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(7) ABSTRACT

Disclosed is an organic light-emitting display apparatus. The
organic light-emitting display apparatus includes a pixel elec-
trode that is connected to at least one thin film transistor, an
opposite electrode that is disposed to face the pixel electrode,
an organic light emitting layer that is disposed between the
pixel electrode and the opposite electrode, and a pad electrode
that includes a first pad layer, a second pad layer disposed on
the first pad layer, and a third pad layer which is disposed
between the first pad layer and the second pad layer and
contains a material having a reducibility that is lower than a
reducibility of a material contained in the second pad layer.
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FIG. 5
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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS

RELATED APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2013-0102659, filed on Aug. 28,2013, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] One or more embodiments of the inventive concept
relate to an organic light-emitting apparatus.

[0004] 2. Description of the Related Art

[0005] Organic light-emitting apparatuses are self-emitting
display apparatuses that include a hole injection electrode, an
electron injection electrode, and an organic light emitting
layer formed between the hole injection electrode and the
electron injection electrode. Holes injected from the hole
injection electrode and electrons injected from the electron
injection electrode are recombined and dissipated at the
organic light emitting layer to emit light. Organic light-emit-
ting display apparatuses show excellent characteristics such
as low power consumption, high luminance, and a fast
response time, and thus are attracting a lot of attention.

SUMMARY

[0006] One or more embodiments of the inventive concept
include a high-grade organic light-emitting display appara-
tus.

[0007] Additional aspects will be set forth in the descrip-
tion which follows and will be apparent from the description,
or may be learned by practice of the presented embodiments.
[0008] According to one or more embodiments of the
inventive concept, an organic light-emitting display appara-
tus includes: a pixel electrode that is connected to at least one
thin film transistor; an opposite electrode that is disposed to
face the pixel electrode; an organic light emitting layer that is
disposed between the pixel electrode and the opposite elec-
trode; and a pad electrode that comprises a first pad layer, a
second pad layer disposed on the first pad layer, and a third
pad layer which is disposed between the first pad layer and the
second pad layer and contains a material having a reducibility
that is lower than a reducibility of a material contained in the
second pad layer.

[0009] The pad electrode may further include a fourth pad
layer that contains transparent conductive oxide and is dis-
posed between the first pad layer and the third pad layer.
[0010] The pad electrode may further include a fifth pad
layer that contains transparent conductive oxide and is dis-
posed on the second pad layer.

[0011] Thesecond pad layer may contain areflective mate-
rial.

[0012] The second pad layer may contain silver (Ag).
[0013] The first pad layer may contain copper.

[0014] The pixel electrode may include a first layer that

contains the same material as the second pad layer.

[0015] The pixel electrode may include a second layer that
contains the same material as the third pad layer.

[0016] The organic light-emitting display apparatus may
further include an insulating layer that covers edges of each of
the second pad layer and third pad layer.
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[0017] According to one or more embodiments of the
inventive concept, an organic light-emitting display appara-
tus includes: a plurality of pixel electrodes that are connected
to at least one thin film transistor; an opposite electrode that is
disposed to face the plurality of pixel electrode; an organic
light emitting layer that is disposed between at least one of the
pixel electrodes and the opposite electrode; a light adjusting
layer that is disposed between at least one of the plurality of
pixel electrodes and the organic light emitting layer; and a pad
electrode that comprises a first pad layer, a second pad layer
disposed on the first pad layer, a third pad layer which is
disposed between the first pad layer and the second pad layer
and contains a material having a reducibility that is lower than
areducibility of a material contained in the second pad layer,
and a light adjusting layer disposed on the second pad layer.

[0018] Thelight adjusting layer contains a transparent con-
ductive oxide.
[0019] A plurality of light adjusting layers, which are

respectively disposed at different pixels among the plurality
of pixels, have different thicknesses.

[0020] The pad electrode may further include a fourth pad
layer that contains transparent conductive oxide and is dis-
posed between the first pad layer and the third pad layer.
[0021] The pad electrode may further include a fifth pad
layer that contains transparent conductive oxide and is dis-
posed on the second pad layer.

[0022] Thesecond pad layer may contain a reflective mate-
rial.

[0023] The second pad layer may contain silver (Ag).
[0024] The first pad layer may contain coppet.

[0025] The pixel electrode may include a first layer that

contains the same material as the second pad layer.
[0026] The pixel electrode may include a second layer that
contains the same material as the third pad layer.

[0027] The opposite electrode may be a semi-transmissive
electrode.
[0028] The organic light-emitting display apparatus may

further include an insulating layer that covers edges of each of
the second pad layer and third pad layer. The light adjusting
layer is disposed on the insulating layer.

[0029] In addition to the aforesaid details, other aspects,
features, and advantages will be clarified from the following
drawings, claims, and detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] These and/or other aspects will be apparent and
more readily appreciated from the following description of
the embodiments, taken in conjunction with the accompany-
ing drawings of which:

[0031] FIG. 1 is a plan view schematically illustrating an
organic light-emitting display apparatus according to a first
embodiment of the inventive concept;

[0032] FIG. 2is a cross-sectional view schematically illus-
trating a pixel and a pad unit of the organic light-emitting
display apparatus according to a first embodiment of the
inventive concept;

[0033] FIG. 3is a cross-sectional view schematically illus-
trating a pixel and a pad unit of an organic light-emitting
display apparatus according to a second embodiment of the
inventive concept;

[0034] FIG. 4is a cross-sectional view schematically illus-
trating a pixel and a pad unit of an organic light-emitting
display apparatus according to a third embodiment of the
inventive concept;
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[0035] FIG. 5 includes cross-sectional views illustrating in
detail some elements of each of sub-pixels of FI1G. 4; and
[0036] FIG. 6 is a cross-sectional view schematically illus-
trating a pixel and a pad unit of an organic light-emitting
display apparatus according to a fourth embodiment of the
inventive concept.

