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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2013-0063086,
filed on May 31, 2013, in the Korean Intellectual Property
Office, and entitled: “Organic Light-Emitting Apparatus,” is
incorporated by reference herein in its entirety.

BACKGROUND
[0002] 1.Field
[0003] Embodiments relate to an organic light-emitting
display apparatus.
[0004] 2. Description of the Related Art
[0005] An organic light-emitting display apparatus may

include a hole injection electrode, an electron injection elec-
trode, and an organic light-emitting layer formed therebe-
tween. The organic light-emitting display apparatus is a self
light-emitting display apparatus in which light is emitted
when holes injected from the hole injection electrode and
electrons injected from the electron injection electrode
recombine and progressively decay in the organic light-emit-
ting layer. The organic light-emitting display apparatus has
received attention as an advanced display device due to its
high-quality characteristics, such as low power consumption,
high contrast, and fast response speeds.

SUMMARY

[0006] Embodiments are directed to an organic light-emit-
ting display apparatus including: a thin film transistor includ-
ing an active layer, a gate electrode, source and drain elec-
trodes, a first insulating layer between the active layer and the
gate electrode, and a second insulating layer between the gate
electrode and the source and drain electrodes, a third insulat-
ing layer covering the source and drain electrodes, the third
insulating layer being an organic insulating layer, a pixel
electrode including a semi-transparent metal layer and having
an end located in a trench formed around the first insulating
layer, a fourth insulating layer having an opening exposing a
top surface of the pixel electrode, the fourth insulating layer
being an organic insulating layer, an organic light-emitting
layer on the pixel electrode, and a counter electrode on the
organic light-emitting layer.

[0007] The pixel electrode may be located in an opening
formed in the third insulating layer.

[0008] An etched surface of the third insulating layer may
be outside of the trench.

[0009] The first insulating layer and the second insulating
layer may have a same etched surface.

[0010] The first insulating layer may be an inorganic insu-
lating layer.
[0011] The organic light-emitting display apparatus may

further include a buffer layer under the first insulating layer,
wherein the trench may be formed in the buffer layer.

[0012] The buffer layer may be an inorganic insulating
layer.
[0013] The semi-transparent metal layer may include silver

(Ag) or an Ag alloy.

[0014] A protective layer may be stacked on at least one
surface of the semi-transparent metal layer.

[0015] The protective layer may include a transparent con-
ductive oxide.
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[0016] The source and drain electrodes may each be mul-
tilayers of different metals having different electron mobili-
ties.

[0017] The source and drain electrodes may each include a
layer including molybdenum and a layer including alumi-
nun.

[0018] The organic light-emitting display apparatus may
further include a first pad layer including a same material as
the source and drain electrodes and located on the same layer,
and a second pad layer located on the first pad layer.

[0019] The second pad layer may include a transparent
conductive oxide.

[0020] The organic light-emitting display apparatus may
further include a pixel electrode contact portion electrically
connecting the pixel electrode to one of the source and drain
electrodes through a contact hole formed in the third insulat-
ing layer. The pixel electrode contact portion may include a
first contact layer including a same material as the source and
drain electrodes, a second contact layer including a same
material as the second pad layer, and a third contact layer
between the first insulating layer and the second insulating
layer, the third contact layer including a same material as a
second electrode of a capacitor. The first contact layer may be
electrically connected to the third contact layer through a
contact hole formed in the second insulating layer.

[0021] An end of the third contact layer may protrude from
an etched surface of an opening formed in the second insu-
lating layer. The pixel electrode may be directly connected to
the end of the third contact layer.

[0022] Theendofthethird contact layer may protrude from
an etched surface of an opening formed in the third insulating
layer. The pixel electrode may be directly connected to the
end of the third contact layer.

[0023] The pixel electrode contact portion may further
include a fourth contact layer between the third contact layer
and the first contact layer and including a same material as the
gate electrode.

[0024] The organic light-emitting display apparatus may
further include a capacitor including a first electrode on a
same layer as the active layer and including a semiconductor
including ion impurities, and a second electrode including a
transparent conductive oxide.

[0025] The capacitor may further include a third electrode
on a same layer as the source and drain electrodes.

[0026]
layer.

The counter electrode may include areflective metal

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Features will become apparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0028] FIG. 1 illustrates a plan view schematically depict-
ing an organic light-emitting display apparatus according to
an embodiment;

[0029] FIG. 2 illustrates a cross-sectional view schemati-
cally depicting a region including a pixel contact portion of
the organic light-emitting display apparatus of FIG. 1 accord-
ing to an embodiment;

[0030] FIG. 3 illustrates a cross-sectional view schemati-
cally depicting a region other than the pixel contact portion of
the organic light-emitting display apparatus of FIG. 1 accord-
ing to an embodiment;
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[0031] FIG. 4 illustrates a plan view schematically depict-
ing relative positions of a trench and a pixel electrode of the
organic light-emitting display apparatus of FIG. 1 according
to an embodiment;

[0032] FIGS.5A through 5] illustrate cross-sectional views
schematically depicting stages of a method of manufacturing
the organic light-emitting display apparatus of FIG. 1 accord-
ing to an embodiment; and

[0033] FIG. 6 illustrates a cross-sectional view schemati-
cally depicting an organic light-emitting display apparatus
according to a comparative example.

DETAILED DESCRIPTION

[0034] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
[0035] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It is to
be also be understood that when a layer or element is referred
to as being “on” another layer or substrate, it can be directly
on the other layer or substrate, or intervening layers may also
be present. Also, “on” refers to an element being positioned
above or below other element, and does not necessarily mean
that the element is positioned above the other element based
on the direction of gravity. Further, it is to be understood that
when a layer is referred to as being “under” another layer, it
can be directly under, and one or more intervening layers may
also be present. In addition, it is to be understood that when a
layer is referred to as being “between” two layers, it can be the
only layer between the two layers, or one or more intervening
layers may also be present. Like reference numerals refer to
like elements throughout.

