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(57) ABSTRACT

An organic light-emitting display device is provided. The
organic light-emitting display device includes a plurality of
first electrodes, wherein each first electrode corresponds to a
sub-pixel. The display device also includes a pixel-defining
layer comprising a plurality of first openings exposing at least
a portion of the first electrodes, and a plurality of inlets
disposed on an upper surface of the pixel-defining layer. The
display device further includes an intermediate layer dis-
posed on the exposed portion of the first electrodes and the
inlets, and an opposite electrode disposed on the intermediate
layer and the pixel-defining layer, wherein the inlets are selec-
tively disposed between adjacent sub-pixels emitting light of
a same wavelength.
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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2013-0076603 filed on Jul. 1, 2013, the
entire contents of which are incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present disclosure relates to an organic light-

emitting display device and a method of manufacturing the
same.

[0004] 2. Description of the Related Art

[0005] Among display devices, organic light-emitting dis-
play devices have been identified as next generation display
devices, due to their superior characteristics such as wide
viewing angles, good contrast, and rapid response times.
[0006] Generally, an organic light-emitting device includes
apixel-defining layer covering edges of a pixel electrode and
exposing a central portion of the pixel electrode. After the
pixel-defining layer has been formed, an intermediate layer
including a light-emitting layer is formed on the pixel elec-
trode using methods such as inkjet printing or nozzle printing.
[0007] Inthe display device, each pixel electrode may con-
stitute a sub-pixel. If the sub-pixels are disposed at varying
pitches, the inkjet head will be required to dispense ink (for
forming the intermediate layer) at the varying pitches.
Accordingly, this may lead to deterioration in the inkjet print-
ing process, and result in process defects such as ink stains on
the display device.

SUMMARY

[0008] The present disclosure is directed to address at least
the above problems relating to the formation of an interme-
diate layer in an organic light-emitting device using an inkjet
printing or nozzle printing process.

[0009] According to some embodiments of inventive con-
cept, an organic light-emitting display device is provided. The
display device includes a plurality of first electrodes, wherein
each first electrode corresponds to a sub-pixel; a pixel-defin-
ing layer comprising a plurality of first openings exposing at
least a portion of the first electrodes and a plurality of inlets
disposed on an upper surface of the pixel-defining layer; an
intermediate layer disposed on the exposed portion of the first
electrodes and in the inlets; and an opposite electrode dis-
posed on the intermediate layer and the pixel-defining layer,
wherein the inlets are selectively disposed between adjacent
sub-pixels emitting light of a same wavelength.

[0010] In some embodiments, the inlets may be omitted
between adjacent sub-pixels emitting light of different wave-
lengths.

[0011] In some embodiments, a first distance may corre-
spond to a distance between respective centers of two adja-
cent drops of intermediate layer disposed at a first opening, a
second distance may correspond to a distance from a center of
an edgemost drop of intermediate layer disposed at the first
opening and a center of an immediate adjacent drop of inter-
mediate layer discharged at an inlet, and the first distance may
be substantially equal to the second distance.
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[0012] In some embodiments, a depth of an inlet may be
about Y4 to about 2 of a thickness of the pixel-defining layer.

[0013] According to some other embodiments of the inven-
tive concept, an organic light-emitting display device is pro-
vided. The display device includes a plurality of first elec-
trodes, wherein each first electrode corresponds to a sub-
pixel; a pixel-defining layer comprising a plurality of first
openings exposing at least a portion of the first electrodes, and
a plurality of second openings exposing at least a portion of a
substrate; an intermediate layer disposed on the exposed por-
tions of the first electrodes and the substrate; and an opposite
electrode disposed on the intermediate layer and the pixel-
defining layer, wherein the second openings are selectively
disposed between adjacent sub-pixels emitting light of a same
wavelength.

[0014] Insome embodiments, the second openings may be
omitted between adjacent sub-pixels emitting light of differ-
ent wavelengths.

[0015] In some embodiments, a first distance may corre-
spond to a distance from a center of a second opening to a
center of a nearest adjacent first electrode, a second distance
may correspond to a distance from the center of the second
opening to a center of another nearest adjacent first electrode,
and the first distance may be substantially equal to the second
distance.

[0016] According to some further embodiments of the
inventive concept, a method of manufacturing an organic
light-emitting display device is provided. The method
includes forming a plurality of first electrodes, wherein each
first electrode corresponds to a sub-pixel; forming a pixel-
defining layer comprising a plurality of first openings,
wherein the first openings expose at least a portion of the first
electrodes; forming an intermediate layer on the exposed
portion of the first electrodes; and forming an opposite elec-
trode on the intermediate layer and the pixel-defining layer.

