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(57) ABSTRACT

An organic light-emitting display device includes a pixel
electrode and a pixel defining layer which are formed by
using one mask process. A method for manufacturing the
display includes thermally reflowing a remaining portion of a
photo-sensitive organic film that is used as a mask to form the
pixel electrode to be the pixel defining layer.
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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2010-0082098, filed on
Aug. 24,2010, in the Korean Intellectual Property Office, the
content of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] The present invention relates to an organic light-
emitting display device and a method of manufacturing the
same.

[0004] 2. Description of the Related Art

[0005] An organic light-emitting display device is a self-
emission type display device that includes a pixel electrode,
an opposite electrode, and an organic emissive layer inter-
posed between the pixel electrode and the opposite electrode,
wherein when a positive voltage and a negative voltage are
applied to the electrodes, light is emitted from the organic
emissive layer, thereby forming an image.

[0006] A pixel defining layer is formed on an edge of the
pixel electrode and surrounds the pixel electrode. The pixel
defining layer surrounds each pixel to form a boundary defin-
ing each pixel as an independent entity, and prevents short
circuits due to direct contact between the pixel electrode and
the opposite electrode at the edge of the pixel electrode.
[0007] However, in order to manufacture the structure
described above, in the related art, the pixel electrode is
patterned and then the pixel defining layer is patterned. There-
after, the organic emissive layer and the opposite electrode are
sequentially formed. Accordingly, the pixel electrode and the
pixel defining layer are formed using different mask pro-
cesses, which makes the manufacturing process a compli-
cated process. That is, one mask is used to form the pixel
electrode and another mask is used to form the pixel defining
layer on the pixel electrode, so that two mask processes are
needed to form the pixel electrode and the pixel defining
layer.

SUMMARY

[0008] Aspects of embodiments according to the present
invention are directed toward an organic light-emitting dis-
play device including a pixel electrode and a pixel defining
layer which are formed by using one mask process, thereby
simplifying the manufacturing process, and a method of
manufacturing the same.

[0009] According to an embodiment of the present inven-
tion, there is provided an organic light-emitting display
device including: a pixel electrode electrically coupled to a
thin-film transistor; a pixel defining layer covering an edge of
the pixel electrode and surrounding the pixel electrode to
define a pixel region; an opposite electrode facing the pixel
electrode; and an organic emissive layer interposed between
the pixel electrode and the opposite electrode, wherein the
pixel defining layer is formed via a thermal reflow process on
a photo-sensitive organic film.
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[0010] The photo-sensitive organic film includes an olefin-
based organic film, an acryl-based organic film, or an imide-
based organic film.

[0011] 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) sequentially forming a pixel electrode layer and a photo-
sensitive organic film; (b) preparing a mask including a first
transmission portion, a second transmission portion, and a
third transmission portion which have different light trans-
mission rates from each other; (¢) positioning the mask on the
photo-sensitive organic film such that the first transmission
portion corresponds to a portion of the pixel electrode layer
that is to be a pixel electrode, the second transmission portion
corresponds to a portion of the pixel electrode layer that is to
beremoved, and the third transmission portion corresponds to
a portion of the photo-sensitive organic film that is to be a
pixel defining layer at an edge of the pixel electrode; (d)
selectively exposing and removing the photo-sensitive
organic film such that the pixel electrode layer is exposed and
the portion of the photo-sensitive organic film that is to be the
pixel defining layer remains; and (e) thermally reflowing a
remaining portion of the photo-sensitive organic film that is to
be the pixel defining layer such that the photo-sensitive
organic film reflows to cover the edge of the pixel electrode.
[0012] The operation (d) includes: removing the photo-
sensitive organic film such that a portion of the photo-sensi-
tive organic film corresponding to the portion of the pixel
electrode layer that is to be removed is removed, a portion of
the photo-sensitive organic film corresponding to the portion
of the pixel electrode layer that is to be the pixel electrode
remains with a first thickness, and the portion of the photo-
sensitive organic film that is to be the pixel defining layer
remains with a second thickness larger than the first thick-
ness; etching the portion of the pixel electrode layer corre-
sponding to the removed portion of the photo-sensitive
organic film and removing the portion of the photo-sensitive
organic film corresponding to the portion of the pixel elec-
trode layer that is to be the pixel electrode, so as to expose the
pixel electrode, except the portion of the photo-sensitive
organic film that is to be the pixel defining layer.

