between the cathode 158 and the auxil-
iary electrode 160 can be changed considering the magnitude
of the voltage drop as well as the manufacturing time of the
organic light emitting display device 100. For example, in
some embodiments, the entire portion of the auxiliary elec-
trode 160 provided along the bank area BA may be in contact
with the cathode 158. In some other embodiments, only lim-
ited portions of the auxiliary electrode 160 may be in contact
with the cathode 158, even though the auxiliary electrode 160
extends along the bank area BA. For instance, the cathode 158
and the auxiliary electrode 160 may be in contact with each
other only at certain limited areas within the bank areas BA
around the sub-pixel areas.

[0066] The adhesive resin layer 170 is provided between
the lower substrate 110 and the upper substrate 190. In a state
where the adhesive resin is provided between the lower sub-
strate 110 and the upper substrate 190, the adhesive resin can
be hardened by heat or ultraviolet rays to bond the two sub-
strates. However, the adhesive resin layer 170 may be formed
of a thermosetting resin having a hydrophilic property and
hardened by heat or ultraviolet rays.

[0067] In some embodiments, the adhesive resin may be
coated on the upper substrate 190, then the lower substrate
110 and the upper substrate 190 are aligned over each other to
be bonded together. In order for the auxiliary electrode 160 to
be in contact the cathode 158, it is preferred that the surface of
the auxiliary electrode 160 facing the cathode 158 is exposed
through the adhesive resin coated on the upper substrate 190.
[0068] As mentioned, the adhesive resin may have a hydro-
philic property. In such cases, the surface of the auxiliary
electrode 160 facing the cathode 158 may be processed to
have a hydrophobic property to minimize the surface of the
auxiliary electrode 160 covered by the adhesive resin 170
coated over the upper substrate 190.

[0069] In this regard, the surface of the auxiliary electrode
160 may be treated with plasma to provide a hydrophobic
property. For example, in order for the surface of the auxiliary
electrode 160 to have a hydrophobic property, the auxiliary
electrode 160 may be disposed within a plasma chamber and
a tetrafluoromethane (CF4) gas may be introduced into the
chamber, and a chamber pressure and an application voltage
may be regulated. Further, in order for the surface of the
auxiliary electrode 160 to have a hydrophobic property, the
surface of the auxiliary electrode 160 may be doped with
hydrophobic ions.

[0070] The upper substrate 190 may be provided with a
plurality of color filters. In FIG. 1, the first color filter layer
180q and the second color filter layer 1805 are provided in the
first sub-pixel area 1PA and in the second sub-pixel area 2PA,
respectively. Each of the first color filter layer 180a and the
second color filter layer 1804 is configured to transmit light of
aspecific color. Each of the first color filter layer 1804 and the
second color filter layer 1805 may have a thickness from 1 um
to 3 um, but may not be limited thereto.

[0071] The black matrix 182 is provided on the upper sub-
strate 190, and is disposed between the first color filter layer
180a and the second color filter layer 1805. The black matrix
182 may be formed of a material that does not transmit light.
The black matrix 182 prevents the mixing of colors between
the first sub-pixel area 1PA and the second sub-pixel area
2PA.

[0072] As described above, conventional organic light
emitting display devices use a partition wall having a reverse
taper shape and is disposed on a bank layer to expose at least
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some portion of an auxiliary electrode placed thereunder.
Thus, the size of non-light emitting region between the two
sub-pixel areas can be increased by the partition wall, for
example, to about 20 um. Accordingly, the partition wall
causes reduction in the aperture ratio of the sub-pixels of the
organic light emitting display device. Further, only the
exposed portion of the auxiliary electrode created by the
partition wall is in contact with the cathode. In such a con-
figuration, the width of the contact area of the cathode and the
auxiliary electrode may be merely about 1 pm. Therefore, the
size of the contact area between the cathode and the auxiliary
electrode may not be enough to alleviate the voltage drop
issue in the organic light emitting display device.

