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FIG. 3
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LARGE AREA ORGANIC LIGHT-EMITTING
DIODE DISPLAY

[0001] This application claims the benefit of Korea Patent
Application No. 10-2017-0134268 filed on Oct. 16, 2017,
which is incorporated herein by reference for all purposes as
if fully set forth herein.

BACKGROUND

Technical Field

[0002] The present disclosure relates to a large area
organic light-emitting diode (OLED) display, and more
particularly, to an OLED display including an auxiliary
cathode for reducing the sheet resistance of a cathode and
having an undercut structure for directly connecting the
auxiliary cathode to the cathode.

Related Art

[0003] Nowadays, various flat panel display devices are
developed for overcoming many drawbacks of the cathode
ray tube such as heavy weight and bulk volume. Such flat
panel display devices include the liquid crystal display
(LCD), the field emission display (FED), the plasma display
panel (PDP) and the electro-luminescence device (EL).
[0004] Electro-luminescence devices are classified into an
inorganic Electro-luminescence device and an organic light-
emitting diode (OLED) display according to the material of
an emission layer and are spontaneously emitting devices
having a high response speed, emission efficiency and
luminance and a wide viewing angle. Particularly, the OLED
display which has high energy efliciency and small leakage
current and easily represents gradation through current con-
trol is increasingly required.

[0005] In the OLED display, cathodes maintaining a
ground voltage are formed on the overall surface of a
substrate of a display panel. Although there is no significant
problem when the cathodes are formed of a metal material
having a low resistivity value, when the cathodes are formed
of a transparent conductive material in order to secure
transmissivity, the sheet resistance increases and thus a
problem may be generated with respect to picture quality.
[0006] For example, when cathodes contain a transparent
conductive material or indium-tin oxide or indium-zinc
oxide having larger resistivity than metals likes cathodes in
top emission type displays, the sheet resistance of the
cathodes increases. Then, the cathodes do not have a uni-
form voltage value over the overall area of the display panel.
Particularly, in the case of a large area OLED display,
luminance of the display may become uniform over the
overall screen, which is a very important issue.

SUMMARY

[0007] Accordingly, embodiments of the present disclo-
sure are directed to a large area organic light-emitting diode
display that substantially obviates one or more of the prob-
lems due to limitations and disadvantages of the related art.
[0008] An aspect of the present disclosure is to provide a
large area OLED display including a cathode and an auxil-
iary cathode directly connected to each other to reduce sheet
resistance, thereby achieving high display quality. Another
aspect of the present disclosure is to provide a larger area
OLED display capable of simplifying a manufacturing pro-
cess while including auxiliary cathodes.
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[0009] Additional features and aspects will be set forth in
the description that follows, and in part will be apparent
from the description, or may be learned by practice of the
inventive concepts provided herein. Other features and
aspects of the inventive concepts may be realized and
attained by the structure particularly pointed out in the
written description, or derivable therefrom, and the claims
hereof as well as the appended drawings.

[0010] To achieve these and other aspects of the inventive
concepts, as embodied and broadly described, an organic
light-emitting diode (OLED) display comprises a substrate,
an auxiliary connection line, an auxiliary cathode, a passi-
vation layer, an overcoat layer, a connection terminal, an
undercut opening, a bank, an organic emission layer and a
cathode. The auxiliary connection line may be disposed on
the substrate. The auxiliary cathode may be disposed on the
auxiliary connection line and connected to the auxiliary
connection line. The passivation layer may cover the aux-
iliary cathode. The overcoat layer may be formed on the
passivation layer. The connection terminal may be con-
nected to the auxiliary cathode on the overcoat layer. The
undercut opening may be formed on the overcoat layer to
expose a portion of the auxiliary cathode, an under area is
located in the undercut opening and disposed under one side
of the connection terminal. The bank may have a size larger
than the undercut opening and exposes the entire undercut
opening. The organic emission layer may be formed on a
region other than the under area in the undercut opening to
expose the portion of the auxiliary cathode. The cathode
may be directly connected to the exposed portion of the
auxiliary cathode on which the organic emission layer may
be not formed in the under area of the undercut opening.

[0011] For example, the overcoat layer may include an
over-etched stepped portion formed at a portion of the upper
part thereof exposed by the bank.

[0012] For example, the OLED display may further
include a light-shielding layer, a thin film transistor, a pixel
contact hole and an anode. The light-shielding layer may be
disposed on the substrate at the same level as the auxiliary
connection line. The thin film transistor may be disposed on
the light-shielding layer and under the passivation layer. The
pixel contact hole may be formed in the overcoat layer and
selectively exposes the thin film transistor. The anode may
be connected to the thin film transistor through the pixel
contact hole on the overcoat layer. The bank may define an
emission area exposing the center portion of the anode. The
organic emission layer is formed on the entire emission area.
The cathode may be formed on the organic emission layer in
the emission area. The anode, the organic emission layer and
the cathode may be laminated to form an organic light-
emitting diode (OLED) in the emission area.

[0013] For example, the OLED display may further
include a buffer layer covering the light-shielding layer and
the auxiliary connection line. The thin film transistor may
include a semiconductor layer, a gate electrode, an interlayer
insulating layer, a source electrode and a drain electrode.
The semiconductor layer may be disposed on the buffer layer
located on the light-shielding layer. The gate electrode may
be superposed on the center region of the semiconductor
layer having a gate insulating layer interposed therebetween.
The interlayer insulating layer may cover the gate electrode
and the semiconductor layer. The source electrode may be
connected to one side of the semiconductor layer on the
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interlayer insulating layer. The drain electrode may be
connected to the other side of the semiconductor layer on the
interlayer insulating layer.

