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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2015-0025912,
filed on Feb. 24, 2015, and entitled “Organic Light Emitting
Display Device and Method Of Manufacturing The Same,” is
incorporated by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Oneormore embodiments described hereinrelate to
an organic light emitting display device and a method of
manufacturing an organic light emitting display device.
[0004] 2. Description of the Related Art

[0005] An organic light emitting display device is light-
weight and thin and has a wide viewing angle, fast response
speed, and reduced power consumption compared to other
types of display devices. In order to realize a full color dis-
play, different color pixels may have light resonance struc-
tures with different optical lengths.

SUMMARY

[0006] In accordance with one or more embodiments, an
organic light emitting display device includes a substrate
including a plurality of pixel areas; a plurality of first elec-
trodes corresponding to the pixel areas and separated from
each other; a plurality of intermediate layers corresponding to
the pixel areas and separated from each other; a plurality of
second electrodes corresponding to the pixel areas and sepa-
rated from each other; a conductive protection layer over the
second electrodes; and a connection electrode layer over the
conductive protection layer and electrically connecting the
second electrodes.

[0007] The connection electrode layer may be integrally
formed to coverthe pixel areas. The second electrodes and the
connection electrode layer may include a transflective metal
layer. A thickness of the conductive protection layer may be
greater than a thickness of each of the second electrodes and
athickness of the connection electrode layer. The conductive
protection layer may be a translucent layer.

[0008] The intermediate layers and the second electrode
layers may correspond to the pixel areas have substantially a
same pattern. A distance between the second electrode and
the connection electrode layer corresponding to at least one of
the pixel areas may correspond to an optical resonance dis-
tance of light emitted from the at least one of the pixel areas.
At least one of a distance between the first electrode and the
second electrode corresponding to at least one of the pixel
areas or a distance between the first electrode and the con-
nection electrode layer corresponding to at least one of the
pixel areas may correspond to an optical resonance distance
of light emitted from the at least one of the pixel areas.
[0009] The pixel areas may include a first pixel area corre-
sponding to first color emission of light and a second pixel
area corresponding to a second color emission of light, and a
thickness of the second electrode corresponding to the first
pixel area may be different from a thickness of the second
electrode corresponding to the second pixel area. The con-
ductive protection layer may be integrally formed with
respect to the second electrodes. The display device may
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include a pixel defining layer between adjacent ones of the
pixel areas, wherein at least part of a top surface of the pixel
defining layer may be in direct contact with the conductive
protection layer. The conductive protection layer may have a
thickness based on an optical resonance distance of light
emitted from one of the pixel areas.

[0010] The conductive protection layer may have island-
type patterns corresponding to the pixel areas of the substrate.
Each of the island-type patterns may substantially correspond
to the island-type pattern of the second electrodes. The dis-
play device may include a pixel defining layer between adja-
cent ones of the pixel areas, wherein at least part of a top
surface of the pixel defining layer may be in direct contact
with the connection electrode layer.

[0011] The pixel areas may include a first pixel area corre-
sponding to a first color emission of light and a second pixel
area corresponding to a second color emission of light, and a
thickness of the conductive protection layer corresponding to
the first pixel area may be different from a thickness of the
conductive protection layer corresponding to the second pixel
area. The first electrodes may be anodes and the second elec-
trodes may be cathodes. The display device may include a
protection layer on the connection electrode layer. Each of the
intermediate layers may include a first intermediate layer
adjacent to the first electrode and an emission layer on the first
intermediate layer. The first intermediate layer may include a
hole transport layer.

[0012] Inaccordance withone or more other embodiments,
amethod is provided for manufacturing an organic light emit-
ting display device, the method including preparing a sub-
strate including a plurality of pixel areas; patterning first
electrodes which are separated from each other and which
correspond to the pixel areas of the substrate; forming inter-
mediate layers and second electrodes, each of the intermedi-
ate layers and the second electrodes having island-type pat-
tern to be separated from each other in correspondence to the
plurality of pixel areas of the substrate; forming a conductive
protection layer covering the second electrodes; and forming
a connection electrode layer on the conductive protection
layer, integrally formed with the pixel areas, and electrically
connecting the second electrodes.

[0013] The second electrodes and the connection electrode
layer may include a transflective metal layer. A thickness of
the conductive protection layer may be greater than a thick-
ness of each of the second electrodes and a thickness of the
connection electrode layer. The conductive protection layer
may be a translucent layer.

[0014] Forming the intermediate layers and the second
electrodes may include forming a masking pattern, on the
substrate, with an opening exposing a first electrode corre-
sponding to a first pixel area, the first pixel area corresponding
to afirst coloremission of light; forming an intermediate layer
on an surface of the substrate including the masking pattern;
forming the second electrodes on the intermediate layer; and
removing the masking pattern such that the intermediate lay-
ers and the second electrodes in the island-type pattern
remain in correspondence to the first pixel area.

[0015] The conductive protection layer may be formed so
that part of the conductive protection layer corresponding to
a first pixel area for performing a first color emission of light
has a thickness based on an optical resonance distance of the
light emitted from the first pixel area. The conductive protec-
tion layer may be integrally formed with respect to the second
electrodes. The conductive protection layer may have an
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island-type pattern substantially corresponding to the island-
type pattern of each of the second electrodes.

[0016] The first electrodes may be anodes and the second
electrodes may be cathodes. Each of the intermediate layers
may include a first intermediate layer adjacent to the first
electrode and an emission layer on the first intermediate layer.
The first intermediate layer may include a hole transport
layer. The method may include forming a protection layer on
the connection electrode layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Features will becomeapparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0018] FIG. 1 illustrates an embodiment of an organic light
emitting display device;

[0019] FIG. 2 illustrates a view along section line II-1I in
FIG. 1,
[0020] FIGS. 3 through 13 illustrate different stages of an

embodiment of a method for manufacturing an organic light
emitting display device;

[0021] FIG. 14 illustrates another embodiment of an
organic light emitting display;

[0022] FIG. 15 illustrates another embodiment of an
organic light emitting display;

[0023] FIGS. 16 through 22 illustrate different stages in an
embodiment of a method for manufacturing the organic light
emitting display device in FIG. 15; and

[0024] FIG. 23 illustrates another embodiment of an
organic light emitting display.

