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(57) ABSTRACT

In an aspect, an organic light-emitting display apparatus
including; a substrate; a thin film transistor (TFT) formed on
the substrate and comprising an active layer, a gate electrode,
a source electrode, and a drain electrode; a first insulating
layer formed on the TFT; a pixel electrode; a second insulat-
ing layer formed on the first insulating layer; and an opposite
electrode formed on the intermediate layer is provided.
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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS

INCORPORATION BY REFERENCE TO ANY
PRIORITY APPLICATIONS

[0001] Any and all priority claims identified in the Appli-
cation Data Sheet, or any correction thereto, are hereby incor-
porated by reference under 37 CFR 1.57. For example, this
application claims priority to and the benefit of Korean Patent
Application No. 10-2013-0121497 filed in the Korean Intel-
lectual Property Office on Oct. 11, 2013, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND
[0002] 1.Field
[0003] This disclosure relates to a light-emitting display
apparatus.
[0004] 2. Description of the Related Technology
[0005] An organic light-emitting diode (OLED) display

apparatus includes a hole injection electrode, an electron
injection electrode, and an organic light-emitting layer
formed therebetween. The OLED display apparatus is a self-
emission display apparatus in which holes and electrons
injected from the hole injection electrode and the electron
injection electrode, respectively, recombine in the organic
light-emitting layer to emit light. The OLED display appara-
tus has characteristics such as low power consumption, high
brightness, and a high response rate, and thus is receiving
attention as a next-generation display apparatus.

SUMMARY

[0006] One or more embodiments of the present disclosure
include an organic light-emitting display apparatus.

[0007] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may belearned by practice ofthe presented
embodiments.

[0008] Some embodiments provide an organic light-emit-
ting display apparatus including: a substrate; a thin film tran-
sistor (TFT) formed on the substrate and comprising an active
layer, a gate electrode, a source electrode, and a drain elec-
trode; a first insulating layer formed on the TFT, and com-
prising a first opening formed on a place corresponding to a
pixel area; a pixel electrode formed in the first opening of the
first insulating layer, and electrically coupled to one of the
source electrode and the drain electrode; a second insulating
layer formed on the first insulating layer comprising a first
insulating part comprising a second opening formed on a
place corresponding to the first opening of the first insulating
layer, and a second insulating part separated from the first
insulating part in order to interpose a separation part between
the first insulating part and the second insulating part; an
intermediate layer formed on the pixel electrode and com-
prising an organic light-emitting layer; and an opposite elec-
trode formed on the intermediate layer.

[0009] Insomeembodiments, the separation part may have
a ring shape, and may be formed along an edge of the pixel
area.

[0010] In some embodiments, the first insulating part may
be disposed at an inside of the separation part, and the second
insulating part may be disposed at an outside of the separation
part.
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[0011] An end portion of the pixel electrode may be dis-
posed at an upper portion of the first opening formed in the
first insulating layer.

[0012] Insomeembodiments, the first insulating layer may
be exposed through at least a part of the separation part.
[0013] Insome embodiments, at least an end portion of the
pixel electrode may be disposed inside an outer end of the first
insulating part.

[0014] Insome embodiments, at least an end portion of the
pixel electrode may extend towards the second insulating part
so as to be interposed between the first insulating layer and the
second insulating part of the second insulating layer.

[0015] In some embodiments, the opposite electrode may
include a reflective metal layer.

[0016] In some embodiments, the organic light-emitting
display apparatus may further include a transparent protec-
tion layer formed between the first insulating layer and the
pixel electrode.

[0017] In some embodiments, the transparent protection
layer may include a transparent conductive oxide material.
[0018] Insome embodiments, the pixel electrode may fur-
ther include a pixel electrode contact unit electrically coupled
with the TFT through the transparent protection layer.
[0019] In some embodiments, the organic light-emitting
display apparatus may further include: a third insulating layer
disposed between the active layer and the gate electrode; and
a fourth insulating layer disposed between the gate electrode,
and the source electrode and the drain electrode.

[0020] In some embodiments, an opening formed in the
fourth insulating layer, the first opening formed in the first
insulating layer, and the second opening formed in the second
insulating layer may overlap one another.

[0021] In some embodiments, the opening formed in the
fourth insulating layer may be larger than the first opening,
and the first opening may be larger than the second opening.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings in which:

[0023] FIG. 1is a cross-sectional view schematically illus-
trating an organic light-emitting display apparatus, according
to an embodiment of the present invention.

[0024] FIG. 2is a plan view illustrating a portion of a pixel
area.
[0025] FIG. 3 is a cross-sectional view of an enlarged sec-

tion III of FIG. 1;

[0026] FIG. 4is a cross-sectional view schematically illus-
trating a pixel area;

[0027] FIGS. 5A through 5L are cross-sectional views
illustrating a method of manufacturing the organic light-emit-
ting display apparatus;

[0028] FIG. 61s a cross-sectional view schematically illus-
trating an organic light-emitting display apparatus, according
to another embodiment of the present invention; and

[0029] FIG. 7 is a cross-sectional view of an enlarged sec-
tion VII of FIG. 6.

DETAILED DESCRIPTION

[0030] The present embodiments will now be described
more fully with reference to the accompanying drawings, in
which exemplary embodiments are shown. The invention
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may, however, be embodied in many different forms and
should not be construed as being limited to the embodiments
set forth herein; rather, these embodiments are provided so
that this disclosure will be thorough and complete, and will
convey the concept of the invention to those of ordinary skill
in the art.

[0031] Hereinafter, the present embodiments will be
described in detail by explaining preferred embodiments with
reference to the attached drawings. Like reference numerals
in the drawings denote like elements, and thus their descrip-
tion will not be repeated.