[0017] In some embodiments, the method may include
forming a plurality of inlets on an upper surface of the pixel-
defining layer; and forming the intermediate layer on the
exposed portion of the first electrodes and in the inlets,
wherein the inlets may be selectively formed between adja-
cent sub-pixels emitting light of a same wavelength.

[0018] In some embodiments, the inlets may be omitted
between adjacent sub-pixels emitting light of different wave-
lengths.

[0019] In some embodiments,a first distance may corre-
spond to a distance between respective centers of two adja-
cent drops of intermediate layer disposed at a first opening, a
second distance may correspond to a distance from a center of
an edgemost drop of intermediate layer disposed at the first
opening and a center of an immediate adjacent drop of inter-
mediate layer discharged at an inlet, and the first distance may
be substantially equal to the second distance.

[0020] In some embodiments, forming the pixel-defining
layer may further include forming the first openings and the
inlets in a same process step.

[0021] In some embodiments, the method may include
forming a plurality of second openings in the pixel-defining
layer for exposing at least a portion of a substrate; and form-
ing the intermediate layer on the exposed portions of the first
electrodes and the substrate, wherein the second openings
may be selectively formed between adjacent sub-pixels emit-
ting light of a same wavelength.



US 2015/0001485 A1l

[0022] Insomeembodiments, the second openings may be
omitted between adjacent sub-pixels emitting light of differ-
ent wavelengths.

[0023] In some embodiments, a first distance may corre-
spond to a distance from a center of a second opening to a
center of a nearest adjacent first electrode, a second distance
may correspond to a distance from the center of the second
opening to a center of another nearest adjacent first electrode,
and the first distance may be substantially equal to the second
distance.

[0024] In some embodiments, forming the pixel-defining
layer may further include forming the first openings and the
second openings in a same process step.

[0025] In some embodiments, the method may further
include forming the intermediate layer using an inkjet print-
ing process.

[0026] In some embodiments, forming the intermediate
layer may further include dispensing an ink, at a constant
pitch, on the exposed portion of the first electrodes and into a
plurality of inlets, wherein the inlets are formed on an upper
surface of the pixel-defining layer.

[0027] In some embodiments, forming the intermediate
layer may further include dispensing an ink, at a constant
pitch, on the exposed portions of the first electrodes and a
substrate, wherein the portion of the substrate is exposed
through a plurality of second openings formed in the pixel-
defining layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIGS. 1 and 2 illustrate cross-sectional views of an
organic light-emitting display device in accordance with an
embodiment of the inventive concept.

[0029] FIG. 3illustrates a plan view ofthe display device of
FIG. 1.
[0030] FIGS. 4 and 5 illustrate cross-sectional views of an

organic light-emitting display device in accordance with
another embodiment of the inventive concept.

[0031] FIG. 6illustrates a plan view ofthe display device of
FIG. 4.
[0032] FIG. 7 illustrates a cross-sectional view of an

organic light-emitting display device in accordance with a
further embodiment of the inventive concept.

DETAILED DESCRIPTION

[0033] The inventive concept will be described with refer-
ence to the embodiments illustrated in the drawings. Like
reference numerals refer to like elements throughout the
specification. The disclosed embodiments are merely exem-
plary, and the inventive concept should not be construed as
being limited to the disclosed embodiments.

[0034] Inthe following description, an x-axis, a y-axis, and
a z-axis should not be construed as being limited to the axes
in a rectangular coordinate system. Instead, the axes may be
defined broadly. For example, the x-axis, y-axis, and z-axis
may be perpendicular to each other, or may be indicative of
other directions that are non-perpendicular to each other.
[0035] When various elements (such as a layer, a film, a
region, a plate, or other elements) are described as being
disposed “on” another element, the elements may be disposed
directly on the other element, or disposed on the other ele-
ment with one or more intervening elements being present.
[0036] FIGS.1 and 2 illustrate cross-sectional views of an
organic light-emitting display device in accordance with an
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embodiment of the inventive concept. FIG. 3 illustrates a plan
view of the display device of FIG. 1.

[0037] Referring to FIG. 1, an organic light-emitting dis-
play device includes a plurality of first electrodes 10 and a
pixel-defining layer 20 disposed on a substrate (not shown).
Each first electrode 10 corresponds to a sub-pixel. The plu-
rality of first electrodes 10 (corresponding to the sub-pixels)
may constitute pixel electrodes. The pixel-defining layer 20
includes a plurality of first openings 20a and second openings
20b. The first openings 20a expose at least a portion of the
first electrodes 10, including central portions of the first elec-
trodes 10. The second openings 205 expose at least an upper
surface of the substrate.