[0013] According to an embodiment of the present inven-
tion, a method of manufacturing an organic light-emitting
display device is provided. The method includes: forming a
photo-sensitive organic film on a pixel electrode layer; selec-
tively exposing and removing the photo-sensitive organic
film such that a portion of the pixel electrode layer is exposed
and removed to form a pixel electrode with a remaining
portion of the photo-sensitive organic film thereon, a first
portion of the remaining portion being at an edge of the pixel
electrode and having a thickness larger than other portions of
the remaining portion; removing the other portions of the
remaining portion; and thermally reflowing the first portion of
remaining portion to cover an edge of the pixel electrode.
[0014] The photo-sensitive organic film may include an
olefin-based organic film, an acryl-based organic film, or an
imide-based organic film.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The above and other features and aspects of the
present invention will become more apparent by describing in
detail exemplary embodiments thereof with reference to the
attached drawings in which:
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[0016] FIG. 1 is a cross-sectional view of an organic light-
emitting display device according to an embodiment of the
present invention; and

[0017] FIGS. 2A through 2E are cross-sectional views
illustrating a method of manufacturing the organic light-emit-
ting display device of FIG. 1.

DETAILED DESCRIPTION

[0018] Hereinafter, embodiments of the present invention
will be described in detail with reference to enclosed draw-
ings.

[0019] FIG. 1 is a cross-sectional view of an organic light-

emitting display device according to an embodiment of the
present invention.

[0020] Referring to FIG. 1, the organic light-emitting dis-
play device according to an embodiment of the present
embodiment includes a substrate 10, a thin-film transistor 30,
and an organic light-emitting device 40 that are formed on the
substrate 10. The organic light-emitting device 40 includes a
pixel electrode 41, an organic emissive layer 42, and an oppo-
site electrode 43. Here, the organic light-emitting display
device includes a plurality of pixels, but FIG. 1 illustrates only
one of the pixels, for convenience of description.

[0021] Here, the thin-film transistor 30 includes an active
layer 31 (e.g., a semiconductor layer) formed on the substrate
10, a first insulating layer 32 covering the active layer 31, a
gate electrode 33 formed on the first insulating layer 32, a
second insulating layer 34 that is formed on the first insulating
layer 32 and covers the gate electrode 33, and source and
drain electrodes 35 respectively coupled to the active layer 31
and of which one is coupled to the pixel electrode 41 of the
organic light-emitting device 40 through one or more via-
holes. Accordingly, when an appropriate voltage is applied to
the gate electrode 33, a current flows to the pixel electrode 41
through the active layer 31 and the source and drain elec-
trodes 35.

[0022] In one embodiment, a buffer layer for planarizing
the substrate 10 and preventing permeation of impurity ele-
ments may be further formed on an upper surface of the
substrate 10.

[0023] A passivation layer 20 may be formed of an inor-
ganic insulating material or an organic insulating material.
Examples of an inorganic insulating material for use in the
passivation layer 20 include SiO,, SiNx, SiON, Al,0;, TiO,,
Ta,Os, HfO,, ZrO,, BST, and PZT. Examples of an organic
insulating material for use in the passivation layer 20 include
generally available polymers including poly(methyl meth-
acrylate) (PMMA) and polystyrene (PS), a polymer deriva-
tive including a phenol group, an acryl-based polymer, an
imide-based polymer, an aryl ether-based polymer, an amide-
based polymer, a fluoride-based polymer, a p-xylene based
polymer, a vinyl alcohol-based polymer, and a blend of
thereof. In addition, the passivation layer 20 may have a
composite stack structure including an inorganic insulating
material and an organic insulating material.

[0024] The pixel electrode 41 of the organic light-emitting
device 40 contacting one of the source and drain electrodes
35, as described above, may be formed on the passivation
layer 20.

[0025] In addition, a pixel defining layer 51 is formed on
the passivation layer 20. The pixel defining layer 51 sur-
rounds the pixel electrode 41 to define an independent pixel
region. The organic emissive layer 42 and the opposite elec-
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trode 43 of the organic light-emitting device 40 are sequen-
tially formed on the pixel electrode 41 in the stated order.