[0032] It will be understood that although the terms first
and second are used herein to describe various elements,
these elements should not be limited by these terms. These
terms are only used to distinguish one element from another
element. Thus, a first element discussed below could be
termed a second element, and similarly, a second element
may be termed a first element without departing from the
teachings of this disclosure.

[0033] As used herein, the singular forms “a”, “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms “comprises” and/or “comprising,”
when used in this specification, 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.

[0034] It will be understood that when an element or layer
is referred to as being “on” another element or layer, the
element or layer can be directly on another element or layer or
intervening elements or layers.

[0035] In the drawings, the sizes and the thicknesses of
layers and regions are exaggerated for convenience of expla-
nation, and thus the sizes and the thicknesses are not limited
thereto.

[0036] A specific order of processes may not follow the
order described herein. For example, two processes consecu-
tively described herein may be simultaneously performed or
may be performed in an order opposite to that described.
[0037] FIG.11isa cross-sectional view schematically illus-
trating an organic light-emitting display apparatus, according
to an embodiment of the present disclosure, FIG. 2 is a plan
view of a pixel area PA, and FIG. 3 is a cross-sectional view
illustrating an enlarged section III of FIG. 1. FIG. 4 is a
cross-sectional view schematically illustrating PA, according
to a comparative example.

[0038] Referring to FIG. 1, the OLED display has a display
area including a plurality of pixel areas PA formed on a
substrate 10. A pad area PAD may be formed outside of the
display area. In some embodiments, the pad area PAD may be
electrically coupled the pixel area PA and includes a pad
electrode that is a connection terminal of an external drive.
[0039] Referring to FIG. 1, the substrate 10 includes at least
one pixel area PA, a transistor area TR including at least one
thin film transistor (TFT), a capacitor area CAP including at
least one capacitor, and a pad area PAD. In some embodi-
ments, the pixel areas PA may include a pixel electrode 120
formed in a first opening C5 of a first insulating layer 19; an
intermediate layer 121 formed on a second opening C8 of a
second insulating layer 20 including a separation part SE
interposed between first and second insulating parts 20a and
20b; and an opposite electrode 122 formed on the intermedi-
ate layer 121.
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[0040] In some embodiments, the substrate 10 may be a
glass substrate or a plastic substrate such as polyethylen
terephthalate (PET), polyethylen naphthalate (PEN), or poly-
imide.

[0041] In some embodiments, a buffer layer 11 may be
further disposed on the substrate 10 in order to form a flat
surface and to prevent impurities from penetrating into the
substrate 10. In some embodiments, the buffer layer 11 may
be formed as a single layer or multiple layers including silicon
nitride and/or silicon oxide.

[0042] In some embodiments, the TFT disposed on the
transistor area TR includes an active layer 212, a gate elec-
trode 215, a source electrode 217s, and a drain electrode
217d. An embodiment of a driving transistor for driving the
organic light-emitting display apparatus is illustrated in FIG.
1. In some embodiments, the organic light-emitting display
apparatus may further include a switching transistor (not
shown) and/or a complementary transistor (not shown). A
structure of the TFT illustrated in FIG. 1 is an example to
which the organic light-emitting display apparatus is applied.
However, one or more embodiments are not limited thereto.
[0043] In some embodiments, the active layer 212 may
include a channel area 212¢, a source area 2125 where impu-
rities are doped in an outer side of the channel area 212¢, and
a drain area 212d. In some embodiments, the active layer 212
may be formed to include various materials. For example, the
active layer 212 may include inorganic materials such as
amorphous silicon or crystalline silicon. In some embodi-
ments, the active layer 212 may include an oxide semicon-
ductor.

[0044] In some embodiments, a third insulating layer 13,
which is a gate insulating film, may be formed on the active
layer 212, and a gate electrode 215 is disposed on the third
insulating layer 13 at a location corresponding to the channel
area 212¢. In some embodiments, the third insulating layer 13
may be formed of at least one material selected from the
group consisting of silicon dioxide (SiO,), silicon nitride
(Si;N,), silicon oxynitride (SiON), aluminum oxide (Al,0,),
titanium  dioxide (TiO,), tantalum pentoxide (Ta,O;),
hafnium oxide (HfO,), zirconium dioxide (ZrO,), barium-
strontium titanate (BST), and lead zirconate titanate (PZT)
and may be formed as a single layer or multiple layers.
[0045] In some embodiments, the gate electrode 215 may
be formed of at least one selected from the group consisting of
aluminum (Al), platinum (Pt), palladium (Pd), silver (Ag),
magnesium (Mg), gold (Au), nickel (Ni), neodymium (Nd),
iridium (Ir), calcium (Ca), Molybdenum (Mo), titanium (Ti),
tungsten (W), and copper (Cu), and may be formed as a single
layer or multiple layers.

[0046] In some embodiments, a fourth insulating layer 16
that is an interlayer insulating layer is formed on the gate
electrode 215, and the source electrode 217s and the drain
electrode 2174 are disposed on the fourth insulating layer 16.
In some embodiments, the fourth insulating layer 16 may be
formed of a material selected from the group consisting of
Si0,, Si;N,, SiON, AL0;, TiO,, Ta,0,, HfO,, ZrO,, BST,
and PZT, and may be formed as a single layer or multiple
layers.

[0047] In some embodiments, the source electrode 217s
and the drain electrode 217d, respectively, connect to the
source area 212s and the drain area 2124 of the active layer
212 through openings formed in the fourth insulating layer
16. In some embodiments, the source and drain electrodes
217s and 217d may be formed by stacking at least two layers
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formed of different metals having different electron mobility.
For example, the source and drain electrodes 217s and 2174
may be formed of at least one selected from the group con-
sisting of Al, Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti,
W, and Cu, and may have at least two layers.

