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FIG. 1
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FIG. 3
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FIG. 5
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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 13/098,271, filed Apr. 29, 2011, which claims
priority to and the benefit of Korean Patent Application No.
10-2010-0065457, filed Jul. 7, 2010, the entire contents of
both of which are incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] The following description relates to an organic
light-emitting display device and a method of manufacturing
the same, and more particularly, to an organic light-emitting
display device including an organic layer, which is formed by
ejecting liquid organic material through, e.g., nozzle printing
or inkjet printing, and a method of manufacturing the organic
light-emitting display device.

[0004] 2. Description of the Related Art

[0005] An organic light-emitting display device is a self-
light-emitting type display device, in which, as a voltage is
applied to a thin-film layer including a positive electrode, a
negative electrode, and an organic light-emitting layer
arranged between the positive and negative electrodes, elec-
trons and holes are recombined in the organic light-emitting
layer and light is emitted therefrom.

[0006] Here, an intermediate layer including an organic
light-emitting layer may be formed using various suitable
methods, such as vacuum deposition, laser induced thermal
imaging (LITI), nozzle printing, inkjet printing, etc.

[0007] Nozzle printing or inkjet printing is a method of
forming a desired pattern by ejecting liquid organic material
onto a substrate, and thus an intermediate layer including an
organic light-emitting layer may be formed at room tempera-
ture with relative ease and at inexpensive economic cost.
[0008] However, when an intermediate layer is formed by
ejecting liquid organic material through, e.g., the nozzle
printing or the inkjet printing, the planarity of a bottom sub-
strate on which the intermediate layer is to be formed
becomes an important factor. Furthermore, due to surface
tension of the liquid organic material, boundaries of the liquid
organic material are rounded. Therefore, it is difficult to pla-
narize an intermediate layer.

SUMMARY

[0009] An aspect of an embodiment of the present inven-
tion is directed toward an organic light-emitting display
device including an organic layer, which is formed by eject-
ing liquid organic material through, e.g., nozzle printing or
inkjet printing, where planarities of a bottom substrate and the
liquid organic material are improved, and a method of manu-
facturing the organic light-emitting display device.

[0010] According to an embodiment of the present inven-
tion, there is provided an organic light-emitting display
device including a substrate; at least one thin-film transistor
(TFT) formed on the substrate; a planarizing layer covering
the TFT; a pixel electrode, which is formed on the planarizing
layer and is electrically coupled to the TFT; a protective layer
surrounding an edge of the pixel electrode; a pixel defining
layer (PDL), which has an overhang (OH) structure protrud-
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ing more than the top surface of the protective layer, covers
the protective layer and the edge of the pixel electrode, and
exposes a portion of the pixel electrode surrounded by the
protective layer; a counter electrode facing the pixel elec-
trode; and an intermediate layer, which is interposed between
the pixel electrode and the counter electrode and includes a
light-emitting layer and at least one organic layer, where the
thickness of the intermediate layer is greater than the thick-
ness of the protective layer.

[0011] The OH structure of the PDL may protrude to be at
or between 0.2 pm and 5 um from an edge of the protective
layer.

[0012] The thickness of the protective layer may be at or

between 100 A and 1000 A.

[0013] The PDL may include an inorganic insulation layer.
[0014] The protective layer may include a metal having
higher etching selectivity than the pixel electrode.

[0015] The pixel electrode and the protective layer may
include transparent conductive oxides (TCOs).

[0016] Each of the pixel electrode and the protective layer
may include poly indium-tin-oxide (poly ITO), amorphous
ITO (a-ITO), indium gallium oxide (IGO), or aluminum zinc
oxide (AZ0), the etching selectivities of which increase in the
order stated, and the protective layer may include a material
having higher etching selectivity than the pixel electrode.
[0017] Theorganic layer may be formed between the light-
emitting layer and the pixel electrode, and the overall thick-
ness of the organic layer may be identical to or greater than the
thickness of the protective layer.