DETAILED DESCRIPTION

[0025] Example embodiments are described more fully
hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
The embodiments may be combined to form additional
embodiments.

[0026] It will also be understood that when a layer or ele-
ment is referred to as being “on” another layer or substrate, it
can be directly on the other layer or substrate, or intervening
layers may also be present. Further, it will be understood that
when a layer is referred to as being “under” another layer, it
canbe directly under, and one or more intervening layers may
also be present. In addition, it will also be understood that
when a layer is referred to as being “between” two layers, it
can be the only layer between the two layers, or one or more
intervening layers may also be present. Like reference numet-
als refer to like elements throughout.

[0027] FIG.1illustrates an embodiment of an organic light
emitting display device which includes a plurality of pixel
areas P1, P2, and P3. The pixel areas P1, P2, and P3 may be
arranged to form a matrix and emit light of different colors.
For example, the pixel areas P1, P2, and P3 may emit blue,
green, and red light, respectively. For convenience of descrip-
tion, an example in which the first pixel area P1 emits blue
light, the second pixel area P2 emits green light, and the third
pixel area P3 emits red light will be described below. (In
another embodiment, as long as a full color display is real-
ized, the display device may emit a different combination of
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colors. Also, another embodiment may have a different num-
ber of pixel areas, e.g., may include a combination of four
pixels that emit blue, green, red, and white light.)

[0028] A patterned stack structure 200 is in each of the pixel
areas P1, P2, and P3. The stack structure 200 may include a
first electrode 210, an intermediate layer 220, and a second
electrode 230, see, e.g., FIG. 2. The second electrodes 230 of
the stack structures 200 are electrically connected via a con-
nection electrode layer 250, and a conductive protection layer
240 having a predetermined thickness is between the stack
structure 200 and the connection electrode layer 250.

[0029] The pixel areas P1, P2, and P3 are arranged to form
the matrix as illustrated, for example, in F1G. 1. According to
another exemplary embodiment, the pixel areas P1, P2, and
P3 may be arranged to have various other shapes, e.g., a
pentile shape.

[0030] FIG. 2 illustrates a cross-sectional view taken along
aline ITI-1T of FIG. 1. Referring to FIG. 2, a pixel circuit PC is
formed on a substrate 100, and an insulating layer 150 is
positioned on the pixel circuit PC. The substrate 100 may
include, for example, a glass material, a metal material, or a
plastic material such as polyethylene terephthalate (PET),
polyethylene naphthalate (PEN), or polyimide. According to
one embodiment, the substrate 100 may have improved flex-
ibility when the substrate 100 is formed of plastic material or
metal material, than when the substrate 100 is formed of glass
material. A buffer layer formed, for example, of SiO, and/or
SiNx may be on the substrate 100 to prevent impurities from
penetrating into the substrate 100.

[0031] The pixel circuit PC includes a thin-film transistor
(TFT) and a capacitor, and may be electrically connected to
the first electrode 210 on each of the pixel areas P1, P2, and
P3. Atop surface of the pixel circuit PC may be covered by the
insulating layer 150 that is approximately flat.

[0032] The first electrode 210 is in each of the pixel areas
P1,P2,and P3. The first electrode 210 is patterned in an island
type corresponding to each of the pixel areas P1, P2, and P3.
The first electrode 210 is an anode electrode serving as a
reflective electrode. The first electrode 210 may be a single
reflective metal layer including, for example, silver (Ag),
aluminum (Al), gold (Au), platinum (Pt), chrome (Cr), or an
alloy containing these. According to one embodiment, the
first electrode 210 may be a double or triple layer further
including, for example, an indium tin oxide (ITO) or an
indium zinc oxide (IZO) on a top portion and/or a bottom
portion of the above-described single reflective metal layer.
[0033] A pixel defining layer 180 includes openings OP
corresponding to the pixel areas P1, P2, and P3. A top surface
of the first electrode 210 is exposed through the openings OP
of the pixel defining layer 180. An edge of the first electrode
210 may be covered by the pixel defining layer 180. The pixel
defining layer 180 may include an organic insulating layer
formed of acryl resin. The pixel defining layer 180 may
increase a distance between an end portion of the first elec-
trode 210 and the second electrode 230 and/or the end portion
of the first electrode 210 and the connection electrode layer
250, thereby acting to prevent an arc or the like from being
generated in the end portion of the first electrode 210.
[0034] The intermediate layer 220 is formed in each of the
pixel areas P1, P2, and P3. The intermediate layer 220 may be
patterned as an island type in each of the pixel areas P1, P2,
and P3, and may include a first intermediate layer 221, emis-
sion layers 222B, 222G, and 222R, and a second intermediate
layer 223, which are sequentially stacked.
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[0035] The first intermediate layer 221 may be adjacent to
the first electrode 210 and may have a single layer or multi-
layer structure. For example, when the first intermediate layer
221 includes a high molecular weight material, the first inter-
mediate layer 221 may be a hole transport layer (HTL) having
a single layer structure and, for example, may include poly-
(3,4)-ethylene-dihydroxy thiophene (PEDOT) or polyaniline
(PANI). When the first intermediate layer 221 includes a low
molecular weight material, the first intermediate layer 221
may include a hole injection layer (HIL) and the HTL.
[0036] The emission layer 222B of the first pixel area P1
may correspond to a blue color emission of light and is pat-
terned as an island type corresponding to the first pixel area
P1. According to one embodiment, the emission layer 222B
of the first pixel area P1 may include a fluorescent material
selected from the group consisting of DPVBA, spiro-DPVB,
spiro-6P, distyrylbenzene (DSB), distyrylarylene (DSA), a
PFO-based polymer, and a PPV-based polymer. According to
another embodiment, the emission layer 222B may include,
as a host material, an anthracene derivative or a carbazole-
based compound, and may include, as a dopant material, a
phosphor material including F2Irpic, (F2ppy)2Ir(tmd), or
Ir(dfppz)3.