[0036] Also, with regard to various embodiments, the same
elements are typically described only in the first embodiment,
and the other embodiments may be described by focusing on
the differences from the first embodiment.

[0037] Furthermore, when it is described that one unit
“comprises” some elements, it should be understood that the
unit may comprise only those elements, or it may comprise
other elements as well as those elements if there is no specific
limitation.

[0038] 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.

[0039] FIG. 1 illustrates a plan view schematically depict-
ing an organic light-emitting display apparatus 1 according to
an embodiment, FIG. 2 illustrates a cross-sectional view
schematically depicting a region including a pixel contact
portion PECNT1 of the organic light-emitting display appa-
ratus 1 according to the embodiment, and FIG. 3 illustrates a
cross-sectional view schematically depicting a region other
than the pixel contact portion PECNT1 of the organic light-
emitting display apparatus 1 according to the embodiment.
[0040] Referring to FIG. 1, adisplay area DA displaying an
image includes a plurality of pixels P and is formed on a
substrate 10 of the organic light-emitting display apparatus 1
according to the embodiment. The display area DA may be
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formed inside an area delimited by a sealing line SL, and a
sealing member (not shown) may seal the display area DA
along the sealing line SL.

[0041] Referring to FIG. 2, a pixel area PXL1 including at
least one organic light-emitting layer 121, a transistor area
TR1 including at least one thin film transistor, a capacitor area
CAP1 including at least one capacitor, and a pad area PAD1
may be formed on the substrate 10.

[0042] Inthe transistor area TR1, an active layer 212 of the
thin film transistor may be formed on the substrate 10 and a
buffer layer 11.

[0043] The substrate 10 may be a transparent substrate,
such as a plastic substrate including polyethylene terephtha-
late (PET), polyethylene naphthalate (PEN), or polyimide, or
a glass substrate, as examples.

[0044] The buffer layer 11 for planarizing and blocking
penetration of impurity elements in the substrate 10 may be
further included. The buffer layer 11 may be formed as a
single layer or as a multilayer of silicon nitride and/or silicon
oxide.

[0045] Theactive layer 212 may be included in the thin film
transistor area TR1 on the buffer layer 11. The active layer
212 may be formed of a semiconductor including amorphous
silicon or polysilicon. In other implementations, the active
layer may include an oxide semiconductor. The active layer
212 may include a channel region 212¢, and a source region
212a and adrain region 2125 doped with ion impurities on the
outside of the channel region 212¢.

[0046] A gate electrode 215 may be formed on the active
layer 212 at a position corresponding to the channel region
212¢ of the active layer 212. A first insulating layer 13 as a
gate dielectric layer may be disposed between the gate elec-
trode 215 and the active layer 212. The gate electrode 215
may be formed, for example, as a single layer or as a multi-
layer of one or more metals selected from the group of alu-
minum (Al), platinum (Pt), palladium (Pd), silver (Ag), mag-
nesium (Mg), gold (Au), nickel (Ni), neodymium (Nd),
iridium (Ir), chromium (Cr), lithium (Li), calcium (Ca),
molybdenum (Mo), titanium (T1), tungsten (W), and copper
(Cu).

[0047] A source electrode 217a and a drain electrode 2175
may be respectively connected to the source region 212a and
the drain region 2125 of the active layer 212. A second insu-
lating layer 16 as an interlayer dielectric may be disposed
between the gate electrode 215 and the source electrode 217a
and the drain electrode 2175. The source electrode 217a and
the drain electrode 2175 may be formed of two or more layers
of different metals having different electron mobilities. For
example, the source electrode 2174 and the drain electrode
217 may be formed of two or more layers of metals selected
fromthe group of Al, Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, Li, Ca,
Mo, Ti, W, Cu, and an alloy thereof.

[0048] A third insulating layer 19 may be formed on the
second insulating layer 16 to cover the source electrode 2174
and the drain electrode 2175.

[0049] The first insulating layer 13 and the second insulat-
ing layer 16 may be formed as a single layer or as a multilayer
including an inorganic insulating layer. The inorganic insu-
lating layer constituting the first insulating layer 13 and the
second insulating layer 16 may include SiO,, SiN_, SiON,
Al,0,, TiO,, Ta,05, HIO,, Zr0,, barium strontium titanate
(BST), or lead zirconium titanate (PZT).

[0050] The third insulating layer 19 may be formed as an
organic insulating layer. The third insulating layer 19 may
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include a general-purpose polymer (e.g., polymethyl meth-
acrylate (PMMA), polystyrene (PS)), a phenol group-con-
taining polymer derivative, an acrylic polymer, an imide-
based polymer, an arylether-based polymer, an amide-based
polymer, a fluorinated polymer, a p-xylene-based polymer, a
vinylalcohol-based polymer, or a blend thereof.

[0051] A fourth insulating layer 20 may be formed on the
third insulating layer 19. The fourth insulating layer 20 may
be formed as an organic insulating layer. The fourth insulating
layer 20 may include a general-purpose polymer (e.g., poly-
methyl methacrylate (PMMA), polystyrene (PS)), a phenol
group-containing polymer derivative, an acrylic polymer, an
imide-based polymer, an arylether-based polymer, an amide-
based polymer, a fluorinated polymer, a p-xylene-based poly-
mer, a vinylalcohol-based polymer, or a blend thereof.

[0052] A pixel electrode 120 may be included in the pixel
area PXL1. The pixel electrode 120 may include a semi-
transparent metal layer 1205. Also, the pixel electrode 120
may further include layers 120a and 120¢ including a trans-
parent conductive oxide. The layers 120a and 120¢ may be
respectively formed under and above the semi-transparent
metal layer 1205 to protect the semi-transparent metal layer
1205.

