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(57) ABSTRACT

An organic light-emitting display apparatus includes a pla-
narization layer, a plurality of group electrode layers having
different numbers of layers on the planarization layer and
including a first group electrode layer having a metal layer, a
reflective layer, a first transparent conductive layer, a second
transparent conductive layer, and a third transparent conduc-
tivelayer sequentially stacked, a second group electrode layer
having the metal layer, the reflective layer, the first transpar-
ent conductive layer, and the third transparent conductive
layer sequentially stacked, and a third group electrode layer
having the metal layer, the reflective layer, and the first trans-
parent conductive layer sequentially stacked, an intermediate
layer on the first group electrode layer, the second group
electrode layer, and the third group electrode layer, and
including at least one organic light-emitting layer, and a sec-
ond electrode layer on the intermediate layer.
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ORGANIC LIGHT-EMITTING DISPLAY

APPARATUS AND METHOD OF
MANUFACTURING THE SAME
BACKGROUND

[0001] 1.Field
[0002] Example embodiments relate to an organic light-

emitting display apparatus and a method of manufacturing
the same. More particularly, example embodiments relate to
an organic light-emitting display apparatus that is simply
manufactured and has high display quality, and a method of
manufacturing the organic light-emitting display apparatus.
[0003] 2. Description of the Related Art

[0004] Organic light-emitting display apparatuses are self-
emitting display apparatuses which emit light by applying a
voltage to a thin film layer including an anode, a cathode, and
an organic light-emitting layer disposed between the anode
and the cathode, so that electrons and holes recombine with
each other in the organic light-emitting layer. Organic light-
emitting display apparatuses have been spotlighted as the
next generation display apparatuses due to their lighter and
thinner design, wider viewing angle, faster response times,
and lower power consumption, e.g., as compared to cathode
ray tube (CRT) monitors or liquid crystal displays (LCDs).
[0005] Full color organic light-emitting display appara-
tuses may emit light having different wavelengths according
to different pixels, e.g., according to red, green, and blue
pixels. As such, an optical resonance structure for changing
an optical path between a transparent layer, e.g., a translucent
mirror, and a reflective layer in each pixel according to the
wavelength of emitted light may be implemented.

SUMMARY

[0006] Embodiments are therefore directed to an organic
light-emitting display apparatus and a method of manufac-
turing the same, which substantially overcome one or more of
the problems due to the limitations and disadvantages of the
related art.

[0007] Itis therefore a feature of an embodiment to provide
an organic light-emitting display apparatus that is simply
manufactured and has high display quality, and a method of
manufacturing the organic light-emitting display apparatus.

[0008] At least one of the above and other features and
advantages may be realized by providing a method of manu-
facturing an organic light-emitting display apparatus includ-
ing forming a planarization layer on a substrate, forming a
plurality of group electrode layers having different numbers
of layers on the planarization layer, the plurality of group
electrode layers being spaced apart from one another by a
predetermined distance and including a first group electrode
layer having a metal layer, a reflective layer, a first transparent
conductive layer, a second transparent conductive layer, and a
third transparent conductive layer sequentially stacked in the
stated order, a second group electrode layer having the metal
layer, the reflective layer, the first transparent conductive
layer, and the third transparent conductive layer sequentially
stacked in the stated order, and a third group electrode layer
having the metal layer, the reflective layer, and the first trans-
parent conductive layer sequentially stacked in the stated
order, forming an intermediate layer on the first group elec-
trode layer, the second group electrode layer, and the third
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group electrode layer, and including at least one organic light-
emitting layer, and forming a second electrode layer on the
intermediate layer.

[0009] The organic light-emitting display apparatus may
include a plurality of pixels, each of which has first electrode
layers, a second electrode layer, and an organic light-emitting
layer disposed between the first electrode layers and the sec-
ond electrode layer, wherein each of the plurality of pixels
emits light having wavelengths that vary according to thick-
nesses of the first electrode layers, the method further includ-
ing sequentially forming a planarization layer, a metal layer,
a reflective layer, a first transparent conductive layer, and a
second transparent conductive layer in the stated order on a
substrate, coating a first photoresist on the second transparent
conductive layer to form first photoresist patterns having two
different thicknesses by using a first photo mask, and etching
the reflective layer, the first transparent conductive layer, and
the second transparent conductive layer into a plurality of
separate stack structures each including the reflective layer,
the first transparent conductive layer, and the second trans-
parent conductive layer, exposing the second transparent con-
ductive layers of some of the plurality of stack structures by
removing the first photoresist patterns formed on the some of
the plurality of stack structures, removing portions of the
metal layer exposed between the first transparent conductive
layer and the second transparent conductive layer by using the
second transparent conductive layers exposed from the some
of the stack structures and a residual first photoresist pattern
remaining on the stack structure other than the some of the
stack structures as masks, removing the second transparent
conductive layers exposed from the some of the stack struc-
tures, and removing the residual first photoresist pattern.
[0010] The planarization layer may be formed on a plural-
ity of thin film transistors disposed on the substrate.

[0011] The metal layer may be formed to include at least
one of titanium (Ti), molybdenum (Mo), poly-indium tin
oxide (ITO), chromium (Cr), nickel (Ni), and cobalt (Co).
[0012] The reflective layer may be formed to include at
least one of aluminum (Al), silver (Ag), gold (Au), and plati-
num (Pt).