DETAILED DESCRIPTION

[0037] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to the like
elements throughout the specification. In this regard, the
present embodiments may have different forms and should
not be construed as being limited to the descriptions set forth
herein. Accordingly, the embodiments are merely described
below, with reference to the figures, to explain aspects of the
present description. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. Expressions such as “at least one of.”
when preceding a list of elements, modify the entire list of
elements and do not modify the individual elements of the list.
[0038] The inventive concept can impose various transfor-
mations that can have various embodiments, and specific
embodiments illustrated in the drawings will be described in
detail in the detailed description. The effects and features of
the inventive concept will become apparent from the follow-
ing description of the embodiments with reference to the
accompanying drawings, which is set forth hereinafter. The
inventive concept may, however, be embodied in different
forms and should not be construed as being limited to the
embodiments set forth herein.

[0039] Hereinafter, embodiments of the inventive concept
will be described in detail with reference to the accompanying
drawings. In addition, in the present specification and draw-
ings, like reference numerals refer to like elements through-
out the specification, and thus, redundant descriptions may be
omitted.

[0040] Inthe following embodiments, the terms “first” and
“second” are for differentiating one element from another
element, and these elements should not be limited by these
terms.
[0041] In the following embodiments, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise.

[0042] In the following embodiments, it should be further
understood that the terms “comprises”, “comprising”, “has”,
“having”, “contains”, “containing” “includes” and/or
“including”, when used herein, specify the presence of stated
features, integers, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, integers, steps, operations, elements,
components, and/or groups thereof.

[0043] In the following embodiments, when an element
such as a layer or a region is referred to as being “on” another
element, this includes a case where one element is disposed
between other elements, in addition to a case where one
element is disposed directly on the other element.

[0044] In the drawings, the dimensions of layers and
regions are exaggerated or reduced for clarity of illustration.
For example, a dimension and thickness of each element in
the drawings are arbitrarily illustrated for clarity, and thus,
embodiments of the inventive concept are not limited thereto.
[0045] FIG. 1 is a plan view schematically illustrating an
organic light-emitting display apparatus 1 according to a first
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embodiment of the inventive concept, and FIG. 2 is a cross-
sectional view schematically illustrating a pixel P1 and a pad
unit PAD1 of the organic light-emitting display apparatus 1
according to a first embodiment of the inventive concept.
[0046] Referring to FIG. 1, the organic light-emitting dis-
play apparatus 1 according to a first embodiment of the inven-
tive concept includes a substrate 10, and a display area DA is
formed on the substrate 10. The display area DA includes a
plurality of pixels P1 and displays an image. The display area
DA is surrounded by a sealing line SL. and includes an encap-
sulation member (not shown) that encapsulates the display
area DA,

[0047] Referring to FIG. 2, at least one thin film transistor
TFT, an organic light-emitting device OLED connected to the
thin film transistor TFT, at least one capacitor CAP, and at
least one pad unit PADI are provided at the substrate 10.
[0048] The substrate 10 may include a plastic substrate
including at least one of polyethylene terephthalate (PET),
polyethylene naphthalate (PEN), and polyimide, in addition
to a glass substrate.

[0049] Abufferlayer11, which forms a smooth surface and
prevents impurities from penetrating into the TFT and OLED
from the substrate 10, may be provided on the substrate 10.
The buffer layer may be formed of a single layer or multilay-
ers thatinclude(s) an organic insulating layer such as a silicon
nitride, a silicon oxide and an oxynitride, or any combinations
thereof.

[0050] The at least one thin film transistor TFT is provided
on the substrate 10. The thin film transistor TFT includes an
active layer 112, a gate electrode 114, a source electrode
1164, and a drain electrode 1164.

[0051] The active layer 112 may include a channel region
112¢, a source region 112a whichis doped with ion impurities
and is formed at one outer side of the channel region 112¢, and
adrain region 1125 which is doped with ion impurities and is
formed at the other outer side of the channel region 112¢. The
active layer 112 may be formed of various materials. For
example, the active layer 112 may include an inorganic semi-
conductor material such as amorphous silicon, polycrystal-
line silicon and crystalline silicon. As another example, the
active layer 112 may include an oxide semiconductor. As
another example, the active layer 112 may include an organic
semiconductor material.

[0052] A first insulating layer 13 that is a gate insulating
layer is formed on the active layer 112, and the gate electrode
114 is provided on the first insulating layer 13 at a position
corresponding to the channel region 112¢.

[0053] The gate electrode 114 may be formed of a single
layer or multilayers which is/are formed of one or more
metals selected from the group consisting of aluminum (Al),
platinum (Pt), palladium (Pd), silver (Ag), magnesium (Mg),
gold (Au), nickel (Ni), neodymium (Nd), iridium (Ir), chro-
mium (Cr), lithium (Li), calcium (Ca), molybdenum (Mo),
titanium ('Ti), tungsten (W), and copper (Cu).

[0054] A second insulating layer 15 that is an interlayer
insulating layer is formed on the gate electrode 114. The
source electrode 116a and the drain electrode 1165 are pro-
vided on the second insulating layer 15.

[0055] The source electrode 116a and the drain electrode
1165 respectively contact the source region 112a and drain
region 1125 of the active layer 112 through an opening which
is formed in the second insulating layer 15. The source elec-
trode 1164 and the drain electrode 116¢ may be formed of a
single layer or multilayers which is/are formed of, for
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example, one or more metals selected from the group consist-
ing of aluminum (Al), platinum (Pt), palladium (Pd), silver
(Ag), magnesium (Mg), gold (Au), nickel (Ni), neodymium
(Nd), iridium (Ir), chromium (Cr), lithium (L), calcium (Ca),
molybdenum (Mo), titanium (Ti), tungsten (W), and copper
(Cu).