[0037] Theemission layer 222G of the second pixel area P2
may correspond to a green color emission of light and is
patterned as an island type corresponding to the second pixel
area P2. According to one embodiment, the emission layer
222G of the second pixel area P2 may include, as the host
material, the anthracene derivative or the carbazole-based
compound, and may include, as the dopant material, a phos-
phor material including Ir(ppy)3 (fac tris(2-phenylpyridine)
iridium). According to another embodiment, the emission
layer 222G may include a fluorescent material such as tris(8-
hydroxyquinoline) aluminum (Alq3).

[0038] The emission layer 222R of the third pixel area P3
may correspond to a red color emission of light and is pat-
terned as an island type corresponding to the third pixel area
P3. According to one embodiment, the emission layer 222R
ofthe third pixel area P3 may include, as the host material, the
anthracene derivative or the carbazole-based compound, and
may include, as the dopant material, a phosphor material
including one or more materials selected from the group
consisting of PIQIr(acac)(bis(1-phenylisoquinoline)acety-
lacetonate iridium), PQIr(acac(bis(1-phenylquinoline)acety-
lacetonate iridium), PQIr(tris(1-phenylquinoline) iridium),
and PtPEP(octaethylporphyrin platinum). According to
another embodiment, the emission layer 222R may include a
fluorescent material such as PED:Eu(DBM)3(Phen) or
perylene.

[0039] The second intermediate layer 223 is patterned cor-
responding to each of the emission layers 222B, 222G, and
222R to cover each of the emission layers 222B, 222G, and
222R. The second intermediate layer 223 may be omitted in
an alternative embodiment. For example, when the first inter-
mediate layer 221 and the emission layers 222B, 222G, and
222R include high molecular weight material, the second
intermediate layer 223 may be omitted. When the first inter-
mediate layer 221 and the emission layers 222B, 222G, and
222R include low molecular weight material, the second
intermediate layer 223 may be formed in order to achieve an
excellent light-emitting characteristic. In this case, the second
intermediate layer 223 may have a single layer or multilayer
structure and may include an electron transport layer (ETL)
and/or an electron injection layer (EIL).
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[0040] The second electrode 230 is formed in each of the
pixel areas P1, P2, and P3. The second electrode 230 is
positioned on the intermediate layer 220 and is patterned as an
island type corresponding to each of the pixel areas P1, P2,
and P3. The second electrode 230 is a cathode electrode with
simultaneous translucency and reflectivity. For example, the
second electrode 230 may include a transflective metal layer.
The second electrode 230 may transmit or reflect part of light
emitted from the emission layers 222B, 222G, and 222R by
appropriately adjusting a thickness of the transflective metal
layer. According to one exemplary embodiment, the second
electrode 230 may form amicro-cavity structure with the first
electrode 210 and/or the connection electrode layer 250, to
thereby improve light efficiency of an organic light emitting
display device.

[0041] According to an embodiment, the second electrode
230 may include, for example, Ag and Mg. For example, the
second electrode 230 may be formed of an Ag—Mg alloy in
which an amount of Ag is higher than an amount of Mg.
According to another embodiment, the second electrode 230
may include any one selected from magnesium (Mg), silver
(Ag), lithium (L), sodium (Na), calcium (Ca), strontium (Sr),
and an alloy of theses.

[0042] The conductive protection layer 240 may be on the
second electrode 230. The conductive protection layer 240
electrically connects the second electrode 230 patterned in
each of the pixel areas P1, P2, and P3 to the connection
electrode layer 250, and has translucency such thatlight emit-
ted from the emission layers 222B, 222G, and 222R may be
emitted to the outside. The conductive protection layer 240
may include, for example, an oxide such as ITO, 170, WOx,
MoOx, and InOx or a conductive polymer such as PEDOT,
and may be formed as a single layer or a multilayer.

[0043] The conductive protection layer 240 may be inte-
grally formed to cover the second electrode 230 of each of the
pixel areas P1, P2, and P3. The conductive protection layer
240 may cover a display area. The display area correspond,
for example, to all areas in which the organic light emitting
display device may emit light, e.g., all areas except for an
edge of the organic light emitting display device in which a
controller is disposed. When a dead area is not present in an
entire surface of the organic light emitting display device, the
entire surface of the organic light emitting display device may
be the display area.

[0044] The connection electrode layer 250 may be inte-
grally formed with respect to the pixel areas P1, P2, and P3 to
cover the display area, and electrically connects the second
electrodes 230 patterned as an island type corresponding to
pixel areas P1, P2, and P3.

[0045] The connection electrode layer 250 may be simul-
taneously translucent and reflective. For example, the con-
nection electrode layer 250 may include the transflective
metallayer. The connection electrode layer 250 may transmit
or reflect part of light emitted from the emission layers 222B,
222G, and 222R by appropriately adjusting a thickness of the
transflective metal layer. The connection electrode layer 250
may form the micro-cavity structure with the first electrode
210 and/or the second electrode 230, thereby improving light
efficiency of the organic light emitting display device.
[0046] According to an embodiment, the connection elec-
trode layer 250 may include, for example, Ag and Mg. For
example, the connection electrode layer 250 may include an
Ag-Mg alloy in which an amount of Ag is higher than an
amount of Mg. According to another embodiment, the con-
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nection electrode layer 250 may include any one selected
from magnesium (Mg), silver (Ag), lithium (Li), sodium
(Na), calcium (Ca), strontium (Sr), and an alloy of these.
[0047] Theintermediate layer 220 and the second electrode
230 are patterned as an island type corresponding to each of
the pixel areas P1, P2, and P3, whereas the conductive pro-
tection layer 240 and the connection electrode layer 250 are
integrally formed with respect to the pixel areas P1, P2, and
P3. Thus, part of the top surface of the pixel defining layer 180
between or among the pixel areas P1, P2, and P3 may be in
direct contact with the conductive protection layer 240.
[0048] At least one of the pixel areas P1, P2, and P3 may
have an optical resonance structure, e.g., a micro-cavity.
[0049] According to an embodiment, one of the pixel areas
P1, P2, and P3 may have a first optical resonance distance
between the second electrode 230 and the connection elec-
trode layer 250, e.g., from the second electrode 230 to the
connection electrode layer 250. For example, the conductive
protection layer 240 may have a thickness corresponding to
an optical resonance distance of light realized in one of the
pixel areas P1, P2, and P3, for example, in the first pixel area
P1.