[0073] In the organic light en fitting display device 100 of
an embodiment ofthe present invention, however, the cathode
158 and the auxiliary electrode 160 are placed on the opposite
substrates of the organic light emitting display device 100.
Also, the organic light emitting display device 100 employs
the connection assistance unit 154, which expands upon irra-
diation of the laser, to ensure that the cathode 158 and the
auxiliary electrode 160 are in a direct contact with each other.
Therefore, a much greater contact area can be provided
between the cathode 158 and the auxiliary electrode 160 in
the organic light emitting display device 100 without having
to use the partition wall. By way of an example, the width of
the contact surface between the cathode 158 and the auxiliary
electrode 160 at the bank area BA can be about 50 pm, which
is much greater than the width of the contact area that would
have been created by the partition wall in the organic light
emitting display device of the same size. With a much greater
contact area, the contact resistance between the cathode 158
and the auxiliary electrode 160 can be greatly reduced and
occurrences of the voltage drop can be minimized. Further,
more sub-pixels having a large aperture ratio can be provided
in the organic light emitting display device 100 as a sufficient
contact area between e cathode 158 and the auxiliary elec-
trode 160 can be obtained without the partition wall.

[0074] FIG. 2 is a schematic cross-sectional view of a top-
emission organic light emitting display device according to
another exemplary embodiment of the present invention.

[0075] An organic light emitting display device 200 illus-
trated in FIG. 2 is substantially the same as the organic light
display device 100 illustrated in FIG. 1 except an additional
connection assistance unit 284 is further included. Therefore,
redundant explanation thereof will be omitted.

[0076] Referring to FIG. 2, the e organic light emitting
display device 200 according to another exemplary embodi-
ment of the present invention includes the additional connec-
tion assistance unit 284. The additional connection assistance
unit 284 may be disposed between the auxiliary electrode 260
and the upper substrate 190 so that the cathode 158 and the
auxiliary electrode 260 can be more readily welded and con-
nected by laser irradiation.

[0077] To this end, the additional connection assistance
unit 284 is disposed so as to correspond to the auxiliary
electrode 260 in the bank area BA. The additional connection
assistance unit 284 is disposed on the upper substrate 190
before the lower substrate 110 and the upper substrate 190 are
bonded to each other. As illustrated in FIG. 2, the additional
connection assistance unit 284 may have a shape protruding
toward the bank layer 152. Similar to the connection assis-
tance unit 154, the additional connection assistance unit 284
can also be formed of a material that expands when irradiated
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with a laser to ensure the cathode 158 and the auxiliary
electrode 260 are in contact to each other.

[0078] FIG. 3 is a schematic cross-sectional view of yet
another exemplary embodiment of the present invention pro-
vided with a connection assistance unit to increase the contact
area between the auxiliary electrode and the cathode as well
as the aperture ratio of the sub-pixels.

[0079] Referring to FIG. 3, the connection assistance unit
354 is disposed between the auxiliary electrode 360 and the
upper substrate 190, rather than being provided between the
bank layer 152 and the cathode 158 in the bank area BA. The
connection assistance unit 354 tapers down toward the cath-
ode 158. That is, the portion of the connection assistance unit
354 that is closer to the cathode 158 is narrower than the
portion that is farther away from the cathode 158. The con-
nection assistance unit 354 illustrated in FIG. 3 may be dis-
posed on the upper substrate 190 before the lower substrate
110 and the upper substrate 190 are bonded to each other.
[0080] The organic light emitting display device 300 illus-
trated in FIG. 3 is substantially the same as the organic light
emitting display device 100 illustrated in FIG. 1 except a
connection assistance unit 354 is disposed between an auxil-
iary electrode 360 and the upper substrate 190 such that the
auxiliary electrode 360 covers the connection assistance unit
354. Therefore, redundant explanation thereof will be omit-
ted.

[0081] FIG. 41s a schematic cross-sectional view of a top-
emission organic light emitting display device according to
still another exemplary embodiment of the present invention.
[0082] An organic light emitting display device 400 illus-
trated in FIG. 4 is substantially the same as the organic light
emitting display device 100 illustrated in FIG. 1 except that
instead of the black matrix 182, an auxiliary electrode 460
serves as a black matrix. Therefore, redundant explanation
thereof will be omitted.

[0083] Referring to FIG. 4, the auxiliary electrode 460 is
disposed between the first color filter layer 180a and the
second color filter layer 1805. The auxiliary electrode 460 is
configured to minimize a voltage drop at the cathode 158 and
also prevent mixing of colors between the first sub-pixel area
1PA and the second sub-pixel area 2PA. For example, the
auxiliary electrode 460 is formed of a metal having a reflec-
tion property so as to reflect light leaking from the first sub-
pixel area 1PA to the second sub-pixel 2PA and reflect a light
leaking from the second sub-pixel 2PA to the first sub-pixel
area 1PA. Considering that the auxiliary electrode 460 pre-
vents the mixing of colors between the sub-pixel areas 1PA
and 2PA, the auxiliary electrode 460 can be said to serve as the
black matrix 182 in the organic light emitting display device
100 illustrated in FIG. 1.