[0013] The first photo mask may be a half-tone mask.
[0014] Exposing the second transparent conductive layers
may include removing the first photoresist patterns formed on
the first preliminary stack structures by using plasma ashing.

[0015] Using plasma ashing may include using oxygen
(O,) plasma.
[0016] Removing of the portions of the metal layer may

include removing the portions of the metal layer by using wet
etching using an acid-based etchant.

[0017] Removing of the portions of the metal layer may
include removing the portions of the metal layer by using
plasma dry etching.

[0018] The first transparent conductive layer and the sec-
ond transparent conductive layer may have different etching
rates.

[0019] The first transparent conductive layer and the sec-
ond transparent conductive layer may include materials
selected from poly-ITO, amorphous ITO, indium gallium
oxide (IGO), and aluminum zinc oxide (AZO) in an order of
which an etching rate increases.

[0020] Removing of the second transparent conductive lay-
ers may include etching the second transparent conductive
layers by selectively etching the first transparent conductive
layer and the second transparent conductive layer.
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[0021] Removing the residual first photoresist pattern may
include forming stack structures spaced apart from each other
by a predetermined distance and having different thicknesses,
the stack structures including a first group electrode with a
first thickness and having the metal layer, the reflective layer,
the first transparent conductive layer, and the second trans-
parent conductive layer, and a second group electrode with a
second thickness and having the metal layer, the reflective
layer, and the first transparent conductive layer.

[0022] The method may further include forming a third
transparent conductive layer and a second photoresist on a
resultant structure obtained from removing the residual first
photoresist pattern, removing part of the third transparent
conductive layer by using a second photo mask process using
a second photo mask, and removing residual second photo-
resist patterns.

[0023] Removing the residual second photoresist patterns
may include forming stack structures spaced apart from each
other by a predetermined distance and having different thick-
nesses, the stack structures including a first group electrode
with a first thickness and having the metal layer, the reflective
layer, the first transparent conductive layer, the second trans-
parent conductive layer, and the third transparent conductive
layer, a second group with a second thickness and having the
metal layer, the reflective layer, the first transparent conduc-
tive layer, and the third transparent conductive layer, and a
third group with a third thickness and having the metal layer,
the reflective layer, and the first transparent conductive layer.

[0024] The first transparent conductive layer, the second
transparent conductive layer, and the third transparent con-
ductive layer may include materials selected from poly 1TO,
amorphous 1TO, IGO, and AZO in the order of which an
etching rate increases.

[0025] The method may further include forming a thin film
layer including one or more organic light-emitting layers on a
resultant structure obtained from the removing of the residual
second photoresist patterns, and forming a second electrode
layer on the thin film layer.

[0026] At least one of the above and other features and
advantages may also be realized by providing an organic
light-emitting display apparatus, including a planarization
layer disposed on a substrate, a plurality of group electrode
layers having different numbers of layers on the planarization
layer, the plurality of group electrode layers being spaced
apart from one another by a predetermined distance and
including a first group electrode layer including a metal layer,
areflective layer, a first transparent conductive layer, a second
transparent conductive layer, and a third transparent conduc-
tive layer sequentially stacked in the stated order, a second
group electrode layer including the metal layer, the reflective
layer, the first transparent conductive layer, and the third
transparent conductive layer sequentially stacked in the stated
order, and a third group electrode layer including the metal
layer, the reflective layer, and the first transparent conductive
layer sequentially stacked in the stated order, an intermediate
layer disposed on the first group electrode layer, the second
group electrode layer, and the third group electrode layer, and
including at least one organic light-emitting layer, and a sec-
ond electrode layer disposed on the intermediate layer.
[0027] The substrate may include a plurality of thin film
transistors, and the metal layer in each group electrode layer
is directly connected to one of the plurality of thin film tran-
sistors.
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[0028] The at least one organic light-emitting layer may
include a white light-emitting layer commonly formed on the
first group electrode layer, the second group electrode layer,
and the third group electrode layer.

[0029] The at least one organic light-emitting layer may
include light-emitting layers of different colors respectively
formed on the first group electrode layer, the second group
electrode layer, and the third group electrode layer.

[0030] The planarization layer may include at least one
material selected from the group consisting of polyimide,
polyamide, acrylic resin, benzocyclobutene, and phenolic
resin.

[0031] Each of the metal layers may include at least one
material selected from the group consisting of Ti, Mo, poly-
ITO, Cr, Ni, and Co.

[0032] Each of thereflective layers may include at least one
material selected from the group consisting of Al, Ag, Au, and
Pt.

[0033] The first transparent conductive layer, the second
transparent conductive layer, and the third transparent con-
ductive layer may be formed of materials selected from
among poly-I1TO, amorphous ITO, IGO, and AZO in an order
of which an etching rate increases.

[0034] The second electrode layer may include a translu-
cent electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The above and other features and advantages will
become more apparent to those of ordinary skill in the art by
describing in detail exemplary embodiments with reference
to the attached drawings, in which:

[0036] FIGS. 1 through 13 illustrate cross-sectional views
of stages in a method of manufacturing an organic light-
emitting display apparatus according to an embodiment; and
[0037] FIG. 14 illustrates a cross-sectional view of an
organic light emitting display apparatus according to an
embodiment.