[0050] Theintermediate layer 220 and the second electrode
230 may be independently patterned in each of the pixel areas
P1, P2, and P3 during manufacture. Thus, a thickness of the
intermediate layer 220 and a thickness of the second electrode
230 of each of the pixel areas P1, P2, and P3 may be inde-
pendently selected, e.g., the thicknesses may have different
values.

[0051] Each of the pixel areas P1, P2, and P3 may have a
second optical resonance distance from the first electrode 210
to the second electrode 230 and/or a third optical resonance
distance from the first electrode 210 to the connection elec-
trode layer 250, by adjusting the thicknesses of the interme-
diate layer 220 and/or the second electrode 230.

[0052] The thicknesses of the second electrode layer 230
and the connection electrode layer 250 may have values
smaller than that of the conductive protection layer 240. For
example, the thickness of the conductive protection layer 240
may be greater than those ofthe second electrode 230 and the
connection electrode layer 250. When the thicknesses of the
second electrode 230 and the connection electrode layer 250
that are formed of metal are large (e.g., greater than one or
more corresponding predetermined value), in particular,
when the thickness of the connection electrode layer 250
integrally formed with respect to the pixel areas P1, P2, and
P3 is large, the resistance of the connection electrode layer
250 may be reduced, translucency may be reduced, and thus
light efficiency of the organic light emitting display device
may deteriorate. However, according to an embodiment, the
thickness of the conductive protection layer 240 is relatively
thick and the thicknesses of the second electrode 230 and the
connection electrode layer 250 are relatively thin, thereby
improving translucency while reducing resistance.

[0053] FIGS. 3 to 13 illustrate cross-sectional views of
different stages of an embodiment of a method for manufac-
turing an organic light emitting display device, for example,
the one in FIG. 2.

[0054] Referring to FIG. 3, the substrate 100 including the
pixel areas P1, P2, and P3 is prepared. A buffer layer is
disposed on the substrate 100 to prevent impurities from
penetrating into the substrate 100. The pixel circuit PC
including a TFT and a capacitor is formed on the buffer layer.
The pixel circuit PC is formed in each of the pixel areas P1,
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P2, and P3 and may have a top surface covered by the insu-
lating layer 150 that is approximately flat.

[0055] Thereafter, the first electrode 210 is formed in each
of the pixel areas P1, P2, and P3 by forming and patterning a
metal layer on the insulating layer 150. The first electrode 210
is patterned as an island type corresponding to each of the
pixel areas P1, P2, and P3. The first electrode 210 is a reflec-
tive electrode. According to an embodiment, the first elec-
trode 210 may be a single reflective metal layer including
silver (Ag), aluminum (Al), gold (Au), platinum (Pt), chro-
mium (Cr), or an alloy containing these. According to another
embodiment, the first electrode 210 may be formed as a
double or triple layer further including an ITO oran IZO ona
top portion and/or a bottom portion of the above-described
single reflective metal layer.

[0056] The pixel defining layer 180 is formed by forming
and patterning an organic insulating layer on the substrate 100
on which the first electrode 210 is formed. The pixel defining
layer 180 includes the openings OP that exposes at least a part
of a top surface of the first electrode 210.

[0057] Referring to FIG. 4, a first masking pattern Ml is
formed to cover the pixels units P2 and P3 except for the first
pixel area P1. The first masking patterns M1 may include a
polymer material. The type of material of the first masking
patterns M1 may be different in another embodiment, as long
as the material may be well resolved in a solvent during a
lift-off process that will be described later and may reduce or
minimize an influence on the intermediate layer 220.

[0058] Referring to FIG. 5, the intermediate layer 220 and
the second electrode 230 are sequentially formed on the sub-
strate 100 on which the first masking pattern M1 is provided.
The intermediate layer 220 may include the first intermediate
layer 221, the emission layer 222B realizing a blue color, and
the second intermediate layer 223.

[0059] The first intermediate layer 221 may be a HTL hav-
ing a single layer structure. According to another embodi-
ment, the first intermediate layer 221 may include a HIL
adjacent to the first electrode 210 and the HTL positioned on
the HIL.

[0060] The emission layer 222B may include, as a material
corresponding to blue color emission of light, a fluorescent
material including a material selected from the group consist-
ing of DPVBIi, spiro-DPVBI, spiro-6P, distyrylbenzene
(DSB), distyrylarylene (DSA), a PFO-based polymer, and a
PPV-based polymer. According to another embodiment, the
emission layer 222B may include, as a host material, an
anthracene derivative or a carbazole-based compound, and
may include, as a dopant material, a phosphor material
including F2Irpic, (F2ppy)2Ir(tmd), or Ir(dfppz)3.

[0061] The second intermediate layer 223 may include an
ETL and/or an EIL. When the first intermediate layer 221 and
the emission layer 222B include a polymer material, the
second intermediate layer 223 may be omitted.

[0062] The second electrode 230 may serve as a transflec-
tive metal layer. According to one embodiment, the second
electrode 230 may include, for example, Ag and Mg. For
example, the second electrode 230 may include an Ag—Mg
alloy in which an amount of Ag is higher than an amount of
Mg. According to another embodiment, the second electrode
230 may include any one selected from magnesium (Mg),
silver (Ag), lithium (Li), sodium (Na), calcium (Ca), stron-
tium (Sr), and an alloy of these.

[0063] According to an embodiment, the thickness of the
first masking pattern M1 may be greater than a sum of thick-
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nesses of the intermediate layer 220 and the second electrode
230. Thus, the intermediate layer 220 and the second elec-
trode 230 on the first pixel area P1 may be discontinuously
formed with the intermediate layer 220 and the second elec-
trode 230 on the first masking pattern M1.

[0064] Referring to FIG. 6, the first masking pattern M1 is
removed through the lift-off process. When the first masking
pattern M1 is removed, the intermediate layer 220 and the
second electrode 230 that are patterned as an island type
remain on the first pixel area P1.

[0065] Referring to FIG. 7, a second masking pattern M2 is
formed to cover the pixels units P1 and P3 except for the
second pixel area P2. The second masking pattern M2 may
include a polymer material. However, the type of material of
the second masking pattern M2 may be different in another
embodiment, as long as the material may be well resolved in
the solvent during the lift-off process that will be described
later and may reduce or minimize an influence on the inter-
mediate layer 220.