[0084] Theauxiliary electrode 460 may be formed ofa base
metal having a reflection property, such as aluminum (Al),
copper (Cu), and molybdenum (Mo). Further, in order to
minimize outer light reflection, the auxiliary electrode 460
may be formed of a low-reflectivity metal having a light
reflectivity of 20 to 40%.

[0085] In the organic light emitting display device 400
according to still another exemplary embodiment of the
present invention, the auxiliary electrode 460 serves as a
black matrix. Thus, manufacturing costs of the organic light
emitting display device 400 can be reduced.

[0086] FIG. 5 is a schematic cross-sectional view of an
exemplary organic light emitting display device according to
an embodiment of the present invention. In this example, the
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first color filter layer and the second filter layer on the upper
substrate 190 are arranged to overlap each other in the bank
area BA and the auxiliary electrode 560 is provided thereon.
[0087] Referring to FIG. 5, both the first color filter layer
580a and he second filter layer 5805 are extended to the
region of the upper substrate that corresponds to the bank area
BA between two adjacent sub-pixels. That is, the first color
filter layer 580a and the second color filter layer 5806 at least
partially overlap each other in the region of the upper sub-
strate that corresponds to the bank area BA, In this configu-
ration, the auxiliary electrode 560 provided over the first color
filter layer 580a and the second color filter layer 5805 can be
positioned closer to the cathode 158 on the lower substrate
110. In some embodiments, the total height of the first color
filter 5804 and the second color filer 5805 in the region of the
upper substrate 190 corresponding to the bank area BA may
be about 2 um or more.

[0088] Although both the first color filter 5804 and the
second color filter 5805 are illustrated in FIG. 5 as being
extended to the region corresponding to the bank area BA,
only one ofthe first color filter 580a and the second color filter
580) may be provided in the region corresponding to the bank
area BA to adjust the elevation of the auxiliary electrode 560.
Further, the area where the first color filter 580a and the
second color filter 5805 need not be extended over the entire
region under the auxiliary electrode 560 (or the black matrix)
between the two sub-pixel areas. That is, the first color filler
580a and the second color filter 5805 may be extended only
partially into the region between the two sub-pixel areas. In
this way, the first color filter 580a and the second color filter
5806 overlap each other at the mid portion of the region
between the two sub-pixel areas. The overlapping portion of
the first color filter 5804 and the second color filter 5805 can
serve as a bump, which makes the portion of the auxiliary
electrode 560 over the overlapping area to be protruded
toward the cathode 158 on the lower substrate 110.

[0089] As mentioned above, the auxiliary electrode 560 in
the bank area BA can serve as the black matrix between the
first sub-pixel area 1PA and the second sub-pixel area 2BA.
Thus, the first color filter 580 and the second color filter
5804 can be provided under the auxiliary electrode 560 with-
out a separate black matrix 182 between the two sub-pixel
areas as depicted in FIG. 5. However, it should be noted that
the overlapping of the color filter layers in the bank area BA
may be employed in various other embodiments of the
organic light emitting display device of the present invention.
In other embodiments, which include the discrete black
matrix 182 between the two sub-pixel areas, at least one of the
first color filter 580a and the second color filter 5805 can be
extended onto the black matrix 182. Further, a connection
assistance unit 154 may also be provided between the auxil-
iary electrode 560 and the stack of color filters in the bank
area BA.

[0090] Thestackof color filters or the stack of color filter(s)
and the black matrix may make it difficult for the laser to
reach the auxiliary electrode 560. The throughput of the laser
canbe increased so that it can melt the auxiliary electrode 560
and/or to expand the connection assistance unit 154, but the
increased power of the laser may damage some of the com-
ponents in the organic light emitting display device 100.
Accordingly, the auxiliary electrode 560 can be irradiated by
the laser from the lower substrate 110 to keep the power level
of the laser within the range that is suitable for other elements
of the organic light emitting display device 100.
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[0091] FIG. 6 is a schematic cross-sectional view of a top-
emission organic light emitting display device according to
still another exemplary embodiment of the present invention.