[0048] Although not illustrated in drawings, wiring such as
data wiring and electrode power supply wiring that has the
same materials as in the source and drain electrodes 217s and
217d may be disposed on the same layer as the source and
drain electrodes 217s and 2174.

[0049] In some embodiments, the source and drain elec-
trodes 217s and 2174 are covered by the first insulating layer
19 that functions as a planarization insulating layer. In some
embodiments, the first insulating layer 19 may include
organic materials.

[0050] If electrons are supplied to metal having a strong
reduction like silver (Ag) forming the pixel electrode 120
during an etching process for patterning the pixel electrode
120, silver (Ag) ions present in an etchant in an ion state may
be problematically educed as silver (Ag) again. Such educed
silver (Ag) may be a particle related defect factor causing a
dark spot during a subsequent process of forming the pixel
electrode 120.

[0051] When the source and drain electrodes 217s and
217d, data wiring (not shown), and electrode power wiring
(not shown) that are made of the same material as in the
source and drain electrodes 217s and 2174 are exposed to an
etchant during etching of the pixel electrode 120 including the
silver (Ag), silver (Ag)ions having a strong reduction may be
educed as silver (Ag) again by receiving electrons from metal
materials. For example, if the above-described metal materi-
als include Mo or Al, silver (Ag) may be educed again by
providing electrons received from molybdenum or aluminum
to silver (Ag) ions again. The educed silver (Ag) particles
may reattach to the pixel electrode 120 in a following process,
thus resulting in defects such as dark spots.

[0052] However, in some embodiments of the organic light
emitting display apparatus, the data wiring (not shown) and/
or the electrode power supply wiring (not shown) that are
formed of the same material and disposed on the same layer as
the source and drain electrodes 217s and 2174 are protected
by being covered with the first insulating layer 19 that is an
organic planarization insulating layer during the pattering/
etching of the pixel electrode 120. Accordingly, the silver
(Ag) particles educed while etching the pixel electrode 120
may not be attached to the pixel electrode 120, thus prevent-
ing problems regarding dark spots.

[0053] In the pixel areas PA, an organic light-emitting
diode (OLED) including the pixel electrode 120, the interme-
diate layer 121, and the opposite electrode 122 is formed.

[0054] In some embodiments, the pixel electrode 120 is
electrically coupled to one of the source electrode 217s and
the drain electrode 2174 of the TFT. Furthermore, the pixel
electrode 120 may include the transflective metal layer 1205,
and first and second transparent conductive oxide layers 1204
and 120c¢ which are respectively formed at a top surface of
and/or a bottom surface of the transflective metal layer 1205.

[0055] In some embodiments, the transflective metal layer
1205 may be formed of silver (Ag) or silver (Ag) alloy. Since
the transflective metal layer 1205 forms a micro-cavity struc-
ture with the opposite electrode 122 that is a reflective elec-
trode, luminescence efficiency of the OLED display may be
improved.

Apr. 16, 2015

[0056] Insomeembodiments, the first and second transpar-
ent conductive oxide layers 120a and 120¢ may include at
least one material selected from the group consisting of
indium tin oxide (ITO), indium zinc oxide (IZ0), zinc oxide
(ZnO), indium oxide (In,0;), indium gallium oxide (IGO),
and aluminum zinc oxide (AZQ).

[0057] Insome embodiments, the first transparent conduc-
tive oxide layer 1204 disposed at the bottom of the transflec-
tive metal layer 1205 may reinforce adhesion of the pixel
electrode 120 and a transparent protection layer 119 that will
be further described later. In some embodiments, the second
transparent conductive oxide layer 120¢ disposed on the top
of the transflective metal layer 1205 may function as a barrier
layer protecting the transflective metal layer 1204,

[0058] In some embodiments, the transparent protection
layer 119 may be disposed at the bottom of the pixel electrode
120. Forexample, the transparent protection layer 119 may be
disposed in an opening C1 formed in the fourth insulating
layer 16. In some embodiments, the transparent protection
layer 119 may include at least one material selected from the
group consisting of ITO, IZO, ZnO, In,0,, IGO, and AZO.
[0059] In some embodiments, the transparent protection
layer 119 may be interposed between the pixel electrode 120
and the third insulating layer 13, may planarize an upper
surface of the third insulating layer 13 formed of inorganic
material, and may prevent dark spots.

[0060] When there is no transparent protection layer 119
between the pixel electrode 120 and the third insulating layer
13, silver (Ag) included in the transflective metal layer 1205
reacts with a silicon oxide film and is dispersed. As a result,
the transflective metal layer 1205 generates a void, and the
dispersed silver (Ag) generates dark spots.

[0061] However, the transparent protection layer 119 is
disposed between the pixel electrode 120 and the third insu-
lating layer 13, and thus, even though a material that may
easily react with the silver (Ag) is formed on the third insu-
lating layer 13, the transparent protection layer 119 may
block the reaction of silver (Ag) and the material. Therefore,
the dark spots may be improved or prevented by restricting
reactivity of the silver (Ag) particles.

[0062] In some embodiments, the pixel electrode 120 is
disposed in the first opening C5 formed in the first insulating
layer 19. In some embodiments, the first insulating layer 19
may be formed of organic materials. For example, the first
insulating layer 19 may include general-purpose polymers
such as PMMA or PS, polymer derivatives having a phenol
group, an acryl-based polymer, an imide-based polymer, an
aryl ether-based polymer, an amide-based polymer, a fluo-
rine-based polymer, a p-xylene based polymer, a vinyl alco-
hol-based polymer, and compounds thereof.

[0063] Insome embodiments, the first opening C5 formed
in the first insulating layer 19 may overlap with the opening
C1 formed in the fourth insulting layer 16 and the second
opening C8 formed in the second insulating layer 20. For
example, the first opening C5 may be smaller than the open-
ing C1 formed on the fourth insulating layer 16 and larger
than the second opening C8.

