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(57) ABSTRACT

An organic light-emitting display apparatus includes a tran-
sistor on a substrate. The transistor includes a gate electrode,
a first electrode, and a second electrode. The apparatus also
includes a protective layer over the first electrode and includ-
ing a first portion that contacts the second electrode, and an
organic light-emitting device having a pixel electrode electri-
cally connected to the second electrode.
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FIG. 1
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FIG. 5 FORMING A BUFFER LAYER ON A SUBSTRATE | 505
FORMING A SEMICANDUCTOR | ae10
LAYER ON THE BUFFER LAYER

STACKING A GATE INSULATING LAYER 5515
ON THE SEMICANDUCTOR LAYER

FORMING A TFT GATE ELECTRODE o500
ON THE GATE INSULATING LAYER

PATTERNING AN INSULATING LAYER OVER | g505
THE GATE INSULATING LAYER AND GATE ELECTRODE

FORMING TFT SOURCE AND DRAIN ELECTRODES
OVER THE FIRST INSULATING LAYER TO CONTACT }—S530
SEMICONDUGTOR LAYER

FORMING A PROTECTIVE LAYER AND INSULATING 5535
LAYER OVER ARE OR MARE OF THE TFT ELECTRODES

FORMING A CONTACT HOLE THROUGH THE 5540
INSULATING LAYER TO EXPOSE A TFT ELECTRODE

FORMING A PIXEL ELECTRODE THE EXTEND THROUGH | s545
THE CONTACT HOLE TO THE EXPOSED ELECTRODE

FORMING AN INSULATING LAYER

ON THE PIXEL ELECTRODE — 5550
FORMING AN INTERMEDIATE (EML) LAYER -
ON THE PIXEL ELECTRODE

FORMING ANOTHER ELECTRODE OVER THE | 9560
INTERMEDIATE LAYER
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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2014-0064567,
filed on May 28, 2014, and entitled, “Organic Light-Emitting
Display Apparatus and Method of Manufacturing the Same,”
is incorporated by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Oneormore embodiments described hereinrelate to
an organic light-emitting display apparatus and a method of
manufacturing an organic light-emitting apparatus.

[0004] 2. Description of the Related Art

[0005] An organic light-emitting display has a wide view-
ing angle, good contrast, and fast response time, and therefore
have been used in portable electronic terminals and televi-
sions.

[0006] Structurally, an organic light-emitting display
includes a plurality of organic light-emitting devices formed
on a lower substrate bonded to an upper substrate. Each
light-emitting device includes an including an emission layer
between opposing electrodes. At least one organic light-emit-
ting device is provided for each pixel. The degree of light
emission from each pixels is controlled by a thin film transis-
tor (TFT), which is electrically connected to one of the elec-
trodes. The emission layer emits light based on an electrical
signal between the electrodes.

[0007] When an electrode of an organic light-emitting
device contacts at least one electrode of the TFT, a dark spot
or bright spot may occur. The dark or bright spot may occur
when a foreign material penetrates into one of the electrodes
ofthe light-emitting device. When this happens, the quality of
the display is adversely affected.

SUMMARY

[0008] In accordance with one embodiment, an organic
light-emitting display apparatus includes a substrate; a tran-
sistor on the substrate and including a gate electrode, a first
electrode, and a second electrode; a protective layer over the
first electrode and including a first portion that contacts the
second electrode; and an organic light-emitting device having
a pixel electrode electrically connected to the second elec-
trode. The apparatus may include an insulating layer between
the gate electrode and the first and second electrodes, wherein
asecond portion of the protective layer contacts the insulating
layer. The protective layer may not be disposed in a region
where the transistor is not disposed. The protective layer may
include an inorganic material.

[0009] Inaccordance with another embodiment, an organic
light-emitting display apparatus includes a substrate; a tran-
sistor on the substrate and including a gate electrode, a first
electrode, and a second electrode; a first insulating layer
between the gate electrode and the first and second electrodes;
a first protective layer on the first insulating layer on the gate
electrode, a first portion the protective layer contacting the
first electrode and a second portion of the protective layer
contacting the second electrode; an organic light-emitting
device having a pixel electrode electrically connected to the
second electrode; a second insulating layer between the tran-
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sistor and the pixel electrode; and a second protective layer
between the second insulating layer and the pixel electrode.
The second protective layer may be on the first electrode.
Each of the first and second protective layers may include an
inorganic material.