[0092] The organic light emitting display device 600 illus-
trated in FIG. 6 is substantially the same as the organic light
emitting display device 500 illustrated in FIG. 5 except that a
spacer 692, which is formed of the same material as the
alignment keys 694 and 696 are provided between the auxil-
iary electrode 660 and the upper substrate 190. Therefore,
redundant explanation thereof will be omitted.

[0093] Referring to FIG. 6, alignment keys 694 and 696 are
provided on the lower substrate 110 and the upper substrate
190. The organic light emitting display device 600 further
includes the spacer 692 on the upper substrate 190.

[0094] Thespacer 692 is provided in the bank area BA. The
spacer 692 is provided between the auxiliary electrode 660
and the upper substrate 190 to position the auxiliary electrode
660 on the upper substrate 190 closer to the cathode 158 on
the lower substrate 110.

[0095] The spacer 692 and the alignment key 694 of the
upper substrate 190 may be formed at the same time. That is,
the spacer 692 and the alignment key 694 may be formed of
the same material and by using the same process to minimize
the time necessary for providing the spacer 692 in the organic
light emitting display device 600. For example, the spacer
692 and the alignment key 694 may be patterned on the upper
substrate 190 prior to forming the color filters and/or black
matrix, and thus the spacer 692 ma be provided below the
plane level ofthe color filters on the upper substrate 190. If the
patterning of the spacer 692 and the alignment key 694 is
performed after the patterning of the color filters and/or the
black matrix on the upper substrate 190, the spacer 692 in the
bank area BA can be interposed between the auxiliary elec-
trode 660 and the color filters and/or black matrix.

[0096] The spacer 692 may have a height of 0.1 to 1 pm.
However, it should be noted that the height of the spacer 692
is not particularly limited as such, and the height of the spacer
692 can vary depending on the height of other elements
interposed between the auxiliary electrode 660 and the upper
substrate 190 as well as the distance between the cathode 158
and the auxiliary electrode 660.

[0097] The spacer 692 can be formed of any material suit-
able for the alignment key 694 and, at the same time, that is
capable of creating a bump between the auxiliary electrode
660 and the upper substrate 190. By way of example, the
spacer 692 and the alignment metal 694 may be formed of a
metal with low light reflectivity, but may not be limited
thereto. As mentioned, the spacer 692 may interposed
between auxiliary electrode 660 and the color filter and/or the
black matrix in the bank area BA, and thus the spacer 692 and
the alignment key 694 may also be formed of a reflective
metal.

[0098] FIG. 7 is a flowchart provided to explain a method
for manufacturing an organic light emitting display device
according to an exemplary embodiment of the present inven-
tion.

[0099] Firstly, a bank layer is disposed on a lower substrate
to separate the first and second sub-pixel areas with the bank
area BA (S710). Before the bank layer is disposed on the
lower substrate, a buffer layer, a gate insulating layer, a thin
film transistor, an interlayer dielectric layer, an overcoating
layer, a first anode, and a second anode may be further dis-
posed.
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[0100] Then, a connection assistance unit is disposed on the
bank layer (S720).

[0101] Then, a cathode is disposed on the lower substrate so
as to cover the bank layer (S730). The cathode may be dis-
posed in an entirety of the first and second sub-pixel areas,
and the bank area. Before the cathode is disposed on the lower
substrate, an organic light emitting layer may be further dis-
posed.

[0102] Then, an auxiliary electrode 1s disposed in a bank
area of an upper substrate (S740). Before the auxiliary elec-
trode is disposed on the upper substrate, the first and second
color filter layers, and a black matrix may be further disposed.
[0103] Then, an adhesive resin may be coated on the upper
substrate (5750). Since the auxiliary electrode needs to be
electrically connected with the cathode of the lower substrate
when the lower and upper substrates are bonded to each other,
a surface of the auxiliary electrode needs to avoid being
coated with the adhesive resin. A predetermined process may
be performed to the surface of the auxiliary electrode in order
for the surface of the auxiliary electrode to have a hydropho-
bic property so that the surface will not be covered by the
adhesive resin when the lower and upper substrates are
bonded to each other with the adhesive resin. To be specific,
the surface of the auxiliary electrode may be processed with
plasma or may be doped with hydrophobic ions. Thus, even if
the adhesive resin is coated on the entire surface of the upper
substrate, the surface of the auxiliary electrode does not stick
to the adhesive resin and can be exposed to the outside.
[0104] Then, the lower and upper substrates are bonded to
each other with the adhesive resin in order to electrically
connect the auxiliary electrode with the cathode (S760). To be
specific, the adhesive resin is hardened in a state where the
lower substrate is pressed to the upper substrate, so that the
lower and upper substrates can be bonded to each other.
[0105] Then, a laser beam may be irradiated to the bank
area of the upper substrate in order to connect the auxiliary
electrode with the cathode by welding (S770). When the laser
beam is irradiated, the connection assistance unit is
expanded. Thus, the auxiliary electrode and the cathode can
be more easily connected with each other.

