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57 ABSTRACT

An organic light-emitting display apparatus including a sub-
strate; a thin-film transistor (TFT) arranged on the substrate;
a black matrix located between the substrate and the TFT; a
pixel electrode, which is located between the substrate and
the TFT and having edge portions covered by the black
matrix; an insulation layer, which covers the TFT and opens
the top surface of the pixel electrode; an organic emission
layer, which is arranged on the pixel electrode; and a counter
electrode, which is arranged on the organic emission layer.
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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Any and all applications for which a foreign or
domestic priority claim is identified in the Application Data
Sheet as filed with the present application are hereby incor-
porated by reference under 37 CFR 1.57. This application
claims the benefit of Korean Patent Application No. 10-2014-
0089801, filed on Jul. 16, 2014, in the Korean Intellectual
Property Office, the disclosure of which is incorporated
herein in its entirety by reference.

BACKGROUND

[0002] 1. Field

[0003] The disclosure relates to organic light-emitting dis-
play apparatuses and methods of manufacturing the same.
[0004] 2. Description of the Related Technology

[0005] An organic light-emitting display apparatus is a
self-luminescent display device which includes a hole injec-
tion electrode, an electron injection electrode, and an organic
emission layer formed between the hole injection electrode
and the electron injection electrode and emits light as holes
injected by the hole injection electrode and electrons injected
by the electron injection electrode are recombined and disin-
tegrated. An organic light-emitting display apparatus exhibits
various high quality characteristics, such as low power con-
sumption, high brightness, and fast response speed, thus
being spotlighted as a next-generation display apparatus.

SUMMARY

[0006] One or more embodiments of the present disclosure
include an organic light emitting-display apparatus with high
optical efficiency, low manufacturing cost, and a method of
manufacturing the same.

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

[0008] According to one or more embodiments of the
present disclosure, an organic light-emitting display appara-
tus includes a substrate; a thin-film transistor (TFT) arranged
on the substrate; a black matrix located between the substrate
and the TFT; a pixel electrode, which is located between the
substrate and the TFT and having edge portions covered by
the black matrix; an insulation layer, which covers the TFT
and opens the top surface of the pixel electrode; an organic
emission layer, which is arranged on the pixel electrode; and
a counter electrode, which is arranged on the organic emis-
sion layer.

[0009] The TFT includes an active layer, a gate electrode, a
source electrode, and a drain electrode, and at least one from
among the active layer, the gate electrode, the source elec-
trode, and the drain electrode is formed directly on the black
matrix.

[0010] The pixel electrode is connected to the source elec-
trode or the drain electrode of the TFT via a contact hole
formed in the black matrix.

[0011] The black matrix contains a material that is resistant
to a temperature equal to or higher than 550° C.

[0012] The black matrix contains silicon resin.
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[0013] The insulation layer that exposes the pixel electrode
clads side surfaces of the black matrix.

[0014]

[0015] The barrier layer contains the same metal as the
source electrode and the drain electrode.

[0016]

[0017] The black matrix contains the material as shown in
Formula 1 below.

A barrier layer is arranged on the pixel electrode.

The barrier layer is covered with the black matrix.

Formula 1
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[0018] The pixel electrode contains a transparent material,
and the counter electrode contains a reflective material.

[0019] According to one or more embodiments of the
present disclosure, a method of manufacturing an organic
light-emitting display apparatus, the method includes form-
ing a pixel electrode on a substrate; forming a black matrix to
cover end portions of the pixel electrode; forming a TFT on
the black matrix; forming an insulation layer to coverthe TFT
and to expose the top surface of the pixel electrode; forming
an organic emission layer on the pixel electrode; and forming
a counter electrode on the organic emission layer.

[0020] The TFT includes an active layer, a gate electrode, a
source electrode, and a drain electrode, the black matrix con-
tains a material that is resistant to a temperature equal to or
higher than 550° C., and at least one from among the active
layer, the gate electrode, the source electrode, and the drain
electrode is formed directly on the black matrix.

