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7) ABSTRACT

An organic light-emitting display device including a substrate
on which a display region and a non-display region are
defined is described, the organic light-emitting display device
comprising: a first electrode disposed on a substrate; an inter-
mediate layer disposed on the first electrode and including an
organic light-emitting layer; a second electrode disposed on
the intermediate layer; an encapsulation layer disposed on the
substrate; a plurality of pad units disposed on the non-display
region; a wiring unit disposed on the display region; and a
bridge wiring that is disposed across the display region and
the non-display region and connects one of the plurality of
pad units and the wiring unit to each other.
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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE

CLAIM OF PRIORITY

[0001] Any and all applications for which a foreign or
domestic priority claim is identified in the Application Data
Sheet as filed with the present application are hereby incor-
porated by reference under 37 CFR 1.57. For example, this
application is a continuation of U.S. application Ser. No.
14/010,681 filed on Aug. 27, 2013, which claims the benefit
of Korean Patent Application No. 10-2012-0097865, filed on
Sep. 4, 2012, in the Korean Intellectual Property Office, the
disclosure of each of which is incorporated herein in its
entirety 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 means of more effectively iso-
lating it from external materials that might damage it.
[0004] 2. Description of the Related Art

[0005] Organic light-emitting display devices using an
organic light-emitting device may provide a superior moving
image such as a video because they have a faster response
time than liquid crystal display (LCD) devices that are cur-
rently in widespread use and may offer a wide viewing angle
and a high brightness because they themselves emit light.
Accordingly, organic light-emitting display devices are spot-
lighted as next-generation display devices.

[0006] An organic light-emitting device includes a pixel
electrode and a counter electrode facing each other and an
emission layer including an organic material that is disposed
between the pixel electrode and the counter electrode. When
the organic light-emitting device, which is highly vulnerable
to moisture, oxygen, and light, comes into contact with mois-
ture, oxygen, or light, the organic light-emitting device may
be degraded. Also, when oxygen or moisture diffuses into the
emission layer including the organic material, charges
migrate during an electrochemical reaction at an interface
between the pixel electrode and the emission layer or between
the counter electrode and the emission layer, the emission
layer including the organic material, to produce an oxide. The
oxide then separates the emission layer including the organic
material from either the pixel electrode or the counter elec-
trode to generate dark spots or the like, thereby reducing the
lifetime of the organic light-emitting device. Accordingly, a
sealing technology for preventing external moisture, oxygen,
or light from penetrating into the organic light-emitting
device is typically used to protect the organic light-emitting
device.

SUMMARY OF THE INVENTION

[0007] The present invention provides an organic light-
emitting display device that prevents impurities from pen-
etrating into the organic light-emitting display device through
aboundary between an encapsulation unit, which includes the
display region of the device, and a pad unit, which is located
in the non-display region of the device and includes wiring
and circuitry that supports the device.

[0008] According to one embodiment of the present inven-
tion, there is provided an organic light-emitting display
device including a substrate on which a display region and a
non-display region are defined; a first electrode disposed on
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the substrate; an intermediate layer disposed on the first elec-
trode and including an organic light-emitting layer; a second
electrode disposed on the intermediate layer; an encapsula-
tion layer disposed on the substrate; a plurality of pad units
disposed on the non-display region; a wiring unit disposed on
the display region; and a bridge wiring that is disposed across
the display region and the non-display region and connects
one of the plurality of pad units and the wiring unit to each
other.

[0009] The pad units and the wiring unit may be formed at
the same layer level.

[0010] The bridge wiring may be formed on a different
layer from the pad unit and the wiring unit.

[0011] The pad unit and the wiring unit may be formed on
an interlevel insulating layer formed on the substrate.

[0012] The organic light-emitting display device may fur-
ther include a gate insulating layer formed between the sub-
strate and the interlevel insulating layer, and the bridge wiring
may be formed on the gate insulating layer.

[0013] The wiring unit may be connected to the bridge
wiring through a via hole in the display region.

[0014] Oneofthe plurality of pad units may be connected to
the bridge wiring through a second via hole in the second
non-display region.

[0015] The encapsulation layer may include a first portion
including a first thin film and a second thin film that are
alternately stacked on each other, the first portion being on the
substrate the encapsulation layer further comprising a second
portion including the first thin film.

[0016] The first portion may be disposed on the display
region, and the second portion may be disposed on the non-
display region and cover one of the plurality of pad units.
[0017] The second portion may include an opening through
which a portion of one of the plurality of pad units may be
exposed outward.

[0018] Anend ofthesecond thin film may be surrounded by
the first thin film.

[0019] The first thin film may be formed of an inorganic
material.
[0020]
material.
[0021] The organic light-emitting display device may fur-
ther include a thin film transistor (TFT) that is disposed onthe
substrate, is electrically connected to the first electrode, and
may include an active layer, a source electrode, a drain elec-
trode, and a gate electrode.

[0022] One of the plurality of pad units or the wiring unit
may be formed of the same material as the source electrode or
the drain electrode, and may be formed at the same layer level
as the source electrode or the drain electrode.

[0023] The first electrode and the gate electrode may be
formed at the same layer level.

[0024] The gate electrode may include a first conductive
layer and a second conductive layer formed on the first con-
ductive layer, and the first electrode may be formed of the
same material as the first conductive layer.