[0066] Referring to FIG. 8, the intermediate layer 220 and
the second electrode 230 are sequentially formed on the sub-
strate 100 on which the second masking pattern M2 is pro-
vided. The intermediate layer 220 may include the first inter-
mediate layer 221, the emission layer 222G realizing a green
color, and the second intermediate layer 223.

[0067] The first intermediate layer 221 may be formed as
the HTL having the single layer structure. According to
another embodiment, the first intermediate layer 221 may
include the HIL adjacent to the first electrode 210 and the
HTL positioned on the HIL. The second intermediate layer
223 may include or omit the ETL and/or the EIL.

[0068] The emission layer 222G may include, as a host
matetial, an anthracene derivative or a carbazole-based com-
pound, and may include, as a dopant material, a phosphor
material including Ir(ppy)3 (fac tris(2-phenylpyridine) iri-
dium). According to another embodiment, the emission layer
222G may include a fluorescent material such as tris(8-hy-
droxyquinoline) aluminum (Alq3).

[0069] The second electrode 230 may be formed as the
transflective metal layer. According to one embodiment, the
second electrode 230 may include, for example, Ag and Mg.
For example, the second electrode 230 may include an
Ag—Mg alloy in which an amount of Ag is higher than an
amount of Mg. According to another embodiment, the second
electrode 230 may include any one selected from magnesium
(Mg), silver (Ag), lithium (Li), sodium (Na), calcium (Ca),
strontium (Sr), and an alloy of these.

[0070] According to an embodiment, the thickness of the
second masking pattern M2 may be greater than the sum of
thicknesses of the intermediate layer 220 and the second
electrode 230. Thus, the intermediate layer 220 and the sec-
ond electrode 230 on the second pixel area P2 may be dis-
continuously formed with the intermediate layer 220 and the
second electrode 230 on the second masking pattern M2.
[0071] Referring to FIG. 9, the second masking pattern M2
may be removed through a lift-off process. When the second
masking pattern M2 is removed, the intermediate layer 220
and the second electrode 230 that are patterned as an island
type remain on the second pixel area P2.

[0072] Referring to FIG. 10, a third masking pattern M3 is
formed to cover the pixels units P1 and P2 except for the third
pixel area P3. The third masking pattern M3 may include a
polymer material. However, the type of a material of the
second masking pattern M2 may be different in another
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embodiment, as long as the material may be well resolved in
the solvent during the lifi-off process that will be described
later and may reduce or minimize an influence on the inter-
mediate layer 220.

[0073] Referring to FIG. 11, the intermediate layer 220 and
the second electrode 230 are sequentially formed on the sub-
strate 100 on which the third masking pattern M3 is provided.
The intermediate layer 220 may include the first intermediate
layer 221, the emission layer 222R realizing a red color, and
the second intermediate layer 223.

[0074] The first intermediate layer 221 may be formed as
the HTL having the single layer structure. According to
another embodiment, the first intermediate layer 221 may
include the HIL adjacent to the first electrode 210 and the
HTL positioned on the HIL. The second intermediate layer
223 may include or omit the ETL and/or the EIL.

[0075] The emission layer 222R may include, as the host
material, the anthracene derivative or the carbazole-based
compound, and may include, as a dopant material, a phosphor
material including one or more materials selected from the
group consisting of PIQIr(acac)(bis(1-phenylisoquinoline)
acetylacetonate iridium), PQIr(acac(bis(1-phenylquinoline)
acetylacetonate iridium), PQIr(tris(1-phenylquinoline) iri-
dium), and PtPEP(octaethylporphyrin platinum). According
to another embodiment, the emission layer 222R may include
a fluorescent material such as PED:Eu(DBM)3(Phen) or
perylene.

[0076] The second electrode 230 may be formed as the
transflective metal layer. According to some embodiments,
the second electrode 230 may include, for example, Ag and
Mg. For example, the second electrode 230 may include an
Ag—Mg alloy in which an amount of Ag is higher than an
amount of Mg. According to another embodiment, the second
electrode 230 may include any one selected from magnesium
(Mg), silver (Ag), lithium (Li), sodium (Na), calcium (Ca),
strontium (Sr), and an alloy of these.

[0077] According to an embodiment, the thickness of the
third masking pattern M3 may be greater than the sum of
thicknesses of the intermediate layer 220 and the second
electrode 230. Thus, the intermediate layer 220 and the sec-
ond electrode 230 formed on the third pixel area P3 may be
discontinuously formed with the intermediate layer 220 and
the second electrode 230 formed on the third masking pattern
M3.

[0078] Referring to FIG. 12, the third masking pattern M3
is removed through the lift-off process. When the third mask-
ing pattern M3 is removed, the intermediate layer 220 and the
second electrode 230 that are patterned as an island type
remain on the third pixel area P3.

[0079] Referring to FIG. 13, the conductive protection
layer 240 and the connection electrode layer 250 that are
integrally formed to cover the pixel areas P1, P2, and P3 are
formed on the intermediate layer 220 and the second elec-
trode 230 that are patterned as an island type in each of the
pixel areas P1, P2, and P3.

[0080] The conductive protection layer 240 includes a
translucent material such that light emitted from the emission
layers 222B, 222G, and 222R may travel. For example, the
conductive protection layer 240 may include an oxide such as
ITO, 170, WOx, MoOx, and InOx or a conductive polymer
such as PEDOT.

[0081] The connection electrode layer 250 may be formed
as the transflective metal layer. According to one embodi-
ment, the connection electrode layer 250 may include, for
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example. Ag and Mg. For example, the connection electrode
layer 250 may include, for example, an Ag—Mg alloy in
which an amount of Ag is higher than an amount of Mg.
According to another embodiment, the connection electrode
layer 250 may include any one selected from magnesium
(Mg), silver (Ag), lithium (Li), sodium (Na), calcium (Ca),
strontium (Sr), and an alloy of these.

[0082] Thicknesses of the second electrode 230 and the
connection electrode layer 250 may be smaller than that of the
conductive protection layer 240.