[0014] For example, the OLED display may further
include a buffer layer, an interlayer insulating layer and a
drain electrode. The buffer layer may cover the light-
shielding layer and the auxiliary connection line. The inter-
layer insulating layer may be formed on the buffer layer. The
drain electrode may be included in the thin film transistor
disposed on the interlayer insulating layer. The auxiliary
cathode may include the same material as the drain electrode
on the interlayer insulating layer.

[0015] For example, the undercut opening may include
one side and the other side. The one side may expose an
etched side wall of the overcoat layer and an etched side wall
of the passivation layer. The other side may expose the
connection terminal. A portion of the passivation layer under
the connection terminal may be over-etched to expose a
portion of the connection terminal at the other side of the
undercut opening.

[0016] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the inventive concepts as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of this application,
illustrate embodiments of the disclosure and together with
the description serve to explain various principles. In the
drawings:

[0018] FIG. 1 is a plan view showing a structure of an
OLED display according to an example embodiment of the
present invention;

[0019] FIG. 2is a cross-sectional view showing a structure
of an OLED display according to a first embodiment of the
present invention, taken along line I-I' of FIG. 1;

[0020] FIG. 3 is an enlarged cross-sectional view showing
a structure A of an undercut opening to which a cathode and
an auxiliary cathode are connected in FIG. 2;

[0021] FIGS. 4A to 4H are cross-sectional views showing
some of manufacturing processes of the OLED display
according to an example embodiment of the present inven-
tion;

[0022] FIGS. 5A to 5C are cross-sectional views showing
manufacturing processes of the OLED display according to
the first embodiment of the present invention;

[0023] FIGS. 6A to 6D are cross-sectional views showing
manufacturing processes of an OLED display according to
a second embodiment of the present invention;

[0024] FIG. 7is an enlarged cross-sectional view showing
a disconnection structure of a cathode which can occur in the
second embodiment of the present invention; and

[0025] FIGS. 8A to 8D are cross-sectional views showing
manufacturing processes of an OLED display according to
a third embodiment of the present invention.

DETAILED DESCRIPTION

[0026] The advantages, features and methods for accom-
plishing the same of the present invention will become more
apparent through the following detailed description with
respect to the accompanying drawings. However, the present
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invention is not limited by embodiments described blow and
is implemented in various different forms, and the embodi-
ments are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the
invention to those skilled in the art. The present invention is
defined by the scope of the claims.

[0027] Shapes, sizes, ratios, angles, numbers, etc. shown
in the figures to describe embodiments of the present inven-
tion are exemplary and thus are not limited to particulars
shown in the figures. Like numbers refer to like elements
throughout the specification.

[0028] In describing the present invention, if a detailed
description of known techniques associated with the present
invention would unnecessarily obscure the gist of the pres-
ent invention, detailed description thereof will be omitted. It
will be further understood that when the terms “include”,
“have” and “comprise” are used in this specification, other
parts may be added unless “~only” is used. An element
described in the singular form is intended to include a
plurality of elements unless context clearly indicates other-
wise.

[0029] In interpretation of a component, the component is
interpreted as including an error range unless otherwise
explicitly described. It will be understood that, when an
element is referred to as being “on” or “under” another
element, it can be “directly” on or under another element or
can be “indirectly” formed such that an intervening element
is also present.

[0030] In the following description of the embodiments,
“first” and “second” are used to describe various compo-
nents, but such components are not limited by these terms.
The terms are used to discriminate one component from
another component. Accordingly, a first component men-
tioned in the following description may be a second com-
ponent within the technical spirit of the present invention.
[0031] Features of embodiments of the present invention
can be coupled or combined partially or overall and tech-
nically interoperated in various manners, and the embodi-
ments may be implemented independently or associatively.
[0032] Hereinafter, embodiments of the present disclosure
will be described in detail with reference to the attached
drawings. The following embodiments focus on OLED
displays including organic emission materials as electro-
luminescence displays. However, the technical scope of the
present invention is not limited to the OLED displays and is
also applicable to inorganic light-emitting diode displays
including inorganic emission materials.

First Embodiment

[0033] A structure of an OLED display according to a first
embodiment of the present invention will be described with
reference to FIGS. 1 and 2. FIG. 1 is a plan view showing
a structure of the OLED display according to the present
invention and FIG. 2 is a cross-sectional view showing the
structure of the OLED display according to the first embodi-
ment of the present invention, taken along line I-I' of FIG.
1.

[0034] The OLED display according to the present inven-
tion includes a plurality of pixel regions arranged in a matrix
on a substrate SUB. The OLED display includes scan lines
SL extended in the horizontal direction and data lines DL
and driving current lines VDD extended in the vertical
direction on the substrate SUB. The pixel regions are defined
by intersection of the scan lines SL, the data lines DL and the
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driving current lines VDD. The scan lines SL is connected
to a gate pad terminal GPT and the data lines DL is
connected to a data pad terminal DPT. The gate pad terminal
GPT has a gate pad GPand a gate pad contact hole GPH. The
data pad terminal DPT has a data pad DP and a data pad
contact hole DPH. For example, the gate pad terminal GPT
and data pad terminal DPT are formed of a metal oxide such
as ITO or IZO but not limit thereto.