[0064] In some embodiments, the second insulating layer
20 is disposed on the first insulating layer 19 as a pixel
definition layer. In some embodiments, the second insulating
layer 20 may be formed of organic materials. For example, the
second insulating layer 20 may general-purpose polymers
such as PMMA or PS, polymer derivatives having a phenol
group, an acryl-based polymer, an imide-based polymer, an
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aryl ether-based polymer, an amide-based polymer, a fluo-
rine-based polymer, a p-xylene based polymer, a vinyl alco-
hol-based polymer, and compounds thereof.

[0065] Referring to FIGS. 1 and 2, the second insulating
layer 20 includes the second opening C8, and is discontinu-
ously formed. For example, the second insulating layer 20
may include a separation part SE exposing a portion of the
first insulating layer 19, and first and second insulating parts
20a and 205 separated from each other by interposing the
separation part SE therebetween. In some embodiments, a
line width of the separation part SE may be wider than about
5 wm, and that of the first insulating layer 20a disposed inside
the separation part SE may be wider than about 7 pm.
[0066] In some embodiments, the separation part SE inter-
posed between the first and second insulating parts 20a and
205 may be formed as a ring type along an edge of the pixel
areas PA, and the first insulating part 20a may be disposed
inside the separation part SE, and the second insulating layer
205 may be disposed outside the separation part SE. Since the
second opening C8 is formed in an inner portion of the first
insulating layer 20a, the first insulating layer 20a may be
formed to have a ring shape along the edge of the pixel areas
PA.

[0067] In some embodiments, an end portion of the pixel
electrode 120 may extend up to an upper portion of the first
opening C5 formed in the first insulating layer 19. For
example, the pixel electrode 120 may be extended to cover not
only a top surface of the transparent protection layer 119
exposed through the first opening C5 butalso at least a portion
of the first insulating layer 19. In some embodiments, at least
an end portion of the pixel electrode 120 is extended to be
disposed inside of an outer end of the first insulating part 20a
and is covered with the first insulating part 204, and another
end portion of the pixel electrode 120 may be extended to pass
the separation part SE in order to be electrically coupled to the
drain electrode 2174 of the TFT.

[0068] In some embodiments, the second insulating layer
20 includes the separation part PE, thereby preventing pollu-
tion of the intermediate layer 121 caused by an external
source of pollution ps. In contrast, as illustrated in FIG. 4, in
a case where the second insulating layer 20' formed on the
first insulating layer 19" has no separation part SE, the exter-
nal source of pollution ps, which penetrates inside through a
fine crack or ahole formed during a manufacturing procedure
or formed in the opposite electrode 122, may move to the
intermediate layer 121 including a light-emitting layer via a
bulk of the second insulating layer 20". The external source of
pollution ps transferred via the bulk of the second insulating
layer 20' may become a cause of pixel shrinkage that deterio-
rates the organic light-emitting layer.

[0069] However, as illustrated in FIG. 3, since the second
insulating layer 20 includes the separation part SE disposed
between the first insulating part 20a and the second insulating
part 20, it is possible to block a transfer path of the external
source of pollution ps and to restrict the pixel shrinkage
phenomenon.

[0070] In some embodiments, the intermediate layer 121
may include the organic light-emitting layer, and may be
formed on the pixel electrode 120 whose top surface is
exposed through the second opening C8. In some embodi-
ments, the organic light-emitting layer may include low-mo-
lecular weight organic materials, high-molecular weight
organic materials, or hybrid compounds in which the low-
molecular weight and high-molecular weight organic mate-
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rials are mixed. In some embodiments, the intermediate layer
121 may further include at least one of a hole injection layer
(HIL), a hole transport layer (HTL), an electron transport
layer (ETL), and an electron injection layer (EIL). However,
one or more embodiments are not limited thereto, and the
intermediate layer 121 may further include various functional
layers.

[0071] An organic light-emitting display apparatus as
shown in FIG. 1 shows an example of one subpixel forming a
unit pixel, and the subpixel may emit diverse colors of light.
For example, the subpixel may emit red, green, or blue light.
[0072] Alternatively, the subpixel may emit white light.
When the subpixel emits the white light, the organic light-
emitting display apparatus may further include a color con-
verting layer or a color filter for converting the white light into
another color of light. The subpixel emitting the white light
may have diverse structures, for example, a structure that
luminescent materials emitting red, green, and blue light,
respectively, are stacked.

[0073] As another example of a subpixel emitting the white
light, a mixture of materials emitting red, green, and blue light
may be used as well.

[0074] However, one or more embodiments are not limited
thereto. That is, emission of the white light may mean that
combinations of various colors other than a combination of
red, green, and blue light may be used.

[0075] Insome embodiments, an opposite electrode 122 is
disposed on the emissive layer 121 so as to serve as a common
electrode. In some embodiments, the opposite electrode 122
may include a reflective metal layer. For example, a metal
layer formed of at least one of Al, Mg, Ca, and nickel fluoride
(LiF) may be formed as a single layer or multiple layers.

[0076] As described above, the pixel electrode 120 may be
connected to an electrode of the TFT and operate. For
example, the pixel electrode 120 may be connected to the
drain electrode 217d through a contact hole C6 formed in the
first insulating layer 19.

[0077] Also, the pixel electrode 120 may be electrically
connected to the TFT through a pixel electrode contact unit.
For example, the transparent protection layer 119 disposed at
the bottom of the pixel electrode 120 may be the pixel elec-
trode contact unit, and the pixel electrode 120 may be con-
nected to the TFT through the transparent protection layer
119.