[0025] Thebridge wiring may be formed of the same mate-
rial as the gate electrode and is formed at the same layer level
as the gate electrode.

[0026] The first electrode may include a transmissive con-
ductive material.

[0027] According to another embodiment of the present
invention, there is provided an organic light-emitting display
device including a substrate on which a display region and a

The second thin film may be formed of an organic
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non-display region are defined; a first electrode disposed on
the substrate; an intermediate layer disposed on the first elec-
trode and including an organic light-emitting layer; a second
electrode disposed on the intermediate layer; an encapsula-
tion layer disposed on the substrate, the encapsulation layer
comprising an encapsulation unit; a plurality of pad units
disposed on the non-display region; a wiring unit disposed on
the display region; and a bridge wiring that is disposed across
the display region and the non-display region and connects
one of the plurality of pad units and the wiring unit to each
other, the wiring unit being connected to the bridge wiring
through a first via hole on the display region, the pad unit
being connected to the bridge wiring through a second via
hole on the non-display region, the encapsulation unit includ-
ing a first portion including a first thin film and a second thin
film that are alternately stacked on the substrate the encapsu-
lation unit further including a second portion including the
first thin film.

[0028] The first via hole may include a first inner surface
portion facing the display region and a second inner surface
portion facing the non-display region.

[0029] The second inner surface portion may be formed
closer to a central portion of the display region than is an
external side surface of the second thin film that is positioned
at an outermost portion of a plurality of the second thin films.
[0030] The second via hole may include a third inner sur-
face portion facing the display region and a fourth inner
surface portion facing the non-display region.

[0031] The third inner surface portion may be formed
closer to a central portion of the display region than is an
external side surface of the second thin film that is positioned
at an outermost portion of a plurality of the second thin films.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] A more complete appreciation of the invention and
many of the attendant advantages thereof will be readily
apparent as the same becomes better understood by reference
to the following detailed description when considered in con-
Junction with the accompanying drawings, in which like ref-
erence symbols indicate the same or similar components,
wherein:

[0033] FIG. 1 is a plan view of an organic light-emitting
display device according to an embodiment of the present
invention;

[0034] FIG. 2 is a cross-sectional view of the organic light-
emitting display device taken along a line I-I' of FIG. 1,
according to an embodiment of the present invention;
[0035] FIG. 3 is an enlarged cross-sectional view of a por-
tion ‘A’ of FIG. 2, according to an embodiment of the present
invention;

[0036] FIG. 4 isa cross-sectional view of the organic light-
emitting display device taken along a line II-1I' of FIG. 1,
according to an embodiment of the present invention;
[0037] FIG. 5 is a cross-sectional view of a conventional
organic light-emitting display device;

[0038] FIG. 6 is a cross-sectional view of the conventional
organic light-emitting display device taken along a line ITI-TIT'
of F1G. 5;

[0039] FIG. 7 is a cross-sectional view of an organic light-
emitting display device that is a modified example of the
organic light-emitting display device of FIG. 4,

[0040] FIG. 81s a cross-sectional view of an organic light-
emitting display device that is another modified example of
the organic light-emitting display device of FIG. 4;
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[0041] FIG. 9 is a schematic plan view of an organic light-
emitting display device according to another embodiment of
the present invention; and

[0042] FIG. 10 is a cross-sectional view of the organic
light-emitting display device taken along lines IX-IX and
IX'-IX' of FIG. 9.

DETAILED DESCRIPTION OF THE INVENTION

[0043] The present invention will now be described more
fully with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown.

[0044] FIG. 1 is a plan view of an organic light-emitting
display device 100 according to an embodiment ofthe present
invention. FIG. 2 is a cross-sectional view of the organic
light-emitting display device 100 taken along a line I-I' of
FIG. 1, according to an embodiment of the present invention.
FIG. 3 is an enlarged cross-sectional view of a portion ‘A’ of
FIG. 2, according to an embodiment of the present invention.
FIG. 4 is a cross-sectional view of the organic light-emitting
display device 100 taken along a line II-1I' of FIG. 1. accord-
ing to an embodiment of the present invention.

[0045] Referring to FIGS. 1 through 4, the organic light-
emitting display device 100 includes a substrate 101, an
organic light-emitting unit 110, and an encapsulation umt
120.

[0046] The substrate 101 may be formed of a glass material
having Si0, as a main component. The substrate 101 is not
limited thereto and may be formed of a transparent plastic
material. A plastic substrate may be formed of an insulating
organic material that is selected from polyethersulphone
(PES), polyacrylate (PAR), polyetherimide (PEI), polyethyl-
ene naphthalate (PEN), polyethylene terephthalate (PET),
polyphenylene sulfide (PPS), polyallylate, polyimide, poly-
carbonate (PC), cellulose triacetate (TAC), and cellulose
acetate propionate (CAP).

[0047] Alternatively, the substrate 101 may be formed of
metal and may be in the form of a foil.

[0048] A display region Al and a non-display region A2 are
defined on the substrate 101. FIG. 1 shows a case where the
non-display region A2 is positioned at one side edge of the
display region Al. However, the present invention is not
limited thereto. That is, the non-display region A2 may be
positioned at one side edge and its opposite side edge of the
display region Al, or, alternatively, may be positioned to
surround the display region Al.