[0038] The substrate may be formed of a light-transmitting
material such as glass or plastics. Plastics may include poly-
ethylene terephthalate (PET), polyethylene naphthalate
(PEN), polyimide, or other similar materials.

[0039] The first electrodes 10 may be disposed on the sub-
strate in different configurations. In some embodiments, the
first electrodes 10 may be directly disposed on the substrate.
In other embodiments, the first electrodes 10 may be disposed
on the substrate with one or more intervening layers between
the first electrodes 10 and the substrate. For example, in those
other embodiments, a thin film transistor may be disposed on
the substrate, a planarization layer may be disposed covering
the thin film transistor, and the first electrodes 10 may be
disposed on the planarization layer.

[0040] The first electrodes 10 may include a transparent
electrode or a reflective electrode. The transparent electrode
may include a layer formed of ITO, 1ZO, Zn0Q, or In,O;. The
reflective electrode may include a reflective layer formed of
Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, or a compound thereof.
The reflective electrode may also include a layer formed of
ITO, 120, Zn0, or In,0,.

[0041] The pixel-defining layer 20 may be formed of an
organic insulating layer. The organic insulating layer may
include an acryl polymer (such as polymethyl methacrylate
(PMMA)), polystyrene (PS), a polymer derivative having a
phenol group, an imide polymer, an arylether polymer, an
amide polymer, a fluorine-based polymer, a p-xylene-based
polymer, a vinyl alcohol-based polymer, or a mixture thereof.
[0042] As illustrated in FIGS. 1 and 3, the pixel-defining
layer 20 includes the first openings 20a (exposing central
portions of the first electrodes 10) and the second openings
204 (exposing an upper surface of the substrate). In some
embodiments, the second openings 205 may be selectively
disposed between adjacent sub-pixels emitting light of a same
wavelength, and may not be disposed between adjacent sub-
pixels emitting light of different wavelengths, as described in
further detail below.

[0043] Referring to FIG. 3, a first distance d1 is defined as
adistance from a center of a second opening 205 to a center of
anearest adjacent first electrode 10-1 (to the left of the second
opening 205). A second distance d2 is defined as a distance
from the center of the second opening 205 to a center of a
nearest adjacent first electrode 10-2 (to the right of the second
opening 205). Sub-pixels disposed horizontally along a same
row in the x-direction may emit light of a same wavelength.
Accordingly, the second openings 205 may be disposed at a
central portion between adjacent sub-pixels emitting light of
the same wavelength.

[0044] Referring back to FIG. 2, an intermediate layer 30 is
disposed on the first electrodes 10 (in the first openings 20a)
and the exposed surface of the substrate (in the second open-
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ings 205). In some embodiments, the first distance d1 and the
second distance d2 are the same, so as to produce a same pitch
for the sub-pixels in the x-axis direction. Thus, when forming
the intermediate layer 30 using an inkjet printing method, the
ink may be dispensed onto the substrate at a constant pitch.
The ink may also be dispensed from the inkjet head in a
particular direction (e.g. the x-axis direction). Accordingly,
the intermediate layer 30 is formed having a constant pitch,
and is disposed between adjacent sub-pixels emitting light of
a same wavelength.

[0045] In some embodiments, the intermediate layer 30
may include a low molecular weight organic material. In
those embodiments, a hole transport layer (HTL), a hole
injection layer (HIL), an electron transport layer (ETL), an
electron injection layer (EIL), or other similar layers may be
stacked together having an emission layer (EML) as a center
layer. The organic material may include materials such as
copper phthalocyanine (CuPc), N'-di(naphthalene-1-y1)-N,
N'-diphenyl-benzidine (NPB), tris-8-hydroxyquilonine alu-
minium (Alg3), or other similar materials.

[0046] In other embodiments, the intermediate layer 30
may include a high molecular weight organic material. In
those other embodiments, a hole transport layer (HTL) may
be included in the intermediate layer 30. The HTL may
include poly-(2,4)-ethylene-dihydroxy thiophene (PEDOT),
polyaniline (PANI), or other similar materials. The organic
material may include a poly-phenylenevinylene (PPV)-based
polymer or a polyfluorene-based polymer.

[0047] It should be noted that the HTL, HIL, ETL, and EIL
may be formed as a blanket multi-layer structure over the
substrate, whereas the EML may be formed as a pixel unit on
the substrate. The EML may be formed using an inkjet print-
ing process. In some embodiments, the HTL, HIL, ETL, and
EIL may be disposed in cavities (e.g. inlets 208' of FIGS. 4
and 5) in the pixel-defining layer 20.

[0048] Insomeembodiments,an inorganic material may be
disposed between the intermediate layer 30 and the first elec-
trodes 10.