[0056] The first insulating layer 13 and the second insulat-
ing layer 15 may be formed of an inorganic insulating layer.
The inorganic insulating layer forming the first insulating
layer 13 and the second insulating layer 15 may contain at
least one of SiO,, SiN_, SiON, AL,O,, TiO,, Ta,0,, HfO,,
Zr0,, BST, and PZT.

[0057] A third insulating layer 17 is formed on the second
insulating layer 15 to cover the source electrode 116a and the
drain electrode 1165. The third insulating layer 17 may be
formed of an inorganic insulating layer, an organic insulating
layer, or any combinations thereof.

[0058] The organic light-emitting device OLED, which
includes pixel electrodes 418 and 419 connected to the drain
electrode 1164 of the thin film transistor TFT, an organic light
emitting layer 422, and an opposite electrode 423, is formed
on the third insulating layer 17.

[0059] The thin film transistor TFT of FIG. 2 is a driving
transistor that drives the organic light-emitting device OLED.
The driving transistor is illustrated in FIG. 2, but the organic
light-emitting display apparatus 1 according to the present
embodiment may further include a switching transistor (not
shown) or a threshold voltage compensation transistor (not
shown).

[0060] A structure of the thin film transistor TFT of FIG. 2
is an example to which the organic light-emitting display
apparatus 1 according to the present embodiment may be
applied, and the present embodiment is not limited to the
structure of the thin film transistor TFT of FIG. 2.

[0061] Thepixel electrodes 418 and 419 may include a first
layer 419 containing the same material as that of a second pad
layer 319 of a pad electrode 300 to be described below, and a
second layer 418 containing the same material as that of a
third pad layer 318 of the pad electrode 300.

[0062] The first layer 419 of the pixel electrodes 418 and
419 may contain a reflective material. For example, the reflec-
tive material may contain silver (Ag) or a silver alloy.
[0063] Thesecondlayer 418 of the pixel electrodes 418 and
419is disposed under the first layer 419 of the pixel electrodes
418 and 419. The second layer 418 may be disposed to
directly contact a bottom of the first layer 419.

[0064] Thesecond layer 418 may contain a material having
a lower reducibility than that of a material contained in the
first layer 419. For example, when the first layer 419 contains
a material having a high reducibility like silver (Ag), the
second layer 148 may contain a material having a lower
reducibility than that of silver (Ag), such as copper (Cu) or
aluminum (Al). A material having a high reducibility like
silver (Ag) easily accommodates ambient electrons during an
etching process of forming a pattern of the pixel electrodes
418 and 419. As aresult, the silver (Ag) ions dissolved in the
etchant accommodate the ambient electrons andre-precipi-
tated as silver (Ag) particles. The re-precipitated silver (Ag)
particles cause a particle defect such as a short circuit and a
breakage of insulating layers in the organic light-emitting
display apparatus 1 during a subsequent process.

[0065] However, in the organic light-emitting display appa-
ratus 1 according to an embodiment of the inventive concept,
the pixel electrode 418 includes a dual structure that includes
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the first layer 419 containing a material having a high reduc-
ibility and the second layer 418 containing a material having
a lower reducibility than the first layer 419, thus reducing the
particle defect caused by the re-precipitation of the silver
(Ag) particles when compared to a case in which a pixel
electrode is formed of a thick single structure of a material
having a high reducibility, such as silver (Ag).

[0066] According to anincrease in demand for large-screen
display apparatuses, the size of display apparatuses becomes
larger, and thus, a thickness of electrodes or wirings such as
the pixel electrodes 418 and 419 or the pad layers 318 and 319
included in the display apparatuses need to become thicker in
order to prevent voltage drops in the electrodes or wirings
included in the display apparatus. According to an increase in
thickness of the electrodes or wirings having high reproduc-
ibility, the possibility of the particle defects increases because
an area exposed during the etching process is increased t00.
However, in the organic light-emitting display apparatus 1
according to the present embodiment, the pixel electrodes
418 and 419, the pad layers 318 and 319, and a plurality of
wirings (not shown) connected to the pixel electrodes 418 and
419 are formed in a dual structure including the first layers
419 and 319 having a high reproducibility, and the second
layers 418 and 318 having a low reproducibility than the first
layers 419 and 319. Thus, the pixel electrodes 418 and 419,
the pad layers 318 and 319, and the plurality of wirings (not
shown) connected to the pixel electrodes 418 and 419 may be
thickly formed without causing a particle defect due to the
re-precipitated silver (Ag) particles. Accordingly, a problem
of voltage drop caused by the increase of a screen size is
reduced without causing a particle defect.

[0067] A third layer 420 of the pixel electrode may be
further provided between the third insulating layer 17 and the
second layer 418 of the pixel electrode.

[0068] The third layer 420 may contain the same material
as that of a fourth pad layer 320 of the pad electrode 300 to be
described below. For example, the third layer 420 of the pixel
electrode may contain a transparent conductive oxide con-
taining at least one or more selected from the group consisting
of indium tin oxide (ITO), indium zinc oxide (IZO), zinc
oxide (Zn0), indium oxide (In,0;), indium gallium oxide
(IGO), and aluminum zinc oxide (AZO). The third layer 420
of the pixel electrode strengthens adhesive force between the
third insulating layer 17 and the second layer 418 of the pixel
electrode.

[0069] A fourth layer 421 of the pixel electrode may be
further provided on the first layer 418 of the pixel electrode.

[0070] The fourth layer 421 may contain the same material
as that of a fifth pad layer 321 of the pad electrode 300 to be
described below. For example, the fourth layer 421 of the
pixel electrode may contain a transparent conductive oxide
containing at least one or more selected from the group con-
sisting of indium tin oxide (ITO), indium zinc oxide (I70),
zine oxide (ZnO), indium oxide (In,0;), indium gallium
oxide (IGO), and aluminum zinc oxide (AZO). The fourth
layer 421 of the pixel electrode may act as a barrier layer that
prevents materials contained in the first layer 418 of'the pixel
electrode from being oxidized and diffused.