[0035] An organic light-emitting diode OLE and thin film
transistors (TFTs) which are driving elements for driving the
organic light-emitting diode OLE are disposed in each pixel
region. The TFTs include a switching TFT ST and a driving
TFT DT. The switching TFT ST includes a switching gate
electrode SG., a switching semiconductor layer SA, a switch-
ing source electrode SS and a switching drain electrode SD.
The switching gate electrode SG is connected to a corre-
sponding scan line SL. The switching gate electrode SG is
superposed on the center portion of the switching semicon-
ductor layer SA having a gate insulating layer GI formed
therebetween. The switching source electrode SS and the
switching drain electrode SD are disposed on both sides of
the switching gate electrode SG and respectively connected
to both sides of the switching semiconductor layer SA.
[0036] The driving TFT DT includes a driving gate elec-
trode DG, a driving semiconductor layer DA, a driving
source electrode DS and a driving drain electrode DD. The
driving gate electrode DG is connected to the switching
drain electrode SD. The driving gate electrode DG is super-
posed on the center portion of the driving semiconductor
layer DA having a gate insulating layer GI formed therebe-
tween. The driving source electrode DS and the driving
drain electrode DD are disposed on both sides of the driving
gate electrode DG and respectively connected to both sides
of the driving semiconductor layer DA.

[0037] The organic light-emitting diode OLE includes an
anode ANO, an organic emission layer OL and a cathode
CAT. The anode ANO is connected to the driving TFT DT.
The organic emission layer OL is laminated on the anode
ANO. Particularly, an emission area EA in the anode ANO
is defined as open by a bank BN. The organic emission layer
OL is formed on the overall surface of the substrate SUB and
contacts the anode ANO in the emission area EA. The
cathode CAT is laminated on the organic emission layer OL.
The cathode CAT is also formed on the overall surface of the
substrate SUB. The anode ANO, the organic emission layer
OL and the cathode CAT are sequentially laminated in the
emission area EA to form the organic light-emitting diode
OLE.

[0038] In the case of a top emission type OLED display,
light is emitted from the anode ANO toward the cathode
CAT in FIG. 2. Accordingly, it is desirable that the anode
ANO include an opaque metal material and the cathode CAT
include a transparent conductive material. The cathode CAT
is an electrode maintaining a ground voltage in the organic
light-emitting diode OLE and it is desirable that the cathode
CAT maintain a uniform voltage. When the cathode CAT
includes a transparent conductive material such as indium-
tin oxide or indium-zinc oxide having considerably higher
resistivity than metals, it is difficult to maintain a uniform
ground voltage in a large area OLED display. Accordingly,
it is desirable to form an auxiliary connection line AC and/or
an auxiliary cathode ACT and connect the auxiliary con-
nection line AC and/or the auxiliary cathode ACT to the
cathode CAT to reduce sheet resistance.
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[0039] To this end, the present invention further includes
auxiliary connection lines AC, auxiliary cathodes ACT and
connection terminals CT disposed in a non-emission area
surrounding the emission area EA. The auxiliary connection
lines AC may be formed of the same metal material as a
light-shielding layer LS disposed under the TFTs ST and DT
at the same level as the light-shielding layer LS. The
auxiliary cathodes ACT may be formed of the same material
as the source and drain electrodes of the TFTs ST and DT at
the same level as the source and drain electrodes. The
connection terminals CT may be formed of the same mate-
rial as the anodes ANO at the same level as the anodes ANO.

[0040] The auxiliary connection lines AC may be formed
separately from the light-shielding layer LS or may be
connected to the light-shielding layer LS to form a mesh
shape on the substrate SUB. A buffer layer BUF is formed
on the auxiliary connection lines AC. The auxiliary cathodes
ACT may be formed of the same materials as the source and
drain electrodes of the TFTs ST and DT formed on the buffer
layer BUF at the same level as the source and drain
electrodes separately therefrom. In this case, the auxiliary
cathodes ACT are connected to the auxiliary connection
lines AC through auxiliary connection line contact holes AH
which penetrate an interlayer insulating layer ILD and the
buffer layer BUF.

[0041] A passivation layer PAS is formed on the auxiliary
cathodes ACT. An overcoat layer OC is formed on the
passivation layer PAS. In addition, the connection terminals
CT for connection with the anodes ANO are formed on the
overcoat layer OC. Each auxiliary cathode ACT and each
connection terminal CT may be physically connected to
each other directly or indirectly. Here, a structure in which
each auxiliary cathode ACT and each connection terminal
CT are directly connected to each other is described. The
connection terminal CT is connected to the auxiliary cathode
ACT through a connection contact hole CH formed in the
passivation layer PAS.

[0042] The auxiliary cathode ACT is partially exposed
through an undercut opening OH which penetrates the
overcoat layer OC and the passivation layer PAS. One side
of the undercut opening OH is exposed and the other side
thereof is covered with the connection terminal CT. Only the
other side of the undercut opening OH is covered with the
connection terminal CT in order to over-etch the passivation
layer PAS formed thereunder using the connection terminal
CT to form an under area UA (see FIG. 3).

[0043] The undercut opening OH may have a polygonal
shape. Although FIG. 1 shows a square, the present inven-
tion is not limited thereto. For example, the undercut open-
ing OH may have one side and the other side facing the one
side. The one side is a portion exposing an etched side wall
of the overcoat layer OC and an etched side wall of the
passivation layer PAS. The other side is a portion at which
the connection terminal CT is disposed. Particularly, the
connection terminal CT is exposed at the other side of the
undercut opening OH.