[0053] The semi-transparent metal layer 12056 may be
formed of Ag or an Ag alloy. The semi-transparent metal layer
1205 may improve the light efficiency of the organic light-
emitting display apparatus 1 by forming a microcavity struc-
ture with a counter electrode 122, which is a reflective elec-
trode to be described below.

[0054] The layers 120a and 120c¢ including a transparent
conductive oxide may include at least one or more selected
from the group of indium tin oxide (ITO), indium zinc oxide
(1Z0), zinc oxide (ZnO), indium oxide (In,0,), indium gal-
lium oxide (IGO), and aluminum zinc oxide (AZO). The
transparent conductive oxide layer 120@ under the semi-
transparent metal layer 1205 may function as a barrier layer
for strengthening the adhesion between the first insulating
layer 13 and the pixel electrode 120. The transparent conduc-
tive oxide layer 120¢ above the semi-transparent metal layer
1205 may function as a barrier layer for protecting the semi-
transparent metal layer 1205.

[0055] The semi-transparent metal layer 1205 may have a
high reactivity as an Ag layer. Particle-like defects may occur
if the semi-transparent layer 1205 were to react with sur-
rounding materials in a subsequent process when exposed to
the outside by diffusion. To avoid such reactions, top and
bottom surfaces of the semi-transparent metal layer 1205 may
be covered with the protective layers 120a and 120c. How-
ever, if an end of the semi-transparent metal layer 1205 is not
covered with the protective layers 120a and 120c, diffusion
could cause undesirable effects.

[0056] In the organic light-emitting display apparatus 1
according to the present embodiment, the diffusion of Ag may
be prevented or substantially reduced by disposing the end of
the semi-transparent metal layer 1205 inside of a trench T
formed in the buffer layer 11 and the first insulating layer 13,
which are inorganic insulating layers.

[0057] FIG. 6 illustrates a cross-sectional view schemati-
cally depicting an organic light-emitting display apparatus 2
according to a comparative example. The comparative
example is provided in order to better explain certain charac-
teristics of one or more embodiments. It is to be understood
that the comparative examples is not to be construed as lim-
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iting the scope of the embodiments, nor is the comparative
example to be construed as being outside the scope of the
embodiments.

[0058] Referring to FIG. 6, when the organic light-emitting
display apparatus 2 according to the comparative example is
compared with the organic light-emitting display apparatus 1
according to the present embodiment, only a structure of a
pixel area PX1.2 is different, and structures of a transistor area
TR2, a capacitor area CAP2, and a pad area PAD2 are the
same as those of the organic light-emitting display apparatus
1.

[0059] In the organic light-emitting display apparatus 2
according to the comparative example, a pixel electrode 120
is formed along an etched surface of an opening C5 formed in
a third insulating layer 19, and in particular, an end of the
pixel electrode 120 is formed on a top of the third insulating
layer 19. That is, the end of the pixel electrode 120 is disposed
between the third insulating layer 19 and a fourth insulating
layer 20. As described above, since the third insulating layer
19 and the fourth insulating layer 20 are organic insulating
layers which respectively function as a planarization layer
and a pixel-defining layer, Ag exposed from the end of the
pixel electrode 1120 may diffuse into the entire organic light-
emitting display apparatus 2 through the third insulating layer
19 and the fourth insulating layer 20.

[0060] However, in the organic light-emitting display appa-
ratus 1 according to the present embodiment, since an end of
the pixel electrode 120 is disposed inside of the trench T
formed in the buffer layer 11 and the first insulating layer 13,
which are formed of inorganic insulating layers, the diffusion
of Ag may be prevented or substantially reduced.

[0061] Referring to FIGS. 2 and 5H-5] in detail, the pixel
electrode 120 is disposed on the buffer layer 11 and the first
insulating layer 13, which are disposed on the substrate 10.
The pixel electrode 120 is disposed inside of an opening C5
formed in the third insulating layer 19. The end of the pixel
electrode 120 is disposed inside of the trench T formed in the
buffer layer 11 and the first insulating layer 13.

[0062] Referring to FIG. 4, the trench T may have a prede-
termined width W1 around the pixel electrode 120 and may
form a closed loop. However, the pixel electrode contact
portion PECNT1 may be disposed around a light-emitting
unit as illustrated in FIG. 2. Accordingly, the trench T may not
be formed in a region where forming the trench T is not
structurally possible.

[0063] When Ag is exposed from the end of the pixel elec-
trode 120 disposed inside of the trench T, Ag may move by
diffusion and may meet the buffer layer 11 and the first
insulating layer 13 at a bottom surface and a side of the trench
T during the movement. The buffer layer 11 and the first
insulating layer 13, which are inorganic insulating layers,
may become Ag diffusion barriers. Accordingly, the diffusion
of Ag may be prevented.

[0064] The fourth insulating layer 20 as an organic layer
may be formed on the trench T. Accordingly, a top surface of
the end of the pixel electrode 120 may be in contact with the
fourth insulating layer 20. However, Ag may have a greater
tendency to diffuse to lower layers rather than to upper layers.
Accordingly, materials of the side and the bottom surface of
the trench T may affect the diffusion of Ag more than a
material of a top surface of the trench T.

[0065] Therefore, as described in the present embodiment,
the diffusion of Ag may be prevented or substantially reduced
by disposing the end of the pixel electrode 120 inside of the



US 2014/0353634 A1

trench T formed in the buffer layer 11 and the first insulating
layer 13, which are inorganic insulating layers. Accordingly,
the occurrence of particle-like dark spots may be reduced.
[0066] When a metal having strong reducing power, such as
Ag, receives electrons during an etching process for pattern-
ing the pixel electrode 120, Ag ions existing in an ionic state
in the etchant may reprecipitate as Ag. Ag thus precipitated
may cause particle-like defects that generate dark spots in a
subsequent process of forming the pixel electrode 120.
[0067] If the source electrode 217a or the drain electrode
217b, a first contact layer 117 of the pixel electrode contact
portion PECNT1, a first pad layer 417 of a pad electrode, or
data interconnection (not shown) formed of the same material
as the above components are exposed to the etchant in the
etching process of the pixel electrode 120 including Ag, Ag
ions having a strong reducing power may reprecipitate as Ag
by receiving electrons from the above metallic materials. For
example, in a case where the metals include molybdenum or
aluminum, molybdenum may provide electrons transferred
from aluminum to Ag ions, and thus, Ag may be reprecipi-
tated. The reprecipitated Ag particles may become particle-
like contaminants, and thus, may cause defects, such as dark-
spot defects, in a subsequent process.