[0071] A fourth insulating layer 19 formed of an organic
insulating layer or inorganic insulating layer may be provided
on the third insulating layer 17. The fourth insulating layer 19
may cover outer portions of the pixel electrodes 418 and 419
and may act as a pixel defining layer.



US 2015/0060783 A1l

[0072] An organic light emitting layer 422 is disposed on at
least an opening C1 formed in the fourth insulating layer 19.
The organic light emitting layer 422 may be formed of a
low-molecular organic material, a polymer organic material,
or a hybrid organic material produced by mixing the low-
molecular organic material and the polymer organic material.
[0073] Although not shown in FIG. 2, in addition to the
organic light emitting layer 422, at least one of a hole injec-
tion layer (HIL), a hole transport layer (HTL), an electron
transport layer (ETL), and an electron injection layer (EIL)
may be further provided between the pixel electrodes 418 and
419 and the opposite electrode 423. The present embodiment
is not limited thereto, and other various functional layers may
be further provided.

[0074] The pixel P1 illustrated in FIG. 2 is a sub-pixel
comprising a unit pixel, and the sub-pixel may emit light of
predetermined colors. For example, the sub-pixel may emit
red, green, or blue light.

[0075] As another example, the sub-pixel may emit white
light. When the sub-pixel emits white light, the organic light-
emitting display apparatus 1 may further include a color
converting layer, which converts the white light into colored
light, or a color filter. The sub-pixel emitting the white light
may have various structures, and for example, may at least
have a structure in which a light-emitting material emitting
red light, a light-emitting material emitting green light, and a
light-emitting material emitting blue light are stacked.
[0076] As another example, the sub-pixel emitting the
white light may at least have a structure in which the light-
emitting material emitting the red light, the light-emitting
material emitting the green light, and the light-emitting mate-
rial emitting the blue light are combined.

[0077] The illustrated colors, red, green, and blue, are
merely examples, and the present embodiment is not limited
thereto. That is, if it is possible to emit white light, in addition
to a combination of red, green, and blue, a combination of
other various colors may be used.

[0078] The opposite electrode 423, a common electrode, is
disposed on all pixels in common. In the organic light-emit-
ting display apparatus 1 according to the present embodi-
ment, the pixel electrodes 418 and 419 are used as an anode,
and the opposite electrode 423 is used as a cathode. Alterna-
tively, polarities of the electrodes may be applied vice versa.
[0079] The opposite electrode 423 may be formed of a
transparent electrode. The opposite electrode 423 may con-
tain one or more materials selected from the group consisting
of Al, Mg, Li, Ca, LiF/Ca, and LiF/Al, and may be formed to
have a sufficiently thin thickness. As another example, the
opposite electrode 423 may contain a transparent conductive
oxide.

[0080] Inan organic light-emitting display apparatus 1 of a
top light emitting type, the first layer 419 and second layer
418 of the pixel electrode are formed of a reflective material
and the opposite electrode 423 is formed of a transparent
electrode. Light emitted from the organic light emitting layer
422 is reflected by the pixel electrodes 418 and 419, and
passes through the opposite electrode 423, which is a trans-
parent electrode.

[0081] A capacitor CAP including a first electrode 214 and
a second electrode 216 may be provided on the substrate 10.
[0082] The first electrode 214 of the capacitor CAP may be
disposed on the same layer as that of the gate electrode 114,
and may be formed of the same material as that of the gate
electrode 114.
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[0083] Thesecond electrode 216 of the capacitor CAP may
be disposed on the same layer as that of the source electrode
1164 and the drain electrode 1165, and may be formed of the
same material as that of the source electrode 1164 and the
drain electrode 1164.

[0084] The second insulating layer 15 may be disposed
between the first electrode 214 and second electrode 216 of
the capacitor CAP, and may act as a dielectric layer of the
capacitor CAP.

[0085] The pad unit PAD1, which is a connection terminal
to an external device for example a driver IC, is disposed at an
outer portion of the display area DA.

[0086] The pad unit PADI includes the pad electrode 300
that includes a first pad layer 316, a second pad layer 319, and
a third pad layer 318 disposed between the first pad layer 316
and the second pad layer 319.

[0087] Thefirst pad layer 316 may be disposed on the same
layer as that of the source electrode 1164 and drain electrode
1165 of the thin film transistor TFT. The first pad layer 316
may be formed of the same material as that of the source
electrode 116a and the drainelectrode 1165. For example, the
first pad layer 316 may be formed of a single layer or multi-
layers which is/are formed of one or more metals selected
from the group consisting of aluminum (Al), platinum (Pt),
palladium (Pd), silver (Ag), magnesium (Mg), gold (Au),
nickel (N1), neodymium (Nd), iridium (Ir), chromium (Cr),
lithium (L1), calcium (Ca), molybdenum (Mo), titanium (Ti),
tungsten (W), and copper (Cu).

[0088] In the present embodiment, the first pad layer 316
may be formed of copper. Wet etching process may reduce a
manufacturing time of an etching process when compared to
adry etching process. In the present embodiment, the first pad
layer 316 includes a material having a low resistance and
containing copper suitable for a wet etching process, thus
preventing a voltage drop at the pad electrode 300 and saving
a manufacturing time.

[0089] Edges of the first pad layer 316 is covered by the
third insulating layer 17, and the third pad layer 318 and the
second pad layer 319 are formed on the first pad layer 316.
The third pad layer 318 and the second pad layer 319 may act
as a barrier layer that prevents materials contained in the first
pad layer 316 from being oxidized and diffused.