[0044] The passivation layer PAS is removed in the under-
cut opening OH. Particularly, a portion of the passivation
layer PAS formed under the connection terminal CT is
partially over-etched at the other side of the undercut open-
ing OH and thus the bottom surface of the connection
terminal CT is partially exposed. A cave-shaped space
formed according to over-etch of the passivation layer PAS
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under the connection terminal CT in the undercut opening
OH is defined as the under area UA.

[0045] While the passivation layer PAS 1is partially
removed to expose part of the auxiliary cathode ACT in the
under area UA, the under area UA is covered by the
connection terminal CT such that the organic emission layer
OL is not formed in the under area UA. When the cathode
CAT is formed, the material of the cathode CAT is also
deposited in the under area UA and thus the cathode CAT is
directly connected to the auxiliary cathode ACT. The con-
nection structure of the cathode CAT and the auxiliary
cathode ACT through the under area UA is enlarged and
shown in FIG. 3.

[0046] The organic emission layer OL is formed by heat-
ing and depositing an organic material through thermal
deposition and thus is not formed in the under area UA
covered by the connection terminal CT. On the contrary, a
metal oxide such as ITO or IZ0 is deposited through
sputtering and thus is also deposited in the under area UA
covered by the connection terminal CT.

[0047] Furthermore, the organic emission layer OL is
formed only on the upper surface of the connection terminal
CT. The cathode CAT is formed on the lower surface of the
connection terminal CT covering the under area UA and thus
connection terminal CT is physically and electrically con-
nected to the cathode CAT.

[0048] That is, in the OLED display according to the
present invention, the cathode CAT is connected to the
auxiliary cathode ACT and the connection terminal CT in
the undercut opening. In addition, the auxiliary cathode ACT
is connected to the auxiliary connection line AC. Accord-
ingly, the sheet resistance of the cathode CAT formed of a
transparent conductive material having high resistivity can
be reduced according to the auxiliary cathode ACT and the
auxiliary connection line AC formed of a metal material
having considerably low resistivity.

[0049] Hereinafter, manufacturing processes of the OLED
display according to the first embodiment of the present
invention will be described with reference to FIGS. 4A to 4H
and 5A to 5C.

[0050] FIGS. 4A to 4H are cross-sectional views showing
some of the manufacturing processes of the OLED display
according to the present invention. FIGS. 5A to 5C are
cross-sectional views showing manufacturing processes of
the OLED display according to the first embodiment of the
present invention. FIGS. 4A to 4H show commnion processes
among manufacturing processes of OLED displays accord-
ing to various embodiments of the present invention. That is,
processes of FIGS. 4A to 4H are commonly used and
subsequent processes are different in various embodiments
of the present invention.

[0051] An opaque metal material is coated on the substrate
SUB. The metal material layer is patterned through a first
mask process to form the light-shielding layer and the
auxiliary connection line AC. The buffer layer BUF is
formed on the overall surface of the substrate SUB having
the light-shielding layer LS and the auxiliary connection line
AC formed thereon. The light-shielding layer LS is disposed
at a position at which TFTs will be formed. For example, the
light-shielding layer LS may have a strip shape extended in
the horizontal direction of the substrate SUB. The auxiliary
connection line AC may have a strip shape extended in the
horizontal direction or vertical direction of the substrate
SUB. The auxiliary connection line AC may be separate
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from the light-shielding layer LS or connected thereto. Here,
a case in which the auxiliary connection line AC is con-
nected to the light-shielding layer LS and extended in the
vertical direction of the substrate SUB is described (FIG.
4A).

[0052] A semiconductor material is coated on the buffer
layer BUF and patterned through a second mask process to
form a semiconductor layer. The semiconductor layer
includes the switching semiconductor layer SA of the
switching TFT ST and the driving semiconductor layer DA
of the driving TFT DT (FIG. 4B).

[0053] The gate insulating layer GI and a metal layer are
sequentially formed on the overall surface of the substrate
SUB having the semiconductor layer SA and DA formed
thereon. The metal layer and the gate insulating layer GI are
simultaneously patterned through a third mask process to
form the scan line SL, a Gate pad GP, a first auxiliary
capacitor electrode ST1 and gate electrodes. The gate elec-
trodes include the switching gate electrode SG of the switch-
ing TFT ST and the driving gate electrode DG of the driving
TFT DT. The switching gate electrode SG is superposed on
the center of the switching semiconductor layer SA having
the gate insulating layer GI formed therebetween. The
driving gate electrode DG is superposed on the center of the
driving semiconductor layer DA having the gate insulating
layer GI formed therebetween (FIG. 4C).

[0054] The interlayer insulating layer 1L.D is formed on
the overall surface of the substrate SUB having the scan line
SL, the Gate pad GP and the gate electrodes SG and DG
formed thereon and patterned through a fourth mask process
to form contact holes AH. The contact holes respectively
expose one side and the other side of the switching TFT ST,
one side and the other side of the driving TFT DT. In
addition, the contact holes expose part of the driving gate
electrode DG. Further, the contact holes penetrate the inter-
layer insulating layer ILD and the buffer layer BUF to
expose part of the auxiliary connection line AC (FIG. 4D).
[0055] A metal material is coated on the interlayer insu-
lating layer ILD having the contact holes formed therein and
patterned through a fifth mask process to form the data line
DL, the driving current line VDD, the auxiliary cathode
ACT, a second auxiliary capacitor electrode ST2 and source
and drain electrodes. The source and drain electrodes
include the switching source electrode SS, the switching
drain electrode SD, the driving source electrode DS and the
driving drain electrode DD. The switching source electrode
SS is branched off from the data line DL. The driving source
electrode DS is branched off from the driving current line
VDD. A data pad DP is disposed at an end of the data line
DL and a driving pad is disposed at an end of the driving
current line VDD. In addition, a gate pad connection termi-
nal GP1 is connected to a gate pad GP. The second auxiliary
capacitor electrode ST2 is extended from the driving drain
electrode DD and superposed on the first auxiliary capacitor
electrode ST1 having the interlayer insulating layer ILD
formed therebetween (FIG. 4E).