[0106] FIG. 8 is a flowchart provided to explain a method
for manufacturing an organic light emitting display device
according to another exemplary embodiment of the present
invention.

[0107] A method for manufacturing an organic light emit-
ting display device illustrated in FIG. 8 is substantially the
same as the method for manufacturing an organic light emit-
ting display device illustrated in FIG. 7 except the connection
assistance unit is disposed on the upper substrate. Therefore,
redundant explanation thereof will be omitted.

[0108] Firstly, the bank layer is disposed on the lower sub-
strate (S810), and the cathode is disposed so as to cover the
bank layer (S820).

[0109] Then, the connection assistance unit is disposed on
the upper substrate (S830), and the auxiliary electrode is
disposed so as to cover the connection assistance unit (S840).
[0110] Then, the adhesive resin is coated on the upper sub-
strate (S850), and the lower and upper substrates are bonded
to each other with the adhesive resin in order to electrically
connect the auxiliary electrode with the cathode (S860).
[0111] Then, a laser beam is irradiated to the bank area of
the upper substrate in order to connect the auxiliary electrode
with the cathode by welding (S870).
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[0112] FIG. 9is a schematic cross-sectional view of a top-
emission organic light emitting display device according to
still another exemplary embodiment of the present invention.
[0113] An organic light emitting display device 900 illus-
trated in FIG. 9 is substantially the same as the organic light
emitting display device 100 illustrated in FIG. 1 except a
protective layer 972 is further included and an auxiliary elec-
trode 960 is connected with the cathode 158 with the protec-
tive layer 972 interposed therebetween. Therefore, redundant
explanation thereof will be omitted.

[0114] Referring to FIG. 9, the organic light emitting dis-
play device 900 further includes the protective layer 972. The
protective layer 972 is disposed between the cathode 158 and
the adhesive resin layer 170. The protective layer 972, has a
barrier property and suppresses penetration of moisture or
oxygen into the organic light emitting layer 156. The protec-
tive layer 972 may be formed of a material selected from the
group consisting of materials having an excellent barrier
property and transparency, such as aluminum oxide (AlOx),
aluminum oxide nitride (AIOxNy), titanium oxide (TiOx),
silicon oxide (Si0x), zinc oxide (ZnOx), and zirconium oxide
(ZrOx). The protective layer 972 may be disposed on the
lower substrate 110 before the lower substrate 110 and the
upper substrate 190 are bonded to each other.

[0115] Referring to FI1G. 9, the auxiliary electrode 960 is
electrically connected with the cathode 158 with the protec-
tive layer 972 interposed therebetween. As illustrated in FIG.
9, the auxiliary electrode 960 may have a shape in which a
distance between two parts of the auxiliary electrode 960
gradually increases from the upper substrate 190 toward the
lower substrate 110. The shape of the auxiliary electrode 960
is formed when a laser beam s irradiated toward the bank area
BA of the upper substrate 190. To be specific, by the laser
beam, a part of the cathode 158 and a part of the auxiliary
electrode 960 are melted and the protective layer 972 is
decomposed, so that the part of the cathode 158 and the part
of the auxiliary electrode 960 are connected with each other
by welding.

[0116] The organic light emitting display device 900
according to still another exemplary embodiment of the
present invention includes the protective layer 972 interposed
between the cathode 158 and the auxiliary electrode 960 and
also has a structure in which the cathode 158 and the auxiliary
electrode 960 are connected with each other by welding by
laser irradiation. Thus, the organic light emitting display
device 900 has an improved uniformity in luminance and also
an improved product life due to the protective layer 972 that
protects the organic light emitting display device 900 from
moisture or oxygen.