[0018] According to another embodiment of the present
invention, there is provided a method of manufacturing an
organic light-emitting display device, the method including
(a) providing a substrate having at least one thin-film transis-
tor (TFT); (b) sequentially forming a pixel electrode electri-
cally coupling the TFT and a protective layer on the substrate;
(¢) forming a pixel defining layer (PDL) to surround an edge
of the protective layer and to expose the protective layer
inside the edges by forming an insulation layer to cover the
pixel electrode and the protective layer and patterning the
insulation layer; (d) etching the protective layer to expose a
portion of the pixel electrode, so that an overhang structure, in
which the PDL protrudes more than the top surface of the
protective layer, is formed; (e) forming an intermediate layer
by ejecting a light-emitting layer and at least one organic
layer as liquid onto the exposed pixel electrode.

[0019] Inoperation (b), the thickness of the protective layer
may be at or between 100 A and 1000 A.

[0020] The protective layer may include a metal having
higher etching selectivity than the pixel electrode.

[0021] The pixel electrode and the protective layer may
include transparent conductive oxides (TCOs).

[0022] Each of the pixel electrode and the protective layer
may include poly indium-tin-oxide (poly ITO), amorphous
ITO (a-ITO), indium gallium oxide (IGO), or aluminum zinc
oxide (AZ0), the etching selectivities of which may increase
in the order stated, and the protective layer may include a
material having higher etching selectivity than the pixel elec-
trode.

[0023] In operation (c), the PDL may include an inorganic
insulation layer.

[0024] The PDL may be formed through dry-etching.
[0025] The PDL may be etched by using plasma.
[0026] Inoperation (d), the protective layer may be formed

through wet-etching.
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[0027] Inoperation (d), the protective layer may be etched,
such that the OH structure of the PDL protrudes to be at or
between 0.2 um and 5 pm from an edge of the protective layer.
[0028] In operation (e), the overall thickness of the inter-
mediate layer may be greater than the thickness of the pro-
tective layer.

[0029] In operation (e), at least one organic layer may be
formed between the light-emitting layer and the pixel elec-
trode, and the overall thickness of the organic layer may be
identical to or greater than the thickness of the protective
layer.

[0030] In operation (e), the intermediate layer may be
formed through inkjet printing or nozzle printing.

[0031] The method may further include forming a counter
electrode, which may be a common electrode, on the intet-
mediate layer after operation (e).

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The accompanying drawings, together with the
specification, illustrate exemplary embodiments of the
present invention, and, together with the description, serve to
explain the principles of the present invention.

[0033] FIG. 1is a sectional view of an organic light-emit-
ting display device according to an embodiment of the present
invention;

[0034] FIG.2is asectional view showing portion I of FIG.
1 in closer detail;

[0035] FIGS. 3 through 12 are sectional views showing a
method of manufacturing the organic light-emitting display
device of FIG. 1 pursuant to an embodiment of the present
invention; and

[0036] FIG. 13 is a sectional view of an organic light-
emitting display device according to another embodiment of
the present invention.

DETAILED DESCRIPTION

[0037] In the following detailed description, only certain
exemplary embodiments of the present invention are shown
and described, by way of illustration. As those skilled in the
art would recognize, the invention may be embodied in many
different forms and should not be construed as being limited
to the embodiments set forth herein. Also, in the context of the
present application, when an element is referred to as being
“on” an other element, it can be directly on the other element
or be indirectly on the other element with one or more inter-
vening elements interposed therebetween. Like reference
numerals designate like elements throughout the specifica-
tion.

[0038] FIG. 1is a sectional view of an organic light-emit-
ting display device according to an embodiment of the present
invention. FIG. 2 is a sectional view showing portion 1 of
FIG. 1in closer detail. FIGS. 3 through 12 are sectional views
showing a method of manufacturing the organic light-emit-
ting display device of FIG. 1 pursuant to an embodiment of
the present invention.

[0039] Referring to FIGS. 1 and 2, the organic light-emit-
ting display device according to the present embodiment
includes an intermediate layer 150 having a pixel electrode
120, which is connected to a thin-film transistor (TFT)
formed on a substrate 110, a counter electrode 160, and an
organic light-emitting layer 152 interposed between the pixel
electrode 120 and the counter electrode 160. A protective
layer 130 is formed around or to surround an edge (or each of
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the edges) of the pixel electrode 120, and a pixel defining
layer (PDL) 140 is disposed to cover the protective layer 130
and the edges of the pixel electrode 120.