[0010] In accordance with another embodiment, a method
of manufacturing an organic light-emitting display apparatus
includes forming a transistor on a substrate, the transistor
including a gate electrode, a first electrode, and a second
electrode; forming a protective layer on the first electrode, the
protective layerincluding a first portion contacting the second
electrode; and forming an organic light-emitting device hav-
ing a pixel electrode electrically connected to the second
electrode. The method may include forming an insulating
layer between the gate electrode and the first and second
electrodes. The protective layer may not be disposed in a
region where the transistor is not disposed. The protective
layer may include an inorganic material.

[0011] In accordance with another embodiment, a pixel
includes a transistor; a light emitter separated from the tran-
sistor by a space; and at least one protective layer between the
transistor and the light emitter, wherein the at least one pro-
tective layer includes a non-conductive material which con-
tacts an electrode of the light emitter when the electrode of the
light emitter moves into the space by a force, and wherein the
contact between the at least one protective layer and the
electrode of the light emitter blocks an electrode of the tran-
sistor from being electrically connected to the electrode of the
light emitter.

[0012] The at least one protective layer may be over a
predetermined number of electrodes of the transistor, and
wherein the predetermined number may be less than three. A
portion of the at least one protective layer may extend
between source and drain electrodes of the transistor. The
space may include an insulating layer which deforms when
the electrode of the light emitter moves into the space. The at
least one protective layer may include an inorganic material.
The pixel may include a planarizing layer over the transistor
and at least one protective layer.

[0013] The at least one protective layer may include a first
protective layer between source and drain electrodes of the
transistor, and a second protective layer spaced from the first
protective layer over the transistor. The pixel may include an
insulating layer between the first and second protective lay-
ers. The second protective layer may be between the first
protective layer and the electrode of the light emitter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] 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:

[0015] FIG.1illustrates anembodiment of an organic light-
emitting display;

[0016] FIG. 2 illustrates an example of a foreign material
that has penetrated into an organic light-emitting display
having no protective layer;

[0017] FIG. 3 illustrates an example of a foreign material
that has penetrated into the organic light-emitting display of
FIG. 1; and

[0018] FIG. 4 illustrates another embodiment of an organic
light-emitting display.

[0019] FIG. 5 illustrates an embodiment of a method for
manufacturing an organic light-emitting display.
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DETAILED DESCRIPTION

[0020] Example embodiments are described more fully
hereinafter with reference to the accompanying drawings;
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.
[0021] In the drawings, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
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. Further, it will 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 will also 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.

[0022] FIG.11is a cross-sectional view of one embodiment
of an organic light-emitting display apparatus which includes
a substrate 100, a thin film transistor (TFT) on the substrate
100, a first protective layer 170, and an organic light-emitting
device 200. The substrate 100, the transistor TFT, the first
protective layer 170, and the organic light-emitting device
200 may all correspond to a pixel, which may be a unit pixel
or sub-pixel. A capacitor CAP is electrically connected to the
transistor TFT. The capacitor may store a voltage correspond-
ing, for example, to a gray scale value of light to be emitted
from the pixel or sub-pixel.

[0023] The substrate 100 may be formed of various mate-
rials such as a glass material, a metal material, and/or a plastic
material such as polyethylene terephthalate (PET), polyeth-
vlene naphthalate (PEN), or polyimide. The substrate 100
includes a display region in which a plurality of pixels are
arranged, and a peripheral region adjacent to or which sur-
rounds the display region.

[0024] The organic light-emitting device 200 is electrically
connected to the TFT and is disposed on the substrate 100.
The organic light-emitting device 200 may include a pixel
electrode 210 that is electrically connected to the TFT.
[0025] TheTFT includes a semiconductor layer 120, a gate
electrode 140, a first electrode 162, and a second electrode
160. The semiconductor layer 120 include an amorphous
silicon, polycrystalline silicon, an organic semiconductor
material, or another material. The first electrode 162 may
correspond to a source electrode and the second electrode 160
may correspond to a drain electrode of the TFT.

[0026] In order to planarize a surface of the substrate 100,
and/or to prevent impurities from penetrating into the semi-
conductor layer 120, a buffer layer 110 formed of silicon
oxide or silicon nitride may be disposed on the substrate 100.
The semiconductor layer 120 may be disposed on the buffer
layer 110.