[0049] As illustrated in FIG. 2, an opposite electrode 40 is
disposed on the intermediate layer 30 and the pixel-defining
layer 20. The opposite electrode 40 may be disposed substan-
tially filling the second openings 205. In some embodiments,
the opposite electrode 40 may be selectively disposed in the
vicinity of the first electrodes 10. In other embodiments, the
opposite electrode 40 may be disposed over the entire sub-
strate.

[0050] Theopposite electrode 40 may include a transparent
electrode or a reflective electrode. When the opposite elec-
trode 40 includes a transparent electrode, the opposite elec-
trode 40 may be used as a cathode electrode. Accordingly, a
metal layer including metals having a low work function
(such as Li, Ca, LiF/Ca, LiF/Al, Al, Ag, Mg, or a compound
thereof) may be disposed facing the intermediate layer 30,
and an auxiliary electrode layer or a bus electrode line may be
disposed on the metal layer. The auxiliary electrode layer or
bus electrode line may include a material suitable for forming
a transparent electrode (such as ITO, 1ZO, ZnO, or 1n,O;).
When the opposite electrode 40 includes a reflective elec-
trode, a metal layer including metals having a low function
(similar to the metals listed above) may be disposed on the
surface of the intermediate layer 30.

[0051] Insomeembodiments, an inorganic material may be
disposed between the intermediate layer 30 and the opposite
electrode 40
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[0052] Referring to FIG. 3, the pixel-defining layer 20
includes the plurality of first openings 20a and second open-
ings 204, as previously mentioned. The first openings 20a
expose central portions of the first electrodes 10, and the
second openings 205 are disposed between the first openings
20a. Each first electrode 10 corresponds to a sub-pixel, and
sub-pixels disposed along a same row in the x-axis direction
may emit light of asame wavelength. Accordingly, the second
openings 205 may be selectively disposed between adjacent
sub-pixels emitting light of the same wavelength. As illus-
trated in FIG. 3, the second openings 205 are selectively
disposed between adjacent sub-pixels in the x-axis direction,
and are not disposed between adjacent sub-pixels in the y-axis
direction.

[0053] Accordingly, in the embodiment of FIG. 3, the sec-
ond openings 205 are disposed between adjacent sub-pixels
emitting light of the same wavelength. As previously men-
tioned, the first distance d1 and the second distance d2 are the
same, so as to produce a same pitch for the sub-pixels in the
x-axis direction. Accordingly, when forming the intermediate
layer 30 using an inkjet printing method, the ink may be
dispensed onto the substrate ata same pitch (corresponding to
the pitch of the sub-pixels), so as to form the intermediate
layer 30 having a constant pitch. The ink may also be dis-
pensed from the inkjet head in a single direction (e.g. along
the x-axis direction). By dispensing the ink at a constant pitch
in a same direction, a more stable and controlled inkjet print-
ing process can be achieved, which minimizes process
defects such as ink stains.

[0054] FIGS. 4 and 5 illustrate cross-sectional views of an
organic light-emitting display device in accordance with
another embodiment of the inventive concept. FIG. 6 illus-
trates a plan view of the display device of F1G. 4 with drops of
ink (represented by the shaded circles). The display device of
FIGS. 4 to 6 includes elements similar to those described
previously in FIGS. 1 to 3, and thus detailed description of
those elements shall be omitted.

[0055] Referring to FIG. 4, an organic light-emitting dis-
play device includes a plurality of first electrodes 10 and a
pixel-defining layer 20 disposed on a substrate (not shown).
Each first electrode 10 corresponds to a sub-pixel. The plu-
rality of first electrodes 10 (corresponding to the sub-pixels)
may constitute pixel electrodes. The pixel-defining layer 20
includes a plurality of first openings 20a and inlets 205'. The
first openings 20a expose at least a portion of the first elec-
trodes 10, including central portions of the first electrodes 10.
The inlets 204" are disposed between adjacent first openings
20a.

[0056] Asillustrated in FIG. 4, the inlets 205" are formed as
cavities (having a depth h1) in an upper surface of the pixel-
defining layer 20. A thickness of the pixel-defining layer 20 is
defined by a depth h2. In some embodiments, the inlets 205’
may be selectively disposed between adjacent sub-pixels
emitting light of a same wavelength, and may not be disposed
between adjacent sub-pixels emitting light of different wave-
lengths, as described in further detail below.