[0021]

[0022] The insulation layer is formed to clad side surfaces
of the black matrix.

[0023] A barrier layer is further formed on the pixel elec-
trode, and, in case of forming patterns for the source electrode
and the drain electrode, the barrier layer is also etched
together with the source electrode and the drain electrode.

[0024] The barrier layer contains the same metal as the
source electrode and the drain electrode.

[0025]

[0026] A contact hole is formed in the black matrix, and the
pixel electrode contacts the source electrode and the drain
electrode of the TFT via the contact hole

[0027] The pixel electrode contains a transparent material,
and the counter electrode contains a reflective material.

The black matrix contains silicon resin.

The barrier layer is covered with the black matrix.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0028] These and/or other aspects will become apparent
and more readily understood from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings in which:

[0029] FIG. 1 is a schematic sectional view of an organic
light-emitting display (OLED) apparatus according to a first
embodiment;

[0030] FIGS. 2A through 2G are schematic sectional views
showing a method of manufacturing the organic light-emit-
ting display apparatus according to the first embodiment;
[0031] FIG. 3 is a schematic sectional view of an organic
light-emitting display apparatus according to a comparative
embodiment;

[0032] FIG. 4 is a schematic sectional view of an organic
light-emitting display apparatus according to a second
embodiment;

[0033] FIGS. 5A through 5F are schematic sectional views
showing a method of manufacturing the organic light-emit-
ting display apparatus according to the second embodiment;
and

[0034] FIG. 6 is a schematic sectional view showing an
organic light-emitting display apparatus according to a third
embodiment.

DETAILED DESCRIPTION

[0035] As the disclosure allows for various changes and
numerous embodiments, particular embodiments will be
illustrated in the drawings and described in detail in the writ-
ten description. However, this is not intended to limit the
present disclosure to particular modes of practice, and it is to
be appreciated that all changes, equivalents, and substitutes
that do not depart from the spirit and technical scope of the
present disclosure are encompassed in the present disclosure.
As used herein, the term “and/or” includes any and all com-
binations of one or more of the associated listed items.
[0036] Embodiments of the present disclosure will be
described below in more detail with reference to the accom-
panying drawings. Those components that are the same or are
in correspondence are rendered the same reference numeral
regardless of the figure number, and redundant explanations
are omitted.

[0037] It will be understood that although the terms “first”,
“second”, etc. may be used herein to describe various com-
ponents, these components should not be limited by these
terms. These components are only used to distinguish one
component from another.

[0038] As used herein, the singular forms “a,” “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise.

[0039] It will be further understood that the terms “com-
prises” and/or “comprising” used herein specity the presence
of stated features or components, but do not preclude the
presence or addition of one or more other features or compo-
nents.

[0040] It will be understood that when a layer, region, or
component is referred to as being “formed on” another layer,
region, or component, it can be directly or indirectly formed
on the other layer, region, or component. That is, for example,
intervening layers, regions, or components may be present.
[0041] Sizes of elements in the drawings may be exagger-
ated for convenience of explanation. In other words, since
sizes and thicknesses of components in the drawings are
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arbitrarily illustrated for convenience of explanation, the fol-
lowing embodiments are not limited thereto.

[0042] FIG. 1 is a schematic sectional view of an organic
light-emitting display (OLED) apparatus 1 according to a first
embodiment of the present disclosure.

[0043] Referring to FIG. 1, a pixel electrode 111, a counter
electrode 115, and an intermediate layer 113, which includes
at least an organic emission layer 113a and is arranged
between the pixel electrode 111 and the counter electrode
115, are arranged on a substrate 10 of the organic light-
emitting display apparatus 1 according to the first embodi-
ment.

[0044] According to the present embodiment, light emitted
by the organic emission layer 113a is reflected by the counter
electrode 115, is transmitted through the pixel electrode 111,
and is emitted toward the substrate 10. In other words, the
organic light-emitting display apparatus 1 according to the
present embodiment is a bottom-emitting type OLED appa-
ratus.