[0090] The second pad layer 319 may be disposed on the
same layer as that of the first layer 418 of the pixel electrode
and may be formed of the same material as that of the first
layer 418 of the pixel electrode. That is, the second pad layer
319 may contain a reflective material. For example, the reflec-
tive material may contain silver (Ag) or a silver alloy.
[0091] Thethird pad layer 318 is disposed between the first
pad layer 316 and the second pad layer 319. The third pad
layer 318 may be disposed to directly contact a bottom of the
second pad layer 319.

[0092] The third pad layer 318 may contain a material
having alower reducibility than that ofa material contained in
the second pad layer 319. For example, when the second pad
layer 319 contains a material having a high reducibility like
silver (Ag), the third pad layer 318 may contain a material
having a lower reducibility than that of silver (Ag), such as
copper (Cu) or aluminum (Al). A material having a high
reducibility like silver (Ag) may easily accommodate ambi-
ent electrons during an etching process of forming a pattern of
the second pad layer 319. As a result, the silver (Ag) ions
dissolved in the etchant accommodate the ambient electrons
to thereby be re-precipitated as silver (Ag) particles, and the
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re-precipitated silver (Ag) particles cause a particle defect of
the organic light-emitting display apparatus 1in a subsequent
process.

[0093] However, in the organic light-emitting display appa-
ratus 1 according to the present embodiment, the third pad
layer 318 containing a material having a lower reducibility
than the second pad layer 319 is formed between the first pad
layer 316 and the second pad layer 319. Thus further reducing
the particle defect caused by the re-precipitation of silver
(Ag) while preventing the voltage drop at the pad electrode
300.

[0094] In the organic light-emitting display apparatus 1
according to the present embodiment, the first pad layer 316
includes a material that has a low resistance and is suitable for
wet etching, and the pad electrode 300 is formed in a triple
structure including the first pad layer 316, the second pad
layer 319, and the third pad layer 318, thus reducing a manu-
facturing time and preventing a voltage drop.

[0095] A fourth pad layer 320 may be further provided
between the first pad layer 316 and the third pad layer 318.
[0096] The fourth pad layer 320 may contain, for example,
atransparent conductive oxide containing at least one or more
selected from the group consisting of indium tin oxide (ITO),
indium zinc oxide (1Z0), zinc oxide (ZnQO), indium oxide
(In,03), indium gallium oxide (IGO), and aluminum zinc
oxide (AZO). The fourth pad layer 320 strengthens adhesive
force between the first pad layer 316 and the third pad layer
318.

[0097] A fifth pad layer 321 may be further provided on the
second pad layer 319.

[0098] The fifth pad layer 321 may contain a transparent
conductive oxide like the fourth pad layer 320. The fifth pad
layer 321 may act as a barrier layer that prevents materials
contained in the second pad layer 319 from being oxidized
and diffused.

[0099] Hereinafter, another embodiment of the inventive
concept will be described in detail with reference to FIG. 3.
[0100] FIG. 3 isa cross-sectional view schematically illus-
trating a pixel P2 and a pad unit PAD2 of an organic light-
emitting display apparatus 2 according to a second embodi-
ment of the inventive concept. Hereinafter, a description on
the organic light-emitting display apparatus 2 according to
the present embodiment will focus on a difference between
the organic light-emitting display apparatus 2 according to
the present embodiment and the organic light-emitting dis-
play apparatus 1 according to the first embodiment.

[0101] Referring to FIG. 3, the organic light-emitting dis-
play apparatus 2 according to the second embodiment
includes a substrate 10, and a plurality of pixels P2 and pad
units PAD2 disposed on the substrate 10.

[0102] Each of the plurality of pixels P2 includes at least
one thin film transistor TFT, an organic light-emitting device
OLED connected to the thin film transistor TFT, and at least
one capacitor CAP.

[0103] The thin film transistor TFT, the organic light-emit-
ting device OLED, and the capacitor CAP which are included
in the organic light-emitting display apparatus 2 according to
the second embodiment are the same as those included in the
configuration of the organic light-emitting display apparatus
1 according to the first embodiment.

[0104] Each of the plurality of pad units PAD2 is a connec-
tion terminal to an external driver, as in the above-described
first embodiment, and includes a pad electrode 300 that
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includes a first pad layer 316, a second pad layer 319, and a
third pad layer 318 disposed between the first pad layer 316
and the second pad layer 319.

[0105] Although not shown in FIG. 3, a fourth pad layer
320 containing a transparent conductive oxide may be further
provided between the first pad layer 316 and the third pad
layer 318. Also, a fifth pad layer 321 that prevents materials
contained in the third pad layer 318 from being oxidized and
diffused may be further provided on the second pad layer 319.
[0106] Inthe presentembodiment, a fourth insulating layer
19 acting as a pixel defining layer is formed to cover edges of
each of the second pad layer 319 and third pad layer 318. The
fourth insulating layer 19, which covers the edges of each of
the second pad layer 319 and third pad layer 318, prevents
materials having ahigh reducibility, such as silver, from being
diffused into the organic light-emitting display through the
edge of the second pad layer 319. Accordingly, a short circuit
and a breakage of insulating layers caused by silver diffusion
are prevented.

[0107] Hereinafter, another embodiment of the inventive
concept will be described in detail with reference to FIG. 4.
[0108] FIG. 4is a cross-sectional view schematically illus-
trating a pixel P3 and a pad unit PAD3 of an organic light-
emitting display apparatus 3 according to a third embodiment
of the inventive concept. Hereinafter, a description on the
organic light-emitting display apparatus 3 according to the
present embodiment will focus on a difference between the
organic light-emitting display apparatus 3 according to the
present embodiment and the organic light-emitting display
apparatus 1 according to the first embodiment.