[0049] The organic light-emitting unit 110 including a plu-
rality of organic light-emitting devices 52 that emit rays vis-
ible to a user may be disposed on the display region Al. In
addition, each of the organic light-emitting devices 52 may
include a first electrode 111, an intermediate layer 112, and a
second electrode 113, which are shown in FIG. 3 and will be
described below.

[0050] A padunit 118 is disposed on the non-display region
A2. The pad unit 118 transfers electrical signals or power to
the display region Al. For example, an electrical signal gen-
erated from a driving circuit unit (not shown) is transmitted to
the display region Al through the pad unit 118, which is
shown in FIG. 4 in detail and will be described below.
[0051] The encapsulation unit 120 may be disposed on the
substrate 101 so as to prevent external moisture, air, or the like
from penetrating into a thin film transistor (TFT), a light-
emitting pixel, and the like included on the substrate 101. The
encapsulation unit 120 seals the organic light-emitting umt
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110 on the substrate 101. The encapsulation unit 120 may be
formed as a plurality of thin films, which will be described
below.

[0052] FIG. 2 is a cross-sectional view of the organic light-
emitting display device 100 taken along a line I-I' of FIG. 1,
according to an embodiment of the present invention. FIG. 3
is an enlarged cross-sectional view of a portion ‘A’ of FIG. 2,
according to an embodiment of the present invention.

[0053] Referring to FIGS. 2 and 3, the organic light-emit-
ting display device 100 includes the substrate 101, the organic
light-emitting unit 110, and the encapsulation unit 120.
[0054] The organic light-emitting unit 110 including a
light-emitting device is disposed on the substrate 101. The
organic light-emitting unit 110 may include the plurality of
organic light-emitting devices 52.

[0055] Each of the organic light-emitting devices 52
includes the first electrode 111, the intermediate layer 112,
and the second electrode 113.

[0056] The first electrode 111 and the second electrode 113
may be used as an anode and a cathode, respectively. How-
ever, the present invention is not limited thereto, and polari-
ties of the first electrode 111 and the second electrode 113
may be switched and thus the first electrode 111 and the
second electrode 113 may be used as a cathode and an anode,
respectively.

[0057] Ifthe organic light-emitting display device 100 is a
bottom emission organic light-emitting display device in
which an image is formed toward the substrate 101, the first
electrode 111 is a transparent electrode and the second elec-
trode 113 is a reflective electrode. Alternatively, if the organic
light-emitting display device 100 is a top emission organic
light-emitting display device in which an image is formed
toward the encapsulation unit 120, the first electrode 111 is a
reflective electrode and the second electrode 113 is a trans-
parent electrode.

[0058] The transparent electrode may include at least one
selected from indium tin oxide (ITO), indium zinc oxide
(1Z0), zinc oxide (Zn0O), indium oxide (In,0,), indium gal-
lium oxide (IGO), and aluminum zinc oxide (AZO).

[0059] The reflective electrode may be formed by thinly
depositing a metal having a low work function, such as one of
silver (Ag), magnesium (Mg), aluminum (Al), platinum (Pt),
palladium (Pd), gold (Au), nickel (Ni), neodymium (Nd)
iridium (Ir}, chromium (Cr), lithium (Li), LiF/Ca, LiF/Al, an
alloy thereof, and a compound thereof.

[0060] A surface of the first electrode 111 is exposed by a
pixel defining film 114. The pixel defining film 114 formed of
at least one organic insulating material selected from polyim-
ide, polyamide, acrylic resin, benzocyclobutene, and phenol
resin may be formed by using spin coating or the like. Alter-
natively, the pixel defining film 114 may be formed of an
inorganic insulating material selected from SiO,, SiN,,
ALQO,,Cu0_.Tb,0,,Y,0,,Nb,0,, and Pr,0O;. Alternatively,
the pixel defining film 114 may be formed to have a multi-
layer structure in which an organic insulating material and an
inorganic insulating material are alternately stacked.

[0061] The intermediate layer 112 is disposed between the
first electrode 111 and the second electrode 113. The inter-
mediate layer 112 may be formed to have a single-layer
structure or a multi-layer structure in which one or more
layers selected from an organic emissive layer (EML), a hole
transport layer (HTL), a hole injection layer (HIL), an elec-
tron transport layer (ETL), and an electron injection layer
(EIL) are stacked.
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[0062] The organic EML may include a low molecular
weight or a high molecular weight organic material.

[0063] If the organic EML is formed of a low molecular
weight organic material, the intermediate layer 112 is config-
ured such that, with respect to the organic EML, the HTL and
the HIL are stacked toward the first electrode 111, and the
ETL and the EIL are stacked toward the second electrode 113.
Ifnecessary, various other layers may be stacked. In this case,
examples of the low molecular weight organic material may
include copper phthalocyanine (CuPc), N,N'-Di(naphtha-
lene-1-y1)-N,N'-diphenyl-benzidine (NPB), and tris-8-hy-
droxyquinoline aluminum (Algs).

[0064] If the organic EML is formed of a high molecular
weight organic material, the intermediate layer 112 may
include only the HTL stacked toward the first electrode 111
with respect to the organic EML. An HTL formed of poly(3,
4-ethylenedioxythiophene) (PEDQOT) or polyaniline (PANI)
may be formed on the first electrode 111 by using inkjet
printing or spin coating. Examples of the high molecular
weight organic material may include polyphenylene vinylene
(PPV)-based high molecular weight organic material and
polyfluorene-based high molecular weight organic material.
A color pattern may be formed by using a typical method such
as inkjet printing, spin coating, or laser-induced thermal
imaging.