DETAILED DESCRIPTION

[0038] Korean Patent Application No. 10-2010-0028596,
filed on Mar. 30, 2010, in the Korean Intellectual Property
Office, and entitled: “Organic Light-Emitting Display Appa-
ratus and Method of Manufacturing the Same,” is incorpo-
rated by reference herein in its entirety.

[0039] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; 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 the scope of the invention to those skilled in the art.
[0040] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer (or element) 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. 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 numerals refer to
like elements throughout.

[0041] An organic light-emitting display apparatus accord-
ing to an embodiment and a method of manufacturing the
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same will now be explained with reference to FIGS. 1 through
14. FIGS. 1 through 13 illustrate cross-sectional views of
stages ina method of manufacturing an organic light-emitting
display apparatus according to an embodiment, and FIG. 14
illustrates a cross-sectional view of the organic light-emitting
display apparatus formed by the method of FIGS. 1 through
13.

[0042] Referring to FIG. 14, the organic light-emitting dis-
play apparatus may include a substrate 10 having a plurality
of thin film transistors (TFTs), a planarization layer 30, first
electrode layers 50a, 506, and 50¢ having different thick-
nesses and disposed in a plurality of pixels, an intermediate
layer 70 including organic light-emitting layers 75, and a
second electrode layer 80. As illustrated in FIG. 14, the dif-
ferent thicknesses of the first electrode layers 50a, 506, and
50¢ may be adjusted according to different arrangements of a
metal layer 51, a reflective layer 52, a first transparent con-
ductive layer 53, and a second transparent conductive layer 54
on the substrate 10.

[0043] In detail, referring to FIG. 14, the substrate 10 may
be formed of a transparent plastic or a transparent glass mate-
rial, e.g., a material including SiO, as a main component.
Alternatively, the substrate 10 may be formed of an opaque
material.

[0044] As further illustrated in FIG. 14, a buffer layer 11,
e.g., formed of SiO, and/or SiN_, may be formed on a top
surface of the substrate 10. The buffer layer 11 may planarize
the substrate 10 and prevent impurity elements from penetrat-
ing into the substrate 10.

[0045] An active layer 21 of each of the TFTs may be
formed on the buffer layer 11 by using a semiconductor
material. A gate insulating layer 12 may be formed on the
bufferlayer 11 to coverthe active layer 21. The active layer 21
may be formed of an inorganic semiconductor material, e.g.,
amorphous silicon or polysilicon, or an organic semiconduc-
tor material. The active layer 21 includes a source region (not
shown), a drain region (not shown), and a channel region (not
shown) formed between the source region and the drain
region.

[0046] A gate electrode 23 may be disposed on the gate
insulating layer 12, and an interlayer insulating layer 13 may
be formed on the gate insulating layer 12 to cover the gate
electrode 23. Source and drain electrodes 25 may be disposed
ontheinterlayer insulating layer 13, and one of the source and
drain electrodes 25 may directly contact the metal layer 51
through a via hole (not shown). Although not shown, a pas-
sivation layer may be further disposed on the source and drain
electrodes 25.

[0047] The planarization layer 30 may be disposed on the
interlayer insulating layer 13 to cover the source and drain
electrodes 25. The planarization layer 30 may reduce a dif-
ference between stepped portions of the substrate 10 includ-
ing the plurality of TFTs, and may include at least one of, e.g,.,
polyimide, polyamide, acrylic resin, benzocyclobutene, and
phenolic resin.

[0048] Each of the gate insulating layer 12, the interlayer
insulating layer 13, the passivation layer, and the planariza-
tion layer 30 may be formed of an insulating material in a
single or multiple-layer structure including an inorganic
material, an organic material, or an organic/inorganic com-
posite material. The TFTs structures described above are
exemplary and may have various other structures.

[0049] Referring to FIGS. 1 and 14, the metal layer 51 may
be formed on, e.g., directly on, the planarization layer 30. The
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metal layer 51 may include at least one of, e.g., titanium (Ti),
molybdenum (Mo), poly-indium tin oxide (poly-1TO), chro-
mium (Cr), nickel (Ni), and cobalt (Co). The metal layer 51
improves contact stability between the planarization layer 30
and the reflective layer 52 that will be explained later. Also,
the metal layer 51 prevents damage to the planarization layer
30 during plasma ashing of photolithography using a half-
tone mask, as will be explained later.

[0050] The reflective layer 52 may be formed on, e.g,
directly on, the metal layer 51, so the metal layer 51 may be
between the reflective layer 52 and the planarization layer 30.
The reflective layer 52 acts as a reflective mirror in an optical
resonance structure. The reflective layer 52 may include at
least one material of, e.g., aluminum (Al), silver (Ag), gold
(Au), and platinum (Pt).

[0051] The first transparent conductive layer 53 and the
second transparent conductive layer 54 may be sequentially
stacked in the stated order on, e.g., directly on, the reflective
layer 52. Each of the first transparent conductive layer 53 and
the second transparent conductive layer 54 may include a
transparent conductive material. e.g., at least one of poly-
ITO, amorphous ITO, indium gallium oxide (IGO), and alu-
minum zinc oxide (AZO). Alternatively. each of the first and
second transparent conductive layers 53 and 54 may include
various other transparent conductive materials.