[0109] Referring to FIG. 4, the organic light-emitting dis-
play apparatus 3 according to the third embodiment includes
asubstrate 10, and a plurality of pixels P3 and pad units PAD3
are provided on the substrate 10.

[0110] Each of the plurality of pixels P3 may be a unit pixel
including a plurality of sub-pixels P(R), P(G) and P(B) that
emit light of predetermined colors. For example, the sub-
pixel P(R) may emit red light, the sub-pixel P(G) may emit
green light, and the sub-pixel P(B) may emit blue light.
[0111] An organic light emitting layer 422R emitting red
light is formed on the sub-pixel P(R), an organic light emit-
ting layer 422G emitting green light is formed on the sub-
pixel P(G), and an organic light emitting layer 422B emitting
blue light is formed on the sub-pixel P(B).

[0112] The illustrated colors, red, green, and blue, are
merely examples, and the present embodiment is not limited
thereto. That is, if it s possible to emit white light, inaddition
to a combination of red, green, and blue, a combination of
other various colors may be used.

[0113] Each of the sub-pixels P(R), P(G) and P(B) may
include at least one thin film transistor TFT, an organic light-
emitting device connected to the thin film transistor TFT, and
at least one capacitor (not shown). The thin film transistor
TFT and the capacitor (not shown) which are included in the
organic light-emitting display apparatus 3 according to the
present embodiment are the same as the configuration of the
organic light-emitting display apparatus 1 according to the
first embodiment.

[0114] A plurality of pixel electrodes 418 and 419 are dis-
posed at each of the sub-pixels P(R), P(G) and P(B) on a third
insulating layer 17. The pixel electrodes 418 and 419 may
include a first layer 419 containing the same material as that
ofasecond pad layer 319 of a pad electrode 300, and a second
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layer 418 containing the same material as that of a third pad
layer 318 of the pad electrode 300.

[0115] Similar to the above-described first embodiment,
the first layer 419 of the pixel electrode may contain a reflec-
tive material such as silver (Ag) or a silver alloy. The second
layer 418 of the pixel electrode may contain a material having
a lower reducibility than that of a material contained in the
first layer 419. Accordingly, a particle defect caused by the
re-precipitation of silver (Ag) particles is reduced. Also, the
pixel electrode is thickly formed in a dual structure including
the first layer 419 and the second layer 418, thus solving a
problem of voltage drop caused by the increase of a screen
size.

[0116] Although not shown in detail in FIG. 4, the third
layer (420, see FIG. 2) containing a transparent conductive
oxide may beprovided between a third insulating layer 17 and
the second layer 418 of the pixel electrode. Also, the fourth
layer (421, see FIG. 2) that prevents materials contained in the
first layer 419 from being oxidized and diffused may be
further provided between the first layer 419 and a plurality of
light adjusting layers 430R and 430G.

[0117] Inthe sub-pixel P(R) emitting red light, a first light
adjusting layer 430R is disposed between the organic light
emitting layer 422R and the pixel electrodes 418 and 419. In
the sub-pixel P(G) emitting green light, a second light adjust-
ing layer 430G is disposed between the organic light emitting
layer 422G and the pixel electrodes 418 and 419.

[0118] The first light adjusting layer 430R and the second
light adjusting layer 430G may contain a light-transmitting
material. For example, the first light adjusting layer 430R and
the second light adjusting layer 430G may contain a transpat-
ent conductive oxide containing at least one or more selected
from the group consisting of indium tin oxide (ITO), indium
zinc oxide (IZ0), zinc oxide (Zn0Q), indium oxide (In,O;),
indium gallium oxide (IGO), and aluminum zinc oxide
(AZO).

[0119] An opposite electrode 423, a common electrode, is
disposed on all pixels in common, on each of the organic light
emitting layers 422R, 422G and 422B.

[0120] Unlike the above-described first embodiment, in the
present embodiment, the opposite electrode 423 may be
formed as a semi-transmissive electrode that transmits some
portion of the light emitted from the organic light emitting
layers 422R, 422G and 422B, and reflects the remainder
portion of said light emitted from the organic light emitting
layers 422R, 422G and 422B.

[0121] FIG. 5 includes cross-sectional views illustrating in
detail some elements of each of sub-pixels P(R), P(G) and
P(B) of FIG. 4.

[0122] Referring to FIG. 5, the first light adjusting layer
430R is disposed between the organic light emitting layer
422R and the pixel electrodes 418 and 419 in the sub-pixel
P(R) emitting red light, and the second light adjusting layer
430G is disposed between the organic light emitting layer
422G and the pixel electrodes 418 and 419 in the sub-pixel
P(G) emitting green light. The first light adjusting layer 430R
may be formed such that the thickness T1 thereof is greater
than a thickness T2 of the second light adjusting layer 430G.

[0123] In the present embodiment, since the first layer 419
and second layer 418 of the pixel electrode are formed of a
reflective material and the opposite electrode 423 is formed of
a semi-transmissive electrode, light emitted from the organic
light emitting layers 422R, 422G and 422B is reflected by the
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pixel electrodes 418 and 419, and the opposite electrode 423
transmits some of the light and reflects the other light.

[0124] The light reflected by the opposite electrode 423 is
again reflected by the pixel electrodes 418 and 419, some of
the light reflected by the pixel electrodes 418 and 419 passes
through the opposite electrode 423, and the other light is
again reflected by the opposite electrode 423. Such a light
path causes a resonance phenomenon, thus a light efficiency
of the organic light-emitting display apparatus 3 is enhanced
by the resonance phenomenon.