[0065] A first layer 115a and a second layer 1156 may be
stacked on the second electrode 113. The first layer 1154
protects the intermediate layer 112 from plasma damage or
ultra violet damage during a subsequent thin film process.
The second layer 1155 increases extraction efficiency of light
generated from the organic light-emitting devices 52.

[0066] The encapsulation unit 120 seals the organic light-
emitting unit 110. The encapsulation unit 120 may include a
first portion 120a formed on the display region Al and a
second portion 1205 formed on the non-display region A2.
[0067] The first portion 120a may include first thin films
1201 and second thin films 1202 that are alternately stacked
on each other and the second portion 1204 may include first
thin films 1211, 1221, and 1231 that are stacked.

[0068] The first thin films 1201 may be formed to surround
ends of the second thin films 1202. That is, second thin films
1212 and 1222 may be interposed between the first thin films
1211, 1221, and 1231, respectively, and the second thin films
1212 and 1222 may be completely surrounded by the first thin
films 1211, 1221, and 1231.

[0069] The first thin films 1211, 1221, and 1231 may be
formed of an inorganic material and may function as barrier
layers. For example, the first thin films 1211, 1221, and 1231
may be formed of AlO_, Al,O;, SiN, Si;N,, ZrO, Al-doped
zine oxide (AZ0O), or SiOx. In addition, each of the first thin
films 1211, 1221, and 1231 may be formed as two or more
layers formed of these materials. The first thin films 1211,
1221, and 1231 may be formed by thermal evaporation,
E-beam evaporation, radio-frequency (RF) sputtering, reac-
tive sputtering, atomic layer deposition (ALD), plasma
enhanced chemical vapor deposition (PECVD), or the like.
[0070] Thesecondthin films 1212 and 1222 may be formed
of an organic material and may be formed as a planarization
layer. For example, the second thin films 1212 and 1222 may
be formed of acrylic monomer, silicon-based monomer,
epoxy-based monomer, or a polymer formed by hardening of
monomer formed by mixing at least one of the foregoing with
a hardening agent. The second thin films 1212 and 1222
formed of a polymer formed by hardening acrylic monomer
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may be formed by thermal evaporation. The second thin films
1212 and 1222 may be formed to have a greater thickness than
that of the first thin films 1211, 1221, and 1231.

[0071] FIG. 4 is a cross-sectional view of the organic light-
emitting display device 100 taken along a line II-1I' of FIG. 1,
according to an embodiment of the present invention. In
detail, FIG. 4 is a cross-sectional view showing a display
region Al and a non-display region A2.

[0072] Referring to FIG. 4, a buffer layer 102 is formed on
the substrate 101 and a bridge wiring 116 is formed on the
bufferlayer 102. The bridge wiring 116 may be formed across
the display region Al and the non-display region A2 on the
buffer layer 102. That is, a portion of the bridge wiring 116 is
disposed on the display region Al and another portion is
disposed on the non-display region A2.

[0073] Aninsulating layer 114 may be formed on the buffer
layer 102 so as to cover the bridge wiring 116. The insulating
layer 114 may be an interlevel insulating layer.

[0074] A wiringunit 117 and the pad unit 118 are formed on
the insulating layer 114. The wiring unit 117 1s formed on the
display region Al and the pad unit 118 is formed on the
non-display region A2. The wiring unit 117 and the pad unit
118 are formed so as to be disconnected from each other but
are electrically connected through the bridge wiring 116. That
is, the wiring unit 117 and the pad unit 118 are connected to
the bridge wiring 116 through first and second via holes H1
and H2, respectively. The first via hole H1 is formed in the
insulating layer 114 in the display region A1 so as to connect
the wiring unit 117 and the bridge wiring 116 to each other
and the second via hole H2 is formed in the insulating layer
114 in the non-display region A2 so as to connect the pad unit
118 and the bridge wiring 116 to each other.

[0075] Likewise, the pad unit 118 and the wiring unit 117
are not connected directly to each other at a boundary
between the display region A1 and the non-display region A2
but are connected to each other through the bridge wiring 116
that is formed as a different layer from the pad unit 118 and
the wiring unit 117, thereby preventing a liquid-state material
of the second thin film 1212 or a diffused component of the
second thin film 1212 from being introduced through the
wiring unit 117 at the boundary between the display region
Al and the non-display region Such incursion ofa second thin
film 1212 component through the wiring unit 117 would
damage the organic light-emitting devices 52 (i.e., the inter-
mediate layer 112 including an emissive during the formation
of the second thin film 1212.

[0076] Advantages of the present invention will be
described below with reference to FIGS. 5 and 6.

[0077] FIG. 5 is a cross-sectional view of a conventional
organic light-emitting display device, and, in detail, shows a
boundary between the display region A1 and the non-display
region A2. FIG. 6 is a cross-sectional view of the conventional
organic light-emitting display device taken along a line III-III"
of FIG. 5.

[0078] Referring to FIGS. 5 and 6, the conventional organic
light-emitting display device includes a buffer layer 12, an
insulating layer 13, a wiring unit 14, and encapsulation units
21, 22, and 23, which are formed on a substrate 11. In the
conventional organic light-emitting display device, the wir-
ing unit 14 is formed across the display region Al and the
non-display region A2 on the insulating layer 13, and the
wiring unit 14 functions as a pad unit on the non-display
region A2. As shown in FIG. 6, the wiring unit 14 may include
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three layers, 14a, 145, and 14¢. For example, layers 14a, 145
and 14¢ may be Ti—Al—Ti layers.