[0045] The substrate 10 may include not only a glass sub-
strate, but also a plastic substrate formed of polyethylene
terephthalate (PET), polyethylene naphthalate (PEN), poly-
imide, etc.

[0046] A buffer layer 11 may be further arranged to form a
flat surface on the top of the substrate 10 and to prevent
permeation of impurity atoms. The substrate 10 may be
formed as a single layer or multiple layers containing silicon
nitride and/or silicon oxides.

[0047] The pixel electrode 111 may include a transparent
material, whereas the counter electrode 115 may include a
reflective material. The pixel electrode 111 may be used as an
anode, whereas the counter electrode 115 may be used as a
cathode and the polarities of electrodes may be reversed.
[0048] The intermediate layer 113 including at least the
organic emission layer 113a is arranged between the pixel
electrode 111 and the counter electrode 115. Although not
shown in FIG. 1, at least one of the layers from among a hole
injection layer, a hole transport layer, an electron transport
layer, and an electron injection layer may further be arranged
between the pixel electrode 111 and the counter electrode
115. However, the present disclosure is not limited thereto,
and any of various other function layers may be arranged.
[0049] A thin-film transistor (TFT) TFT1 is arranged apart
from a side of the pixel electrode 111. The TFT TFT1 includes
an active layer 121, a gate electrode 123, a source electrode
125a, and a drain electrode 1255.

[0050] The active layer 121 may include a channel region
121¢ and a source region 121a and a drain region 1215, which
are outside the channel region 121¢ and are doped with ion
impurities. According to the present embodiment, the active
layer 121 may contain a polysilicon, which is formed by
crystallizing amorphous silicon via a crystallizing process.
[0051] A first insulation layer 13, which is a gate insulation
layer, is formed on the active layer 121, and a gate electrode
123 is arranged on the first insulation layer 13 at a location
corresponding to the channel region 121c.

[0052] The gate electrode 123 may be formed as a single
layer or multiple layers containing one or more metals
selected from among aluminum (Al), platinum (Pt), palla-
dium (Pd), silver (Ag), magnesium (Mg), gold (Au), nickel
(N1), neodymium (Nd), iridium (Ir), chrome (Cr), nickel (Ni),
calcium (Ca), molybdenum (Mo), titanium (Ti), tungsten
(W), and copper (Cu).
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[0053] A second insulation layer 14, which is an interlayer
insulation layer, is formed on the gate electrode 123, and the
source electrode 1254 and the drain electrode 1255 are
arranged on the second insulation layer 14.

[0054] The source electrode 1254 and the drain electrode
1255 contact the source region 121a and the drain region
1214 of the active layer 121 via an opening (not shown)
formed in the second insulation layer 14, respectively. The
source electrode 1254 and the drain electrode 12556 may be
formed as a single layer or multiple layers containing one or
more metals selected from among aluminum (Al), platinum
(Pt), palladium (Pd), silver (Ag), magnesium (Mg), gold
(Au), nickel (Ni), neodymium (Nd), iridium (Ir), chrome
(Cr), nickel (Ni), calcium (Ca), molybdenum (Mo), titanium
(Ti), tungsten (W), and copper (Cuw).

[0055] A black matrix 12 is arranged between the substrate
10 and the TFT TFT1. The black matrix 12 is formed to cover
edge portions of the pixel electrode 111 and contains an
organic material that is resistant to a temperature equal to or
higher than 550° C. The black matrix 12 may contain the
material as shown in Formula 1 below. Meanwhile, the black
matrix 12 may contain silicon resin.

Formula 1

[0056] At least one from among the active layer 121, the
gate electrode 123, the source electrode 1254, and the drain
electrode 1256 of the TFT TFT1 as described above is
arranged directly on the black matrix 12. According to the
present embodiment, a structure in which the active layer 121
is arranged directly on the black matrix 12 is disclosed.
According to the present embodiment, since the black matrix
12 is formed as an organic insulation layer, the black matrix
12 may function as a planarizing layer.