[0052] Each of the metal layer 51, the reflective layer 52,
the first transparent conductive layer 53, and the second trans-
parent conductive layer 54 may be deposited by various depo-
sition methods, e.g., a plasma enhanced chemical vapor depo-
sition (PECVD), an atmospheric pressure CVD (APCVD),
and/or a low pressure CVD (LPCVD). As illustrated in FIG.
1, each of the metal layer 51, the reflective layer 52, the first
transparent conductive layer 53, and the second transparent
conductive layer 54 may be deposited to overlap all the pixels
on the substrate 10. It is noted that for simplicity FIG. 1 does
not illustrate layers between the substrate 10 and the pla-
narization layer 30.

[0053] Referring to FIG. 2, once the metal layer 51, the
reflective layer 52, the first transparent conductive layer 53,
and the second transparent conductive layer 54 are deposited
on the substrate 10, a first photoresist P1 is coated on a
resultant structure of FIG. 1, i.e., on the second transparent
conductive layer 54. Pre-baking or soft baking may be per-
formed on the first photoresist P1 to remove a solvent.
[0054] 1In order to pattern the first photoresist P1, a first
photo mask M1 having a predetermined pattern may be
placed over the substrate 10. Light having a predetermined
wavelength band is emitted to the first photoresist P1 to per-
form exposure.

[0055] The first photo mask M1 may be a half-tone mask,
i.e., a half-tone mask M1, including a light-blocking portion
M11, a half-transmitting portion M12, and a light-transmit-
ting portion M13. The light-transmitting portion M13 sub-
stantially completely transmits light of a predetermined
wavelength band therethrough, the light-blocking portion
M11 substantially completely blocks light transmittance
therethrough, and the half-transmitting portion M12 trans-
mits only part of the light therethrough. The half-tone mask
M1 illustrated in FIG. 2 is a conceptual diagram for explain-
ing the function ofeach portion of the half-tone mask M1. The
half-tone mask M1 having a predetermined pattern may be
formed on a transparent substrate, e.g., a quartz (Qz) sub-
strate. The light-blocking portion M11 may be formed by
patterning a material, e.g., Cr or CrO,, on the quartz substrate,
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and the half-transmitting portion M12 may adjust light trans-
mission characteristics by adjusting a thickness or a compo-
sitionratio of atleastone of, e.g., Cr, Si, Mo, Ta, and Al, on the
quartz, substrate.

[0056] After light is emitted toward the photoresist P1
through the half-tone mask M1, portions of the first photore-
sist P1 exposed to the light are removed through develop-
ment. Remaining patterns of the first photoresist P1 on the
substrate 10 are illustrated in FIG. 3. Although a positive
photoresist is used to remove the portions of the first photo-
resist P1 exposed to the light in FIG. 3, the present embodi-
ment is not limited thereto and a negative photoresist may be
used.

[0057] In detail, referring to FIG. 3, a portion of the first
photoresist P1 corresponding to the light-transmitting portion
M13 of the half-tone mask M1 is removed, e.g., completely
removed to expose a portion of the second transparent con-
ductive layer 54, and first photoresist patterns P, ,, P,,, and
P, corresponding to the light-blocking portion M11 and the
half-transmitting portion M12 remain. Each of the thick-
nesses H, of the first photoresist portions P, , and P, 5 corre-
sponding to the half-transmitting portion M12 is smaller than
athickness H, of the first photoresist pattern P, , correspond-
ing to the light-blocking portion M11.

[0058] Referring to FIG. 4, by using the first photoresist
patterns P, ,, P, ,, and P, ; as masks, the reflective layer 52, the
first transparent conductive layer 53, and the second transpar-
ent conductive layer 54 formed on the metal layer 51 and the
planarization layer 30 may be etched to form a plurality of
preliminary stack structures SP. Each of the resultant stack
structures SP may include the reflective layer 52, the first
transparent conductive layer 53, and the second transparent
conductive layer 54. Here, the reflective layer 52, the first
transparent conductive layer 53, and the second transparent
conductive layer 54 may be etched by wet etching or dry
etching. As illustrated in FIG. 4, the metal layer 51 formed on
the planarization layer 30 is not etched along with the reflec-
tive layer 52, the first transparent conductive layer 53, and the
second transparent conductive layer 54.

[0059] Referring to FIG. 5, at least an upper part of each of
the first photoresist patterns P,;, P,,, and P;; may be
removed, i.e., each of the thicknesses H; and H, may be
reduced. As a result, an upper surface of the second transpar-
ent conductive layer 54 in some of the preliminary stack
structures SP may be exposed. For example, as illustrated in
FIG. 5, the first photoresist patterns P,, and P, 5 having the
thickness H, may be completely removed to expose the sec-
ond transparent conductive layer 54. As further illustrated in
FIG. 5, anupper part of the first photoresist pattern P, may be
removed to form a pattern P,,' on the second transparent
conductive layer 54 with a reduced thickness smaller than the
thickness H;, e.g., the thickness H; may be reduced by the
thickness H,.