[0083] The conductive protection layer 240 may have a
thickness corresponding to an optical resonance distance of
one of the one of the pixel areas P1, P2, and P3. According to
one embodiment, the conductive protection layer 240 may
have a thickness corresponding to an optical resonance dis-
tance of blue light, and thus a micro-cavity may be formed
between the second electrode 230 and the connection elec-
trode layer 250 of the first pixel area P1.

[0084] As described with reference to FIGS. 4 to 12, the
intermediate layer 220 and the second electrode 230 of each
of the pixel areas P1, P2, and P3 are formed through separate
processes. Thus, the thicknesses of the intermediate layer 220
and the second electrode 230 of each of the pixel areas P1, P2,
and P3 may be independently formed. The thicknesses of the
intermediate layer 220 and/or the second electrode 230 are
differently formed in each of the pixel areas P1, P2, and P3.
Thus, an optical resonance distance corresponding to a color
that is to be realized in a corresponding pixel area may be
formed in each of the pixel areas P1, P2, and P3.

[0085] According to one non-limiting embodiment, the
first pixel area P1 realizing a blue color having relatively low
efficiency may have a first optical resonance distance between
the second electrode 230 and the connection electrode layer
250 by controlling a thickness of the conductive protection
layer 240, and may have second and third optical resonance
distances respectively formed between the first electrode 210
and the second electrode 230 and between the first electrode
210 and the connection electrode layer 250 by controlling
thicknesses of the intermediate layer 220 and/or the second
electrode layer 230. The second and third pixel areas P2 and
P3 may have optical resonance distances respectively
between the first electrode 210 and the second electrode 230
and between the first electrode 210 and the connection elec-
trode layer 250 by controlling the thicknesses of the interme-
diate layer 220 and/or the second electrode layer 230 of each
of the second and third pixel areas P2 and P3.

[0086] FIG. 14 illustrates a cross-sectional view of another
embodiment of an organic light emitting display device.
Referring to FIG. 14, the organic light emitting display device
may include a protection layer 260 on the connection elec-
trode layer 250. When the connection electrode layer 250
formed as a transflective metal layer is exposed to oxygen
during a manufacturing process of the organic light emitting
display device, its translucency may deteriorate since the
connection electrode layer 250 is oxidized. To prevent this,
the organic light emitting display device may include protec-
tion layer 260 that may include an organic material and/or an
inorganic material having translucency.

[0087] FIG. 15 illustrates a cross-sectional view of another
embodiment of an organic light emitting display device.
Referring to FIG. 15, a conductive protection layer 240' may
be patterned as an island type corresponding to each of the
pixel areas P1, P2, and P3. The conductive protection layer
240" may be patterned together with the intermediate layer
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220 and the second electrode 230, so that the intermediate
layer 220, the second electrode 230, and the conductive pro-
tection layer 240' may have substantially a same pattern.
Thus, a stack structure 200" including the first electrode 210,
the intermediate layer 220, the second electrode 230, and the
conductive protection layer 240" is positioned in each of the
pixel areas P1, P2, and P3.

[0088] The intermediate layer 220, the second electrode
230, and the conductive protection layer 240" are patterned as
the island type corresponding to each of the pixel areas P1,
P2, and P3. The connection electrode layer 250 is integrally
formed with respect to the pixel areas P1, P2, and P3. Thus,
part of atop surface of the pixel defining layer 180 between or
among the pixel areas P1, P2, and P3 may be in direct contact
with the connection electrode layer 250.

[0089] In the organic light emitting display device
described with reference to F1G. 2, the conductive protection
layer 240 is integrally formed with respect to the pixel areas
P1,P2,and P3. Thus, a first optical resonance distance formed
between the second electrode 230 and the connection elec-
trode layer 250 by adjusting a thickness of the conductive
protection layer 240 may be determined in consideration of to
light to be emitted from one of the pixel areas P1, P2, and P3.

[0090] However, in accordance with one or more embodi-
ments of the organic light emitting display device, the con-
ductive protection layer 240" is patterned in each of the pixel
areas P1, P2, and P3. Thus, a thickness of the conductive
protection layer 240" may be independently controlled in each
of the pixel areas P1, P2, and P3. Thus, each of the pixel areas
P1, P2, and P3 may set an optical resonance distance from the
second electrode 230 to the connection electrode layer 250 by
adjusting the thickness of the conductive protection layer 240’
patterned in correspondence to a corresponding pixel.

[0091] FIGS. 16 to 22 illustrate cross-sectional views of
different stages of an embodiment of a method for manufac-
turing the organic light emitting display device of FIG. 15.

[0092] Referring to FIG. 16, the first masking pattern M1 is
formed on the substrate 100 in which the pixel circuit PC and
the first electrode 210 are formed. The first masking pattern
M1 covers the pixel areas P2 and P3 except for the first pixel
area P1.

[0093] The intermediate layer 220, the second electrode
230, and the conductive protection layer 240 are sequentially
formed on the substrate 100 on which the first masking pat-
tern M1 is formed. The intermediate layer 220 may include
the first intermediate layer 221, the emission layer 222B
emitting blue color light, and the second intermediate layer
223. The detailed configuration of the intermediate layer 220,
the second electrode 230, and the conductive protection layer
240" may be the same as described above.

[0094] According to an embodiment, the thickness of the
first masking pattern M1 may be greater than a sum of thick-
nesses of the intermediate layer 220, the second electrode
230, and the conductive protection layer 240'. Thus, the inter-
mediate layer 220, the second electrode 230, and the conduc-
tive protection layer 240" on the first pixel area P1 may be
discontinuously formed with the intermediate layer 220, the
second electrode 230, and the conductive protection layer
240" formed on the first masking pattern MI.

[0095] Referring to FIG. 17, the first masking pattern M1 is
removed through a lift-off process. When the first masking
pattern M1 is removed, the intermediate layer 220, the second
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electrode 230, and the conductive protection layer 240" that
are patterned as an island type remain on the first pixel area
P1.

[0096] Referring to FIG. 18, the second masking pattern
M2 is formed to cover the pixel areas P1 and P3 except for the
second pixel area P2. Thereafter, the intermediate layer 220,
the second electrode 230, and the conductive protection layer
240" are sequentially formed on the substrate 100 on which
the second masking pattern M2 is formed. The intermediate
layer 220 may include the first intermediate layer 221, the
emission layer 222G realizing a green color, and the second
intermediate layer 223. The detailed configuration of the
intermediate layer 220, the second electrode 230, and the
conductive protection layer 240' may be the same as
described above.