[0057] When viewed at a position perpendicular to the sub-
strate 10, the pixel electrode 111 is located between the sub-
strate 10 and the TFT TFT1. Edge portions of the pixel elec-
trode 111 are covered by the black matrix 12. Via a contact
hole C2 (refer to FIG. 2B) formed in the black matrix 12, the
pixel electrode 111 is connected to the source electrode 1254
or the drain electrode 1255 of the TFT TFT1.

[0058] A third insulation layer 15 includes an opening C7
(refer to FIG. 2G), which covers the TFT TFT1 and exposes
the top surface of the pixel electrode 111. The third insulation
layer 15 also covers the side surfaces of the black matrix 12.
[0059] FIGS. 2A through 2G are schematic sectional views
showing a method of manufacturing the organic light-emit-
ting display apparatus 1 according to the first embodiment.
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[0060] Referring to FIG. 2A, the buffer layer 11 is formed
on the substrate 10, a transparent conductive layer (not
shown) is formed on the buffer layer 11, and the pixel elec-
trode 111 is formed by patterning the same.

[0061] Referring to FIG. 2B, an insulation layer including
an organic material is formed on the pixel electrode 111, and
the black matrix 12 is formed by patterning the same.
[0062] The black matrix 12 covers the edge portions of the
pixel electrode 111, and openings C1 and C2 are formed to
expose the top surface of the pixel electrode 111.

[0063] The black matrix 12 contains an organic material
that is resistant to a temperature equal to or higher than 550°
C. For example, the black matrix 12 may include the material
shown in Formula 1 above. Furthermore, the black matrix 12
may be formed by using an alkali-soluble, UV-hardening
silicon resin as a binder. Therefore, the black matrix 12 con-
taining a silicon resin may be patterned by using a photo
mask.

[0064] Referring to FIG. 2C, the active layer 121 is formed
on the black matrix 12. The active layer 121 may be formed of
an amorphous silicon first, and then the active layer 121 may
be formed as a polysilicon via a crystalline process. Methods
of crystallizing amorphous silicon may include rapid thermal
annealing (RTA), solid phase crystallization (SPC), excimer
laser annealing (ELA), metal induced crystallization (MIC),
metal induced lateral crystallization (MILC), sequential lat-
eral solidification (SLS), etc. Here, since the black matrix 12
below the active layer 121 contains a highly heat-resistant
organic insulation material, the active layer 121 may be
formed directly on the black matrix 12.

[0065] Referring to FIG. 2D, the first insulation layer 13 is
formed on the black matrix 12, and the gate electrode 123 is
formed on the first insulation layer 13.

[0066] Although not shown, the active layer 121 is doped
with ion impurities by using the gate electrode 123 as a
self-align mask. The active layer 121 includes the source
region 121a and the drain region 1215 that are doped with ion
impurities and the channel region 121¢ arranged between the
source region 121a and the drain region 1214.

[0067] Referring to FIG. 2E, after the gate electrode 123 is
formed, the second insulation layer 14 is formed. Openings
C6 and C3 exposing the top surface of the pixel electrode 111
and openings C4 and C5 exposing the source region 121a and
the drain region 1215 are formed by simultaneously pattern-
ing the second insulation layer 14 and the first insulation layer
13.

[0068] The opening C6 is formed to smoothly extend from
the opening C1 of FIG. 2C, whereas the opening C3 is formed
to smoothly extend from the opening C2 of FIG. 2C.

[0069] Referring to FIG. 2F, a metal layer (not shown) is
formed on the result structure of the operation shown in FIG.
2E, and the source electrode 1254 and the drain electrode
1254 are formed by patterning the metal layer.

[0070] A second metal layer (not shown) may contain a
metal selected from among aluminum (Al), platinum (Pt),
palladium (Pd), silver (Ag), magnesium (Mg), gold (Auw),
nickel (Ni), neodymium (Nd), iridium (Ir), chrome (Cr),
nickel (Ni), calcium (Ca), molybdenum (Mo), titanium (T1),
tungsten (W), copper (Cu), and alloys thereof.