[0027] The gate electrode 140 may be on the semiconduc-
tor layer 120, and the first electrode 162 may be electrically
connected to the second electrode 160 based on a signal
applied to the gate electrode 140. The gate electrode 140 may
be formed as a single layer or multiple layers, which may
include aluminum (Al), platinum (Pt), palladium (Pd), silver
(Ag), magnesium (Mg), gold (Au), nickel (Ni), neodymium
(Nd), iridium (Ir), chromium (Cr), lithium (L), calcium (Ca),
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molybdenum (Mo), titanium (T1), tungsten (W), and/or cop-
per (Cu). The material of the gate electrode 140 may be
determined, for example, by taking into consideration the
adhesiveness of an adjacent layer, the surface flatness of a
stacked layer, and/or processability. In one embodiment, a
gate insulating layer 130, formed, for example, of silicon
oxide and/or silicon nitride, may be disposed between the
semiconductor layer 120 and the gate electrode 140 in order
to insulate the semiconductor layer 120 from the gate elec-
trode 140.

[0028] A first insulating layer 150 may be on the gate elec-
trode 140, and may serve as an interlayer insulating layer
between the gate electrode 140 and the first and second elec-
trodes 162 and 160. The first insulating layer 150 may be
formed as a single layer or multiple layers, which, for
example, include as silicon oxide, silicon nitride, and/or a
another material.

[0029] The first electrode 162 and the second electrode 160
may be on the first insulating layer 150. The first electrode
162 may be electrically connected to the second electrode 160
through a contact hole in the first insulating layer 150 and the
gate insulating layer 130. Each of the first electrode 162 and
the second electrode 160 may be a single layer or multiple
layers, which, for example, include aluminum (Al), platinum
(Pt), palladium (Pd), silver (Ag), magnesium (Mg), gold
(Au), nickel (Ni), neodymium (Nd), iridium (Ir), chromium
(Cr), lithium (L1), caleium (Ca), molybdenum (Mo), titanium
(Ti), tungsten (W), and/or copper (Cu). The material to be
used may be determined, for example. based on conductivity.
[0030] Asillustrated in FIG. 1, the first protective layer 170
covers the first electrode 162 of the TFT. In this case, at least
one portion of one end of the first protective layer 170 con-
tacts the second electrode 160, e.g., the first protective layer
170 covers the first electrode 162 (corresponding to the
source electrode and/or a data line) of the TFT and is not
disposed over the second electrode 160 (which corresponds to
the drain electrode). Further, the first protective layer 170 may
contact the first insulating layer 150, in which the TFT is not
disposed. The first protective layer 170 may include, for
example, an inorganic material such as silicon oxide, silicon
nitride, or silicon oxynitride.

[0031] Referring to the cross-sectional view of F1G. 1, the
first protective layer 170 extends in a space between the first
electrode 162 (corresponding to the data line) and second
electrode 160 (electrically connected to the pixel electrode
210) of the TFT. The first protective layer 170 may therefore
prevent a short circuit from forming between the first elec-
trode 162 and second electrode 160 of the TFT.

[0032] Because the first protective layer 170 covers a top
surface of the first electrode 162 of the TFT, a short circuit is
prevented from occurring if a force pushes the pixel electrode
210 downwardly towards the first electrode 162. This force
may be created, for example, by foreign material D (see FIGS.
2 and 3) penetrating into the device. In one embodiment, the
first protective layer 170 is formed of a non-conductive (e.g.,
inorganic or organic) material. Because organic material may
be expensive, the first protective layer 170 may be formed of
an inorganic material in some applications. The inorganic
material may be disposed, for example, to within a predeter-
mined or minimum range of thickness to reduce manufactur-
ing costs.

[0033] A second insulating layer 180 may be formed on the
first protective layer 170, in a space between the transistor and
the pixel electrode 210. The second insulating layer 180 may
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serve as a planarizing and/or as an additional protective layer.
For example, when the organic light-emitting device 200 is
formed over the TFT, as in FIG. 1, the second insulating layer
180 may serve as a planarizing layer that planarizes a top
surface over the TFT. The second insulating layer 180 may
include, for example, an acryl-based organic material or ben-
zocyclobutene (BCB). In FIG. 1, the second insulating layer
180 is a single layer, but may include multiple layers in
another embodiment.