[0068] However, in the organic light-emitting display appa-
ratus 1 according to the present embodiment, the source elec-
trode 217a or the drain electrode 2175 may be covered with
the third insulating layer 19 as an organic layer. Accordingly,
the source electrode 217a or the drain electrode 2175 may not
be exposed to the etchant including Agions during the etching
of the pixel electrode 120 including Ag. Therefore, particle-
like defects due to the reprecipitation of Ag may be prevented.
[0069] The first contact layer 117 and the first pad layer 417
may be respectively disposed in regions exposed by a contact
hole C6 and a contact hole C7 that are formed in the third
insulating layer 19. A second contact layer 118 and a second
pad layer 418 as protective layers may be respectively formed
on the first contact layer 117 and the first pad layer 417.
Accordingly, the first contact layer 117 and the first pad layer
417 may not be exposed to the etchant during the etching of
the pixel electrode 120. Therefore, particle-like defects due to
the reprecipitation of Ag may be prevented or substantially
reduced.

[0070] The pixel electrode 120 may be connected to the
pixel electrode contact portion PECNT1 through the contact
hole C6 formed in the third insulating layer 19. The pixel
electrode contact portion PECNT1 may be electrically con-
nected to one of the source electrode and the drain electrode
of the driving transistor to drive the pixel electrode 120.
[0071] The pixel electrode contact portion PECNT1 may
include the first contact layer 117 including the same material
as the source electrode 217a and the drain electrode 2175, the
second contact layer 218 including a transparent conductive
oxide, a third contact layer 114 including transparent conduc-
tive oxide, and a fourth contactlayer 1154 including the same
material as the gate electrode 215.

[0072] The third contact layer 114 may be formed to pro-
trude from etched surfaces of an opening C1 formed in the
second insulating layer 16 and the opening C5 formed in the
third insulating layer 19. The pixel electrode 120 may be
directly in contact with the protruding third contact layer 114,
and the third contact layer 114 may be in contact with the
fourth contact layer 115a. The fourth contact layer 1154 and
the first contact layer 117 may be connected through a contact
hole C2 formed in the second insulating layer 16.
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[0073] According to the present embodiment, with respect
to a method of electrically connecting the pixel electrode 120
and a driving device, in a case where the connection is made
only through the contact hole C6 formed in the third insulat-
ing layer 19, i.e., through the first contact layer 117 and the
second contact layer 118, step coverage may be poor because
a thickness of the pixel electrode 120 used as a semi-trans-
parent metal layer may be small. Stable connection to the
etched surface or the contact hole C6 of the third insulating
layer 19 may be difficult. However, according to the present
embodiment, the pixel electrode 120 may be directly con-
nected to the third contact layer 114 at a bottom portion of the
opening C5 even if the connection through the contact hole
C6 formed in the third insulating layer 19 were to be intet-
rupted. Accordingly, a signal from the driving device may be
normally received.

[0074] The first contact layer 117 may be connected to a
data line (not shown) and the data line may be electrically
connected to one of the source electrode and the drain elec-
trode of the driving transistor. If the transistor illustrated in
FIG. 2 is a driving transistor, the contact layer 117 may be
directly connected to the source electrode 217a or the drain
electrode 217b of FIG. 2.

[0075] A top surface of the pixel electrode 120 may be
exposed by an opening C8 formed in the fourth insulating
layer 20, and an intermediate layer including an organic light-
emitting layer 121 may be formed on the exposed top surface
of the pixel electrode 120. The organic light-emitting layer
121 may be formed of a low molecular weight organic mate-
rial or a polymer organic material. In a case where the organic
light-emitting layer 121 is formed of a low molecular weight
organic material, a hole transport layer (HTL), a hole injec-
tion layer (HIL), an electron transport layer (ETL), and an
electron injection layer (EIL) may be symmetrically stacked
about the organic light-emitting layer 121. In addition, vari-
ous layers may be stacked as desired. Various usable organic
materials may include copper phthalocyanine (CuPc), NN'-
di(naphthalene-1-y1)-N,N'-diphenyl-benzidine (NPB), or
tris-8-hydroxyquinoline aluminum (Alq3). In a case where
the organic light-emitting layer 121 is a polymer organic
material, an HTL may be included in addition to the organic
light-emitting layer 121. Poly-(3.4)-ethylene-dihydroxy
thiophene (PEDOT) or polyaniline (PANI) may be used as the
HTL. In this case, a usable organic material may include a
polymer organic material, such as a poly(phenylenevinylene)
(PPV) or a polyfluorene. Also, an inorganic material may be
further included between the organic light-emitting layer 121
and the pixel electrode 120 or the counter electrode 122.
[0076] Itis illustrated in FIG. 2 that the organic light-emit-
ting layer 121 is disposed at a bottom of the opening C8. In
other implementations, the organic light-emitting layer 121
may not only be formed at the bottom of the opening C8, but
may also be formed to extend to a top surface of the fourth
insulating layer 20 along the etched surface of the opening C5
formed in the third insulating layer 19.

[0077] A counter electrode 122 may be formed as a com-
mon electrode on the organic light-emitting layer 121. With
respect to the organic light-emitting display apparatus 1
according to the present embodiment, the pixel electrode 120
is used as an anode and the counter electrode 122 is used as a
cathode. However, the polarities of the electrodes may be
reversed.