[0060] The upper parts of the first photoresist patterns P, ,,
P,,,andP,, may bereduced, e.g., by ashing using plasma. For
example, ashing by oxygen (O,) plasma may be used.
According to example embodiments, since the metal layer 51
is inserted between the planarization layer 30 and the reflec-
tive layer 52 before the ashing, the planarization layer 30 may
be protected during the ashing. In other words, as the metal
layer 51 may completely cover the planarization layer 30, the
ashing process of the layers above the metal layer 51 may not
affect the planarization layer 30. As such, an upper surface of
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the planarization layer 30, i.e., a surface facing away from the
substrate 10, may be substantially flat.

[0061] Incontrast,inaconventional manufacturing method
of an organic light-emitting display apparatus, ashing using
oxygen plasma may damage a planarization layer that covers
the TFTs. As such, the ashing by oxygen plasma in the con-
ventional manufacturing method may reduce flatness and
uniformity of the planarization layer, thereby reducing oper-
ability and reliability of a first electrode thereon. In particular,
if the organic light-emitting display apparatus is a top emis-
sion type organic light-emitting display apparatus, i.e., an
apparatus in which an image is formed on a side opposite to
the substrate, the state of a surface of the planarization layer
may directly affect the first electrode layer.

[0062] Referring to FIG. 6, by using the first photoresist
pattern P', | remaining on an upper portion of the preliminary
stack structure SP and the exposed second transparent con-
ductive layers 54, portions of the metal layer 51 between the
stacked structures SP, i.e., areas A in FIG. 6, may be removed
to expose portions of the planarization layer 30. The portions
of the metal layer 51 in the exposed areas A may be removed
by wet etching using an acid-based etchant, e.g.. nitric acid or
hydrochloric acid. Alternatively, the portions of the metal
layer 51 in the exposed areas A may be removed by plasma
dry etching. As such, each preliminary stack structure SP may
include the metal layer 51 as a bottom layer.

[0063] According to the method of manufacturing the
organic light-emitting display apparatus of FIGS. 1 through
6, contact stability between the reflective layer 52 and the
metal layer 51, as well as contact stability between the pla-
narization layer 30 and the metal layer 51, may be improved.
Further, the planarization layer 30 may be protected during
plasma ashing of photolithography using a half-tone mask by
which part of the thickness of the first photoresist P1 is
removed.

[0064] Referring to FIG. 7, the exposed second transparent
conductive layers 54 on some of the stack structures may be
removed. The second transparent conductive layers 54 may
be etched by using an etchant having an etching selectivity
with respect to the first transparent conductive layer 53, i.e.,
the etchant may have different etching rates in the first and
second transparent conductive layers 53 and 54. That is, the
first transparent conductive layer 53 and the second transpar-
ent conductive layer 54 may include transparent conductive
materials having different etching rates.

[0065] For example, an etching rate may increase in the
order of poly-ITO, amorphous ITO, IGO, and AZO among
transparent conductive materials. Accordingly, if the first
transparent conductive layer 53 includes poly-ITO, the sec-
ond transparent conductive layer 54 may include one of amor-
phous ITO, IGO, and AZO, etching rates of which are higher
than that of the poly-ITO.

[0066] Referring to FIG. 8, as the first photoresist pattern
P, covers an upper portion of at least one stack structure,
stack structures of different heights may be formed. In other
words, the stack structures may be separated into two groups
having different thicknesses on the substrate 10 and the pla-
narization layer 30, and may be spaced apart from each other
by a predetermined distance. A stack structure having a first
thickness may include the metal layer 51, the reflective layer
52, the first transparent conductive layer 53, and the second
transparent conductive layer 54, and a stack structure having
a second thickness may include the metal layer 51, the reflec-
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tive layer 52, and the first transparent conductive layer 53, i.e.,
without the second transparent conductive layer 54.

[0067] The stack structures having different thicknesses
may function as first electrode layers of the organic light-
emitting display apparatus. Although not shown, if an organic
light-emitting layer and a second electrode layer are directly
formed on the stack structures, the organic light-emitting
display apparatus including the first electrode layers having
different thicknesses may emit light having different resonant
wavelengths. Although the organic light-emitting display
apparatus for creating three different colors will now be
explained below, it will be understood by one of ordinary skill
in the art that example embodiments are not limited the num-
ber of colors and may be applied to any organic light-emitting
display apparatus including first electrode layers having dif-
ferent thicknesses and capable of emitting light having dif-
ferent resonant wavelengths.

[0068] Referring to FIG. 9, a third transparent conductive
layer 55 may be formed, e.g., conformally, on the resultant
structure of FIG. 8. If the first transparent conductive layer 53
includes, e.g., poly-1TO, and the second transparent conduc-
tive layer 54 includes, e.g., amorphous [TO, the third trans-
parent conductive layer 55 may include, e.g., IGO or AZO.
[0069] Referring to FIG. 10, a second photoresist P2 may
be coated on the third transparent conductive layer 55. In
order to pattern the second photoresist P2, a second photo
mask M2 having a light-blocking portion M21 and a light-
transmitting portion M23 is prepared. The second photo mask
M2 is placed over the substrate 10 so that a pattern of the
light-transmitting portion M23 corresponds to some of the
stack structures having a lower thickness, and light having a
predetermined wavelength band is emitted to the second pho-
toresist P2 to perform exposure.

[0070] Referring to FIG. 11, after development is per-
formed, a portion of the second photoresist P2 corresponding
to the light-transmitting portion M23 of the second photo
mask M2 is removed. As illustrated in FIG, 11, residual
second photoresist patterns P21 and P22 corresponding to the
light-blocking portion M21 may remain on the stack struc-
tures. It is noted that a width of the second photoresist patterns
P21 and P22 may correspond to and overlap a width of the
first transparent conductive layer 53.