[0125] Since the first light adjusting layer 430R is formed
such that the thickness T1 thereof is greater than the thickness
T2 of the second light adjusting layer 430G, a resonance
distance D1 between the opposite electrode 423 and the pixel
electrodes 418 and 419 of the sub-pixel P(R) emitting red
light is greater than a resonance distance D2 of the sub-pixel
P(G) emitting green light. The resonance distance D2 of the
sub-pixel P(G) emitting green light is greater than a resonance
distance D3 of the sub-pixel P(B) that emits blue light and
does not include a light adjusting layer. Accordingly, a light
efficiency of the sub-pixels P(R) and P(G), which respec-
tively emit red light and green light having lower luminance
than that of blue light, is enhanced.

[0126] InFIGS. 4 and 5, it is illustrated that the thickness
T1 ofthe first light adjusting layer 430R in the sub-pixel P(R)
emitting red light is greater than the thickness T2 of the
second light adjusting layer 430G in the sub-pixel P(G) emit-
ting green light, but the present embodiment is not limited
thereto. Unlike the present embodiment, a thickness of a light
adjusting layer formed in each sub-pixel may be changed
depending a kind of light emitted from each sub-pixel.

[0127] Referring again to FIG. 4, the pad electrode that
includes the first pad layer 316, the second pad layer 319, the
third pad layer 318 disposed between the first pad layer 316
and the second pad layer 319, and the first light adjusting
layer 430R is formed on the pad unit PAD3, which is a
connection terminal to an external driver.

[0128] Thefirstto third pad layers 316, 319 and 318 are the
same as those of the above-described first embodiment. For
example, the first pad layer 316 may contain copper, which
has a low resistance and is suitable for wet etching, and the
second pad layer 319 may contain the same reflective material
as that of the first layer 419 of the pixel electrode. For
example, the second pad layer 319 may contain silver (Ag) or
a silver (Ag) alloy. Accordingly, a voltage drop at the pad
electrode is prevented, and a manufacturing time is shortened.
The third pad layer 318 may contain a material having a lower
reducibility than that of a material contained in the second pad
layer 319, thus reducing a particle defect caused by the re-
precipitation of silver (Ag) during the etching process.

[0129] In the present embodiment, the first light adjusting
layer 430R is disposed on the second pad layer 319. That is,
the first light adjusting layer 430R used to determine the
resonance distance D1 in the sub-pixel P(R) emitting red light
is formed on the second pad layer 319. When forming the first
light adjusting layer 430R in the sub-pixel P(R) emitting red
light, the first light adjusting layer 430R may be formed onthe
second pad layer 319 without separately performing an addi-
tional process. Alternatively, the second light adjusting layer
430G is formed on the pad unit PAD4 instead of the first light
adjusting layer 430R.

[0130] As described above, the first light adjusting layer
430R or the second light adjusting layer 430G formed on the



US 2015/0060783 A1l

second pad layer 319 may act as a barrier layer that prevents
materials contained in the second pad layer 319 from being
oxidized and diffused.

[0131] In the organic light-emitting display apparatus 3
according to the present embodiment, the pad electrode is
formed in a quadruple structure including the first pad layer
316, the second pad layer 319, the third pad layer 318, and the
first light adjusting layer 430R, thus further preventing oxi-
dizing or diffusing of the second pad material.

[0132] Although not shown in FIG. 4, the fourth pad layer
(320, see FIG. 2) containing a transparent conductive oxide
may be provided between the first pad layer 316 and the third
pad layer 318. Also, the fifth pad layer (321, see FIG. 2),
which prevents materials contained in the third pad layer 318
from being oxidized and diffused, may be further provided on
the second pad layer 319.

[0133] Hereinafter, another embodiment of the inventive
concept will be described in detail with reference to FIG. 6.
[0134] FIG. 6is a cross-sectional view schematically illus-
trating a pixel P4 and a pad unit PAD4 of an organic light-
emitting display apparatus 4 according to a fourth embodi-
ment of the inventive concept. Hereinafter, a description on
the organic light-emitting display apparatus 4 according to
the present embodiment will focus on a difference between
the organic light-emitting display apparatus 4 according to
the present embodiment and the organic light-emitting dis-
play apparatus 3 according to the third embodiment.

[0135] Referring to FIG. 6, the organic light-emitting dis-
play apparatus 4 according to the fourth embodiment includes
asubstrate 10, and a plurality of pixels P4 and pad units PAD4
are provided on the substrate 10.

[0136] A configuration of each of a plurality of sub-pixels
P(R), P(G) and P(B) included in the organic light-emitting
display apparatus 4 according to the present embodiment is
the same as that of the organic light-emitting display appara-
tus 3 according to the third embodiment.

[0137] Therefore, each of the plurality of pixels P4 may be
a unit pixel including the plurality of sub-pixels P(R), P(G)
and P(B) emitting light of various colors.

[0138] Each of the sub-pixels P(R), P(G) and P(B) may
include at least one thin film transistor TFT, an organic light-
emitting device connected to the thin film transistor TFT, and
at least one capacitor (not shown).

[0139] The first light adjusting layer 430R is disposed
between the organic light emitting layer 422R and the pixel
electrodes 418 and 419 in the sub-pixel P(R) emitting red
light, and the second light adjusting layer 430G is disposed
between the organic light emitting layer 422G and the pixel
electrodes 418 and 419 in the sub-pixel P(G) emitting green
light. A light adjusting layer is not formed between the
organic light emitting layer 422B and the pixel electrodes 418
and 419 in the sub-pixel P(B) emitting blue light.

[0140] The opposite electrode 423, a common electrode, is
disposed on all pixels in common, on each of the organic light
emitting layers 422R, 422G and 422B.