[0056] The passivation layer PAS is formed on the overall
surface of the substrate SUB having the source and drain
electrodes formed thereon and the overcoat layer OC is
formed on the passivation layer PAS. The overcoat layer OC
is patterned through a sixth mask process to form a first pixel
contact hole PH1 and a first undercut opening OH1. Here, it
is desirable to remove the passivation layer PAS on the gate
pad GP and the data pad DP. The first undercut opening OH1
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is formed to expose the auxiliary cathode ACT, and it is
desirable to form the first undercut opening OHI in a
non-emission area in which the OLED is not disposed (FIG.
4F).

[0057] The exposed passivation layer PAS is patterned
through a seventh mask process to form a gate pad contact
hole GPH, a data pad contact hole DPH, a pixel contact hole
PH and a connection contact hole CH. The gate pad contact
hole GPH exposes the gate pad connection terminal GP1.
The data pad contact hole DPH exposes the data pad DP. The
pixel contact hole PH exposes part of the driving drain
electrode DD. The connection contact hole CH exposes part
of the auxiliary cathode ACT (FIG. 4G).

[0058] A metal material is deposited on the overall surface
of the substrate SUB on which the partially removed ovet-
coat layer OC has been formed. The metal material layer is
patterned through an eighth mask process to form the anode
ANO and the connection terminal CT. The anode ANO has
a shape occupying almost entire area of the center of the
pixel region. The connection terminal CT may be formed on
the overcoat layer OC while covering one side of the first
undercut opening OH1. The connection terminal CT is not
formed at the other side of the first undercut opening OH1
and thus the passivation layer PAS is exposed at the other
side of the first undercut opening OHI. The connection
terminal CT is connected to the auxiliary cathode ACT
through the connection contact hole CH (FIG. 4H).

[0059] Subsequent processes will be described with ref-
erence to FIGS. 5A to 5C. An organic material is coated on
the substrate SUB on which the anode ANO and the con-
nection terminal CT have been formed. The organic material
layer is patterned through a ninth mask process to form the
bank BN. The bank BN exposes the greater part of the anode
ANO to define the emission area EA. In addition, the bank
BN exposes the entire first undercut opening OH1. That is,
the bank BN has an open region smaller than the anode ANO
and an open region larger than the first undercut opening
OH1 (FIG. 5A).

[0060] The portion of the passivation layer PAS exposed
in the first undercut opening OH1 is etched through a tenth
mask process to accomplish the undercut opening OH. Here,
it is desirable that the mask used in the tenth mask process
have an opening pattern covering part of the passivation
layer PAS and part of the connection terminal CT in the first
undercut opening OH1. Here, passivation layer etching time
is controlled such that the portion of the passivation layer
PAS disposed under the connection terminal CT is over-
etched to have an undercut shape. The passivation layer PAS
is selectively etched in the undercut opening OH to expose
part of the auxiliary cathode ACT. In addition, the passiva-
tion layer is over-etched under the connection terminal CT
to form the under area UA. The auxiliary cathode ACT is
also exposed in the under area UA. Here, a gap correspond-
ing to the thickness of the passivation layer PAS is formed
between the connection terminal CT and the auxiliary cath-
ode ACT and thus a cave-shaped void can be formed (FIG.
5B).

[0061] The organic emission layer OL is formed on the
overall surface of the substrate SUB having the undercut
opening OH formed thereon. The organic emission layer OL
is formed by coating an organic material through thermal
deposition. The organic emission layer OL is formed to
cover the surface of the bank BN and the anode ANO.
However, the organic emission layer OL is formed only on
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the exposed portion of the auxiliary cathode ACT on outer
sides of the undercut opening OH. Particularly, the organic
emission layer OL is not formed in the under area UA and
thus the surface of the auxiliary cathode ACT is exposed in
the under area UA.

[0062] After the organic emission layer OL is formed, a
transparent conductive material is coated thereon to form the
cathode CAT. The transparent conductive material includes
indium-tin oxide (ITO) or indium-zinc oxide (IZO). The
transparent conductive material is coated through sputtering.
The transparent conductive material is deposited on the
anode ANO and the organic emission layer OL in the
emission area EA to form the organic light-emitting diode
OLE.

[0063] When the cathode CAT is formed through sputter-
ing, the cathode CAT is formed along the geometry of the
surface thereunder. The transparent conductive material is
deposited on a region in which the organic emission layer
OL is not formed as well as the surface of the organic
emission layer OL. That is, the transparent conductive
material is deposited on the one side of the undercut opening
OH at which the connection terminal CT is not formed along
the inclined surface thereof and also deposited in the under
area UA. As a result, the cathode CAT is physically con-
nected to the portion of the auxiliary cathode ACT which is
exposed because the organic emission layer OL is not
formed thereon in the under area UA (FIG. 5C).