[0079] When three layers, thatis, wiring units 14a, 145, and
14c are formed and then a photolithography process is per-
formed in order to form a pixel defining film or a spacer, the
wiring units 14a, 14b, and 14¢ may have an overhang struc-
ture formed by etching a portion of the wiring unit 145 formed
of Al, as shown in FIG. 6. When the encapsulation unit 21 is
formed on the wiring units 14a, 14b, and 14c¢ having the
overhang structure, the encapsulation unit 21 does not com-
pletely cover the wiring units 14a, 145, and 14¢, that is, a
partial encapsulation unit 21a is formed on the insulating
layer 13, another partial encapsulation unit 215 is formed on
the wiring unit 145, and the encapsulation unit 21 is not
formed on the wiring unit 145. Likewise, an organic material
for forming the encapsulation unit 22 or a diffused component
of the encapsulation unit 22 may penetrate into an organic
light-emitting device through the wiring unit 144 that is not
covered by the encapsulation unit 21, with damage to the
organic light-emitting device. The arrows labeled “B” in FIG.
6 show the direction of possible incursion of encapsulating
layer components into wiring unit 14 in the conventional art.

[0080] However, in the organic light-emitting display
device 100 according to an embodiment of the present inven-
tion, the pad unit 118 and the wiring unit 117 are not con-
nected directly to each other at a boundary between the dis-
play region Al and the non-display region A2 but are
connected to each other through the bridge wiring 116 that is
formed as a different layer from the pad unit 118 and the
wiring unit 117, thereby preventing a liquid-state material of
the second thin film 1212 or a diffused component of the
second thin film 1212 from being introduced through the
wiring unit 117 at the boundary between the display region
Al and the non-display region A2. Such an incursion of a
component of second thin film 1212 through wiring unit 117
would damage the organic light-emitting devices 52, that is,
the intermediate layer 112 including an emissive layer, during
the formation of the second thin film 1212, as described
above.

[0081] FIG. 7 is a cross-sectional view of an organic light-
emitting display device 100' that is a modified example of the
organic light-emitting display device 100 of F1G. 4.

[0082] The organic light-emitting display device 100" of
FIG. 7 is different from the organic light-emitting display
device 100 of FIG. 4 in terms of a position of a first via hole
H1'. That is, the first via hole H1' of the organic light-emitting
display device 100' of F1IG. 7 may be formed under the second
thin film 1222, not under the second thin film 1212 whose end
portion is closer to a central portion of the display region Al
than the end portion of the second thin film 1222. In more
detail, the first via hole H1' may include a first inner surface
portion H1'a facing the display region Al and a second inner
surface portion H1'b facing the non-display region A2. The
second inner surface portion H1's may be formed closer to a
central portion of the display region Al than an external side
surface 12225 of the second thin film 1222 that is positioned
at an outermost portion of the second thin films 1212 and
1222. As another modified example, the second inner surface
portion H1's may be disposed between the external side sur-
face 12224 of the second thin film 1222 and an external side
surface 12125 of the second thin film 1212 that is disposed
inside the second thin film 1222.
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[0083] FIG. 81is a cross-sectional view of an organic light-
emitting display device 100" that is another modified
example of the organic light-emitting display device 100 of
FIG. 4.

[0084] The organic light-emitting display device 100" of
FIG. 8 is different from the organic light-emitting display
device 100 of FIG. 4 in terms ofa position of a second via hole
H2'. That 1s, the second via hole H2' of the organic light-
emitting display device 100" of FIG. 8 may be formed under
the second thin film 1222. In more detail, the second via hole
H2' may include a third inner surface portion H2'a facing the
display region Al and a fourth inner surface portion H2's
facing the non-display region A2. The third inner surface
portion H2'a may be formed closer to a central portion of the
display region Al than the external side surface 12225 of the
second thin film 1222 that is positioned at an outermost por-
tion of the second thin films 1212 and 1222. As another
modified example, the third inner surface portion H2'a may
be disposed between the external side surface 12225 of the
second thin film 1222 and the external side surface 12126 of
the second thin films 1212 that is disposed inside the second
thin film 1222.

[0085] As described above, although the second inner sur-
face portion H1'b of the first via hole H1' and the third inner
surface portion H2'a of the second via hole H2' are disposed
inside the external side surface 12224 of the second thin film
1222 that is an outermost portion, since the second thin film
1212 is disposed inside the second thin film 1222, impurities
such as external moisture and so on may be prevented from
penetrating.

[0086] FIG.9is a schematic plan view of an organic light-
emitting display device 200 according to another embodi-
ment of the present invention. FIG. 10 is a cross-sectional
view of the organic light-emitting display device 200 taken
along lines IX-IX and IX'-IX' of FIG. 9. For convenience of
description, the organic light-emitting display device 200 will
be described with respect to features that are different from
those of the aforementioned embodiment.

[0087] Referring to the embodiment of the invention rep-
resented by FIGS. 9 and 10, an organic light-emitting display
device 200 includes a substrate 201, a first electrode 210, an
intermediate layer 212, a second electrode 216, a wiring unit
221, a pad unit 220, a bridge wiring 223, an insulating layer
215, and an encapsulation unit 120.