[0034] The organic light-emitting device 200 may be on the
second insulating layer 180. In one embodiment, the organic
light-emitting device 200 includes the pixel electrode 210, an
electrode 230 opposite to the pixel electrode 210, and an
intermediate layer 220.

[0035] The second insulating layer 180 may include an
opening which exposes at least one of the first electrode 162
or second electrode 160 of the TFT. The pixel electrode 210
contacts one of the first electrode 162 or the second electrode
160 through the opening, and is disposed on the second insu-
lating layer 180.

[0036] The pixel electrode 210 may be, for example, a
semi-transparent electrode or a reflective electrode. When the
pixel electrode 210 is a semi-transparent electrode, the pixel
electrode 210 may include, for example, indium tin oxide
(ITO), indium zinc oxide (IZ0), zinc oxide (ZnO), indium
oxide (In,0,), indium gallium oxide (IGO), and/or aluminum
zine oxide (AZO).

[0037] When the pixel electrode 210 is a reflective elec-
trode, the pixel electrode 210 may include a reflective layer
which, for example, includes Ag, Mg, Al, Pt, Pd, Au, Ni, Nd,
Ir, Cr, and/or a compound thereof, and/or a layer which
includes ITO, 170, Zn0O, In,0;, IGO, or AZO. In another
embodiment, pixel electrode 210 may include a different
material. Also, the pixel electrode 210 may have a single-
layer structure or a multiple-layer structure.

[0038] A third insulating layer 190 may be on the second
insulating layer 180. The third insulating layer 190 may serve
as a pixel-defining layer, and may include a plurality of open-
ings, e.g., at least one of which defines an edge or surface of
the pixel electrode 210 and which exposes at least a center of
the pixel electrode 210. The openings may correspond to
respective sub-pixels of a pixel.

[0039] Also, as illustrated in FIG. 1, the third insulating
layer 190 may increase in thickness between at least one end
of the pixel electrode 210 and the opposite electrode 230, to
thereby prevent an arc from occurring at the end of the pixel
electrode 210. The third insulating layer 190 may include, for
example, an organic material such as but not limited to poly-
imide.

[0040] The intermediate layer 220 may include, for
example, a low-molecular weight material or a polymer mate-
rial. When the intermediate layer 220 includes a low-molecu-
lar weight material, the intermediate layer 220 may be formed
by stacking a hole injection layer (HIL), a hole transport layer
(HTL), an emission layer (EML), an electron transport layer
(ETL), and an electron injection layer (EIL) in a single struc-
ture or a complex structure. The intermediate layer 220 may
include, as an available organic material, copper phthalocya-
nine (CuPc), N.N-Di(naphthalene-1-y1)-N,N'-diphenyl-ben-
zidine (NPB), and/or tris-8-hydroxyquinoline aluminum
(Alg3), or another material. The layers may be formed, for
example, by vacuum evaporation or another method.

[0041] When the intermediate layer 220 includes a polymer
material, the intermediate layer 220 may have a structure
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which includes an HTL and an EML. The HTL may include,
for example, PEDOT and the EML may include, for example,
apoly (p-phenylene vinylene) (PPV)-based polymer material
and/or a polyfluorene-based polymer material. The HTL and
the EML may be formed, for example, by screen printing,
inkjet printing, or laser-induced thermal imaging (LITT), or
another method. The intermediate layer 220 may have a struc-
ture different from that shown in FIG. 1 in another embodi-
ment.

[0042] The electrode 230 opposes the pixel electrode 210,
with layer 220 (including the EML) therebetween. The oppo-
site electrode 230 may be disposed completely or partially
over the substrate 100. In one embodiment, the opposite
electrode 230 1s formed as one complete body corresponding
to the pixel electrode 210.

[0043] The opposite electrode 230 may be, for example, a
semi-transparent electrode or a reflective electrode. When the
opposite electrode 230 is a semi-transparent electrode, the
opposite electrode 230 may include a layer formed of metal
(e.g., Li, Ca, LiF/Ca, LiF/Al, Al, Ag, Mg, and/or a compound
thereof) having a small work function and a semi-transparent
conductive layer formed, for example, of ITO, 1Z0, ZnO, or
In,0,.