[0057] Referring to FIG. 6, the drops of ink may correspond
to drops of an intermediate layer 30 dispensed at the first
openings 20¢ and at the inlets 205'. In some embodiments
(not shown), the drops of ink may correspond to drops of
another material that is dispensed on the intermediate layer 30
of FIG. 5. With reference to FIG. 6, a first distance pl is
defined as a distance between the centers of two adjacent
drops of ink discharged at a first opening 20a. A second
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distance p2 is defined as a distance between the center of an
edgemost drop of ink discharged at the first opening 20a and
the center of an immediate adjacent drop of ink discharged at
aninlet 205". The distance pl may be equal to the distance p2.
Sub-pixels disposed horizontally along a same row in the
x-direction may emit light of a same wavelength. Accord-
ingly, the inlets 204" may be disposed at a central portion
between adjacent sub-pixels emitting light of the same wave-
length.

[0058] Referring back to FIG. 5, the intermediate layer 30
is disposed on the first electrodes 10 (in the first openings 20a)
and in the inlets 204'. In some embodiments, the first distance
p1 and the second distance p2 are the same, so as to produce
a same pitch for the sub-pixels in the x-axis direction. Thus,
when forming the intermediate layer 30 using an inkjet print-
ing method, the ink may be dispensed onto the substrate at a
constant pitch. The ink may also be dispensed from the inkjet
head in a particular direction (e.g. the x-axis direction).
Accordingly, the intermediate layer 30 is formed having a
constant pitch, and is disposed between adjacent sub-pixels
emitting light of the same wavelength.

[0059] In order to increase a resolution of the display
device, a distance between adjacent first electrodes 10 may
need to be reduced. Since the inlets 205" are disposed in the
space between adjacent first electrodes 10, the reduced dis-
tance (between adjacent first electrodes 10) may lead to pro-
cess challenges when forming the inlets 205'. For example,
formation of the inlets 205" may be rendered more difficult
when the distance between adjacent first electrodes 10 has
been reduced and the depth h1 of the inlets 204’ is more than
14 of the thickness h2 of the pixel-defining layer 20. Accord-
ingly, in some embodiments, the depth h1 may preferably be
less than about Y% of the thickness h2.

[0060] However, in some embodiments, if the depth hl is
less than about ¥4 of the thickness h2, the inlets 205' may be
too shallow. Thus, when ink (for forming an intermediate
layer 30) is dispensed into inlets 205' that are too shallow, the
ink may overflow from the inlets 205'. Accordingly, in some
embodiments, the depth h1 of the inlet 205' may preferably
range from about %4 to about ¥4 of the thickness h2 of the
pixel-defining layer 20.

[0061] As illustrated in FIG. 5, an opposite electrode 40 is
disposed on the intermediate layer 30 and the pixel-defining
layer 20. The opposite electrode 40 may be disposed confor-
mally over the structure of FIG. 4. In some embodiments, the
opposite electrode 40 may be selectively disposed in the
vicinity of the first electrodes 10. In other embodiments, the
opposite electrode 40 may be disposed over the entire sub-
strate.

[0062] Referring to FIG. 6, the pixel-defining layer 20
includes the plurality of first openings 20a and inlets 208", as
previously mentioned. The first openings 20a expose central
portions of the first electrodes 10, and the inlets 205" are
disposed between the first openings 20a. Each first electrode
10 corresponds to a sub-pixel, and sub-pixels disposed along
a same row in the x-axis direction may emit light of a same
wavelength. The inlets 205" may be selectively disposed
between adjacent sub-pixels emitting light of the same wave-
length. As illustrated in FIG. 6, the inlets 204" are selectively
disposed between adjacent sub-pixels in the x-axis direction.
Similar to the embodiment of FIG. 3, the inlets 205" in FIG. 6
are not disposed between adjacent sub-pixels in the y-axis
direction (not shown).
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[0063] Accordingly, in the embodiment of FIG. 6, the inlets
204" are disposed between adjacent sub-pixels emitting light
of the same wavelength. As previously mentioned, the first
distance p1 and the second distance p2 are the same, so as to
produce a same pitch for the sub-pixels in the x-direction.
Accordingly, when forming the intermediate layer 30 using
an inkjet printing method, the ink may be dispensed onto the
substrate at a same pitch (corresponding to the pitch of the
sub-pixels), so as to form the intermediate layer 30 having a
constant pitch. The ink may also be dispensed from the inkjet
head in a single direction (e.g. along the x-axis direction). By
dispensing the ink at a constant pitch in a same direction, a
more stable and controlled inkjet printing process can be
achieved, which minimizes process defects such as ink stains.
[0064] Next, a method of manufacturing the organic light-
emitting display device of FIGS. 1 to 3 will be described.
[0065] Referring to FIG. 1, a plurality of first electrodes 10
and a pixel-defining layer 20 are formed on a substrate (not
shown). The first electrodes 10 may be formed by depositing
and patterning a transparent electrode or a reflective electrode
on the substrate. The pixel-defining layer 20 may be formed
by depositing and patterning an organic insulating layer on
the first electrodes 10 and the substrate.