[0078] The counter electrode 122 may be formed of a
reflective electrode including a reflective material. In this
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case, the counter electrode 122 may include one or more
materials selected from the group of Al, Mg, Li, Ca, LiF/Ca,
and LiF/Al. The counter electrode 122 may be formed of the
reflective electrode. Accordingly, light emitted from the
organic light-emitting layer 121 may be reflected from the
counter electrode 122 to transmit through the semi-transpat-
ent metal pixel electrode 120, and thus, the light may be
emitted toward the substrate 10.

[0079] The organic light-emitting display apparatus 1 may
be a bottom-emission type display apparatus in which an
image is realized on the substrate 10 by emission of light from
the organic light-emitting layer 121 toward the substrate 10.
Therefore, the counter electrode 122 may be formed of a
reflective electrode.

[0080] In the capacitor area CAP1, a capacitor including a
first electrode 312 disposed at the same layer as the active
layer 212, a second electrode 314 disposed at the same layer
as the gate electrode 215, and a third electrode 317 disposed
at the same layer as the source electrode 217a and the drain
electrode 217b may be disposed on the substrate 10 and the
buffer layer 11.

[0081] The first electrode 312 of the capacitor may be
formed of a semiconductor doped with ion impurities as in the
case of the source region 212« and the drain region 21256 of
the active layer 212.

[0082] Although the second electrode 314 of the capacitor
may be disposed on the first insulating layer 13 similar to the
gate electrode 215, a material thereof may be different from
the gate electrode 215. The material of the second electrode
314 may include a transparent conductive oxide. The capaci-
tor may be formed in a metal-insulator-metal (MIM) structure
by forming a semiconductor doped with ion impurities in the
first electrode 312 through the second electrode 314.

[0083] The third electrode 317 of the capacitor may be
formed of the same material as the source electrode 217a and
the drain electrode 217b. As described above, the third elec-
trode 317 may be in a state of being covered with the third
insulating layer 19 as an organic layer. Accordingly, the third
electrode 317 may not exposed to the etchant including Ag
ions during the etching of the pixel electrode 120 including
Ag. Therefore, particle-like defects due to the reprecipitation
of Ag may be prevented or substantially reduced. Also, the
capacitor may be connected in parallel with the first electrode
and the second electrode. Accordingly, capacitance of the
organic light-emitting display apparatus may be increased
without increasing an area of the capacitor. The area of the
capacitor may be decreased as much as the increased amount
of the capacitance. Accordingly, an aperture ratio may be
increased.

[0084] The pad area PAD1, on which the pad electrode 417
and 418 as a connection terminal of an external driver is
disposed, may be disposed outside of the display area DA.
[0085] The first pad layer 417 may include a plurality of
layers of metals having different electron mohilities similar to
the above-described source electrode 217a and the drain elec-
trode 217h. For example, the first pad layer 417 may be
formed as a multilayer of one or more metals selected from
the group of Al, Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, L1, Ca, Mo,
Ti, W, and Cu.

[0086] The second pad layer 418 may be formed of trans-
parent conductive oxide including at least one or more
selected from the group of ITO, 170, ZnO, In,0,, IGO, and
AZ0. A reduction of the reliability of the pad electrode may
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be prevented or substantially reduced by avoiding exposure of
the first pad layer 417 to moisture and oxygen.

[0087] As described above, the first pad layer 417 may be
disposed in a region exposed to the contact hole C7 that is
formed in the third insulating layer 19. The second pad layer
418 as a protective layer may be formed on the first pad layer
417. Accordingly, first pad layer 417 may not be exposed to
the etchant during the etching of the pixel electrode 120.
[0088] Furthermore, an end of the first pad layer 417, which
is sensitive to the external factors such as moisture or oxygen,
may be covered with the third insulating layer 19. Accord-
ingly, the end of the first pad layer 417 may also not be
exposed to the etchant during the etching of the pixel elec-
trode 120.

[0089] Therefore, particle-like defects due to the reprecipi-
tation of Ag may be prevented or substantially reduced, and
the reduction of the reliability of the pad electrode may be
prevented or substantially reduced also.

[0090] The organic light-emitting display apparatus 1
according to the present embodiment may further include a
sealing member (not shown) for sealing the display area
including the pixel area PXI.1, the capacitor area CAP1, and
the thin film transistor area TR1. The sealing member may be
formed of a substrate including a glass material, a metal film,
or a sealing thin film on which an organic insulating layer and
an inorganic insulating layer are alternatingly disposed.
[0091] Hereinafter, stages of a method of manufacturing
the organic light-emitting display apparatus 1 according to
the present embodiment will be described with reference to
FIGS. 5A to 51.

[0092] FIG. 5A illustrates a cross-sectional view schemati-
cally depicting a first mask process for manufacturing the
organic light-emitting display apparatus 1 according to the
present embodiment.

[0093] Referring to FIG. 5A, a buffer layer 11 may be
formed on a substrate 10 and a semiconductor layer (not
shown) is formed on the buffer layer 11. Then, an active layer
212 of a thin film transistor and a first electrode 312 of a
capacitor may be formed by patterning the semiconductor
layer (not shown).

[0094] Thesemiconductor layer (not shown) may be coated
with a photoresist (not shown), and the semiconductor layer
(not shown) may then be patterned by photolithography using
a first photomask (not shown) to form the above-described
active layer 212 and first electrode 312. The first mask process
by photolithography may be performed through a series of
processes, such as developing, etching, and stripping or ash-
ing, after the first photomask (not shown) is exposed with an
exposure apparatus (not shown).

[0095] The semiconductor layer (not shown) may be
formed of amorphous silicon or polysilicon. In some imple-
mentations, the semiconductor layer may include an oxide
conductor. When the semiconductor layer is polysilicon, the
polysilicon may be formed by crystallization of the amor-
phous silicon. Various methods, such as rapid thermal anneal-
ing (RTA), solid phase crystallization (SPC), excimer laser
annealing (ELA), metal induced crystallization (MIC), metal
induced lateral crystallization (MILC), or sequential lateral
solidification (SLS), may be used as a crystallization method
of the amorphous silicon.