[0088] The display region Al and the non-display region
A2 are defined on the substrate 201. FIG. 9 shows a case
where the non-display region A2 is positioned at one side
edge of the display region A1. However, the present invention
is not limited thereto. That is, the non-display region A2 may
be positioned at one side edge and the opposite side edge of
the display region A1, or alternatively, may be positioned to
surround the display region Al.

[0089] Thedisplay region Al includes a plurality of organic
light-emitting devices (not shown) generating light rays that
are visible to a user. In addition, each of the organic light-
emitting devices includes the first electrode 210, the interme-
diate layer 212, and the second electrode 216. A thin film
transistor (TFT) that is electrically connected to the first elec-
trode 210 is disposed on the display region Al. The TFT
includes an active layer 203, a gate electrode 205, a source
electrode 207, and a drain electrode 208. In addition, a capaci-
tor 214 is disposed on the display region Al and includes a
first capacitor electrode 211 and a second capacitor electrode
213, which will be described below.
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[0090] The pad unit 220 is disposed on the non-display
region A2. The pad unit 220 transfers electrical signals or
power to the display region Al. For example, an electrical
signal generated from a driving circuit unit (not shown) is
transmitted to the display region A1 through the pad unit 220.

[0091] A buffer layer 202 may be formed on the substrate
201. The buffer layer 202 may be formed across the display
region Al and the non-display region A2.

[0092] The active layer 203 may be formed on the buffer
layer 202. In addition, the first capacitor electrode 211 may be
formed on the buffer layer 202. The first capacitor electrode
211 may be formed of the same material as the active layer
203.

[0093] A gate insulating layer 204 may be formed on the
buffer layer 202 so as to cover the active layer 203 and the first
capacitor electrode 211. The gate insulating layer 204 may be
formed across the display region Al and the non-display
region A2.

[0094] The gate electrode 205, the first electrode 210, the
second capacitor electrode 213, and the bridge wiring 223
may be formed on the gate insulating layer 204.

[0095] The gate electrode 205 may include a first conduc-
tive layer 205a and a second conductive layer 2055. The first
conductive layer 205a may include a transmissive conductive
material, and, in detail, may include at least one selected from
indium tin oxide (ITO), indium zinc oxide (IZ0), zinc oxide
(Zn0O), indium oxide (In,0;), indium gallium oxide (IGO),
and aluminum zinc oxide (AZO). The second conductive
layer 2055 may be formed on the first conductive layer 2054
and may include, but is not limited to, one of a metal such as
Mo, MoW, an Al-based alloy and an alloy of metal.

[0096] The first electrode 210 may include a light transmis-
sive, conductive material and may be formed of the same
material as the first conductive layer 2054. A conductive unit
210a is disposed on a predetermined portion of the first elec-
trode 210 and is formed of the same material as the second
conductive layer 2056.

[0097] The second capacitor electrode 213 may include a
first layer 213q and a second layer 2135. The first layer 213a
may be formed of the same material as the first conductive
layer 205a, and the second layer 2135 may be formed of the
same material as the second conductive layer 205.

[0098] The bridge wiring 223 may include a first wiring
layer 223a and a second wiring layer 223b. The first wiring
layer 223a may be formed of the same material as the first
conductive layer 205a and the second wiring layer 2235 may
be formed of the same material as the second conductive layer
205h. The bridge wiring 223 may be formed on the gate
insulating layer 204 across the display region Al and the
non-display region A2. That is, an end of the bridge wiring
223 may be positioned on the display region Al and the other
end of the bridge wiring 223 may be positioned on the non-
display region A2. The wiring unit 221 and the pad unit 220
may be electrically connected to each other through the
bridge wiring 223. The bridge wiring 223 may be connected
to the wiring unit 221 on the display region A1 and may be
connected to the pad unit 220 on the non-display region A2,
which will be described below.

[0099] Aninterlevel insulating layer 206 may be formed on
the first electrode 210, the gate electrode 205, and the second
capacitor electrode 213. The interlevel insulating layer 206
may include various insulating materials such as organic
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materials or inorganic materials. The interlevel insulating
layer 206 may be formed across the display region Al and the
non-display region A2.

[0100] The source electrode 207, the drain electrode 208,
and the wiring unit 221 may be formed on the interlevel
insulating layer 206 of the display region Al. The source
electrode 207 and the drain electrode 208 may be formed to be
connected to the active layer 203.

[0101] Inaddition, any one of the source electrode 207 and
the drain electrode 208 may be electrically connected to the
first electrode 210. In this regard, F1G. 10 shows a case where
the drain electrode 208 is electrically connected to the first
electrode 210. In detail, the drain electrode 208 contacts the
conductive unit 210q.

[0102] The wiring unit 221 may be formed of the same
material as the source/drain electrodes 207 and 208. The
source/drain electrodes 207 and 208 and the wiring unit 221
may each include three layers. For example, the source/drain
electrodes 207 and 208 and the wiring unit 221 may each
include three layers, that is, Ti—Al—Ti layers.

[0103] The wiring unit 221 may be simultaneously formed
with the source electrode 207 or the drain electrode 208 by
using a patterning process.