[0040] Referring to FIG. 3, at least one TFT is formed on
the substrate 110, a planarizing layer 114 is formed on the
substrate 110 to cover the TFT, and a via hole 115 is formed
in the planarizing layer 114.

[0041] The substrate 110 may be formed of a SiO,-based
transparent glass material. However, if the organic light-emit-
ting display device is a top emission type, in which an image
is embodied from the substrate 110 toward the counter elec-
trode 160, the substrate 110 may be formed of an opaque
material.

[0042] A buffer layer 111, which is formed of SiO, and/or
SiN, (where x can be any suitable number) may further be
arranged on the top surface of the substrate 110 to planarize
the top surface of the substrate 110 and to prevent or block
permeation of impurities.

[0043] An active layer 121 of the TFT is formed on the
buffer layer 111 by using a semiconductor material, and a gate
insulation layer 112 is formed to cover the active layer 121.
The active layer 121 may be formed of an inorganic semicon-
ductor, such as amorphous silicon or poly-silicon, or an
organic semiconductor, and includes a source region 1215, a
drain region 121¢, and a channel region 121a between the
source region 1215 and the drain region 121c.

[0044] A gateelectrode 122 is formed on the gate insulation
layer 112, and an interlayer insulation layer 113 is formed to
cover the gate electrode 122. Furthermore, a source electrode
1245 and a drain electrode 124¢ on the interlayer insulation
layer 113 contact the source region 1215 and the drain region
121c, respectively, via contact holes 123.

[0045] The planarizing layer 114 is formed on the inter-
layer insulation layer 113 to cover the source electrode 1245
and the drain electrode 124¢. The planarizing layer 114 is
formed to planarize the top surface of the substrate 110 on
which a plurality of TFTs are formed, and may contain one or
more materials selected from a group consisting of polyim-
ide, polyamide, acrylic resins, benzocyclobutene, and phenol
resins.

[0046] The gate insulation layer 112, the interlayer insula-
tion layer 113, and the planarizing layer 114 may be formed
of insulation materials, and may be formed to have a single-
layer structure or multi-layer structure of inorganic materials,
organic materials, or organic/inorganic composite materials.
The stack structure of the TFT described above is merely an
example, and a TFT having any of various suitable structures
may be applied to the present invention.

[0047] Referring to FIG. 4, the pixel electrode 120 and a
protective layer 130 are sequentially stacked on the planariz-
ing layer 114 in the order stated and are patterned, wherein the
pixel electrode 120 is connected to either the source electrode
1245 or the drain electrode 124¢ of the TFT via avia hole 115.
[0048] Thepixel electrode 120 and the protective layer 130
may be simultaneously patterned using a method, such as
photolithography, after a first metal layer and a second metal
layer are sequentially deposited. Here, the protective layer
130 is formed of'a material having a higher etching selectivity
than a material constituting the pixel electrode 120. A detailed
description thereof will be given below.

[0049] The protective layer 130 may be formed to have a
thickness at or between 100 A and 1000 A. As described
below and in one embodiment, if the thickness of the protec-
tive layer 130 is smaller than 100 A, a space formed by the
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overhang (OH) structure of the protective layer 130 and the
PDL 140 becomes small, and thus a space in which a material
constituting the intermediate layer 150 is to be diffused is
reduced. On the contrary and in another embodiment, if the
thickness of the protective layer 130 is greater than 1000 A,
step coverage of the PDL 140, which covers the protective
layer 130 and the edges of the pixel electrode, 120 becomes
unstable.

[0050] Referring to FIG. 5, raw material of the PDL 140 is
formed on the planarizing layer 114 to cover the pixel elec-
trode 120 and the protective layer 130, and photoresist (PR) is
applied onto the raw material of the PDL 140.

[0051] In forming the intermediate layer 150 including the
light-emitting layer 152, which is described below, by eject-
ing liquid material through nozzle printing or inkjet printing,
the planarity of a bottom substrate on which the intermediate
layer 150 is to be formed is an important factor. Here, in the
case of forming the PDL 140 of an organic insulation layer, it
is difficult to form the PDL 140 with a uniform and small
thickness.