[0071] Referring to FIG. 12, portions of the third transpar-
ent conductive layer 55 may be removed by using the residual
second photoresist patterns P21 and P22 as masks. The por-
tions of the third transparent conductive layer 55 may be
removed by wet etching or dry etching.

[0072] Referringto FIG. 13, the residual second photoresist
patterns P21 and P23 remaining on upper portions of some of
the stack structures may be removed. As a result, stack struc-
tures S, which may be separated into three groups having
different thicknesses, may be formed on the substrate 10 and
the planarization layer 30.

[0073] A stack structure having a first thickness may
include the metal layer 51, the reflective layer 52, the first
transparent conductive layer 53, the second transparent con-
ductive layer 54, and the third transparent conductive layer
55. A stack structure having a second thickness may include
the metal layer 51, the reflective layer 52, the first transparent
conductive layer 53, and the third transparent conductive
layer 55. A stack structure having a third thickness may
include the metal layer 51, the reflective layer 52, and the first
transparent conductive layer 53. The first through third thick-
nesses may be different from each other. The stack structure
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having the first thickness, the stack structure having the sec-
ond thickness, and the stack structure having the third thick-
ness function as first electrode layers with different thick-
nesses of the organic light-emitting display apparatus.
Referring to FIG. 14, the stack structure having the first
thickness is referred to as the first group electrode layer 50q,
the stack structure having the second thickness is referred to
as the second group electrode layer 505, and the stack struc-
ture having the third thickness is referred to as the third group
electrode layer 50c.

[0074] Referring to FIG. 14, an insulating layer 60 may be
coated on the first group electrode layer 504, the second group
electrode layer 505, and the third group electrode layer 50c,
and may be patterned to expose portions of the first group
electrode layer 504, the second group electrode layer 505, and
the third group electrode layer 50¢. The insulating layer 60
may be formed around the first group electrode layer 504, the
second group electrode layer 505, and the third group elec-
trode layer 50¢ to have an increasing distance between the
second electrode layer 80 and a respective one of the first,
second, and third group electrode layers 50a, 505, and 50c¢.
The insulating layer 60 may cover edges of the first, second,
and third group electrode layers 50a, 505, and 50c, thereby
preventing an electric field from concentrating on the edges of
the first, second, and third group electrode layers 50a, 505,
and 50c. Accordingly, the insulating layer 60 may act as a
pixel defining layer (PDL) for preventing a short-circuit
between the second electrode layer 80 and each of the first,
second, and third group electrode layers 50a, 505, and 50c¢.
The second electrode layer 80 may be a counter electrode.

[0075] The intermediate layer 70 including the organic
light-emitting layers 75 and the second electrode 80 may be
formed in the stated order on each of the first, second, and
third group electrode layers 50a, 505, 50¢, and on the pixel
defining layer 60.

[0076] The organic light-emitting layers 75 emit light by
being electrically driven by the second electrode layer 80 and
the first, second, and third group electrode layers 50a, 508,
and 50c. The organic light-emitting layers 75 may be used to
emit white light. In this case, light having different wave-
lengths may be emitted and thus light having different colors
may be emitted according to pixels and a resonance distance
between the reflective layer 52 of the first group electrode
layer 50a and the second electrode layer 80, a resonance
distance between the reflective layer 52 of the second group
electrode layer 505 and the second electrode layer 80, and a
resonance distance between the reflective layer 52 of the third
group electrode layer 50¢ and the second electrode layer 80.
[0077] Alternatively, the organic light-emitting layer 75
may be used to emit color light, not white light, for each pixel.
For example, the organic light-emitting display apparatus
having higher display quality may be provided by forming a
red light-emitting material, a green light-emitting material,
and a blue light-emitting material respectively on the first,
second, and third group electrode layers 50a, 505, and 50¢,
and optimizing the resonance distance between the reflective
layer 52 of the first group electrode layer 50a and the second
electrode layer 80, the resonance distance between the reflec-
tive layer 52 of the second group electrode layer 505 and the
second electrode layer 80, and the resonance distance
between the reflective layer 52 of the third group electrode
layer 50c and the second electrode layer 80 so as to corre-
spond to colors of light.
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[0078] The organic light-emitting layers 75 may be formed
of alow molecular weight organic material or a high molecu-
lar weight organic material. If the organic light-emitting lay-
ers 75 are formed of a low molecular weight organic material,
the intermediate layer 70 may include a hole transport layer
(HTL) and a hole injection layer (HIL) stacked closer to the
first, second, and third group electrode layers 50qa, 505, and
50¢ around each of the organic light-emitting layers 75, and
an electron transport layer (ETL) and an electron injection
layer (EIL) stacked closer to the second electrode layer 80.
Various other layers may be stacked if necessary. Examples of
the low molecular weight organic material may include cop-
per phthalocyanine (CuPc), N,N'-di(naphthalene-1-y1)-N,N'-
diphenyl-benzidine (NPB), and tris-8-hydroxyquinoline alu-
minum (Alg3).