[0064] The OLED display according to the first embodi-
ment describe above includes the auxiliary cathode ACT and
the auxiliary connection line AC connected to the cathode
CAT formed of a transparent conductive material using 10
mask processes. Particularly, the auxiliary cathode ACT
contains the same metal material as the anode ANO and the
auxiliary connection line AC contains the same metal mate-
rial as the light-shielding layer LS. Accordingly, the sheet
resistance of the cathode CAT having higher resistivity than
metal materials can be reduced. Therefore, the cathode CAT
can maintain low resistance even in a top emission type large
area OLED display to prevent picture quality ununiformity.

Second Embodiment

[0065] Although the first embodiment can reduce the
resistance of the cathode, additional mask processes for
forming the undercut opening OH are required and thus
processing time increases. In a second embodiment, manu-
facturing processes having simplified mask processes for
forming an undercut opening for connecting the cathode
CAT to the auxiliary cathode ACT is described.

[0066] In the manufacturing processes according to the
second embodiment, processes until the anode ANO and the
connection terminal CT are formed are identical to those in
the first embodiment. That is, the processes corresponding to
those of FIGS. 4A to 4H are identical to those of the first
embodiment, and thus description thereof is omitted. The
manufacturing processes according to the second embodi-
ment will be described with reference to FIGS. 6A to 6D.
FIGS. 6A to 6D are cross-sectional views showing manu-
facturing processes of an OLED display according to the
second embodiment of the present invention. In processes of
FIGS. 6A to 6D, a single mask process using a half-tone
mask is performed.

[0067] An organic material is coated on the overall surface
of the substrate SUB on which the anode ANO and the
connection terminal CT have been formed. The organic
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material layer is patterned through a ninth mask process to
form a first bank BN1. Here, it is desirable that the ninth
mask process uses a half-tone mask. That is, the portion of
the first bank BN1 which corresponds to a region in which
the undercut opening OH will be formed is removed, and the
first bank BN1 having a first thickness in the emission area
EA and a second thickness greater than the first thickness in
the non-emission area is formed (FIG. 6A).

[0068] The portion of the passivation layer PAS exposed
in the first undercut opening OH1 is etched using the first
bank BN1 as a mask to form the undercut opening OH. Here,
passivation layer etching time is controlled such that the
portion of the passivation layer PAS disposed under the
connection terminal CT is over-etched to have an undercut
shape. The undercut opening OH formed by etching the
passivation layer PAS exposes part of the auxiliary cathode
ACT. Further, the passivation layer PAS is over-etched
under the connection terminal CT to form the under area
UA. The auxiliary cathode ACT is also exposed in the under
area UA. Here, a gap corresponding to the thickness of the
passivation layer PAS is formed between the connection
terminal CT and the auxiliary cathode ACT and thus a
cave-shaped void can be formed (FIG. 6B).

[0069] After formation of the undercut opening OH, ash-
ing process is performed to thin the first bank BN1 to form
the bank BN. Particularly, the portion of the first bank BN1
which corresponds to the emission area EA is removed to
exposes the anode ANO. As a result, the bank BN remaining
in the non-emission area has a thickness (second thickness-
first thickness). The bank BN exposes the greater part of the
anode ANO to define the emission area EA (FIG. 6C).
[0070] The organic emission layer OL is formed on the
overall surface of the substrate SUB having the bank BN
formed thereon. The organic emission layer OL is formed by
coating an organic material through thermal deposition. The
organic emission layer OL is formed to cover the surface of
the bank BN and the anode ANO. However, the organic
emission layer OL is formed only on the exposed portion of
the auxiliary cathode ACT on outer sides of the undercut
opening OH. Particularly, the organic emission layer OL is
not formed in the under area UA and thus the surface of the
auxiliary cathode ACT is exposed in the under area UA.
[0071] After the organic emission layer OL is formed, a
transparent conductive material is coated thereon to form the
cathode CAT. The transparent conductive material includes
indium-tin oxide (ITO) or indium-zinc oxide (IZO). The
transparent conductive material is coated through sputtering.
The transparent conductive material is deposited on the
anode ANO and the organic emission layer OL in the
emission area EA to form the organic light-emitting diode
OLE.

[0072] When the cathode CAT is formed through sputter-
ing, the cathode CAT is formed along the geometry of the
surface thereunder. The transparent conductive material is
deposited on a region in which the organic emission layer
OL is not formed as well as the surface of the organic
emission layer OL. That is, the transparent conductive
material is deposited on the one side of the undercut opening
OH at which the connection terminal CT is not formed along
the inclined surface thereof and also deposited in the under
area UA. As a result, the cathode CAT is physically con-
nected to the portion of the auxiliary cathode ACT which is
exposed because the organic emission layer OL is not
formed thereon in the under area UA (FIG. 6D).
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[0073] In the second embodiment, the cathode CAT is
connected to the auxiliary cathode ACT in the undercut
opening OH. In addition, the undercut opening OH is
formed using a halftone mask in the mask process for
forming the bank BN and thus the number of mask processes
can be reduced. However, since the etched side of the bank
BN is long in the undercut opening OH, the cathode CAT
may be disconnected. The gate pad terminal GPT connected
to the gate pad connection terminal GP1 through the gate
pad contact hole GPH. The data pad terminal DPT connected
to the data pad DP through the data pad contact hole DPH.
For example, the gate pad terminal GPT and data pad
terminal DPT are formed of a metal oxide such as ITO or
170 but not limit thereto. (see para. 32)

[0074] Referring to FIG. 7, the bank BN has a linear
inclined portion extending to the passivation layer PAS in
the undercut opening OH. FIG. 7 is an enlarged cross-
sectional view showing a disconnection structure of the
cathode which may occur in the second embodiment. In this
case, although the organic material for forming the organic
emission layer OL is normally coated, the transparent con-
ductive material for forming the cathode CAT is coated
excessively thin on a middle point of the inclined portion of
bank BN and thus a disconnected portion may be generated.
In this case, the cathode CAT may not be completely
connected or the resistance thereof may abruptly increase to
cause ununiformity of display.