[0097] According to an embodiment, the thickness of the
second masking pattern M2 may be greater than a sum of
thicknesses of the intermediate layer 220, the second elec-
trode 230, and the conductive protection layer 240'. Thus, the
intermediate layer 220, the second electrode 230, and the
conductive protection layer 240" on the second pixel area P2
may be discontinuously formed with the intermediate layer
220, the second electrode 230, and the conductive protection
layer 240" formed on the second masking pattern M2.
[0098] Referring to FIG. 19, the second masking pattern
M2 is removed through the lift-off process. When the second
masking pattern M2 is removed, the intermediate layer 220,
the second electrode 230, and the conductive protection layer
240 that are patterned as an island type remain on the second
pixel area P2.

[0099] Referring to FIG. 20, the third masking pattern M3
is formed to cover the pixel areas P1 and P2 except for the
third pixel area P3. Thereafter, the intermediate layer 220, the
second electrode 230, and the conductive protection layer
240" are sequentially formed on the substrate 100 on which
the third masking pattern M3 is formed. The intermediate
layer 220 may include the first intermediate layer 221, the
emission layer 222R realizing a red color, and the second
intermediate layer 223. The detailed configuration of the
intermediate layer 220, the second electrode 230, and the
conductive protection layer 240' may be the same as
described above.

[0100] According to an embodiment, the thickness of the
third masking pattern M3 may be greater than a sum of
thicknesses of the intermediate layer 220, the second elec-
trode 230, and the conductive protection layer 240'. Thus, the
intermediate layer 220, the second electrode 230, and the
conductive protection layer 240" on the third pixel area P3
may be discontinuously formed with the intermediate layer
220, the second electrode 230, and the conductive protection
layer 240" formed on the third masking pattern M3.

[0101] Referring to FIG. 21, the third masking pattern M3
is removed through the lift-off process. When the third mask-
ing pattern M3 is removed, the intermediate layer 220, the
second electrode 230, and the conductive protection layer
240" that are patterned in the island type remain on the third
pixel area P3.

[0102]  According to the processes described with reference
to FIGS. 16 to 21, the second electrode 230 is patterned while
the conductive protection layer 240" is formed thereon,
thereby effectively preventing deterioration of transmittance,
since the second electrode 230 formed as a transflective metal
layer is exposed to oxygen and is oxidized during a process of
performing lift-off or other processes.
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[0103] The organic light emitting display device according
to the present embodiment may individually set various reso-
nance distances in each of the pixel areas P1, P2, and P3 since
the intermediate layer 220, the second electrode 230, and the
conductive protection layer 240" are patterned in each of the
pixel areas P1, P2, and P3. For example, each of the pixel
areas P1, P2, and P3 may independently set thicknesses of the
intermediate layer 220, the second electrode 230, and the
conductive protection layer 240'. For example, each of the
pixel areas P1, P2, and P3 may include at least one of a first
optical resonance distance from the second electrode 230 to
the connection electrode layer 250, a second optical reso-
nance distance from the first electrode 210 to the second
electrode 230, and a third optical resonance distance from the
first electrode 210 to the connection electrode layer 250.
[0104] FIG. 23 illustrates a cross-sectional view of another
embodiment of an organic light emitting display device.
Referring to FIG. 23, the organic light emitting display device
may include the protection layer 260 formed on the connec-
tion electrode layer 250. When the connection electrode layer
250 formed as a transflective metal layer is exposed to oxygen
during a manufacturing process of the organic light emitting
display device, its translucency may deteriorate since the
connection electrode layer 250 is oxidized. To prevent this,
the organic light emitting display device may include the
protection layer 260 that includes an organic material and/or
an inorganic material having translucency.

[0105] As described above, according to the organic light
emitting display device and the method of manufacturing the
organic light emitting display device of the one or more of the
above exemplary embodiments, light efficiency may be
improved.

[0106] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of skill in the art as of the filing of the
present application, features, characteristics, and/or elements
described in connection with a particular embodiment may be
used singly or in combination with features, characteristics,
and/or elements described in connection with other embodi-
ments unless otherwise indicated. Accordingly, it will be
understood by those of skill in the art that various changes in
form and details may be made without departing from the
spirit and scope of the invention as set forth in the following
claims.

What is claimed is:
1. An organic light emitting display device, comprising:
a substrate including a plurality of pixel areas;
a plurality of first electrodes corresponding to the pixel
areas and separated from each other;
aplurality of intermediate layers corresponding to the pixel
areas and separated from each other;
a plurality of second electrodes corresponding to the pixel
areas and separated from each other;
a conductive protection layer over the second electrodes;
and
aconnection electrode layer over the conductive protection
layer and electrically connecting the second electrodes.
2. The display device as claimed in claim 1, wherein the
connection electrode layer is integrally formed to cover the
pixel areas.
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3. The display device as claimed in claim 1, wherein the
second electrodes and the connection electrode layer include
a transflective metal layer.

4. The display device as claimed in claim 1, wherein a
thickness of the conductive protection layer is greater than a
thickness of each of the second electrodes and a thickness of
the connection electrode layer.

5. The display device as claimed in claim 1, wherein the
conductive protection layer is a translucent layer.

6. The display device as claimed in claim 1, wherein the
intermediate layers and the second electrode layers corre-
sponding to the pixel areas have substantially a same pattern.

7. The display device as claimed in claim 1, wherein a
distance between the second electrode and the connection
electrode layer corresponding to at least one of the pixel areas
corresponds to an optical resonance distance of light emitted
from the at least one of the pixel areas.

8. The display device as claimed in claim 1, wherein at least
one of a distance between the first electrode and the second
electrode corresponding to at least one of the pixel areas or a
distance between the first electrode and the connection elec-
trode layer corresponding to at least one of the pixel areas
corresponds to an optical resonance distance of light emitted
from the at least one of the pixel areas.

9. The display device as claimed in claim 1, wherein:

the pixel areas include a first pixel area corresponding to

first color emission of light and a second pixel area
corresponding to a second color emission of light, and

a thickness of the second electrode corresponding to the

first pixel area is different from a thickness of the second
electrode corresponding to the second pixel area.