[0071] Referring to FIG. 2G, the third insulation layer 15 is
formed on the result structure of the operation shown in FIG.
2F, and an opening C7 is formed to expose the top surface of
the pixel electrode 111. The third insulation layer 15 clads the
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edge portions of the pixel electrode 111 and to cover side
surfaces of the black matrix 12.

[0072] Since the black matrix 12 is formed in the organic
light-emitting display apparatus 1 manufactured as described
above, it is not necessary to use an expensive optical polar-
ization film to reduce external light reflection. Furthermore,
since the black matrix 12 is formed of a highly heat-resistant
organic material and functions as a planarizing layer, it is not
necessary to form a separate planarizing layer.

[0073] FIG. 3 is a schematic sectional view of an organic
light-emitting display apparatus 2 according to a comparative
embodiment.

[0074] In the organic light-emitting display apparatus 2
according to the comparative embodiment, a black matrix 22
is arranged between the substrate 10 and a TFT TFT2. The
black matrix 22 according to the comparative embodiment is
formed of a metal. Since the black matrix 22 is formed of a
metal, it is necessary to arrange a planarizing layer on the
black matrix 22. Meanwhile, an organic planarizing layer 16
is formed to suppress the black matrix 22 from being coupled
with circuit wirings formed above the black matrix 22. After
the organic planarizing layer 16 is formed, a series of photo-
lithography operations are performed. For example, as pho-
tolithography operations for forming the active layer 121, the
gate electrode 123, the source electrode 1254, and the drain
electrode 1255 and an operation for crystallizing the active
layer 121 are performed, a defect that the organic planarizing
layer 16 on the black matrix 22 formed of a metal is peeled off
at a high temperature occurs.

[0075] However, in the organic light-emitting display appa-
ratus 1 according to the present embodiment, since a black
matrix is formed of a highly heat-resistant organic material
and the black matrix functions as a planarizing layer, it is not
necessary to arrange a separate planarizing layer. Therefore,
no peel-off defect occurs between a metal black matrix and an
organic planarizing layer.

[0076] FIG. 4 is a schematic sectional view of an organic
light-emitting display apparatus 3 according to a second
embodiment. Hereinafter, descriptions of the present
embodiment will focus on differences between the first
embodiment and the second embodiment.

[0077] Referring to FIG. 4, in the organic light-emitting
display apparatus 3 according to a second embodiment, the
pixel electrode 111, the counter electrode 115, and the inter-
mediate layer 113, which includes at least the organic emis-
sion layer 113a and is arranged between the pixel electrode
111 and the counter electrode 115, are arranged on a substrate
10 of the organic light-emitting display apparatus 1 according
to the first embodiment.

[0078] According to the present embodiment, light emitted
by the organic emission layer 113a is reflected by the counter
electrode 115, is transmitted through the pixel electrode 111,
and is emitted toward the substrate 10. In other words, the
organic light-emitting display apparatus 1 according to the
present embodiment is a bottom-emitting type OLED appa-
ratus.

[0079] The buffer layer 11 is formed on the substrate 10,
and a thin-film transistor (TFT) TFT3 is arranged apart from
a side of the pixel electrode 111. The TFT TFT3 includes the
active layer 121, the gate electrode 123, the source electrode
125a, and the drain electrode 1255.

[0080] The active layer 121 may include the channel region
121c¢ and the source region 121a and the drain region 1215,
which are outside the channel region 121¢ and are doped with
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ion impurities. According to the present embodiment, the
active layer 121 may contain the polysilicon, which is formed
by crystallizing amorphous silicon via the crystallizing pro-
cess. The first insulation layer 13, which is a gate insulation
layer, is formed on the active layer 121, and the gate electrode
123 is arranged on the first insulation layer 13 at a location
corresponding to the channel region 121c.