[0044] When the opposite electrode 230 is a reflective elec-
trode, the opposite electrode 230 may include a layer formed,
for example, of Li, Ca, LiF/Ca, LiF/Al, Al, Ag, Mg, and/or a
compound thereof. The opposite electrode 230 may have a
different structure and/or may be made from a different mate-
rial in another embodiment.

[0045] As described above, the first protective layer 170 in
the organic light emitting display apparatus of FIG. 1 prevents
a short circuit from occurring between the first and second
electrodes 162 and 160 of the TE'T. Moreover, a short circuit
is prevented from occurring if the pixel electrode 210 is
pressed down toward the first electrode 162 of the TFT due to
the foreign material D (see FIGS. 2 and 3) penetrating into the
device. When the pixel electrode 210 is pressed down by the
foreign material D, the layer 180 may be deformed to allow
the pixel electrode 210 to move into the space between the
transistor and the pixel electrode 210. The first protective
layer 170 may include an inorganic or organic material that is
non-conductive. Because using an organic material that is
non-conductive incurs high costs, forming the first protective
layer 170 from an inorganic material within a minimum or
predetermined thickness range may reduce manufacturing
costs considerably.

[0046] FIG. 2 illustrates a case where a foreign material D
penetrates into an organic light-emitting display apparatus
which does not have a protective layer. FIG. 3 illustrates the
protection afforded by the protective layer (e.g., the first pro-
tective layer 170) in the device of FIG. 1.

[0047] Referring to FIG. 2, when the first protective layer
170 is not included, the second insulating layer 180 is dis-
posed directly on the TFT. Because the second insulating
layer 180 is formed of an organic material as described above,
the second insulating layer 180 is vulnerable to being
deformed when a foreign material penetrates into the device.
When the foreign material D penetrates into the display unit,
the pixel electrode 210 may contact the opposite electrode
230 due to the foreign material D. A defect may therefore
occur in the form of a dark spot.

[0048] However, as illustrated in FIG. 2, when the foreign
material D deeply penetrates into the display unit, a contact
portion (area 10) occurs between the pixel electrode 210 and
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the first electrode 162, corresponding to the data line, of the
TFT. As a result, a defect caused by a bright spot occurs in the
pixel. Some of pixels in which the dark spot defect occurs
may be determined as good pixels depending on visibility.
However, all pixels in which a bright spot defect occurs may
be considered to be defective pixels, which has an adverse
effect on total yield rate.

[0049] Also, a case may occur in which therefore is a dark
spot at an initial stage of manufacture which is changed to a
bright spot, as a result of penetration of the foreign material D.
This case may be described as a progressive defect, which, for
example, may occur after a product is released.

[0050] In order to prevent a bright spot defect from occur-
ring in a pixel, the first protective layer 170 may be disposed
on the first electrode 162 as illustrated in FIG. 1. As illustrated
in FIG. 3, the first protective layer 170 serves to protect the
device when the foreign material D deeply penetrates into the
display unit. For example, the first protective layer 170 pre-
vents the pixel electrode 210 from directly contacting the first
electrode 162 of the TFT at a contact portion (area 20)
between the pixel electrode 210 and the TFT. The first pro-
tective layer 170, therefore, prevents a short circuit from
forming, and therefore has the effect of considerably decreas-
ing the formation of bright spot defects in a pixel.

[0051] FIG. 4illustrates another embodiment of an organic
light-emitting display apparatus which includes a substrate
100, a TFT on the substrate 100, a first protective layer 172, a
second protective layer 182, and an organic light-emitting
device 200. The substrate 100, the transistor TFT, the first
protective layer 172, the second protective layer 182, and the
organic light-emitting device 200 may all correspond to a
pixel, which may be a unit pixel or sub-pixel. A capacitor
CAP is electrically connected to the transistor TFT. The
capacitor may store a voltage corresponding, for example, to
a gray scale value of light to be emitted from the pixel or
sub-pixel.

[0052] The first protective layer 172 is on a first insulating
layer 150, which serves as an interlayer insulating layer. The
first protective layer 172 is also on the gate electrode 140 of
the TFT. At least a portion of one end of the first protective
layer 172 contacts a first electrode 162, and at least a portion
ofanother end of the first protective layer 172 contacts second
electrode 160. That is, the first and second electrodes 162 and
160 are spaced from one another certain interval, and the first
protective layer 172 may be disposed in the space between the
first and second electrodes 162 and 160. The first protective
layer 172, therefore, serves to prevent a short circuit from
occurring due to direct contact between the first and second
electrodes 162 and 160 of the TFT.