[0052] Therefore, in the present embodiment, the PDL 140
is formed of an inorganic insulation layer.

[0053] In the case where the PDL 140 is formed of an
inorganic insulation layer as described above, the inorganic
insulation layer may be deposited in a vacuum. At this point,
the protective layer 130 covering the pixel electrode 120 may
protect the pixel electrode 120 while the inorganic insulation
layer is being deposited.

[0054] Referring to FIG. 6, the PDL 140 is patterned by
dry-etching the PDL 140 using plasma, so that the PDL 140
covers the edge (or each of the edges) of the pixel electrode
120 and the edge (or each of the edges) of the protective layer
130.

[0055] Also, a photoresist (PR) is exposed to light, devel-
oped, and is patterned as an etching mask for the PDL 140, as
shown in FIG. 6.

[0056] By using the PR as an etching mask, the PDL 140 is
patterned to a desired pattern by dry-etching the PDL 140
using plasma. At this point, if the protective layer 130 is not
formed on top of the pixel electrode 120, the pixel electrode
120 may be directly exposed to plasma and damaged. How-
ever, in the present embodiment, the protective layer 130,
which is formed on top ofthe pixel electrode 120, protects the
pixel electrode 120 from the plasma, and thus deterioration of
the pixel electrode 120 may be prevented.

[0057] The PDL 140 formed as described above prevents
(or protects against) concentration of an electric field on the
edges of the pixel electrode 120 by increasing the distance
between the edges of the pixel electrode 120 and the counter
electrode 160, which is described below. As a result, the PDL
140 prevents (or protects against) a short circuit between the
pixel electrode 120 and the counter electrode 160 and defines
light-emitting regions of pixels.

[0058] Referring to FIG. 7, the protective layer 130, which
covers the entire top surface of the pixel electrode 120, is
partially etched, and thus the protective layer 130 is formed to
expose the top surface of the pixel electrode 120 except the
edges of the top surface of the pixel electrode 120. Especially,
the protective layer 130 is etched, so that an overhang (OH)
structure, in which the PDL 140 protrudes more than the top
surface of the etched protective layer 130, is formed.
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[0059] To form the OH structure, the protective layer 130 is
wet-etched. At this point, the protective layer 130 contains a

metal having higher etching selectivity than the pixel elec-
trode 120.

[0060] In the present embodiment, the pixel electrode 120
may be formed of a transparent conductive oxide (TCO).
From among TCOs, etching selectivities of poly indium-tin-
oxide (poly ITO), amorphous ITO (a-ITO), indium gallium
oxide (IGO), and aluminum zinc oxide (AZO) increase in the
order they were mentioned above. Therefore, in the case of
using poly ITO as the pixel electrode 120, the protective layer
130 may be formed of the a-ITO, IGO, or AZO, which has
higher etching selectivity than the poly ITO.

[0061] At this point, the protective layer 130 is etched, such
that the OH structure of the PDL 140 protrudes to be at or
between 0.2 pm and 5 um from the edge (or each of the edges)
of the protective layer 130. As described below and in one
embodiment, if the protruding distance D of the OH structure
is smaller than 0.2 um, a space formed by the OH structure of
the protective layer 130 and the PDL 140 becomes small, and
thus a space in which a material constituting the intermediate
layer 150 is to be diffused is reduced. On the other hand and
in another embodiment, if the protruding distance D of the
OH structureis greater than 5 um, it is difficult to maintain the
OH structure due to its weight.

[0062] The light-emitting layer 152 may be formed of a
monomer organic material or a polymer organic material.

[0063] Incase of using a monomer organic material, a hold
injection layer (HIL), a hole transport layer (HTL), an elec-
tron transport layer (ETL), and an electron injection layer
(EIL) may be stacked in a single structure or a composite
structure with respect to the light-emitting layer 152. Any of
various suitable organic materials including copper phthalo-
cyanine (CuPc), N, N-di(naphthalene-1-yII-N, N'-diphenyl-
benzidine (NPB), tris--hyroxyquinoline aluminum (Alg3), or
the like may be used.