[0141] In the present embodiment, as in the above-de-
scribed third embodiment, the pad electrode that includes the
first pad layer 316, the second pad layer 319, the third pad
layer 318 disposed between the first pad layer 316 and the
second pad layer 319, and the first light adjusting layer 430R
is formed on the pad unit PAD4, which is a connection ter-
minal to an external driver. Alternatively, the second light
adjusting layer 430G may be formed on the pad unit PAD4
instead of the first light adjusting layer 430R.
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[0142] Unlike the above-described third embodiment, in
the presentembodiment, the fourth insulating layer 19, which
acts as a pixel defining layer, is formed to cover the edges of
each of the second pad layer 319 and third pad layer 318. The
fourth insulating layer 19 that covers the edges of each of the
second pad layer 319 and third pad layer 318 prevents mate-
rials having a high reducibility, such as silver, from being
diffused in the organic light-emitting display apparatus 4
through the edges of the second pad layer 319. Accordingly,
a short circuit and a breakage of insulating layers caused by
silver diffusion are prevented.

[0143] Although not shown in FIG. 6, the fourth pad layer
(320, see FIG. 2) containing a transparent conductive oxide
may be provided between the first pad layer 316 and the third
pad layer 318. Also, the fifth pad layer (321, see FIG. 2),
which prevents materials contained in the third pad layer 318
from being oxidized and diffused, may be further provided on
the second pad layer 319.

[0144] Although not shown in FIGS. 1 to 6, the organic
light-emitting display apparatuses 1 to 4 according to the
embodiments may further include an encapsulation member
(not shown) that encapsulates the organic light-emitting
device (OLED, see FIG. 2). The encapsulation member may
be formed of a substrate containing a glass material, a metal
film, or a thin film encapsulation layer. The thin film encap-
sulation layer may include a plurality of inorganic materials
or an inorganic layer and an organic layer.

[0145] As described above, according to the one or more of
the above embodiments of the inventive concept, the particle
defect of the organic light-emitting display apparatus is
reduced, and the organic light-emitting display apparatus pre-
vents a voltage drop.

[0146] Itshould be understood that the exemplary embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or aspects
in other embodiments.

[0147] While one or more embodiments of the inventive
concept have been described with reference to the figures, 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 inventive
concept as defined by the following claims.

What is claimed is:

1. An organic light-emitting display apparatus comprising:

a pixel electrode that is connected to at least one thin film
transistor;

an opposite electrode that is disposed to face the pixel
electrode;

an organic light emitting layer that is disposed between the
pixel electrode and the opposite electrode; and

a pad electrode that comprises a first pad layer, a second
pad layer disposed on the first pad layer, and a third pad
layer which is disposed between the first pad layer and
the second pad layer and contains a material having a
reducibility that is lower than a reducibility of a material
contained in the second pad layer.

2. The organic light-emitting display apparatus of claim 1,
wherein the pad electrode further comprises a fourth pad
layer that contains a transparent conductive oxide and is dis-
posed between the first pad layer and the third pad layer.
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3. The organic light-emitting display apparatus of claim 1,
wherein the pad electrode further comprises a fifth pad layer
that contains a transparent conductive oxide and is disposed
on the second pad layer.

4. The organic light-emitting display apparatus of claim 1,
wherein the second pad layer contains a reflective material.

5. The organic light-emitting display apparatus of claim 4,
wherein the second pad layer contains silver (Ag).

6. The organic light-emitting display apparatus of claim 1,
wherein the first pad layer contains copper.

7. The organic light-emitting display apparatus of claim 1,
wherein the pixel electrode comprises a first layer that con-
tains a same material as the second pad layer.

8. The organic light-emitting display apparatus of claim 7,
wherein the pixel electrode comprises a second layer that
contains a same material as the third pad layer.

9. The organic light-emitting display apparatus of claim 1,
further comprising an insulating layer that covers edges of
each of the second pad layer and the third pad layer.

10. An organic light-emitting display apparatus compris-
ing:

aplurality of pixel electrodes that are connected to at least

one thin film transistor;

an opposite electrode that is disposed to face the plurality

of pixel electrode;

an organic light emitting layer that is disposed between at

least one of the pixel electrodes and the opposite elec-
trode;

alight adjusting layer that is disposed between at least one

of the plurality of pixel electrodes and the organic light
emitting layer; and

a pad electrode that comprises a first pad layer, a second

pad layer disposed on the first pad layer, a third pad layer
which is disposed between the first pad layer and the
second pad layer and contains a material having a reduc-
ibility that is lower than a reducibility of a material

Mar. 5, 2015

contained in the second pad layer, and a light adjusting
layer disposed on the second pad layer.

11. The organic light-emitting display apparatus of claim
10, wherein the light adjusting layer contains a transparent
conductive oxide.

12. The organic light-emitting display apparatus of claim
10, wherein a plurality of light adjusting layers, which are
respectively disposed at different pixels among the plurality
of pixels, have different thicknesses.

13. The organic light-emitting display apparatus of claim
10, wherein the pad electrode further comprises a fourth pad
layer that contains a transparent conductive oxide and is dis-
posed between the first pad layer and the third pad layer.

14. The organic light-emitting display apparatus of claim
10, wherein the pad electrode further comprises a fifth pad
layer that contains a transparent conductive oxide and is dis-
posed on the second pad layer.

15. The organic light-emitting display apparatus of claim
10, wherein the second pad layer contains a reflective mate-
rial.

16. The organic light-emitting display apparatus of claim
15, wherein the second pad layer contains silver (Ag).

17. The organic light-emitting display apparatus of claim
10, wherein the first pad layer contains copper (Cu).

18. The organic light-emitting display apparatus of claim
10, wherein the pixel electrode comprises a first layer that
contains a same material as the second pad layer.

19. The organic light-emitting display apparatus of claim
18, wherein the pixel electrode comprises a second layer that
contains a same material as the third pad layer.

20. The organic light-emitting display apparatus of claim
10, wherein the opposite electrode is a semi-transmissive
electrode.

21. The organic light-emitting display apparatus of claim
10, further comprising an insulating layer that covers edges of
each of the second pad layer and the third pad layer.

I S I
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