10. The display device as claimed in claim 1, wherein the
conductive protection layer is integrally formed with respect
to the second electrodes.

11. The display device as claimed in claim 10, further
comprising:

a pixel defining layer between adjacent ones of the pixel

areas,

wherein at least part of a top surface of the pixel defining

layer is in direct contact with the conductive protection
layer.

12. The display device as claimed in claim 10, wherein the
conductive protection layer has a thickness based on an opti-
cal resonance distance of light emitted from one of the pixel
areas.

13. The display device as claimed in claim 1, wherein the
conductive protection layer has island-type patterns corre-
sponding to the pixel areas of the substrate.

14. The display device as claimed in claim 13, wherein
each of the island-type patterns substantially corresponds to
an island-type pattern of the second electrodes.

15. The display device as claimed in claim 13, further
comprising:

a pixel defining layer between adjacent ones of the pixel

areas,

wherein at least part of a top surface of the pixel defining

layer is in direct contact with the connection electrode
layer.

16. The display device as claimed in claim 13, wherein:

the pixel areas include a first pixel area corresponding to a
first color emission of light and a second pixel area
corresponding to a second color emission of light, and
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a thickness of the conductive protection layer correspond-
ing to the first pixel area is different from a thickness of
the conductive protection layer corresponding to the
second pixel area.

17. The display device as claimed in claim 1, wherein the
first electrodes are anodes and the second electrodes are cath-
odes.

18. The display device as claimed in claim 1, further com-
prising:

a protection layer on the connection electrode layer.

19. The display device as claimed in claim 1, wherein each
of the intermediate layers includes a first intermediate layer
adjacent to the first electrode and an emission layer on the first
intermediate layer.

20. The display device as claimed in claim 19, wherein the
first intermediate layer includes a hole transport layer.

21. A method for manufacturing an organic light emitting
display device, the method comprising:

preparing a substrate including a plurality of pixel areas;

patterning first electrodes which are separated from each
other and which correspond to the pixel areas of the
substrate;

forming intermediate layers and second electrodes, each of
the intermediate layers and the second electrodes having
island-type pattern to be separated from each other in
correspondence to the plurality of pixel areas of the
substrate;

forming a conductive protection layer covering the second
electrodes; and

forming a connection electrode layer on the conductive
protection layer, integrally formed with the pixel areas,
and electrically connecting the second electrodes.

22. The method as claimed in claim 21, wherein the second
electrodes and the connection electrode layer include a trans-
flective metal layer.

23. The method as claimed in claim 21, wherein a thickness
of the conductive protection layer is greater than a thickness
of each of the second electrodes and a thickness of the con-
nection electrode layer.

24. The method as claimed in claim 21, wherein the con-
ductive protection layer is a translucent layer.

25. The method as claimed in claim 21, wherein forming
the intermediate layers and the second electrodes includes:

forming a masking pattern, on the substrate, with an open-
ing exposing a first electrode corresponding to a first
pixel area, the first pixel area corresponding to a first
color emission of light;

forming an intermediate layer on an surface of the substrate
including the masking pattern;

forming the second electrodes on the intermediate layer;
and

removing the masking pattern such that the intermediate
layers and the second electrodes in the island-type pat-
tern remain in correspondence to the first pixel area.

26. The method as claimed in claim 21, wherein the con-
ductive protection layer is formed so that part of the conduc-
tive protection layer corresponding to a first pixel area for
performing a first color emission of light has a thickness
based on an optical resonance distance of the light emitted
from the first pixel area.

27. The method as claimed in claim 21, wherein the con-
ductive protection layer is integrally formed with respect to
the second electrodes.
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28. The method as claimed in claim 21, wherein the con-
ductive protection layer has an island-type pattern substan-
tially corresponding to the island-type pattern of each of the
second electrodes.

29. The method as claimed in claim 21, wherein the first
electrodes are anodes and the second electrodes are cathodes.

30. The method as claimed in claim 21, wherein each of the
intermediate layers includes a first intermediate layer adja-
cent to the first electrode and an emission layer on the first
intermediate layer.

31. The method as claimed in claim 30, wherein the first
intermediate layer includes a hole transport layer.

32. The method as claimed in claim 21, further comprising:

forming a protection layer on the connection electrode

layer.

Aug. 25,2016



patsnap

TREBHR(OF) BMAXREREBRAEGESZE
[F(2E)F US20160248039A1 [ (r&)B 2016-08-25
BiES US14/844321 RiEH 2015-09-03

FRIFB(EMNPAGE) ZEERERLT
i (E R AGR) = EDISPLAY CO., LTD.
LETERIB(ERR)A(E) = EDISPLAY CO. , LTD.

[FRIRBAA CHOUNG JIYOUNG
PARK JUNGSUN
BANG HYUNSUNG
LEE DUCKJUNG

KA CHOUNG, JIYOUNG
PARK, JUNGSUN
BANG, HYUNSUNG
LEE, DUCKJUNG

IPCH %S HO1L51/52 HO1L51/50 HO1L51/56 HO1L27/32

CPCH %S HO1L51/5228 H01L51/5206 HO1L27/3211 HO1L2227/323 H01L51/5056 HO1L51/56 HO1L2251/558
HO1L27/3246 HO1L51/5203 HO1L51/5265 HO1L51/5234 HO1L27/3248 H01L2227/32 H01L2251/56

R 5 1020150025912 2015-02-24 KR

H 20 FF 30k US10340473

SAEBEE Espacenet USPTO

BEF)

BNARETREEEEESNERARENNNZNE—BIK , PREHN a0 A0 0

203
FEEBW, F—BMBLEREIT , FoERELERT , HFEFEER W 220{2228
WEER, S-SR EERSERPE  FAESHEPE ERRE i
ZHREH BEEE B,

23 223
200422042226 20042204 222R
2

oo 0 e T


https://share-analytics.zhihuiya.com/view/e24e6ea9-9e11-4eca-b949-5e0a46cf73ea
https://worldwide.espacenet.com/patent/search/family/056690050/publication/US2016248039A1?q=US2016248039A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160248039%22.PGNR.&OS=DN/20160248039&RS=DN/20160248039