[0075] For reference, there is a height difference between
the bank BN and the overcoat layer OC in the first embodi-
ment because the bank BN and the undercut opening OH are
formed through different mask processes. Accordingly,
problems with respect to disconnection of the cathode CAT
are not generated.

Third Embodiment

[0076] Hereinafter, manufacturing processes according to
a third embodiment to solve a disconnection problem of the
cathode which may be generated in the second embodiment
will be described with reference to FIGS. 8A to 8D. FIGS.
8A to 8D are cross-sectional views showing the manufac-
turing processes according to the third embodiment of the
present invention.

[0077] In the manufacturing processes according to the
third embodiment, processes until the anode ANO and the
connection terminal CT are formed are identical to those of
the first embodiment. That is, the processes corresponding to
those of FIGS. 4A to 4H are identical to those of the first
embodiment, and thus description thereof is omitted. In
processes of FIGS. 8A to 8D, a single mask process using a
half-tone mask is performed.

[0078] An organic material is coated on the overall surface
of the substrate SUB on which the anode ANO and the
connection terminal CT have been formed. The organic
material layer is patterned through a ninth mask process to
form a first bank BN1. Here, it is desirable that the ninth
mask process uses a half-tone mask. That is, the portion of
the first bank BN1 which corresponds to a region in which
the undercut opening OH will be formed is removed, and the
first bank BN1 having a first thickness in the emission area
EA and a second thickness greater than the first thickness in
the non-emission area is formed. Particularly, it is desirable
to form the first bank BN 1 such that the first bank BN1 also
has the first thickness at one side of the first undercut
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opening OH1 opposite the connection terminal CT, as indi-
cated by a dotted line circle (FIG. 8A).

[0079] The portion of the passivation layer PAS exposed
in the first undercut opening OH1 is etched using the first
bank BN1 as a mask to form the undercut opening OH. Here,
passivation layer etching time is controlled such that the
portion of the passivation layer PAS disposed under the
connection terminal CT is over-etched to have an undercut
shape. The undercut opening OH formed by etching the
passivation layer PAS exposes part of the auxiliary cathode
ACT. Further, the passivation layer PAS is over-etched
under the connection terminal CT to form the under area
UA. The auxiliary cathode ACT is also exposed in the under
area UA. Here, a gap corresponding to the thickness of the
passivation layer PAS is formed between the connection
terminal CT and the auxiliary cathode ACT and thus a
cave-shaped void can be formed (FIG. 8B).

[0080] After formation of the undercut opening OH, ash-
ing process is performed to thin the first bank BN1 to form
the bank BN. Particularly, the portion of the first bank BN1
which corresponds to the emission area EA is removed to
exposes the anode ANO. As a result, the bank BN remaining
in the non-emission area has a thickness (second thickness-
first thickness). The bank BN exposes the greater part of the
anode ANO to define the emission area EA. Further, it is
desirable to control the ashing process time such that a
portion of the overcoat layer OC is over-etched at the side
of the undercut opening OH opposite the connection termi-
nal CT. Here, the over-etched portion of the overcoat layer
OC has a gentler inclined portion than the etched side wall
of the bank BN and extends to the bottom of the overcoat
layer OC (FIG. 8C).

[0081] The organic emission layer OL is formed on the
overall surface of the substrate SUB on which the bank BN
having a gently over-etched side wall has been formed. The
organic emission layer OL is formed by coating an organic
material through thermal deposition. The organic emission
layer OL is formed to cover the surface of the bank BN and
the anode ANO. However, the organic emission layer OL is
formed only on the exposed portion of the auxiliary cathode
ACT on outer sides of the undercut opening OH. Particu-
larly, the organic emission layer OL is not formed in the
under area UA and thus the surface of the auxiliary cathode
ACT is exposed in the under area UA.

[0082] After the organic emission layer OL is formed, a
transparent conductive material is coated thereon to form the
cathode CAT. The transparent conductive material includes
indium-tin oxide (ITO) or indium-zinc oxide (IZO). The
transparent conductive material is coated through sputtering.
The transparent conductive material is deposited on the
anode ANO and the organic emission layer OL in the
emission area EA to form the organic light-emitting diode
OLE.

[0083] When the cathode CAT is formed through sputter-
ing, the cathode CAT is formed along the geometry of the
surface thereunder. The transparent conductive material is
deposited on a region in which the organic emission layer
OL is not formed as well as the surface of the organic
emission layer OL. That is, the transparent conductive
material is deposited on the one side of the undercut opening
OH at which the connection terminal CT is not formed along
the inclined surface thereof and also deposited in the under
area UA. As a result, the cathode CAT is physically con-
nected to the portion of the auxiliary cathode ACT which is
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exposed because the organic emission layer OL is not
formed thereon in the under area UA. The gate pad terminal
GPT connected to the gate pad connection terminal GP1
through the gate pad contact hole GPH. The data pad
terminal DPT connected to the data pad DP through the data
pad contact hole DPH. For example, the gate pad terminal
GPT and data pad terminal DPT are formed of a metal oxide
such as ITO or IZO but not limit thereto. (see para. 32) (FIG.
8D).