[0066] Each first electrode 10 corresponds to a sub-pixel.
The pixel-defining layer 20 includes a plurality of first open-
ings 20a and second openings 205 formed in the pixel-defin-
ing layer 20. The first openings 20a expose at least a portion
ofthe first electrodes 10, including central portions of the first
electrodes 10. The second openings 205 expose at least an
upper surface of the substrate.

[0067] As mentioned previously, the second openings 205
may be selectively formed between adjacent sub-pixels emit-
ting light of the same wavelength in the x-axis direction, and
may not be formed between adjacent sub-pixels emitting light
of different wavelengths in the y-axis direction.

[0068] Next, referring to FIG. 2, an intermediate layer 30 is
formed on the first electrodes 10 (in the first openings 204)
and the exposed surface of the substrate (in the second open-
ings 205). The intermediate layer 30 may be formed using an
inkjet printing process, by dispensing ink (for forming the
intermediate layer 30) onto the first electrodes 10 and into the
second openings 205. The intermediate layer 30 may be
formed as island-shaped pixels on the display device.

[0069] As previously mentioned with reference to FIG. 3,
the first distance d1 and the second distance d2 are the same,
s0 as to produce a same pitch for the sub-pixels. Thus, when
forming the intermediate layer 30 using the inkjet printing
method, the ink may be dispensed onto the substrate at a same
pitch in a single direction. Accordingly, the intermediate layer
30is formed having a constant pitch, and is disposed between
adjacent sub-pixels emitting light of the same wavelength.
[0070] Referring to FIG. 2, an opposite electrode 40 is
formed on the intermediate layer 30 and the pixel-defining
layer 20. As shown in FIG. 2, the opposite electrode 40 is
formed substantially filling the second openings 204.

[0071] Next, a method of manufacturing the organic light-
emitting display device of FIGS. 4 to 6 will be described.
[0072] Referring to FIG. 4, a plurality of first electrodes 10
and a pixel-defining layer 20 are formed on a substrate (not
shown). The first electrodes 10 may be formed by depositing
and patterning a transparent electrode or a reflective electrode
on the substrate. The pixel-defining layer 20 may be formed
by depositing and patterning an organic insulating layer on
the first electrodes 10 and the substrate.
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[0073] Each first electrode 10 corresponds to a sub-pixel.
The pixel-defining layer 20 includes a plurality of first open-
ings 20a and inlets 205' formed in the pixel-defining layer 20.
The first openings 20a expose at least a portion of the first
electrodes 10, including central portions of the first electrodes
10. The inlets 205" are formed between adjacent first openings
20a. As shown in FIG. 4, the inlets 205" are formed as cavities
(having a depth h1) in an upper surface of the pixel-defining
layer 20. The pixel-defining layer 20 may be formed having a
thickness defined by a depth h2. In some embodiments, the
inlets 204" may be formed having a depth hl ranging from
about ¥4 to about 2 of the thickness h2 of the pixel-defining
layer 20.

[0074] In some embodiments, the inlets 205" and the first
openings 20a may be formed simultaneously during pattern-
ing of the pixel-defining layer 20. In those embodiments, the
inlets 204" and the first openings 20a may be formed using a
half-tone mask or a slit mask. In some other embodiments, the
inlets 205" and the first openings 20a may be formed sequen-
tially using more than one process step.

[0075] As mentioned previously, the inlets 205’ may be
selectively formed between adjacent sub-pixels emitting light
of the same wavelength in the x-axis, and may not be formed
between adjacent sub-pixels emitting light of different wave-
lengths.

[0076] Next, referring to FIG. 5, an intermediate layer 30 is
formed on the first electrodes 10 (in the first openings 20a)
and in the inlets 205" The intermediate layer 30 may be
formed using an inkjet printing process, by dispensing ink
(for forming the intermediate layer 30) onto the first elec-
trodes 10 and into the inlets 204'. The intermediate layer 30
may be formed as island-shaped pixels on the display device.
[0077] As previously mentioned with reference to FIG. 6,
the first distance p1 and the second distance p2 are the same,
so as to produce a same pitch for the sub-pixels. Thus, when
forming the intermediate layer 30 using the inkjet printing
method, the ink may be dispensed onto the substrate at a same
pitch in a single direction. Accordingly, the intermediate layer
30 is formed having a constant pitch, and is disposed between
adjacent sub-pixels emitting light of the same wavelength.
[0078] Next, an opposite electrode 40 is formed on the
intermediate layer 30 and the pixel-defining layer 20. As
shown in FIG. 5, the opposite electrode 40 is formed confor-
mally over the structure of FIG. 4.