[0079] Ifthe organic light-emitting layers 75 are formed of
a high molecular weight organic material, the intermediate
layer 70 may be formed in such a manner that only an HTL is
disposed closer to the first, second, and third group electrode
layers 50a, 505, and 50c¢ around each of the organic light-
emitting layers 75. The HTL may be formed on the first,
second, and third group electrode layers 50a, 505, and 50¢ by
inkjet printing or spin-coating using, e.g., poly-(2,4)-ethyl-
ene-dihydroxy thiophene (PEDOT) or polyaniline (PANT).
Examples of the high molecular weight organic material may
include poly-phenylenevinylene (PPV)-based high molecu-
lar weight organic material and polyfluorene-based high
molecular weight organic material. These high molecular
weight organic materials may form color patterns by using a
typical thermal transfer method, e.g., laser, spin-coating, or
inkjet printing.

[0080] The second electrode layer 80 may be deposited as a
common electrode on the intermediate layer 70 including the
organic light-emitting layers 75. In the organic light-emitting
display apparatus of FIG. 14, the first, second, and third group
electrode layers 50a, 506, and 50c may be used as anode
electrodes, and the second electrode layer 80 may be used as
a cathode electrode. The present embodiment is not limited
thereto, and the first, second, and third group electrode layers
50a, 505, and 50¢ may be used as cathode electrodes and the
second electrode layer 80 may be used as an anode electrode.
The second electrode layer 80 functioning as a transparent
layer, e.g., a translucent mirtor, in the optical resonance struc-
ture may be formed of a conductive material having a trans-
mittance greater than a predetermined transmittance.

[0081] Although not shown, a sealing member and a mois-
ture absorbent for protecting the organic light-emitting layers
75 from external moisture or oxygen may be further disposed
on the second electrode layer 80.

[0082] Theorganic light-emitting display apparatus and the
method of manufacturing the same according to example
embodiments may include the metal layer 51 between the
planarization layer 30 and the reflective layer 52. Therefore,
contact stability between the planarization layer 30 and the
reflective layer 52 may be improved, and the planarization
layer 30 may be protected during plasma ashing of photoli-
thography using a half-tone mask by which part of the thick-
ness of the first photoresist P1 is removed. Also, since remain-
ing portions of the metal layer 51 are removed by using the
first transparent conductive layer 53 and the second transpar-
ent conductive layer 54 as metal masks and the first transpar-
ent conductive layer 53 and the second transparent conductive
layer 54 are formed of materials having different etching
rates, the second transparent conductive layer 54 may be
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simply etched. Accordingly, the method of manufacturing the
organic light-emitting display apparatus may be simplified
and the organic light-emitting display apparatus having high
display quality and the manufacturing method thereof may be
provided.
[0083] As described above, the flat panel display apparatus
and the method of manufacturing the same according to the
present invention have the following effects.
[0084] First, since a metal layer is inserted between a pla-
narization layer and a reflective layer, contact stability
between the planarization layer and the reflective layer may
be improved.
[0085] Second, since resonance anodes having different
thicknesses are formed by using a half-tone mask, a manu-
facturing process may be simplified.
[0086] Third, since the metal layer is inserted between the
planarization layer and the reflective layer, the planarization
layer may be protected during plasma ashing of photolithog-
raphy using a half-tone mask by which part of the thickness of
a photoresist is removed.
[0087] Fourth, since transparent conductive layers includ-
ing resonance anodes having different thicknesses are formed
of materials having different etching rates, the thicknesses of
the resonance anodes may be simply adjusted.
[0088] Since the elements illustrated in the drawings may
be enlarged or contracted for convenience of explanation, the
present invention is not limited to the sizes or shapes of the
elements illustrated in the drawings. Exemplary embodi-
ments 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. Accordingly, it will be understood by those of
ordinary skill in the art that various changes in form and
details may be made without departing from the spirit and
scope of the present invention as set forth in the following
claims.
What is claimed is:
1. A method of manufacturing an organic light-emitting
display apparatus, comprising;
forming a planarization layer on a substrate;
forming a plurality of group electrode layers having differ-
ent numbers of layers on the planarization layer, the
plurality of group electrode layers being spaced apart
from one another by a predetermined distance and
including:

a first group electrode layer having a metal layer, a
reflective layer, a first transparent conductive layer, a
second transparent conductive layer, and a third trans-
parent conductive layer sequentially stacked in the
stated order,

a second group electrode layer having the metal layer,
the reflective layer, the first transparent conductive
layer, and the third transparent conductive layer
sequentially stacked in the stated order, and

a third group electrode layer having the metal layer, the
reflective layer, and the first transparent conductive
layer sequentially stacked in the stated order;

forming an intermediate layer on the first group electrode
layer, the second group electrode layer, and the third
group electrode layer, and including at least one organic
light-emitting layer; and
forming a second electrode layer on the intermediate layer.
2. The method as claimed in claim 1, wherein the metal
layer is formed to include at least one of titanium (T1), molyb-
denum (Mo), poly-indium tin oxide (ITO), chromium (Cr),
nickel (Ni), and cobalt (Co).
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3. The method as claimed in claim 1, wherein the reflective
layer is formed to include at least one of aluminum (Al), silver
(Ag), gold (Au), and platinum (Pt).

4. The method as claimed in claim 1, wherein forming the
first and second transparent conductive layers are formed of
materials having different etching rates.