[0096] FIG. 5B illustrates a cross-sectional view schemati-
cally depicting a second mask process for manufacturing the
organic light-emitting display apparatus 1 according to the
present embodiment.
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[0097] A first insulating layer 13 may be formed on the
product of the first mask process of FIG. 5A, a transparent
conductive oxide layer (not shown) may be formed on the first
insulating layer 13, and the transparent conductive oxide
layer (not shown) may then be patterned.

[0098] As a result of the patterning, a third contact layer
114 of a pixel electrode contact portion and a second elec-
trode 314 of a capacitor may be formed on the first insulating
layer 13.

[0099] FIG. 5C illustrates a cross-sectional view schemati-
cally depicting a third mask process for manufacturing the
organic light-emitting display apparatus 1 according to the
present embodiment.

[0100] A first metal layer (not shown) may be stacked on
the product of the second mask process of FIG. 5B, and the
first metal layer (not shown) may then be patterned. The first
metal layer (not shown) may be formed as a single layer or
multilayer of one or more metals selected from the group of
Al, Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti, W, and
Cu.

[0101] As a result of the patterning, a gate electrode 215
and a gate metal layer 115 covering the third contact layer 114
may be formed on the first insulating layer 13.

[0102] The resultant structure as described above may be
doped with ion impurities. Boron (B) or phosphorous (P) ions
may be used as the ion impurities. The active layer 212 of the
thin film transistor and the first electrode 312 of the capacitor
may be doped at a concentration of about 1x10"* atoms/cm®
or more.

[0103] The active layer 212 may be doped with ion impu-
rities by using the gate electrode 215 as a self-align mask. The
active layer 212 may include a source region 212a@ and a drain
region 212b, which are doped with ion impurities, and a
channel region 212¢ disposed therebetween. The first elec-
trode 312 may also be doped with ion impurities to become an
electrode constituting an MIM CAP.

[0104] Therefore, the first electrode 312 of the capacitor as
well as the active layer 212 may be simultaneously doped by
using a single doping process. Thus, the manufacturing costs
may be reduced due to the reduction of doping processes.

[0105] FIG. 5D illustrates a cross-sectional view schemati-
cally depicting a result of a fourth mask process for manufac-
turing the organic light-emitting display apparatus 1 accord-
ing to the present embodiment.

[0106] Referring to FIG. 5D, a second insulating laver 16
may be formed on the product of the third mask process of
FIG. 5C. The second insulating layer 16 may be patterned to
form openings C3 and C4 exposing the source region 212a
and the drain region 2126 and an opening C1 in a region
spaced apart from a side of the active layer 212. i.e., a region
on which a pixel electrode 120 to be described below will be
disposed. The buffer layer 11 and the first insulating layer 13
around the gate metal layer 115 may be etched to form a
trench T having a predetermined width W.

[0107] FIG. SE illustrates a cross-sectional view schemati-
cally depicting a result of a fifth mask process for manufac-
turing the organic light-emitting display apparatus 1 accord-
ing to the present embodiment.

[0108] Referring to FIG. SE, a second metal layer (not
shown) may be formed on the product of the fourth mask
process of F1G. 5D. The second metal layer (not shown) may
be patterned to simultaneously form a source electrode 217a
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and a drain electrode 2175, a first contact layer 117 of the
pixel electrode contact portion, and a first pad layer 417 of a
pad electrode.

[0109] In this case, the gate metal layer 115 as well as the
second metal layer (not shown) may also be etched, and an
end A of the third contact layer 114 of the pixel electrode
contact portion may protrude from an end of an etched surface
of the second insulating layer 16.

[0110] The second metal layer (not shown) may be formed
of two or more layers of different metals having different
electron mobilities. For example, the second metal layer (not
shown) may be formed of two or more layers of metals
selected from the group of Al, Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir,
Cr, Li, Ca, Mo, Ti, W, Cu, and an alloy thereof.

[0111] A configuration of the first pad layer 417 is illus-
trated in detail in order to exemplarily describe a configura-
tion of the second metal layer (not shown). For example, the
second metal layer (not shown) of the present embodiment
may be formed of a first layer 417a including Mo, a second
layer 4175 including Al, and a third layer 417¢ including Mo.
[0112] The second layer 4175 including Al may be a metal
layer having low resistance and excellent electrical propet-
ties. The first layer 417a including Mo disposed under the
second layer 4175 may strengthen the adhesion between the
second insulating layer 16 and the second layer 4175. The
third layer 417¢ including Mo disposed on the second layer
417h may function as a barrier layer for preventing rough-
ness, oxidation, and diffusion of Al included in the second
layer 4175.

[0113] Although not illustrated in FIG. 5E, in the fifth mask
process, the second metal layer (not shown) may be patterned
to simultaneously form a data interconnection.

[0114] FIG. SF illustrates a cross-sectional view schemati-
cally depicting a result of a sixth mask process for manufac-
turing the organic light-emitting display apparatus 1 accord-
ing to the present embodiment.

[0115] Referring to FIG. 5F, a transparent conductive oxide
layer (not shown) may be formed on the product of the fifth
mask process of FIG. 5E. The transparent conductive oxide
layer (not shown) may be patterned to simultaneously form a
second contact layer 118 of the pixel electrode contact portion
and a second pad layer 418 of the pad electrode.

[0116] At least one or more selected from the group of ITO,
170, 710, In, 05, IGO, and AZO may be used as the trans-
parent conductive oxide layer (not shown).

[0117] FIG. 5G illustrates a cross-sectional view schemati-
cally depicting a result of a seventh mask process for manu-
facturing the organic light-emitting display apparatus 1
according to the present embodiment.