[0064] In case of using a polymer organic material, the
light-emitting layer 152 may further include an HTL toward
an anode electrode. Here, the HTL may be formed of PEDOT,
whereas the light-emitting layer 152 may be formed of a
poly-phenylenvinylene (PPV)-based polymer organic mate-
rial or a polyfluorene-based polymer organic material.

[0065] FIGS. 8,9,10, and 11 show a case where the light
emitting layer is formed of a monomer organic material.
Here, FIG. 8 shows that liquid material of an organic layer
151 corresponding to an HIT and an HTL (that are configured
to inject and transport holes) is ejected onto the pixel elec-
trode 120 via a nozzle N, FIG. 9 shows that the organic layer
151 is formed on the pixel electrode 120, FIG. 11 shows that
the monomer organic light-emitting layer 152 is ejected onto
the pixel electrode 120 via the nozzle N, and FIG. 12 shows
thatan organic layer 153 corresponding to an ETL and an ETL,
is formed on the light-emitting layer 152.

[0066] It is clear that, if the light-emitting layer 152 is
formed of a polymer organic material, it may be understood
that FIG. 8 depicts liquid ejection of the organic layer 151
corresponding to an HTL, which transports holes, and FIG.
11 depicts liquid ejection of the polymer organic light-emit-
ting layer 152. Here, in one embodiment, no other organic
layer is interposed between the counter electrode 160 (which
is a cathode) and the light-emitting layer 152.
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[0067] Referring to FIG. 9, the ejected liquid organic layer
151 forms a pattern of the organic layer 151 on the pixel
electrode 120. For example, the organic layer 151 may be an
HIL and an HTL.

[0068] The light-emitting layer 152 is formed on the
organic layer 151 formed as described above, where, ifthe top
surface of the organic layer 151 formed between the pixel
electrode 120 and the light-emitting layer 152 is not pla-
narized, the light-emitting layer 152 formed thereon is also
not planarized. If planarity of the light-emitting layer 152 is
not guaranteed, reliability of display quality may notbe guar-
anteed.

[0069] However, as described above, in the organic light-
emitting display device according to the present embodiment,
the etched protective layer 130 is formed on the edges of the
pixel electrode 120, and an OH structure, in which the PDL
140 protrudes more than the top surface of the etched protec-
tive layer 130, is formed, and thus planarity of the organic
layer 151 may be improved.

[0070] As shown in FIG. 10A, in a comparable organic
light-emitting display device, in which only the PDL 140 is
formed on the edges of the pixel electrode 120, the boundaries
of liquid organic material contacting the air are round due to
the surface tension of the liquid organic material. Therefore,
alight-emitting layer cannot be formed flat. As shown in FIG.
10B, although planarity of the top surface of an organic layer
may be improved by increasing the amount of liquid organic
material to be ejected (61 >62), dissipation of material
increases, and thus overall fabrication costs increase.

[0071] Therefore, as shown in FIG. 10C, if liquid organic
material is ejected when the protective layer 130 and the PDL
140 of an OH structure are formed, the liquid organic material
is diffused into a space formed by the OH structure and the
protective layer 130, and surface tension of the liquid organic
material is decreased due to attraction force working between
the space formed by the OH structure and the protective layer
130 and the liquid organic material. Therefore, planarity of
the top surface of an organic layer may be improved with a
relatively small ejection amount.

[0072] FIGS. 9,1, and 2 show that the thickness H2 of the
organic layer 151 corresponding to an HIL and an HTL is
identical to the thickness H1 of the protective layer 130.
Therefore, as shown in FIGS. 1 and 2, the light-emitting layer
152 formed on the organic layer 151 may be planarized.

[0073] Furthermore, as described above, since the thick-
ness H2 of the organic layer 151 corresponding to an HIL and
an HTL is identical to the thickness H1 of the protective layer
130, the overall thickness H3 of the intermediate layer 150
including the light-emitting layer 152 and the organic layers
151 and 153 becomes greater than the thickness H1 of the
protective layer 130. If the PDL 140 is formed as an inorganic
insulation layer, the thickness of the PDL 140 may become
sufficiently small.