[0104] The wiring unit 221 may be connected to the bridge
wiring 223 on the display region A1. That is, since the wiring
unit 221 may be disposed on the interlevel insulating layer
206, and the bridge wiring 223 may be disposed on the gate
insulating layer 204, the interlevel insulating layer 206 may
be positioned between the wiring unit 221 and the bridge
wiring 223. A via hole H4 may be formed in the interlevel
insulating layer 206, and thus, the wiring unit 221 and the
bridge wiring 223 may be electrically connected to each other
through the via hole H4 on the display region Al.

[0105] The pad unit 220 may be disposed on the interlevel
insulating layer 206 of the non-display region A2. The pad
unit 220 may be formed of various conductive materials and
may be formed of the same material as the source electrode
207, the drain electrode 208, and the wiring unit 221. The pad
unit 220 may include three layers like the wiring unit 221. For
example, the pad unit 220 may include three layers, that is,
Ti—Al—Ti layers.

[0106] Inaddition, the pad unit 220 may be simultaneously
formed with the source electrode 207 or the drain electrode
208 by using a patterning process.

[0107] The pad unit 220 may be connected to the bridge
wiring 223 disposed on the non-display region A2. That is,
since the pad unit 220 may be disposed on the interlevel
insulating layer 206 and the bridge wiring 223 may be dis-
posed on the gate insulating layer 204, the interlevel insulat-
ing layer 206 may be disposed between the pad unit 220 and
the bridge wiring 223. A via hole H5 may be formed in the
interlevel insulating layer 206, and, thus, the pad unit 220 and
the bridge wiring 223 may be electrically connected to each
other through the via hole H5 on the non-display region A2.

[0108] The pad unit 220 and the wiring unit 221 may be
formed so as to be disconnected from each other but may be
electrically connected to each other through the bridge wiring
223, as described above.

[0109] The insulating layer 215 may be formed on the
interlevel insulating layer 206 so as to cover a TFT. The
insulating layer 215 may include an opening 215« that is
formed to overlap with a predetermined region of an upper
surface of the first electrode 210.
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[0110] The intermediate layer 212 may be formed to cor-
respond to the opening 2154. The second electrode 216 may
be formed on the intermediate layer 212.

[0111] The encapsulation unit 120 may be formed on the
second electrode 216 so as to face one surface of the substrate
201. The encapsulation unit 120 may be formed to protect the
intermediate layer 212 and the like from external moisture,
air, or the like. As described above, the encapsulation unit 120
may include the first portion 120a formed on the display
region Al and the second portion 1205 formed on the non-
display region A2.

[0112] The first portion 120a may be formed by alternately
stacking the first thin films 1201 and the second thin films
1202 on each other. and the second portion 1205 may be
formed by alternately stacking the first thin films 1211, 1221,
and 1231 on each other.

[0113] The first thin films 1201 may be formed to surround
ends of the second thin films 1202. That is, the second thin
films 1212 and 1222 may be interposed between the first thin
films 1211, 1221, and 1231, respectively, and may be respec-
tively surrounded by the first thin films 1211, 1221, and 1231.

[0114] The first thin films 1211, 1221, and 1231 may be
formed of an inorganic material and may function as a barrier
layer. For example, the first thin films 1211, 1221, and 1231
may be formed of one of AlO,, Al,O,, SiN,, Si;N,, ZrO,
Al-doped zinc oxide (AZ0), and SiOx. In addition, the first
thin films 1211, 1221, and 1231 may be formed as two or
more layers formed of these materials. The first thin films
1211, 1221, and 1231 may be formed by one of thermal
evaporation, E-beam evaporation, radio-frequency (RF) sput-
tering, reactive sputtering, atomic layer deposition (ALD),
plasma enhanced chemical vapor deposition (PECVD), and
the like.

[0115] Thesecondthin films 1212 and 1222 may be formed
of an organic material and may be formed as a planarization
layer. For example, the second thin films 1212 and 1222 may
be formed of one of an acrylic monomer, a silicon-based
monomer, an epoxy-based monomer, and a polymer formed
by hardening of the monomer formed by mixing at least one
of the foregoing with a hardening agent. The second thin films
1212 and 1222 formed of a polymer formed by hardening
acrylic monomer may be formed by thermal evaporation. The
second thin films 1212 and 1222 may be formed to have a
greater thickness than that of the first thin films 1211, 1221,
and 1231.

[0116] According to an embodiment of the present inven-
tion, the pad unit 118 and the wiring unit 117 may not be
connected directly to each other at a boundary between the
display region A1 and the non-display region A2 but may be
connected to each other through the bridge wiring 116 that is
formed as a different layer from the pad unit 118 and the
wiring unit 117, thereby preventing a liquid-state material of
the second thin film 1212 or a diffused component of the
second thin film 1212 from being introduced through the
wiring unit 117 at the boundary between the display region
Al and the non-display region A2. This would damage the
organic light-emitting devices 52, that is, the intermediate
layer 112 including an emissive layer, during the formation of
the second thin film 1212. In particular, embodiments of the
present invention do not require any disconnection in the
inorganic encapsulation layer 21, which is shown in FIG. 6
and may correspond to first thin film 1211 in the embodiments
of FIGS. 4,7, 8 and 10. Thus, unwanted intrusion of organic
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components or environmental contaminants through gaps in
the inorganic encapsulation layer 21 may be prevented.
[0117] In addition, the pad unit 220 is simultaneously
formed with the source electrode 207 or the drain electrode
208, thereby simplifying a manufacturing process and easily
reducing the thickness of the organic light-emitting display
device 200.