[0118] Referringto FIG. 5G, athird insulating layer 19 may
be formed on the product of the sixth mask process of FIG. 5F.
The third insulating layer 19 may be patterned to form a
contact hole C6 exposing a top of the second contact layer 118
of the pixel electrode contact portion, a contact hole C7
exposing a top of the second pad layer 418, and an opening C5
in a pixel area PXLL1 on which the pixel electrode 120 to be
described below will be disposed.

[0119] Thethird insulating layer 19 may be formed so as to
completely cover the source electrode 2174 and the drain
electrode 2175, and thus. may block two types of intercon-
nections having different potentials from being in contact
with an etchant having Ag ions dissolved therein during the
etching of the pixel electrode 120 including Ag to be
described below.
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[0120] The third insulating layer 19 may be formed of an
organic insulating layer and may function as a planarization
layer. A general-purpose polymer (e.g., polymethyl meth-
acrylate (PMMA), polystyrene (PS)), a phenol group-con-
taining polymer derivative, an acrylic polymer, an imide-
based polymer, an arylether-based polymer, an amide-based
polymer, a fluorinated polymer, a p-xylene-based polymer, a
vinylalcohol-based polymer, or a blend thereof may be used
as the organic insulating layer.

[0121] An end of the opening C5 of the third insulating
layer 13 may be formed to be spaced apart by a predetermined
gap G from the outside of the trench T. Otherwise, the func-
tion of the trench T as an Ag diffusion barrier could be
weakened if the third insulating layer 19 were disposed in the
trench T.

[0122] FIG. 5H illustrates a cross-sectional view schemati-
cally depicting a result of an eighth mask process for manu-
facturing the organic light-emitting display apparatus 1
according to the present embodiment.

[0123] Referring to FIG. 5H, a semi-transparent metal layer
(not shown) may be formed on the product of the seventh
mask process of FIG. 5G. The semi-transparent metal layer
(not shown) may be patterned to form a pixel electrode 120.
[0124] The pixel electrode 120 may be connected to a driv-
ing transistor through a pixel electrode contact portion
PECNT1 and disposed in the opening C5 formed in the third
insulating layer 19. In particular, an end of the pixel electrode
120 may be disposedin the trench T formed in the buffer layer
11 and the first insulating layer 13. The buffer layer 11 and the
first insulating layer 13, which are inorganic layers, may
become Ag diffusion barriers to prevent or substantially
reduce the diffusion of Ag. The pixel electrode 120 may be
formed of a semi-transparent metal layer 1206. The pixel
electrode 120 may further include layers 120a and 120c that
are respectively formed above and under the semi-transparent
metal layer 1204 to protect the semi-transparent metal layer
1205, The layers 120¢ and 1205 may include transparent
conductive oxide.

[0125] The semi-transparent metal layer 1205 may be
formed of Ag or an Ag alloy. The layers 1204 and 120¢
including a transparent conductive oxide may include at least
one or more selected from the group of ITO, 1ZO, ZnO,
In,0,, IGO, and AZO. The semi-transparent metal layer 1205
may improve the light efficiency of the organic light-emitting
display apparatus 1 by forming a microcavity structure with a
counter electrode 122, which is a reflective electrode to be
described below.

[0126] When a metal having a strong reducing powet, such
as Ag, receives electrons during an etching process for pat-
terning the pixel electrode 120, Ag ions existing in an ionic
state in the etchant may reprecipitate as Ag. If the source
electrode 217a or the drain electrode 2175, the first contact
portion 117 of the pixel electrode contact portion, the first pad
layer 417, or data interconnection (not shown) formed of the
same material as the above components are exposed to the
etchant in the etching process of the pixel electrode 120
including Ag, Ag ions having strong reducing power may
reprecipitate as Ag by receiving electrons from the above
metallic materials.

[0127] However, in the present embodiment, the source
electrode 2174 or the drain electrode 217b may already be
patterned and covered with the third insulating layer 19 as an
organic layer before the eighth mask process for patterning
the pixel electrode 120. Accordingly, the source electrode
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217a or the drain electrode 2175 may not be exposed to the
etchant including Ag ions during the etching of the pixel
electrode 120 including Ag. Therefore, particle-like defects
due to the reprecipitation of Ag may be prevented or substan-
tially reduced.

[0128] Also, in the present embodiment, the first contact
layer 117 of the pixel electrode contact portion and the first
pad layer 417 may be respectively disposed in regions
exposed by the contact hole C6 and the contact hole C7 that
are formed in the third insulating layer 19. The second contact
layer 118 of the pixel electrode contact portion and the second
pad layer 418 as protective layers may be respectively formed
on the first contact layer 117 of the pixel electrode contact
portion and the first pad layer 417. Accordingly, the first
contact layer 117 of the pixel electrode contact portion and
the first pad layer 417 may not be exposed to the etchant
during the etching of the pixel electrode 120. Therefore, par-
ticle-like defects due to the reprecipitation of Ag may be
prevented or substantially reduced.

[0129] FIGS. 51 and 5J illustrate cross-sectional views
schematically depicting a result of a ninth mask process for
manufacturing the organic light-emitting display apparatus 1
according to the present embodiment. FIG. 51 illustrates a
cross-sectional view schematically depicting an area includ-
ing a pixel contact portion, and FIG. 5] illustrates a cross-
sectional view schematically illustrating an area other than
the pixel contact portion.

[0130] Referring to FIGS. 5I and 5J, a fourth insulating
layer 20 may be formed on the product of the eighth mask
process of FIG. SH. The ninth mask process may then be
performed to form an opening C8 that exposes a top of the
pixel electrode 120.

[0131] The fourth insulating layer 20 may function as a
pixel-defining layer. The fourth insulating layer 2, may be
formed of an organic insulating layer including, for example,
a general-purpose polymer (e.g., polymethyl methacrylate
(PMMA), polystyrene (PS)), a phenol group-containing
polymer derivative, an acrylic polymer, an imide-based poly-
met, an arylether-based polymer, an amide-based polymer, a
fluorinated polymer, a p-xylene-based polymer, a vinylalco-
hol-based polymer, or a blend thereof.