[0081] The second insulation layer 14, which is an inter-
layer insulation layer, is formed on the gate electrode 123, and
the source electrode 1254 and the drain electrode 1255 are
arranged on the second insulation layer 14.

[0082] The source electrode 1254 and the drain electrode
1255 contact the source region 121a and the drain region
1215 of the active layer 121 via an opening (not shown)
formed in the second insulation layer 14, respectively. The
source electrode 1254 and the drain electrode 1256 may be
formed as a single layer or multiple layers containing one or
more metals selected from among aluminum (Al), platinum
(Pt), palladium (Pd), silver (Ag), magnesium (Mg), gold
(Au), nickel (Ni), neodymium (Nd), iridium (Ir), chrome
(Cr), nickel (Ni), calcium (Ca), molybdenum (Mo), titanium
(T1), tungsten (W), and copper (Cu)

[0083] A barrier layer 112 is arranged at an end portion of
the top surface of the pixel electrode 111. The barrier layer
112 may contain the same metal as the source electrode 1254
and the drain electrode 1255.

[0084] The black matrix 12 is arranged between the sub-
strate 10 and the TFT TFT3. The black matrix 12 is formed to
cover edge portions of the pixel electrode 111 and contains an
organic material that is resistant to a temperature equal to or
higher than 550° C. The black matrix 12 may contain the
material as shown in Formula 1 above. Meanwhile, the black
matrix 12 may contain silicon resin.

[0085] FIGS. 5A through 5F are schematic sectional views
showing a method of manufacturing the organic light-emit-
ting display apparatus 3 according to the second embodiment.
[0086] Referring to FIG. 5A, the buffer layer 11 is formed
on the substrate 10, a transparent conductive layer (not
shown) is formed on the buffer layer 11, a metal layer (not
shown) is formed on the transparent conductive layer, and the
pixel electrode 111 and the barrier layer 112 are formed by
patterning the transparent conductive layer and the metal
layer at the same time.

[0087] Referring to FIG. 5B, an insulation layer including
an organic material is formed on the barrier layer 112, and the
black matrix 12 is formed by patterning the same.

[0088] The black matrix 12 covers the edge portions of the
barrier layer 112, and openings C1 and C2 are formed to
expose the top surface of the pixel electrode barrier layer 112.
[0089] The black matrix 12 contains an organic material
that is resistant to a temperature equal to or higher than 550°
C. For example, the black matrix 12 may include the material
shown in Formula 1 above. Furthermore, the black matrix 12
may be formed by using an alkali-soluble, UV-hardening
silicon resin as a binder. Therefore, the black matrix 12 con-
taining a silicon resin may be patterned by using a photo
mask.

[0090] Referring to FIG. 5C, the active layer 121 is formed
on the black matrix 12. The active layer 121 may be formed of
an amorphous silicon first, and then the active layer 121 may
be formed as a polysilicon via a crystalline process. Methods
of crystallizing amorphous silicon may include rapid thermal
annealing (RTA), solid phase crystallization (SPC), excimer
laser annealing (ELA), metal induced crystallization (MIC),
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metal induced lateral crystallization (MILC), sequential lat-
eral solidification (SLS), etc. Here, since the black matrix 12
below the active layer 121 contains a highly heat-resistant
organic insulation material, the active layer 121 may be
formed directly on the black matrix 12.

[0091] If the barrier layer 112 is not arranged on the pixel
electrode 111 when the active layer 121 is dry-etched, the
pixel electrode 111 may directly receive plasma damage.
However, since the barrier layer 112 is arranged on top of the
pixel electrode 111, the pixel electrode 111 may be prevented
from being damaged.

[0092] Referring to FIG. 5D, the first insulation layer 13 is
formed on the black matrix 12, and the gate electrode 123 is
formed on the first insulation layer 13.

[0093] Although not shown, the active layer 121 is doped
with ion impurities by using the gate electrode 123 as a
self-align mask. The active layer 121 includes the source
region 121a and the drain region 1215 that are doped with ion
impurities and the channel region 121¢ arranged between the
source region 121qa and the drain region 1214.