[0078] When the pixel electrode 120 and a driving TFT are
only connected with each other through the contact hole C6
formed in the first insulating layer 19 as a method of electri-
cally coupling the pixel electrode 120 and the driving TFT, a
thickness of the pixel electrode 120 that is the transflective
metal layer 1204 is thinand a step coverage is defective so that
the pixel electrode 120 may not be stably coupled to an etched
surface of the third insulating layer 13 or the contact hole C6.
However, according to the present embodiments, although a
connection through the contact hole C6 formed on the first
insulating layer 19 fails, the pixel electrode 120 may be con-
nected to the TFT through the transparent protection layer
119 so that a driving signal may be stably provided.

[0079] Ina capacitor area CAP, a capacitor including a first
electrode 312 disposed on the same layer as the active layer
212, a second electrode 314 disposed on the same layer as the
gate electrode 215, and a third electrode 317 disposed on the
same layer as the source and drain electrodes 2175 and 2174
may be disposed.
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[0080] Insome embodiments, the firstelectrode 312 of the
capacitor may be formed as a semiconductor in which ion
impurities are doped as in source and drain areas 212s and
2124.

[0081] In some embodiments, the second electrode 314 of
the capacitor is disposed on the third insulating layer 13 like
the gate electrode 215, but materials are different. Materials
of the second electrode 314 may include a transparent con-
ductive oxide. Through the second electrode 314, a semicon-
ductor doped with the ion impurities may be formed on the
first electrode 312, and thus the capacitor may be formed as a
metal-insulator-metal (MIM) structure.

[0082] Insome embodiments, the third electrode 317 of the
capacitor may be formed of the same material as in the source
and drain electrodes 217a and 2175. In some embodiments,
the third electrode 317 is covered by the first insulating layer
19 that is the organic planarization layer so that the third
electrode 317 is not exposed to the etchant including the silver
while etching the pixel electrode 120 including the silver.
Therefore, a defect cased by reduction of the silver may be
prevented.

[0083] Insome embodiments, the third electrode 317 of the
capacitor is connected in parallel together with the first and
second electrodes 312 and 314, and thus capacitance of the
organic light-emitting display apparatus may be increased
without an increase in an area of the capacitor. Therefore, the
area of the capacitor may be decreased and an aperture ratio
may be increased as much as the increased capacitance.
[0084] In some embodiments, a pad area PAD is disposed
outside a display area, and includes a pad electrode that is a
connection terminal of an external driver. The pad electrode
includes first and second pad layers 417 and 418.

[0085] In some embodiments, the first pad layer 417 may
include a plurality of metal layers having different electron
mobility. For example, the first pad layer 417 may be formed
of at least one selected from the group consisting of Al, Pt, Pd,
Ag, Mg, Au, Ni, Nd, Ir, chromium (Cr), lithium (Li), Ca, Mo,
Ti, W, and Cu, and may be formed as multiple layers.

[0086] In some embodiments, the second pad layer 418
may include the same materials as in the transparent protec-
tion layer 119. For example, the second pad layer 418 may be
formed of a transparent conductive oxide including at least
one selected from the group consisting of 1TO, [ZO, ZnO,
In,0;, IGO, and AZO. In some embodiments, the second pad
layer 418 may prevent exposure of the first pad layer 417 to
moisture and oxygen, thus preventing a decrease of reliability
of the pad electrode. Since the second pad layer 418 and the
transparent protection layer 119 include identical materials,
they may be formed through an identical procedure and may
be formed without a separate mask.

[0087] Although not illustrated in FIG. 1, the organic light-
emitting display apparatus may further include an encapsu-
lation member (not shown) of encapsulating a display area
including the pixel areas PA, the capacitor area CAP, and a
transistor area TR. In some embodiments, the encapsulation
member may include a substrate including a glass material, a
metal film, or an encapsulating thin film in which an organic
insulating layer and an inorganic insulating layer are alterna-
tively stacked.

[0088] Hereinafter, a method of manufacturing the organic
light-emitting display apparatus will be described with refer-
ence to FIGS. 5A through 51.

[0089] FIGS. 5A through 5L are cross-sectional views
schematically illustrating a method of manufacturing the
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organic light-emitting display apparatus, according to
embodiments of the present disclosure.

[0090] FIG. 5A is a cross-sectional view schematically
illustrating a first mask process of the organic light-emitting
display apparatus.

[0091] Referring to FIG. 5A, buffer layer 11 is formed on
the substrate 10, and a semiconductor layer (not shown) is
formed on the buffer layer 11 and patterned to form an active
layer 212 of a TFT and a first electrode 312 of a capacitor.
[0092] Although not illustrated in FIG. 5A, the active layer
212 and the first electrode 312 may be formed after spreading
photo resist (not shown) on the semiconductor layer, and
patterning the semiconductor layer through a photolithogra-
phy process using a first photo mask (not shown). In some
embodiments, the first mask process, which is performed
through the photolithography process, is conducted by expos-
ing light onto the first photo mask with a lithography appa-
ratus (not shown), and then, by sequentially performing a
developing process, an etching process, and a stripping pro-
cess or an ashing process.

[0093] Insomeembodiments, the semiconductor layer (not
shown) may include amorphous silicon or polysilicon. In this
case, the polysilicon may be formed by crystallizing the
amorphous silicon. In some embodiments, the amorphous
silicon may be crystallized through various methods such as
arapid thermal annealing (RTA) method, a solid phase crys-
tallization (SPC) method, an excimer laser annealing (ELA)
method, a metal induced crystallization (MIC) method, a
metal induced lateral annealing (MILC) method, a sequential
lateral solidification (SLS) method. However, one or more
embodiments are not limited thereto, and the semiconductor
layer may include an oxide semiconductor, and an organic
semiconductor.