[0117] Although the exemplary embodiments of the
present invention have been described in detail with reference
to the accompanying drawings, the present invention is not
limited thereto and may be embodied in many different forms
without departing from the technical concept of the present
invention. Therefore, the exemplary embodiments of the
present invention are provided for illustrative purposes only
but not intended to limit the technical concept of the present
invention. The scope of the technical concept of the present
invention is not limited thereto. Therefore, it should be under-
stood that the above-described exemplary embodiments are
illustrative in all aspects and do not limit the present inven-
tion. The protective scope of the present invention should be
construed based on the following claims, and all the technical
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concepts in the equivalent scope thereof should be construed
as falling within the scope of the present invention.

What is claimed is:

1. An organic light emitting display device comprising:

a lower substrate and an upper substrate;

a bank layer on the lower substrate to define a plurality of
sub-pixel areas;

a cathode provided on the lower substrate, the cathode
covering the plurality of sub-pixel areas and the bank
layer;

an auxiliary electrode provided on the upper substrate, the
auxiliary electrode being positioned between two imme-
diately adjacent sub-pixel areas among the plurality of
pixel areas defined by the bank layer; and

a connection assistance unit provided on at least one of the
lower substrate and the upper substrate, wherein the
connection assistance unit is positioned to make the
auxiliary electrode on the upper substrate be in contact
with the cathode on the lower substrate.

2. The organic light emitting display device according to
claim 1, wherein the connection assistance unit is formed of a
material that expands upon laser irradiation.

3. The organic light emitting display device according to
claim 1, wherein the connection assistance unit is interposed
between the bank layer and the cathode such that a portion of
the cathode on the bank layer is protruded toward the auxil-
iary electrode on the upper substrate.

4. The organic light emitting display device according to
claim 3, further comprising;
an additional connection assistance unit interposed
between the auxiliary electrode and the upper substrate
such that the auxiliary electrode over the connection
assistance unit is protruded toward a portion of the cath-
ode on the bank layer.

5. The organic light emitting display device according to
claim 4, wherein the additional connection assistance is
formed of a material that expands upon laser irradiation.

6. The organic light emitting display device according to

claim 3, further comprising;:

a first color filter and a second color filter on the upper
substrate, each of the first color filter and the second
color filter corresponds to a different, sub-pixel area of
the two immediately adjacent sub-pixel areas separated
by the auxiliary electrode, wherein at least one of the
first color filter and the second color filter is arranged to
overlap with the auxiliary electrode.

7. The organic light emitting display device according to
claim 3, further comprising;

an alignment key disposed in a non-display area of the

upper substrate for alignment between the upper and
lower substrates; and

aspacer on the upper substrate provided under the auxiliary

electrode,
wherein the spacer and the alignment key are formed of a
same material.

8. The organic light emitting display device according to
claim 1, wherein the connection assistance unit is interposed
between he auxiliary electrode and the upper substrate such
that the auxiliary electrode over the connection assistance
unit is protruded toward a portion of the cathode on the bank
layer.
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9. The organic light emitting display device according to
claim 1, wherein the auxiliary electrode is configured to pre-
vent mixing of colors between a first sub-pixel area and a
second sub-pixel area.

10. The organic light emitting display device according to
claim 1, wherein the auxiliary electrode has a hydrophobic
property.

11. A method for manufacturing an organic light emitting
display device, the method comprising:

forming a bank layer on alower substrate define a plurality

of sub-pixel areas;

providing a laser expandable material on at least one of the

lower substrate and an upper substrate, wherein the laser
expandable material is formed in a region between two
immediately adjacent sub-pixel areas among the plural-
ity of sub-pixel areas;

forming a cathode on the lower substrate so as to cover the

plurality of sub-pixel areas and the bank layer;
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forming an auxiliary electrode on an upper substrate,
wherein the auxiliary electrode is formed in the region
between the two immediately adjacent sub-pixel areas
among the plurality of sub-pixel areas;

bonding the lower and upper substrates with an adhesive

resin; and

irradiating the laser expandable material with a laser to

expand the laser expandable material so that the cathode
and the auxiliary electrode come in contact with each
other.

12. The method according to claim 11, wherein the laser
expandable material is provided on the upper substrate such
that the laser expandable material is interposed between the
auxiliary electrode and the upper substrate.

13. The method according to claim 11, wherein the laser
expandable material is provided on the lower substrate such
that the laser expandable material is interposed between the
cathode and the bank layer.
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