[0094] Referring to FIG. SE, after the gate electrode 123 is
formed, the second insulation layer 14 is formed. Openings
C6 and C3 exposing the top surface of the pixel electrode 111
and openings C4 and C5 exposing the source region 121a and
the drain region 1215 are formed by simultaneously pattern-
ing the second insulation layer 14 and the first insulation layer
13. The opening C6 is formed to smoothly extend from the
opening C1 of FIG. 2C, whereas the opening C3 is formed to
smoothly extend from the opening C2 of FIG. 2C.

[0095] Referring to FIG. 5F, a metal layer (not shown) is
formed on the result structure of the operation shown in FIG.
5E, and the source electrode 1254 and the drain electrode
1256 are formed by patterning the metal layer. Here, the top
surface of the barrier layer 112 is removed.

[0096] A second metal layer (not shown) may contain a
metal selected from among aluminum (Al), platinum (Pt),
palladium (Pd), silver (Ag), magnesium (Mg), gold (Au),
nickel (Ni), neodymium (Nd), iridium (Ir), chrome (Cr),
nickel (Ni), calcium (Ca), molybdenum (Mo), titanium (T1),
tungsten (W), copper (Cu), and alloys thereof

[0097] Meanwhile, although not shown, the third insulation
layer 15 (refer to FIG. 4) is formed on the result structure of
the operation shown in FIG. 5F, and the opening C7 is formed
to expose the top surface of the pixel electrode 111. The third
insulation layer 15 clads the edge portions of the pixel elec-
trode 111 and to cover side surfaces of the black matrix 12.
[0098] In the organic light-emitting display apparatus 3
manufactured as described above, while the barrier layer 112
is formed above the pixel electrode 111, the barrier layer 112
protects the pixel electrode 111 while insulation layers are
being patterned, thereby reducing damages to the pixel elec-
trode 111.

[0099] FIG. 6 is a schematic sectional view showing an
organic light-emitting display apparatus 4 according to a third
embodiment. Hereinafter, descriptions of the present
embodiment will focus on differences from the first embodi-
ment and/or the second embodiment.

[0100] Referring to FIG. 6, in the organic light-emitting
display apparatus 4 according to a third embodiment, the
pixel electrode 111, the counter electrode 115, and the inter-
mediate layer 113, which includes at least the organic emis-
sion layer 113a and is arranged between the pixel electrode
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111 and the counter electrode 115, are arranged on a substrate
10 of'the organic light-emitting display apparatus 1 according
to the first embodiment.
[0101] According to the present embodiment, light emitted
by the organic emission layer 113a is reflected by the counter
electrode 115, is transmitted through the pixel electrode 111,
and is emitted toward the substrate 10. In other words, the
organic light-emitting display apparatus 4 according to the
present embodiment is a bottom-emitting type OLED appa-
ratus.
[0102] The buffer layer 11 is formed on the substrate 10,
and a thin-film transistor (TFT) TFT4 is arranged apart from
a side of the pixel electrode 111. The TFT TFT4 includes the
active layer 121, the gate electrode 123, a source electrode
315a, and a drain electrode 31554.
[0103] The present embodiment discloses a bottom gate
type TFT. The gate electrode 123 is formed directly on the
black matrix 12, and the first insulation layer 13, which func-
tions as a gate insulation layer, is formed on the gate electrode
123.
[0104] The active layer 121 is formed on the first insulation
layer 13. The active layer 121 may contain amorphous silicon
or a silicon oxide.
[0105] The source electrode 315a and the drain electrode
3155 are formed on the active layer 121, the second insulation
layer 14, which is an interlayer insulation layer, is formed on
the gate electrode 123, and the source electrode 125a and the
drain electrode 1256 are formed on the second insulation
layer 14.
[0106] As described above, according to the one or more of
the above embodiments, an organic light-emitting display
apparatus according to embodiments of the present disclosure
may exhibit improved optical efficiency and reduced manu-
facturing cost.
[0107] It should be understood that the exemplary embodi-
ments described therein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or aspects
in other embodiments.
[0108] While one or more embodiments of the present dis-
closure have been described with reference to the figures, it
will be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the present
disclosure as defined by the following claims.
What is claimed is:
1. An organic light-emitting display apparatus comprising:
a substrate;
a thin-film transistor (TFT) arranged on the substrate;
a black matrix located between the substrate and the TFT;
a pixel electrode, which is located between the substrate
and the TFT and having edge portions covered by the
black matrix;
an insulation layer, which covers the TFT and opens the top
surface of the pixel electrode;
an organic emission layer, which is arranged on the pixel
electrode; and
a counter electrode, which is arranged on the organic emis-
sion layer.
2. The organic light-emitting display apparatus of claim 1,
wherein the TFT comprises an active layer, a gate electrode,
a source electrode, a drain electrode, and