[0026] The organic light-emitting device 40 will now be
described in more detail. The organic light-emitting device 40
is electrically coupled to the thin-film transistor 30 and emits
light when driven. As described above, the organic light-
emitting device 40 includes the pixel electrode 41 coupled to
the thin-film transistor 30, the opposite electrode 43 as a
common electrode, and the organic emissive layer 42 inter-
posed between the pixel electrode 41 and the opposite elec-
trode 43. Accordingly, when a voltage is applied to the pixel
electrode 41 by the thin-film transistor 30 and an appropriate
voltage condition is formed between the pixel electrode 41
and the opposite electrode 43, light is emitted from the
organic emissive layer 42.

[0027] When the organic light-emitting display device has
a front emission-type structure and thus an image is displayed
toward the opposite electrode 43, the pixel electrode 41 may
be a reflective electrode. When the pixel electrode 41 is a
reflective electrode, the pixel electrode 41 may include a
reflective film formed of Al, Ag, or an alloy thereof.

[0028] When the pixel electrode 41 is an anode, the pixel
electrode 41 may include a layer formed of metal oxide hav-
ing a relatively high work function absolute value, such as
ITO, IZO, or ZnO. When the pixel electrode 41 is a cathode,
the pixel electrode 41 may include a highly conductive metal
with a relatively low work function absolute value, such as
Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, or Ca. Accordingly,
in the latter case, the reflective film may not be included.

[0029] The opposite electrode 43 may be a light-transmis-
sible electrode (e.g., a transparent electrode). In this regard,
the opposite electrode 43 may include a semi-transmissible
reflective film formed of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr,
Li, or Ca or a light-transmissible metal oxide such as ITO,
1720, or ZnO. When the pixel electrode 41 is an anode, the
opposite electrode 43 is a cathode, and when the pixel elec-
trode 41 is a cathode, the opposite electrode 43 is an anode.

[0030] The organic emissive layer 42 interposed between
the pixel electrode 41 and the opposite electrode 43 may
include at least one layer selected from the group consisting
of a hole injection layer, a hole transport layer, an emissive
layer, an electron injection layer, an electron transport layer,
and other suitable layers. In one embodiment, the organic
emissive layer 42 includes an emissive layer.

[0031] Also, the pixel defining layer 51 may include a
photo-sensitive organic film on which a thermal reflow pro-
cess is performable. In regard to the thermal reflow process,
when an organic film is suitably heated, the heated portion is
melted and flows to a surrounding portion. When a suitable
amount (e.g., a large amount) of solvent is included in the
organic film, good fluidity may be obtained during heating
and thus thermal reflowing may easily occur. For example, an
olefin-based organic film, an acryl-based organic film, or an
imide-based organic film may be used, and a degree of ther-
mal reflow may be appropriately controlled by increasing or
decreasing the amount of the solvent. That is, the pixel defin-
ing layer 51 is formed together with the pixel electrode 41 by
thermal reflow, instead of photolithography, which is conven-
tionally used to form the pixel defining layer 51. That is, the
thermal reflow process may enable the pixel defining layer 51
and the pixel electrode 41 to be concurrently (e.g., simulta-
neously) patterned using a mask once.
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[0032] To accomplish the above process, according to one
embodiment, a halftone mask 100 is used as illustrated in
FIG. 2B.

[0033] Hereinafter, a method of forming the pixel defining
layer 51 and the pixel electrode 41 using the halftone mask
100 will be described in more detail.

[0034] First, as illustrated in FIG. 2A, a photo-sensitive
organic film 50 that is to be the pixel defining layer 51 is
formed on a pixel electrode layer 41' that is to be the pixel
electrode 41. The photo-sensitive organic film 50 may include
a suitable amount of solvent that the thermal reflow occurs,
and may be an olefin-based organic film, an acryl-based
organic film, or an imide-based organic film.

[0035] Then, as illustrated in FIG. 2B, an exposure process
is performed on the photo-sensitive organic film 50 using the
halftone mask 100. In this regard, a portion of the photo-
sensitive organic film 50 corresponding to a portion of the
pixel electrode layer 41' that is to be removed using the
halftone mask 100, a portion of the photo-sensitive organic
film 50 corresponding to a portion of the pixel electrode layer
41' that is to be the pixel electrode 41, and a portion of the
photo-sensitive organic film 50 that is to be the pixel defining
layer 51 are exposed at different exposure degrees.