[0074] AsshowninFIG. 13, the thickness H2 of the organic
layer 151 may be greater than the thickness H1 of the protec-
tive layer 130. The liquid organic material is diffused into a
space formed by the OH structure and the protective layer
130, and surface tension of the liquid organic material may be
decreased due to attraction force working between the space
formed by the OH structure and the protective layer 130 and
the liquid organic material. Therefore, planarity of the top
surface of the organic layer 151 may be improved with a
relatively small ejection amount.

Oct. 31,2013

[0075] As described above, in an organic light-emitting
display device according to the present embodiment, planat-
ity of the bottom substrate may be improved by forming the
PDL 140 as an inorganic insulation layer. Furthermore,
according to the present embodiment, the pixel electrode 120
may be prevented from being damaged by using the protec-
tive layer 130 while the PDIL 140 is deposited and dry-etched.
Furthermore, planarity of an organic layer may be improved
during operations, in which the organic layer is formed by
ejecting liquid organic material, by respectively forming the
protective layer 130 and the pixel electrode 120 of metals with
different etching selectivities and wet-etching the PDL 140 to
form an OH structure.

[0076] While the present invention has been described in
connection with certain exemplary embodiments, it is to be
understood that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover vari-
ous modifications and equivalent arrangements included
within the spirit and scope of the appended claims, and
equivalents thereof.

What is claimed is:

1. A method of manufacturing an organic light-emitting
display device, the method comprising:

(a) providing a substrate having at least one thin-film tran-

sistor (TFT);

(b) sequentially forming a pixel electrode electrically cou-
pling the TFT and a protective layer on the substrate;

(c) forming a pixel defining layer (PDL) to surround an
edge of the protective layer and to expose a portionofthe
protective layer by forming an insulation layer to cover
the pixel electrode and the protective layer and pattern-
ing the insulation layer;

(d) etching the protective layer to expose a portion of the
pixel electrode, so that an overhang (OH) structure, in
which the PDL protrudes more than the top surface of
the protective layer, is formed; and

(e) forming an intermediate layer by ejecting a light-emit-
ting layer and at least one organic layer as liquid onto the
exposed pixel electrode.

2. The method of claim 1, wherein, in operation (b), the
thickness of the protective layer is at or between 100 A and
1000 A.

3. The method of claim 1, wherein, in operation (b), the
protective layer comprises a metal having higher etching
selectivity than the pixel electrode.

4. The method of claim 3, wherein the pixel electrode and
the protective layer comprise transparent conductive oxides
(TCOs).

5. The method of claim 4, wherein each of the pixel elec-
trode and the protective layer comprises poly indium-tin-
oxide (poly 1TO), amorphous 1TO (a-ITO), indium gallium
oxide (IGO), or aluminum zinc oxide (AZO),

the etching selectivities of which increase in the order
stated, and

the protective layer comprises a material having higher
etching selectivity than the pixel electrode.

6. The method of claim 1, wherein, in operation (c), the

PDL comprises an inorganic insulation layer.

7. The method of claim 6, wherein the PDL is formed
through dry-etching.

8. The method of claim 7, wherein the PDL is etched by
using plasma.

9. The method of claim 1, wherein, in operation (d), the
protective layer is formed through wet-etching.
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10. The method of claim 1, wherein, in operation (d), the
protective layer is etched, such that the OH structure of the
PDL protrudes to be at or between 0.2 um and 5 pm from an
edge of the protective layer.

11. The method of claim 1, wherein, in operation (e), the
overall thickness of the intermediate layer is greater than the
thickness of the protective layer.

12. The method of claim 1, wherein, in operation (e), at
least one organic layer is formed between the light-emitting
layer and the pixel electrode, and the overall thickness of the
organic layer is identical to or greater than the thickness of the
protective layer.

13. The method of claim 1, wherein, in operation (e), the
intermediate layer is formed through inkjet printing or nozzle
printing.

14. The method of claim 1, further comprising forming a
counter electrode, which is a common electrode, on the inter-
mediate layer after operation (e).

* % % k¥
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