US 2016/0020262 Al

at least one layer selected from the active layer, the gate
electrode, the source electrode, and the drain electrode is
formed directly on the black matrix.

3. The organic light-emitting display apparatus of claim 1,
wherein the pixel electrode is connected to the source elec-
trode or the drain electrode of the TFT via a contact hole
formed in the black matrix.

4. The organic light-emitting display apparatus of claim 1,
wherein the black matrix contains a material that is resistant
to a temperature equal to or higher than 550° C.

5. The organic light-emitting display apparatus of claim 4,
wherein the black matrix contains silicon resin.

6. The organic light-emitting display apparatus of claim 1,
wherein the insulation layer that exposes the pixel electrode
covers the side surfaces of the black matrix.

7. The organic light-emitting display apparatus of claim 1,
wherein a barrier layer is arranged on the pixel electrode.

8. The organic light-emitting display apparatus of claim 7,
wherein the barrier layer contains the same metal as the
source electrode and the drain electrode.

9. The organic light-emitting display apparatus of claim 7,
wherein the barrier layer is covered with the black matrix.

10. The organic light-emitting display apparatus of claim 1,
wherein the black matrix contains the material as shown in
Formula 1 below.

Formula 1
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11. The organic light-emitting display apparatus of claim 1,
wherein the pixel electrode contains a transparent material,
and

the counter electrode contains a reflective material.

12. A method of manufacturing an organic light-emitting
display apparatus, the method comprising:

forming a pixel electrode on a substrate;

forming a black matrix to cover end portions of the pixel

electrode;

forming a TFT on the black matrix;

forming an insulation layer to cover the TFT and to expose

the top surface of the pixel electrode;

forming an organic emission layer on the pixel electrode;

and

forming a counter electrode on the organic emission layer.

13. The method of claim 12, wherein the TFT comprises an
active layer, a gate electrode, a source electrode, and a drain
electrode,

the black matrix contains a material that is resistant to a

temperature equal to or higher than 550° C., and

at least one layer selected from the active layer, the gate

electrode, the source electrode, and the drain electrode is
formed directly on the black matrix.

14. The method of claim 13, wherein the black matrix
contains silicon resin.

15. The method of claim 13, wherein the insulation layer is
formed to clad side surfaces of the black matrix.

16. The method of claim 12, wherein a barrier layer is
further formed on the pixel electrode, and

in case of forming patterns for the source electrode and the

drain electrode, the barrier layer is also etched together
with the source electrode and the drain electrode.

17. The method of claim 16, wherein the barrier layer
contains the same metal as the source electrode and the drain
electrode.

18. The method of claim 16, the barrier layer is covered
with the black matrix.

19. The method of claim 12, wherein a contact hole is
formed in the black matrix, and

the pixel electrode contacts the source electrode and the

drain electrode of the TFT via the contact hole

20. The method of claim 1, wherein the pixel electrode
contains a transparent material, and

the counter electrode contains a reflective material.

#* #* #* #* #*