[0036] The halftone mask 100 includes a first transmission
portion 110 through which 50% of incident light passes, a
second transmission portion 120 through which incident light
does not pass, and a third transmission portion 130 through
which 100% of incident light passes. The halftone mask 100
is positioned such that the first transmission portion 110 cor-
responds to the portion of the photo-sensitive organic film 50
corresponding to the portion of the pixel electrode layer 41'
that is to be the pixel electrode 41 contacting the organic
emissive layer 42, the third transmission portion 130 corre-
sponds to the portion of the photo-sensitive organic film 50
corresponding to the portion of the pixel electrode layer 41'
that is to be removed, and the second transmission portion 120
corresponds to the portion of the photo-sensitive organic film
50 that is to be the pixel defining layer 51, and then, the
exposure process is performed.

[0037] Then, the fully exposed portion of the photo-sensi-
tive organic film 50 by the third transmission portion 130 is
completely removed in a subsequent removal process,
thereby exposing the pixel electrode layer 41', the screened
(non-exposed) portion of the photo-sensitive organic film 50
by the second transmission portion 120 remains and becomes
the pixel defining layer 51 later. The semi-exposed portion of
the photo-sensitive organic film 50 by the first transmission
portion 110 remains partially.

[0038] In this state, the portion of the pixel electrode layer
41' corresponding to the fully exposed portion of the photo-
sensitive organic film 50 by the third transmission portion 130
is removed by etching, thereby forming the pattern of the
pixel electrode 41 illustrated in FIG. 2C. In this case, a portion
52 of the photo-sensitive organic film 50 on the pixel elec-
trode 41 is relatively thin, and the portion of the photo-sensi-
tive organic film 50 that is to be the pixel defining layer 51 on
upper edge portions of the pixel electrode 41 is relatively
thick.

[0039] Then, the portion 52 of the photo-sensitive organic
film 50 is removed to expose the pixel electrode 41 while the
upper edge portions of the pixel electrode 41 on which the
pixel defining layer 51 is formed are not exposed. In this
regard, dry etching or wet etching may be used, and as illus-
trated in FIG. 2D, the portion 52 of the photo-sensitive
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organic film 50 remaining on the pixel electrode 41 is com-
pletely removed. As a result, the pixel electrode 41 that is to
contact the organic emissive layer 42 is exposed, and the pixel
defining layer 51 has a certain shape. However, side edge
portions of the pixel electrode 41 are still exposed. Thus, if an
electrode is formed on the resultant structure, the opposite
electrode 43 may directly contact the exposed side edge por-
tions of the pixel electrode 41 and a short circuit may occur.
Thus, it is desirable to cover the exposed side edge portions of
the pixel electrode 41.

[0040] Then, a thermal reflow process is performed by
heating the pixel defining layer 51. Accordingly, the pixel
defining layer 51 is melted and flows down to cover the edges
of the pixel electrode 41 as illustrated in FIG. 2E.

[0041] As described above, the pixel electrode 41 and the
pixel defining layer 51 are formed by using only one mask
process. In the related art, the pixel electrode 41 and the pixel
defining layer 51 are formed using two different mask pro-
cesses. However, according to the above described embodi-
ments of the present invention, only one mask process is used
to obtain the same effect.

[0042] As a comparative example, a conventional method
of forming a pixel electrode and a pixel defining layer will
now be described briefly. A pixel electrode layer is formed
and then a photoresist layer is formed thereon. Then, the pixel
electrode layer is patterned using a mask and etched to form
a pixel electrode. Subsequently, a layer that is to be a pixel
defining layer is formed on the resultant structure and then a
photoresist layer is formed on the layer. Then, another mask is
used to pattern the layer and the patterned layer is etched to
form a pixel defining layer. Accordingly, in the related art, in
order to form a pixel electrode and a pixel defining layer, a
pixel electrode layer and a layer that is to be the pixel defining
layer are formed separately, a photoresist layer is formed
twice, and two mask processes are performed. However,
according to the above embodiment of the present invention,
the pixel electrode 41 and the pixel defining layer 51 are able
to be formed using one photo-sensitive organic film forma-
tion process and one mask process. Thus, the formation pro-
cess may be simplified. That is, the process for forming the
photoresist layer for patterning the pixel electrode and the
process for forming the layer that is to be the pixel defining
layer are not used, and the patterning of the pixel electrode 41
and the formation of the pixel defining layer 51 are performed
using only the photo-sensitive organic film 50. In other words,
the photo-sensitive organic film 50 may function as a photo-
resist layer for patterning the pixel electrode 41 and as the
pixel defining layer 51.