[0079] FIG. 7 illustrates a cross-sectional view of an
organic light-emitting display device in accordance with a
further embodiment of the inventive concept.

[0080] Referring to FIG. 7, the organic light-emitting dis-
play device includes various elements disposed on a substrate
100. The substrate 100 may be formed of a light-transmitting
material, such as glass, plastic, or a transparent metallic mate-
rial.

[0081] AsshowninFIG.7,abufferlayer102 is disposed on
the substrate 100. A semiconductor layer 103 is disposed on a
portion of the buffer layer 102. A gate insulating layer 104 is
disposed on the buffer layer 102 and the semiconductor layer
103. A gate electrode 105 is disposed on the gate insulating
layer 104 directly above the semiconductor layer 103. An
intermediate insulating layer 108 is disposed on the gate
insulating layer 104 and the gate electrode 105. A source
electrode 106 and a drain electrode 107 are formed by etching
vias in the gate insulating layer 104 and intermediate insulat-
ing layer 108 (so as to expose portions of the semiconductor
layer 103), and filling the vias with conductive material. The
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semiconductor layer 103, gate electrode 105, source elec-
trode 106, and drain electrode 107 collectively constitute a
thin film transistor (TFT). A passivation layer 110 is disposed
on the intermediate insulating layer 108 and source/drain
electrodes 106/107. A planarization layer 112 is disposed on
the protection layer 110 to provide a top planar surface.

[0082] Thebuffer layer 102 may be formed as a single layer
or a multi-layer structure. The buffer layer 102 may include
silicon nitride or silicon oxide.

[0083] The gate electrode 105, source electrode 106, and
drain electrode 107 may include least one of the following
metals: aluminium (Al), platinum (Pt), palladium (Pd), silver
(Ag), magnesium (Mg), gold (Au), nickel (Ni), neodymium
(Nd), iridium (Ir), chromium (Cr), lithium (Li), calcium (Ca),
molybdenum (Mo), titanium (Ti), tungsten (W), or copper
(Cu). Each of the gate electrode 105, source electrode 106,
and drain electrode 107 may be formed as a single layer or a
multi-layer structure.

[0084] The gate insulating layer 104, intermediate insulat-
ing layer 108, and passivation layer 110 may include an
inorganic insulating material (such as SiO,, SiN_, SiON,
Al,0,, TiO,, Ta,0,, HIO,, Zr0,, BST, PZT, or other similar
materials).

[0085] The planarization layer 112 may be formed over the
entire surface of the substrate 100. The planarization layer
112 may be formed of an inorganic insulating material.
[0086] An organic light-emitting device (OLED) is dis-
posed on the planarization layer 112. The OLED includes a
first electrode 10 (pixel electrode), a pixel-defining layer 20,
an intermediate layer 30, and an opposite electrode 40.

[0087] Theintermediate layer 30 may be formed as a multi-
layered structure disposed between the first electrode 10 and
the opposite electrode 40. The intermediate layer 30 may
include a light-emitting layer. The intermediate layer 30 may
also be disposed in regions outside of the first electrodes 10.
For example, as shown in FIG. 7, the intermediate layer 30
may be disposed in the cavities of the pixel-defining layer 20.
The cavities may correspond, for example, to the inlets 205’
depicted in FIGS. 4 and 5.

[0088] The first electrode 101s electrically connected to the
TFT through a via hole etched in the planarization layer 112
and passivation layer 110. The pixel-defining layer 20 is
disposed on the planarization layer 112 and first electrode 10,
and includes an opening defining a pixel region of the first
electrode 10. In some embodiments, the pixel-defining layer
20 may include the first openings 20a and inlets 20" depicted
in FIGS. 4 to 6. In other embodiments, the pixel-defining
layer 20 may include the first openings 20a and second open-
ings 204 depicted in FIGS. 1 to 3.

[0089] It should be understood that the above-described
embodiments are merely exemplary, and should not be con-
strued as limiting the inventive concept.

[0090] Whiletheinventive concept has been described with
reference to exemplary embodiments, it will be understood
by those of ordinary skill in the art that various modifications
may be made to the described embodiments without depart-
ing from the spirit and scope of the disclosure.