[0094] FIG. 5B is a cross-sectional view schematically
illustrating a second mask process of the organic light-emit-
ting display apparatus.

[0095] Referring to FIG. 5B, the third insulating layer 13 is
formed on the resultant structure of the first mask process, and
atransparent conductive oxide layer (not shown) is formed on
the third insulating layer 13 and patterned to form the second
electrode 314 of the capacitor on the third insulating layer 13.
[0096] FIG. 5C is a cross-sectional view schematically
illustrating a third mask process of the organic light-emitting
display apparatus.

[0097] Referring to FIG. 5C, a first metal layer (not shown)
is stacked on the resultant of the second mask process and is
patterned. In some embodiments, the first metal layer may be
formed of at least one selected from the group consisting of
Al, Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti, W, and
Cu, and may be formed as a single layer or multiple layers. By
patterning the first metal layer, the gate electrode 215 and a
gate metal layer 115 may be formed on the third insulating
layer 13.

[0098] Ionimpurities such as boron (B) or phosphorous (P)
ions may be doped on the resultant structure at a doping
concentration greater than 1x10'° atoms/cm® by using the
active layer 212 of the TFT and the first electrode 312 of the
capacitor as a target.

[0099] By using the gate electrode 215 as a self-align mask,
ion impurities are doped in the active layer 212 to form source
and drain regions 212s and 212d doped with ion impurities
and a channel region 212¢ between the source and drain
regions 212s and 212d. Here, the first electrode 312 of the



US 2015/0102313 Al

capacitor also becomes an electrode forming a MIM CAP
doped with the ion impurities.

[0100] By simultaneously doping the active layer 212 and
the first electrode 312 of the capacitor through a one-time
doping process, manufacturing costs may be reduced as the
doping process is simplified.

[0101] Insomeembodiments, the gate metal layer 115 may
be formed on the pixel area PA and may minimize an influ-
ence of the ion impurities on the pixel area PA by covering it
while the ion impurities are doped. In the present embodi-
ment, the gate metal layer 115 is formed on the pixel area PA,
but the gate metal layer 115 may not always be formed.

[0102] FIG. 5D is a cross-sectional view schematically
illustrating a fourth mask process of the organic light-emit-
ting display apparatus.

[0103] Referring to FIG. 5D, the fourth insulating layer 16
is formed on the resultant structure of the third mask process,
and is patterned to form openings C1, C2 and C3. In some
embodiments, the opening C1 is formed in a region that is
separated from a side of the active layer 212, and the openings
C2 and C3 expose the source and drain regions 212s and 2124
of the active layer 212, respectively.

[0104] FIG. 5E is a cross-sectional view schematically
illustrating a fifth mask process of the organic light-emitting
display apparatus.

[0105] Referring to FIG. 5E, a second metal layer (not
shown) is formed on a resultant structure of the fourth mask
process, and is patterned to simultaneously form the source
and drain electrodes 217s and 2174, the third electrode 317 of
the capacitor, and the first pad layer 417. In some embodi-
ments, the gate metal layer 115 (shown in FIG. 5D) formed on
the pixel area PA may be removed while patterning the second
metal layer.

[0106] In some embodiments, the second metal layer may
have at least two metal layers formed of different metals
having different electron mobilities. For example, the second
metal layer may be formed of at least two materials selected
from the group consisting of Al, Pt, Pd, Ag, Mg, Au, Ni, Nd,
Ir, Cr, Li, Ca, Mo, Ti, W, Cu, and alloys thereof.

[0107] To exemplify a configuration of the second metal
layer, the structure of the first pad layer 417 is shown in detail.
For example, the second metal layer of the present embodi-
ment may consist of a first layer 4174 including Mo, a second
layer 4175 including Al, and a third layer 417¢ including Mo.
The second layer 4175 is a metal layer having a high electrical
characteristic and low resistance, and the first layer 417a
disposed at the bottom of the second layer 41756 and including
Mo reinforces adhesion with the fourth insulating layer 16. In
some embodiments, the third layer 417¢ disposed at the top of
the second layer 4175 and including Mo may function as a
barrier layer preventing a hillock oxidation, and diffusion.

[0108] Although not illustrated in the above drawings, data
wiring may be formed as well after patterning the second
metal layer in the fifth mask process.

[0109] FIG. 5F is a cross-sectional view schematically
illustrating a sixth mask process of the organic light-emitting
display apparatus.

[0110] Referring to FIG. 5F, a transparent conductive oxide
layer (not shown) is formed on the resultant structure of the
fifth mask process, and is patterned to simultaneously form
the transparent protection layer 119 and the second pad layer
418 of the pad electrode.
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[0111] FIG. 5G is a cross-sectional view schematically
illustrating a seventh mask process of the organic light-emit-
ting display apparatus.

[0112] Referring to 5G, the first insulating layer 19, which
is a planarization insulating layer, is formed on the resultant
structure of the sixth mask process and is patterned to form
the first opening C5 and contact holes C6 and C7. In some
embodiments, the first opening C5 is formed in a pixel area
PA in which the pixel electrode 120 (as described below
referring to FIG. 5H) will be disposed. In some embodiments,
the contact hole C6 exposes the top surface of the drain
electrode 217d, and the contact hole C7 exposes the top
surface of the first pad layer 417.

[0113] Insomeembodiments, the firstinsulating layer 19 is
formed of organic materials, and covers the source and drain
electrodes 217s and 217d4. When the pixel electrode 120
including the silver is etched by the first insulating layer 19,
different types of wiring having different potential may pre-
vent the pixel electrode 120 from contacting the etchant in
which the silver ions are dissolved.