[0053] The second protective layer 182 is between a second
insulating layer 180 and the pixel electrode 210. The second
protective layer 182 may be over at least the first electrode
162 of the TFT. Because the second protective layer 182 is
over the first electrode 162, when the foreign material D
deeply penetrates into the display unit, the second protective
layer 182 prevents the pixel electrode 210 from contacting the
first electrode 162. The second protective layer 182 may
therefore prevent short circuits from occurring as a result of
direct contact between the pixel electrode 210 and the first
electrode 162, and thus may prevent a bright spot defect from
occurring in a pixel.

[0054] The first and second protective layers 172 and 182
may include, for example, silicon oxide, silicon nitride, and/
or silicon oxynitride. Because organic materials are expen-
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sive to use, in one embodiment the first and second protective
layers 172 and 182 may include inorganic material disposed
to have a predetermined or a minimum range thickness, to
thereby reduce manufacturing costs. In another embodiment,
the first and second protective layers may be made from an
organic material.

[0055] FIG. § illustrates operations included in one
embodiment of a method for manufacturing an organic light-
emitting display apparatus, which, for example, may corre-
spond to the apparatus of FIG. 1. For illustrative purposes
only, the operations of the method will be discussed relative to
the apparatus in FI1G. 1.

[0056] Referring to FIG. 5, the method includes forming
the TFT onthe substrate 100. This operation includes forming
the buffer layer 110 on the substrate 100 (S505), and then
performing a patterning operation to form the semiconductor
layer 120 on the buffer layer 110 (S510).

[0057] After the semiconductor layer 120 is formed, a pro-
cess of stacking the gate insulating layer 130 on the semicon-
ductor layer 120 (S515), and performing a patterning opera-
tion to form the gate electrode 140 on the gateinsulating layer
130 (S8520). The method also includes patterning the first
insulating layer 150 over the gate insulating layer 130 and the
gate electrode 140 (S525), and forming the first electrode 162
corresponding to the source electrode and the second elec-
trode 160 corresponding to the drain electrode over portions
of the first insulating layer 150, at respective sides of the gate
electrode 140 (S530). The first and second electrodes 162 and
160 may be formed as patterns that extend through the gate
insulating layer 130 to electrically contact the semiconductor
layer 120.

[0058] Subsequently. a process of stacking the first protec-
tive layer 170 and the second insulating layer 180 over the
TFT is performed (S535). The first protective layer 170 may
protects the TFT as previously explained. The second insu-
lating layer 180 may protect the TFT and/or planarize the top
surface of the TFT. In an alternative embodiment, only one of
the first protective layer 170 or the second insulating layer
180 may be formed to protect the TFT.

[0059] Also, the first protective layer 170 may be formed
over only one of the drain electrode, source electrode, or drain
electrode, or over two or all of these electrodes. The first
protective layer 170 may be formed directly on one or more
electrodes of the TFT, or one or more intervening layers may
be situated between the one or more TFT electrodes and the
first protective layer 170.

[0060] The method may further include forming a contact
hole through the second insulating layer 180 to expose one of
the source or drain electrodes (S540). Then, the method
includes forming the pixel electrode 210 over the second
insulating layer 180, to be electrically connected to one of the
first or second electrodes 162 and 160 of the TFT (S545). In
one embodiment, the pixel electrode 210 is electrically con-
nected to the drain electrode 160. In an alternative embodi-
ment, the pixel electrode 210 is electrically connected to the
source electrode 162.

[0061] The method further includes forming the third insu-
lating layer 190 in a pattern on the pixel electrode 210 (S550).
The third insulating layer 190 may serve as a pixel-defining
layer to define a pixel. The third insulating layer 190 may be
patterned to cover respective edges of the pixel electrode 210,
while leaving a predetermined (e.g., central) portion of the
pixel electrode 210 is exposed.
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[0062] The method further includes forming the interme-
diate layer 220 (including the EML) on the predetermined
portion of the pixel electrode 210 that is exposed by the third
insulating layer 190 (S555). Subsequently, a process of form-
ing the opposite electrode 230 corresponding to the pixel
electrode 210 is performed (S560). For example, as illustrated
in FIG. 5, the opposite electrode 230 may be formed all over
the third insulating layer 190.