[0118] In addition, the first electrode 210 is formed of the
same material at the same layer level as the first conductive
layer 205a of the gate electrode 205, thereby simplifying a
manufacturing process and reducing errors during the forma-
tion of the first electrode 210 and the gate electrode 205. In
addition, the thickness of the organic light-emitting display
device 200 may be easily reduced in comparison to more
traditional designs in which the first electrode is formed
above a TFT comprising a gate electrode and formed in a
layer that is distinct from the one including the gate electrode.
[0119] According to the one or more embodiments of the
present invention, impurities may be prevented from pen-
etrating into an organic light-emitting display device through
a boundary between an encapsulation unit and a pad unit.
[0120] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present invention as defined by the following claims.

What is claimed is:

1. An organic light-emitting display device, comprising:

a substrate on which a first region including a display

region and a second region including a non-display
region outside the first region are defined,

a first electrode disposed on the substrate;

an intermediate layer disposed on the first electrode and

comprising an organic light-emitting layer;

a second electrode disposed on the intermediate layer;

an encapsulation layer disposed on the substrate;

a pad unit disposed on the second region;

a wiring unit disposed on the first region; and

a bridge wiring that is disposed across the first region and

the second region and connects the pad unit and the
wiring unit to each other, the bridge wiring including a
first wiring layer and a second wiring layer on the first
wiring layer.

2. The organic light-emitting display device of claim 1, the
pad unit and the wiring unit being formed on a first insulating
layer formed on the substrate.

3. The organic light-emitting display device of claim 2,
further comprising a second insulating layer formed between
the substrate and the first insulating layer, the bridge wiring
being formed on the second insulating layer.

4. The organic light-emitting display device of claim 3, the
wiring unit being connected to the bridge wiring through a
first via hole in the first region, and the pad unit being con-
nected to the bridge wiring through a second via hole in the
second region.

5. The organic light-emitting display device of claim 1,
further comprising a thin film transistor (TFT) that is dis-
posed on the substrate, is electrically connected to the first
electrode, and comprises an active layer, a source electrode, a
drain electrode, and a gate electrode.

6. The organic light-emitting display device of claim 5, the
padunit and the wiring unit being formed of the same material
as one of the source electrode and the drain electrode, the pad
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unit and the wiring unit being formed at the same layer level
as one of the source electrode and the drain electrode.

7. The organic light-emitting display device of claim 5, the
first electrode and the gate electrode being formed at the same
layer level.

8. The organic light-emitting display device of claim 5, the
gate electrode comprising a first conductive layer and a sec-
ond conductive layer formed on the first conductive layer.

9. The organic light-emitting display device of claim 8, the
first wiring layer being formed ofthe same material as the first
conductive layer, the second wiring layer being formed of the
same material as the second conductive layer.

10. The organic light-emitting display device of claim 9,
the first electrode being formed of the same material as the
first conductive layer.

11. The organic light-emitting display device of claim 10,
the first electrode comprising a transmissive conductive
material.

12. An organic light-emitting display device, comprising:

a substrate on which a first region including a display
region and a second region including a non-display
region outside the first region are defined,

a first electrode disposed on the substrate;

an intermediate layer disposed on the first electrode and
comprising an organic light-emitting layer;

a second electrode disposed on the intermediate layer;

a first insulating layer formed on the substrate;

apadunit disposed on the second region, the pad unit being
formed on the first insulating layer;

a wiring unit disposed on the first region, the wiring unit
being formed on the first insulating layer;

a second insulating layer formed between the substrate and
the first insulating layer;

a bridge wiring that is disposed across the first region and
the second region, the bridge wiring being formed on the
second insulating layer, the wiring unit being connected
to the bridge wiring through a first via hole in the first
region, and the pad unit being connected to the bridge
wiring through a second via hole in the second region;
and

an encapsulation layer disposed on the substrate, the
encapsulation layer comprising a first portion compris-
ing a first thin film and a second thin film that are alter-
nately stacked on each other, the first portion being
disposed on the substrate, the encapsulation layer fur-
ther comprising a second portion comprising the first
thin film,

wherein a lowest thin film of the encapsulation layer has a
first part corresponding to a central portion of the bridge
wiring and a second part on the wiring unit and corre-
sponding to the first via hole, the first part has a first
surface facing the bridge wiring, the second part has a
second surface facing the wiring unit, and the first sur-
face is closer to the substrate than the second surface.

13. The organic light-emitting display device of claim 12,
the first portion being disposed on the first region, the second
portion being disposed on the second region and covering the
pad unit.

14. The organic light-emitting display device of claim 13,
the second portion comprising an opening through which a
portion of the pad unit is exposed outward.

15. The organic light-emitting display device of claim 12,
an end of the second thin film being surrounded by the first
thin film.
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16. The organic light-emitting display device of claim 12,
the first thin film being formed of an inorganic material.

17. The organic light-emitting display device of claim 12,
the second thin film being formed of an organic material.

18. The organic light-emitting display device of claim 12,
wherein the lowest thin film of the encapsulation layer further
has a third part on the pad unit and corresponding to the
second via hole, the third part has a third surface facing the
pad unit, and the first surface is closer to the substrate than the
third surface.

19. The organic light-emitting display device of claim 18,
a distance between the second surface and the substrate is
identical to a distance between the third surface and the sub-
strate.
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