[0114] In some embodiments, the first opening C5 of the
first insulating layer 19 may overlap with and be smaller than
the opening C1 formed on the fourth insulating layer 16.
[0115] FIG. 5H is a cross-sectional view schematically
illustrating an eighth mask process of the organic light-emit-
ting display apparatus.

[0116] Referring to 5H, a transflective metal layer (not
shown) is formed on a resultant structure of the seventh mask
process and is patterned to form the pixel electrode 120.

[0117] Insome embodiments, the pixel electrode 120 may
be disposed in the first opening C5 of the first insulating layer
19, and may be electrically connected to the drain electrode
2174 of the TFT through the contact hole C6.

[0118] In some embodiments, the pixel electrode 120 is
formed of the transflective metal layer 1206 of FIG. 1. In
some embodiments, the pixel electrode 120 may further
include the first and second transparent conductive oxide
layers 1204 and 120¢ which are respectively formed at the top
and the bottom surfaces of the transflective metal layer 1205
(referring FIG. 1).

[0119] Insome embodiments, the transflective metal layer
1205 of FIG. 1 may be formed of silver (Ag) or a silver (Ag)
alloy. In some embodiments, the first and second transparent
conductive oxide layers 120a and 120¢ may include at least
one selected from the group consisting of ITO, [ZO, ZnO,
In, 05, IGO, and AZO. In some embodiments, the transflec-
tive metal layer 1205 forms a micro-cavity structure with the
opposite electrode 122 at is reflective electrode, and thus the
luminescence efficiency of the organic light-emitting display
apparatus may be improved.

[0120] When the metal having high reduction potential, for
example, silver, receives electrons during the etching process
for patterning the pixel electrode 120, the silver (Ag) ions that
were in an ion state in the etchant may be educed as the silver
(Ag). In the present embodiments, however, the source elec-
trode 217s or the drain electrode 2174 is already patterned
before the eighth mask process for patterning the pixel elec-
trode 120, and is covered by the first insulating layer 19 that
is an organic layer, and thus the source electrode 217s or the
drain electrode 2174 is not exposed to the etchant including
the silver (Ag) ions while etching the pixel electrode 120
including the silver (Ag) and thus, defects caused by the
reduction of the silver (Ag) are prevented.
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[0121] FIGS. 51through 5K are cross-sectional views sche-
matically illustrating a ninth mask process of the organic
light-emitting display apparatus.

[0122] Referring to FIGS. 51 through 5K, the second insu-
lating material 20q is formed on the resultant structure of the
eighth mask process, and is exposed to the light by using a
photo mask PM in which first and second holes OP1 and OP2
are formed. Then, through processes such as a developing
process, a curing process, etc., the second insulating layer 20
is formed.

[0123] In some embodiments, the second insulating layer
20 may include the second opening C8 formed at a location
corresponding to the first hole OP1 of the photo mask, and the
separation part SE formed at a location corresponding to the
second hole OP2 of the photo mask. In some embodiments,
the second opening C8 may overlap with the opening C1 and
the first opening C5 formed on the fourth insulating layer 16,
and may be smaller than the first opening C1. In some
embodiments, the first insulating layer 19 may be exposed
through at least one portion of the separation part SE.

[0124] In some embodiments, the second insulating layer
20 works as a pixel definition layer, and may be formed of an
organic insulating layer including, for example, general-pur-
pose polymers such as PMMA or PS, polymer derivatives
having a phenol group, an acryl-based polymer, an imide-
based polymer, an aryl ether-based polymer, an amide-based
polymer, a fluorine-based polymer, a p-xylene based poly-
mer, a vinyl alcohol-based polymer, and compounds thereof.

[0125] In some embodiments, the second insulating layer
20 formed of'the organic materials may provide a passage for
the external source of pollution ps (refer to FIG. 4) to transfer
into the intermediate layer 121. The external source of pollu-
tion ps transferring through the bulk of the second insulating
layer 20 may cause the pixel shrinkage that deteriorates the
organic light-emitting layer.

[0126] However, according to the present embodiments,
the separation part SE is formed on the second insulating
layer 20 so that the transfer path of the external source of
pollution ps may be blocked and the pixel shrinkage caused
by the external source of pollution ps may be restricted.

[0127] In some embodiments, the separation part SE may
be formed as a ring type encircling the edge of the pixel areas
PA. In some embodiments, the first and second insulating
parts 20a and 205 are disposed to be apart from each other by
the separation part SE. For example, the first insulating part
20a is disposed inside the separation part SE, and the second
insulating part 205 is disposed outside the outer portion.

[0128] Since the first insulating part 20a includes the sec-
ond opening C8 exposing the top of the pixel electrode 120,
the first insulating part 20a may have a ring shape. In some
embodiments, the first insulating part 20a may cover at least
one end portion of the pixel electrode 120. For example, the
first insulating layer 20a may cover other ends of the pixel
electrode 120 other than the at least one end portion of the
pixel electrode 120 for connection with the TFT.

[0129] Referring to 5L, the intermediate layer 121 includ-
ing the organic light-emitting layer is formed on a resultant
structure of the ninth mask process, and the opposite elec-
trode 122 is formed. According to the organic light-emitting
display apparatus and the manufacturing method thereof, the
pixel electrode 120 is formed of the transflective metal layer
1205, and the opposite electrode 122 is formed of the trans-
parent metal layer so that the luminescence efficiency of the
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organic light-emitting display apparatus may be improved
due to the micro-cavity structure.

[0130] FIG. 6is a cross-sectional view schematically illus-
trating the organic light-emitting display apparatus, accord-
ing to another embodiment of the present disclosure, and FIG.
7 is a cross-sectional view of an enlarged section VII of FIG.
6.