[0063] By way of summation and review, when an elec-
trode of an organic light-emitting device contacts at least one
electrode of the TFT, a dark spot or bright spot may occur. The
dark or bright spot may occur when a foreign material pen-
etrates into one of the electrodes of the light-emitting device.
When this happens, the quality of the display is adversely
affected. In accordance with one or more of the aforemen-
tioned embodiments, an organic light-emitting display appa-
ratus includes at least one protective layer to prevent a pixel
driving error from occurring due to penetration of a foreign
material.

[0064] In at least one embodiment, an organic light-emit-
ting display apparatus which includes a transistor, at least one
protective layer over a first electrode of the transistor, and an
organic light-emitting device having a pixel electrode electri-
cally connected to a second electrode of the transistor. The at
least one protective layer extends between the first and second
electrodes, and prevents an electrical short from forming
between the pixel electrode and one of the transistor elec-
trodes when a foreign object applies a force which moves the
pixel electrode towards the transistor. Two protective layers
that are spaced from one another may also prevent this type of
electrical short.

[0065] 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. In some instances, as would
be apparent to one of skill in the art as of the filing of the
present application, features, characteristics, and/or elements
described in connection with a particular embodiment may be
used singly or in combination with features, characteristics,
and/or elements described in connection with other embodi-
ments unless otherwise indicated. 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 of the present invention as set forth in the
following claims.

What is claimed is:

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

a substrate;

a transistor on the substrate and including a gate electrode,

a first electrode, and a second electrode;

a protective layer over the first electrode and including a

first portion that contacts the second electrode; and

an organic light-emitting device having a pixel electrode

electrically connected to the second electrode.

2. The apparatus as claimed in claim 1, further comprising:

an insulating layer between the gate electrode and the first

and second electrodes, wherein a second portion of the
protective layer contacts the insulating layer.

3. The apparatus as claimed in claim 2, wherein the pro-
tective layer is not disposed in a region where the transistor is
not disposed.

4. The apparatus as claimed in claim 1, wherein the pro-
tective layer includes an inorganic material.
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5. An organic light-emitting display apparatus, compris-
ing:

a substrate;

a transistor on the substrate and including a gate electrode,

a first electrode, and a second electrode;

a first insulating layer between the gate electrode and the
first and second electrodes;

a first protective layer on the first insulating layer on the
gate electrode, a first portion the protective layer con-
tacting the first electrode and a second portion of the
protective layer contacting the second electrode;

an organic light-emitting device having a pixel electrode
electrically connected to the second electrode;

a second insulating layer between the transistor and the
pixel electrode; and

a second protective layer between the second insulating
layer and the pixel electrode.

6. The apparatus as claimed in claim 5, wherein the second

protective layer is on the first electrode.

7. The apparatus as claimed in claim 5, wherein each of the
first and second protective layers includes an inorganic mate-
rial.

8. A pixel, comprising:

a transistor;

alight emitter separated from the transistor by a space; and

at least one protective layer between the transistor and the
light emitter,

wherein the at least one protective layer includes a non-
conductive material which contacts an electrode of the
light emitter when the electrode of the light emitter
moves into the space by a force, and wherein the contact
between the at least one protective layer and the elec-
trode of the light emitter blocks an electrode of the
transistor from being electrically connected to the elec-
trode of the light emitter.

9. The pixel as claimed in claim 8, wherein the at least one
protective layer is over a predetermined number of electrodes
of the transistor, and wherein the predetermined number is
less than three.

10. The pixel as claimed in claim 8, wherein a portion of the
atleast one protective layer extends between source and drain
electrodes of the transistor.

11. The pixel as claimed in claim 8, wherein the space
includes an insulating layer which deforms when the elec-
trode of the light emitter moves into the space.

12. The pixel as claimed in claim 8, wherein the at least one
protective layer includes an inorganic material.

13. The pixel as claimed in claim 8, further comprising:

a planarizing layer over the transistor and at least one

protective layer.

14. The pixel as claimed in claim 8, wherein the at least one
protective layer includes a first protective layer between
source and drain electrodes of the transistor, and a second
protective layer spaced from the first protective layer over the
transistor.

15. The pixel as claimed in claim 14, further comprising:

an insulating layer between the first and second protective
layers.

16. The pixel as claimed in claim 14, wherein the second
protective layer is between the first protective layer and the
electrode of the light emitter.
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