[0084] In the third embodiment, the cathode CAT is con-
nected to the auxiliary cathode ACT in the undercut opening
OH. In addition, the undercut opening OH is formed using
a halftone mask in the mask process for forming the bank
BN and thus the number of mask processes can be reduced.

[0085] Furthermore, a portion of the overcoat layer OC is
exposed at the side of the undercut opening OH opposite the
connection terminal CT and over-etched, distinguished from
the second embodiment. Consequently, the overcoat layer
OC has an gentle inclined portion extending to the passiva-
tion layer PAS of the undercut opening OH. In this case, the
transparent conductive material for forming the cathode
CAT can be uniformly deposited on the organic emission
layer OL without a disconnected portion. That is, according
to the manufacturing processes of the third embodiment, the
cathodes are correctly connected over the substrate and thus
ununiformity of display does not occur.

[0086] While the embodiment of the present invention has
been described in detail with reference to the drawings, it
will be understood by those skilled in the art that the
invention can be implemented in other specific forms with-
out changing the technical spirit or essential features of the
invention. Therefore, it should be noted that the forgoing
embodiments are merely illustrative in all aspects and are
not to be construed as limiting the invention. The scope of
the invention is defined by the appended claims rather than
the detailed description of the invention. All changes or
modifications or their equivalents made within the meanings
and scope of the claims should be construed as falling within
the scope of the invention.

[0087] The present invention provides a large area OLED
display including auxiliary cathodes formed using a light-
shielding layer for protecting a metal-oxide-semiconductor
material from external light. It is possible to physically and
electrically connect auxiliary cathodes and cathodes without
an additional mask process by forming an undercut structure
is formed using a halftone mask. The present invention can
provide a large area OLED display having a structure
capable of reducing the resistance of cathodes. Furthermore,
the present invention can decrease the number of mask
processes to reduce manufacturing time and manufacturing
costs.

[0088] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
large area organic light-emitting diode (OLED) display of
the present disclosure without departing from the technical
idea or scope of the disclosure. Thus, it is intended that the
present disclosure cover the modifications and variations of
this disclosure provided they come within the scope of the
appended claims and their equivalents.
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What is claimed is:

1. An organic light-emitting diode (OLED) display, com-

prising:

an auxiliary connection line disposed on a substrate;

an auxiliary cathode disposed on the auxiliary connection
line and connected to the auxiliary connection line;

a passivation layer covering the auxiliary cathode;

an overcoat layer formed on the passivation layer;

a connection terminal connected to the auxiliary cathode
on the overcoat layer;

an undercut opening formed on the overcoat layer to
expose a portion of the auxiliary cathode, an under area
being located in the undercut opening and disposed
under one side of the connection terminal;

a bank having a size larger than the undercut opening and
exposing the entire undercut opening;

an organic emission layer formed on a region other than
the under area in the undercut opening to expose the
portion of the auxiliary cathode; and

a cathode directly connected to the exposed portion of the
auxiliary cathode on which the organic emission layer
is not formed in the under area of the undercut opening.

2. The OLED display of claim 1, wherein the overcoat

layer includes an over-etched stepped portion formed at a

portion of the upper part thereof exposed by the bank.

3. The OLED display of claim 1, further comprising:

a light-shielding layer disposed on the substrate at the
same level as the auxiliary connection line;

a thin film transistor disposed on the light-shielding layer
and under the passivation layer;

a pixel contact hole formed in the overcoat layer and
selectively exposing the thin film transistor; and

an anode connected to the thin film transistor through the
pixel contact hole on the overcoat layer,

wherein the bank defines an emission area exposing the
center portion of the anode, the organic emission layer
is formed on the entire emission area, and the cathode
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is formed on the organic emission layer in the emission
area such that the anode, the organic emission layer and
the cathode are laminated to form an organic light-
emitting diode (OLED) in the emission area.

4. The OLED display of claim 3, further comprising a
buffer layer covering the light-shielding layer and the aux-
iliary connection line,

wherein the thin film transistor comprises:

a semiconductor layer disposed on the buffer layer located
on the light-shielding layer;

a gate electrode superposed on the center region of the
semiconductor layer having a gate insulating layer
interposed therebetween;

an interlayer insulating layer covering the gate electrode
and the semiconductor layer;

a source electrode connected to one side of the semicon-
ductor layer on the interlayer insulating layer; and

a drain electrode connected to the other side of the
semiconductor layer on the interlayer insulating layer.

5. The OLED display of claim 3, further comprising;

a buffer layer covering the light-shielding layer and the
auxiliary connection line;

an interlayer insulating layer formed on the buffer layer;
and

a drain electrode of the thin film transistor disposed on the
interlayer insulating layer,

wherein the auxiliary cathode includes the same material
as the drain electrode on the interlayer insulating layer.

6. The OLED display of claim 1, wherein the undercut
opening includes one side exposing an etched side wall of
the overcoat layer and an etched side wall of the passivation
layer and the other side exposing the connection terminal,
and a portion of the passivation layer under the connection
terminal is over-etched to expose a portion of the connection
terminal at the other side of the undercut opening.

* ok % k&
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