[0131] The organic light-emitting display apparatus
according to the embodiment shown with reference to FIGS.
6 and 7 includes a materially identical structure as the organic
light-emitting display apparatus described with reference to
FIGS. 1 to 3. Therefore, only the differences with the organic
light-emitting display apparatus described with reference to
FIGS. 1 to 3 will be mainly described hereinafter.

[0132] Referring to FIGS. 6 and 7, the second insulating
layer 20 is formed to include the separation part SE so that the
pixel shrinkage caused by the external source of pollution ps
transferring through the bulk of the second insulating layer 20
is prevented as described above.

[0133] In addition, at least one end portion of the pixel
electrode 120 according to the present embodiments may
extend to pass the separation part SE and to be disposed under
the second insulating layer 20. Therefore, the transfer of the
external source of pollution ps not only through the bulk of the
second insulating layer 20 but also through the first insulating
layer 19 may be prevented.

[0134] For example, since at least one end portion of the
pixel electrode 120 is extended to be disposed under the
second insulating part 205, the pixel electrode 120 may be
interposed between the first insulating layer 19 and the sec-
ond insulating part 206 of the second insulating layer 20.
Accordingly, the external source of pollution ps, which is
generated during a manufacturing process or penetrating
through a fine crack or a hole formed on the opposite elec-
trode 122, may not be transferred through the first insulating
layer 19 after passing the second insulating layer 20.

[0135] According to the embodiment shown with reference
to FIGS. 6 and 7, the OLED may be disposed at a location
corresponding to the separation part SE, thus increasing a
light-emitting area. For example, as parts of the pixel elec-
trode 120, the intermediate layer 121. and the opposite elec-
trode 122 are disposed on the location corresponding to the
separation part SE, the location corresponding to the separa-
tion part SE as well as the location corresponding to the
second opening C8 may emit light.

[0136] As described above, according to the one or more of
the above embodiments, an organic light-emitting display
apparatus having improved reliability may be provided.

[0137] Ttshould 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.

[0138] While one or more embodiments of the present dis-
closure 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 present
embodiments as defined by the following claims.
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What is claimed is:

1. An organic light-emitting display apparatus comprising:

a substrate;

a thin film transistor (TFT) formed on the substrate and
comprising an active layer, a gate electrode, a source
electrode, and a drain electrode;

a first insulating layer formed on the TFT, and comprising
a first opening formed on a place corresponding to a
pixel area;

a pixel electrode formed in the first opening of the first
insulating layer, and electrically coupled to one of the
source electrode and the drain electrode;

a second insulating layer formed on the first insulating
layer comprising a first insulating part comprising a
second opening formed on a place corresponding to the
first opening of the first insulating layer, and a second
insulating part separated from the first insulating part in
order to interpose a separation part between the first
insulating part and the second insulating part;

an intermediate layer formed on the pixel electrode and
comprising an organic light-emitting layer; and

an opposite electrode formed on the intermediate layer.

2. The organic light-emitting display apparatus of claim 1,
wherein the separation part has a ring shape, and is formed
along an edge of the pixel area.

3. The organic light-emitting display apparatus of claim 2,
wherein the first insulating part is disposed at an inside of the
separation part, and the second insulating part is disposed at
an outside of the separation part.

4. The organic light-emitting display apparatus of claim 1,
wherein an end portion of the pixel electrode is disposed at an
upper portion of the first opening formed in the first insulating
layer.

5. The organic light-emitting display apparatus of claim 1,
wherein the first insulating layer is exposed through at least a
part of the separation part.

6. The organic light-emitting display apparatus of claim 1,
wherein at least an end portion of the pixel electrode is dis-
posedinside an outer end of the first insulating part nearest the
substrate.

7. The organic light-emitting display apparatus of claim 1,
wherein at least an end portion of the pixel electrode extends
towards the second insulating part so as to be interposed
between the first insulating layer and the second insulating
part of the second insulating layer.

8. The organic light-emitting display apparatus of claim 1,
wherein respective portions of the pixel electrode, the inter-
mediate layer, and the opposite electrode are disposed at the
separation part.
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9. The organic light-emitting display apparatus of claim 1,
wherein the second insulating layer comprises an organic
material.

10. The organic light-emitting display apparatus ofclaim 1,
wherein the first insulating layer comprises an organic mate-
rial.

11. The organic light-emitting display apparatus of claim 1,
wherein the pixel electrode comprises a transflective metal
layer.

12. The organic light-emitting display apparatus of claim
11, wherein the transflective metal layer is formed of silver
(Ag) or silver alloy.

13. The organic light-emitting display apparatus of claim
11, wherein the pixel electrode further comprises a transpar-
ent conductive oxide layer disposed on at least one side of the
transflective metal layer.

14. The organic light-emitting display apparatus ofclaim 1,
wherein the opposite electrode comprises a reflective metal
layer.

15. The organic light-emitting display apparatus ofclaim 1,
further comprising:
a transparent protection layer formed between the first
insulating layer and the pixel electrode.

16. The organic light-emitting display apparatus of claim
15, wherein the transparent protection layer comprises a
transparent conductive oxide material.

17. The organic light-emitting display apparatus of claim
16, wherein the pixel electrode further comprises a pixel
electrode contact unit electrically coupled with the TFT
through the transparent protection layer.

18. The organic light-emitting display apparatus ofclaim 1,
further comprising:
a third insulating layer disposed between the active layer
and the gate electrode; and

a fourth insulating layer disposed between the gate elec-
trode, and the source electrode and the drain electrode.

19. The organic light-emitting display apparatus of claim
18, wherein an opening formed in the fourth insulating layer,
the first opening formed in the first insulating layer, and the
second opening formed in the second insulating layer overlap
one another.

20. The organic light-emitting display apparatus of claim
18, wherein the opening formed in the fourth insulating layer
is larger than the first opening, and the first opening is larger
than the second opening.
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