What is claimed is:
1. An organic light-emitting display device comprising:

a plurality of first electrodes, wherein each first electrode
corresponds to a sub-pixel;
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a pixel-defining layer comprising a plurality of first open-
ings exposing at least a portion of the first electrodes and
a plurality of inlets disposed on an upper surface of the
pixel-defining layer;

an intermediate layer disposed on the exposed portion of

the first electrodes and in the inlets; and

an opposite electrode disposed on the intermediate layer

and the pixel-defining layer,

wherein the inlets are selectively disposed between adja-

cent sub-pixels emitting light of a same wavelength.

2. The display device of claim 1, wherein the inlets are
omitted between adjacent sub-pixels emitting light of differ-
ent wavelengths.

3. The display device of claim 1, wherein a first distance
corresponds to a distance between respective centers of two
adjacent drops of intermediate layer disposed at a first open-
ing, a second distance corresponds to a distance from a center
of an edgemost drop of intermediate layer disposed at the first
opening and a center of an immediate adjacent drop of inter-
mediate layer discharged at an inlet, and the first distance is
substantially equal to the second distance.

4. The display device of claim 1, wherein a depth of an inlet
is about Y4 to about %2 of a thickness of the pixel-defining
layer.

5. An organic light-emitting display device comprising:

a plurality of first electrodes, wherein each first electrode

corresponds to a sub-pixel;

a pixel-defining layer comprising a plurality of first open-

ings exposing at least a portion of the first electrodes,
and a plurality of second openings exposing at least a
portion of a substrate;

an intermediate layer disposed on the exposed portions of

the first electrodes and the substrate; and

an opposite electrode disposed on the intermediate layer

and the pixel-defining layer,

wherein the second openings are selectively disposed

between adjacent sub-pixels emitting light of a same
wavelength.

6. The display device of claim 5, wherein the second open-
ings are omitted between adjacent sub-pixels emitting light of
different wavelengths.

7. The display device of claim 5, wherein a first distance
corresponds to a distance from a center of a second opening to
acenter ofa nearest adjacent first electrode, a second distance
corresponds to a distance from the center of the second open-
ing to a center of another nearest adjacent first electrode, and
the first distance is substantially equal to the second distance.

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

forming a plurality of first electrodes, wherein each first

electrode corresponds to a sub-pixel;

forming a pixel-defining layer comprising a plurality of

first openings, wherein the first openings expose at least
a portion of the first electrodes;

forming an intermediate layer on the exposed portion of the

first electrodes; and

forming an opposite electrode on the intermediate layer

and the pixel-defining layer.
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9. The method of claim 8, further comprising:

forming a plurality of inlets on an upper surface of the

pixel-defining layer; and

forming the intermediate layer on the exposed portion of

the first electrodes and in the inlets,

wherein the inlets are selectively formed between adjacent

sub-pixels emitting light of a same wavelength.

10. The method of claim 9, wherein the inlets are omitted
between adjacent sub-pixels emitting light of different wave-
lengths.

11. The method of claim 9, wherein a first distance corre-
sponds to a distance between respective centers of two adja-
cent drops of intermediate layer disposed at a first opening, a
second distance corresponds to a distance from a center of an
edgemost drop of intermediate layer disposed at the first
opening and a center of an immediate adjacent drop of inter-
mediate layer discharged at an inlet, and the first distance is
substantially equal to the second distance.

12. The method of claim 9, wherein forming the pixel-
defining layer further comprises forming the first openings
and the inlets in a same process step.

13. The method of claim 8, further comprising:

forming a plurality of second openings in the pixel-defin-

ing layer for exposing at least a portion of a substrate;
and

forming the intermediate layer on the exposed portions of

the first electrodes and the substrate,

wherein the second openings are selectively formed

between adjacent sub-pixels emitting light of a same
wavelength.

14. The method of claim 13, wherein the second openings
are omitted between adjacent sub-pixels emitting light of
different wavelengths.

15. The method of claim 13, wherein a first distance cor-
responds to a distance from a center of a second opening to a
center of a nearest adjacent first electrode, a second distance
corresponds to a distance from the center of the second open-
ing to a center of another nearest adjacent first electrode, and
the first distance is substantially equal to the second distance.

16. The method of claim 13, wherein forming the pixel-
defining layer further comprises forming the first openings
and the second openings in a same process step.

17. The method of claim 8, further comprising forming the
intermediate layer using an inkjet printing process.

18. The method of claim 17, wherein forming the interme-
diate layer further comprises dispensing an ink, at a constant
pitch, on the exposed portion of the first electrodes and into a
plurality of inlets, wherein the inlets are formed on an upper
surface of the pixel-defining layer.

19. The method of claim 17, wherein forming the interme-
diate layer further comprises dispensing an ink, at a constant
pitch, on the exposed portions of the first electrodes and a
substrate, wherein the portion of the substrate is exposed
through a plurality of second openings formed in the pixel-
defining layer.
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