[0043] As described above, the pixel electrode 41 and the
pixel defining layer 51 are formed, and then the organic
emissive layer 42 is formed on the pixel electrode 41 and the
opposite electrode 43 as a common electrode is formed on the
resultant structure, thereby completely manufacturing an
organic light-emitting display device illustrated in FIG. 1.
[0044] Although not illustrated in FIG. 1, a protection layer
may be further formed on the opposite electrode 43, and the
organic light-emitting device is sealed with glass.

[0045] As described above, in regard to an organic light-
emitting display device according to an embodiment of the
present invention and a method of manufacturing the same, a
pixel electrode and a pixel defining layer are formed using
one mask process using a halftone mask. Thus, the manufac-
turing process is simplified. In addition, in a thermal reflow
process, a pixel defining layer is formed by melting a photo-
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sensitive organic film, and the thickness of the pixel defining
layer may be less than those of conventional products, which
may be suitable for products with a thin profile.

[0046] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, 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 invention as defined by the following claims and
their equivalents.

What is claimed is:

1. An organic light-emitting display device comprising:

a pixel electrode electrically coupled to a thin-film transis-
tor;

a pixel defining layer covering an edge of the pixel elec-
trode and surrounding the pixel electrode to define a
pixel region;

an opposite electrode facing the pixel electrode; and

an organic emissive layer interposed between the pixel
electrode and the opposite electrode,

wherein the pixel defining layer is formed via a thermal
reflow process on a photo-sensitive organic film.

2. The organic light-emitting display device of claim 1,
wherein the photo-sensitive organic film comprises an olefin-
based organic film, an acryl-based organic film, or an imide-
based organic film.

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

(a) sequentially forming a pixel electrode layer and a

photo-sensitive organic film;

(b) preparing a mask comprising a first transmission por-
tion, a second transmission portion, and a third transmis-
sion portion which have different light transmission
rates from each other;

(c) positioning the mask on the photo-sensitive organic
film such that the first transmission portion corresponds
to a portion of the pixel electrode layer that is to be a
pixel electrode, the second transmission portion corre-
sponds to a portion of the pixel electrode layer that is to
be removed, and the third transmission portion corre-
sponds to a portion of the photo-sensitive organic film
that is to be a pixel defining layer at an edge of the pixel
electrode;

(d) selectively exposing and removing the photo-sensitive
organic film such that the pixel electrode layer is
exposed and the portion of the photo-sensitive organic
film that is to be the pixel defining layer remains; and
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(e) thermally reflowing a remaining portion of the photo-
sensitive organic film that is to be the pixel defining layer
such that the photo-sensitive organic film reflows to
cover the edge of the pixel electrode.

4. The method of claim 3, wherein the operation (d) com-

prises:

removing the photo-sensitive organic film such that a por-
tion of the photo-sensitive organic film corresponding to
the portion of the pixel electrode layer that is to be
removed is removed, a portion of the photo-sensitive
organic film corresponding to the portion of the pixel
electrode layer that is to be the pixel electrode remains
with a first thickness, and the portion of the photo-
sensitive organic film that is to be the pixel defining layer
remains with a second thickness larger than the first
thickness;

etching the portion of the pixel electrode layer correspond-
ing to a removed portion of the photo-sensitive organic
film; and

removing the portion of the photo-sensitive organic film
corresponding to the portion of the pixel electrode layer
that is to be the pixel electrode, so as to expose the pixel
electrode, except the portion of the photo-sensitive
organic film that is to be the pixel defining layer.

5. The method of claim 3, wherein the photo-sensitive
organic film comprises an olefin-based organic film, an acryl-
based organic film, or an imide-based organic film.

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

forming a photo-sensitive organic film on a pixel electrode
layer;

selectively exposing and removing the photo-sensitive
organic film such that a portion of the pixel electrode
layer is exposed and removed to form a pixel electrode
with a remaining portion of the photo-sensitive organic
film thereon, a first portion of the remaining portion
being at an edge of the pixel electrode and having a
thickness larger than other portions of the remaining
portion;

removing the other portions of the remaining portion; and

thermally reflowing the first portion of the remaining por-
tion to cover an edge of the pixel electrode.

7. The method of claim 6, wherein the photo-sensitive

organic film comprises an olefin-based organic film, an acryl-
based organic film, or an imide-based organic film.
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