[0132] An intermediate layer (not shown) including an
organic light-emitting layer 121 (see FIG. 2) may be formed
on the product of the eighth mask process of FIG. 5H, and a
counter electrode 122 (see FIG. 2) may be formed.

[0133] By way of summation and review, embodiments
provide an organic light-emitting display apparatus having
excellent display quality

[0134] The following effects may be obtained according to
the organic light-emitting display apparatus according to
embodiments and the method of manufacturing the same.
[0135] A pixel electrode may be formed of a semi-trans-
parent metal layer. Accordingly light efficiency of the display
apparatus may be improved by a microcavity structure.

[0136] Dark-spot defects may be reduced by preventing or
hindering the diffusion of Ag by locating an end of the pixel
electrode in a trench of an inorganic insulating layer.

[0137] A source electrode and a drain electrode (including
data interconnection) may be covered with a third insulating
layer as an organic layer. Accordingly, reprecipitation of Ag
due to the source electrode and the drain electrode during
patterning of the pixel electrode may be prevented or substan-
tially reduced.
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[0138] Protective layers may be respectively formed on a
first contact layer of a pixel electrode contact portion, a first
contact layer of a cathode contact portion, and a first pad layer
of apad electrode. Accordingly, the reprecipitation of Ag due
to the first contact layer and the first pad layer during the
patterning of the pixel electrode may be prevented.

[0139] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. Accordingly, it will be
understood by those of skill in the art that various changes in
form and details may be made without departing from the
spirit and scope thereof as set forth in the following claims.

What is claimed is:

1. An organic light-emitting display apparatus, compris-
ing:

a thin film transistor including an active layer, a gate elec-
trode, source and drain electrodes, a first insulating layer
between the active layer and the gate electrode, and a
second insulating layer between the gate electrode and
the source and drain electrodes;

a third insulating layer covering the source and drain elec-
trodes, the third insulating layer being an organic insu-
lating layer;

a pixel electrode including a semi-transparent metal layer
and having an end located in a trench formed around the
first insulating layer;,

a fourth insulating layer including an opening exposing a
top surface of the pixel electrode, the fourth insulating
layer being an organic insulating layer;

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

a counter electrode on the organic light-emitting layer.

2. The organic light-emitting display apparatus as claimed
in claim 1, wherein the pixel electrode is located in an opening
formed in the third insulating layer.

3. The organic light-emitting display apparatus as claimed
in claim 1, wherein an etched surface of the third insulating
layer is outside of the trench.

4. The organic light-emitting display apparatus as claimed
in claim 3, wherein the first insulating layer and the second
insulating layer have a same etched surface.

5. The organic light-emitting display apparatus as claimed
in claim 1, wherein the first insulating layer is an inorganic
insulating layer.

6. The organic light-emitting display apparatus as claimed
in claim 1, further comprising a buffer layer under the first
insulating layer,

wherein the trench is formed in the buffer layer.

7. The organic light-emitting display apparatus as claimed
in claim 1, wherein the buffer layer is an inorganic insulating
layer.

8. The organic light-emitting display apparatus as claimed
in claim 1, wherein the semi-transparent metal layer includes
silver (Ag) or an Ag alloy.

9. The organic light-emitting display apparatus as claimed
in claim 8, wherein a protective layer is stacked on at least one
surface of the semi-transparent metal layer.

10. The organic light-emitting display apparatus as
claimed in claim 9, wherein the protective layer includes a
transparent conductive oxide.
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11. The organic light-emitting display apparatus as
claimed in claim 1, wherein the source and drain electrodes
are each multilayers of different metals having different elec-
tron mobilities.

12. The organic light-emitting display apparatus as
claimed in ¢laim 11, wherein the source and drain electrodes
each include a layer including molybdenum and a layer
including aluminum.

13. The organic light-emitting display apparatus as
claimedinclaim 1, further comprising a first pad layer includ-
ing a same material as the source and drain electrodes and
located on the same layer, and a second pad layer located on
the first pad layer.

14. The organic light-emitting display apparatus as
claimed in claim 13, wherein the second pad layer includes a
transparent conductive oxide.

15. The organic light-emitting display apparatus as
claimed in claim 13, further comprising a pixel electrode
contact portion electrically connecting the pixel electrode to
one of the source and drain electrodes through a contact hole
formed in the third insulating layer, wherein:

the pixel electrode contact portion includes a first contact

layer including a same material as the source and drain
electrodes, a second contact layer including a same
material as the second pad layer, and a third contact layer
between the first insulating layer and the second insu-
lating layer, the third contact layer including a same
material as a second electrode of a capacitor, and

the first contact layer is electrically connected to the third

contact layer through a contact hole formed in the sec-
ond insulating layer.

16. The organic light-emitting display apparatus as
claimed in claim 15, wherein;

an end of the third contact layer protrudes from an etched

surface of an opening in the second insulating layer, and
the pixel electrode is directly connected to the end of the
third contact layer.

17. The organic light-emitting display apparatus as
claimed in claim 16, wherein:

the end of the third contact layer protrudes from an etched

surface of an opening in the third insulating layer, and
the pixel electrode is directly connected to the end of the
third contact layer.

18. The organic light-emitting display apparatus as
claimed in claim 15, wherein:

the pixel electrode contact portion further includes a fourth

contact layer between the third contact layer and the first
contact layer and including a same material as the gate
electrode.

19. The organic light-emitting display apparatus as
claimed in claim 1, further comprising a capacitor including
afirst electrode on a same layer as the active layer and includ-
ing a semiconductor including ion impurities, and a second
electrode including a transparent conductive oxide.

20. The organic light-emitting display apparatus as
claimed in claim 1, wherein the counter electrode includes a
reflective metal layer.
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