5. The method as claimed in claim 4, wherein the first
transparent conductive layer is formed to have a lower etching
rate than the second transparent conductive layer, the first and
second conductive layers being formed of poly-ITO, amor-
phous ITO, indium gallium oxide (IGO), or aluminum zinc
oxide (AZ0).

6. The method as claimed in claim 1, further comprising:

sequentially forming the planarization layer, the metal
layer, the reflective layer, the first transparent conductive
layer, and the second transparent conductive layer on the
substrate in the stated order;

coating a first photoresist on the second transparent con-
ductive layer to form first photoresist patterns having
two different thicknesses by using a first photo mask;

etching the reflective layer, the first transparent conductive
layer, and the second transparent conductive layer by
using the first photoresist patterns as a mask to form a
plurality of separate preliminary stack structures, such
that each preliminary stack structure includes the reflec-
tive layer, the first transparent conductive layer, and the
second transparent conductive layer;

exposing the second transparent conductive layers in first
preliminary stack structures by removing the first pho-
toresist patterns from the first preliminary stack struc-
tures, such that a residual first photoresist pattern
remains on at least one second preliminary stack struc-
ture;

removing portions of the metal layer exposed between the
preliminary stack structures by using the exposed sec-
ond transparent conductive layer in the first preliminary
stack structures and the residual first photoresist pattern;

removing the exposed second transparent conductive lay-
ers from the first preliminary stack structures; and

removing the residual first photoresist pattern.

7. The method as claimed in claim 6, wherein using the first
photo mask includes using a half-tone mask.

8. The method as claimed in claim 6, wherein exposing the
second transparent conductive layers includes removing the
first photoresist patterns formed on the first preliminary stack
structures by using plasma ashing.

9. The method as claimed in claim 8, wherein using plasma
ashing includes using oxygen (O,) plasma.

10. The method as claimed in claim 6, wherein removing
portions of the metal layer includes removing portions of the
metal layer by wet etching using an acid-based etchant or by
using plasma dry etching.

11. The method as claimed in claim 6, wherein removing
the residual first photoresist pattern includes forming stack
structures spaced apart from each other by a predetermined
distance and having different thicknesses, the stack structures
including:

a first group electrode with a first thickness and having the
metal layer, the reflective layer, the first transparent con-
ductive layer, and the second transparent conductive
layer, and

a second group electrode with a second thickness and hav-
ing the metal layer, the reflective layer, and the first
transparent conductive layer.
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12. The method as claimed in claim 6, further comprising:

forming a third transparent conductive layer and a second
photoresist, after removing the residual first photoresist
pattem,

removing a part of the third transparent conductive layer
via a second photo mask process using a second photo
mask, and

removing residual second photoresist patterns.

13. The method as claimed in claim 12, wherein removing
the residual second photoresist patterns includes forming
stack structures spaced apart from each other by a predeter-
mined distance and having different thicknesses, the stack
structures including:

a first group electrode with a first thickness and having the
metal layer, the reflective layer, the first transparent con-
ductive layer, the second transparent conductive layer,
and the third transparent conductive layer,

a second group with a second thickness and having the
metal layer, the reflective layer, the first transparent con-
ductive layer, and the third transparent conductive layer,
and

a third group with a third thickness and having the metal
layer, the reflective layer, and the first transparent con-
ductive layer.

14. The method as claimed in claim 13, wherein the first
transparent conductive layer, the second transparent conduc-
tive layer, and the third transparent conductive layer are
formed of poly ITO, amorphous ITO, IGO, or AZO, such that
an etching rate of the first through third transparent conduc-
tive layers increases.

15. An organic light-emitting display apparatus, compris-
ing:

a planarization layer disposed on a substrate;

a plurality of group electrode layers having different num-
bers of layers on the planarization layer, the plurality of
group electrode layers being spaced apart from one
another by a predetermined distance and including:

a first group electrode layer including a metal layer, a
reflective layer, a first transparent conductive layer, a
second transparent conductive layer, and a third trans-
parent conductive layer sequentially stacked in the
stated order,

asecond group electrode layer including the metal layer,
the reflective layer, the first transparent conductive
layer, and the third transparent conductive layer
sequentially stacked in the stated order, and

a third group electrode layer including the metal layer,
the reflective layer, and the first transparent conduc-
tive layer sequentially stacked in the stated order;

an intermediate layer disposed on the first group electrode
layer, the second group electrode layer, and the third
group electrode layer, and including at least one organic
light-emitting layer; and

asecond electrode layer disposed on the intermediate layer.

16. The organic light-emitting display apparatus as
claimed in claim 15, wherein:

the substrate includes a plurality of thin film transistors;
and

the metal layer in each group electrode layer is directly
connected to one of the plurality of thin film transistors.

17. The organic light-emitting display apparatus as
claimed in claim 15, wherein the at least one organic light-
emitting layer includes a white light-emitting layer on the first
group electrode layer, the second group electrode layer, and
the third group electrode layer.



US 2011/0241000 A1l

18. The organic light-emitting display apparatus as
claimed in claim 15, wherein the at least one organic light-
emitting layer includes light-emitting layers of different col-
ors respectively disposed on the first group electrode layer,
the second group electrode layer, and the third group elec-
trode layer.

19. The organic light-emitting display apparatus as
claimed in claim 15, wherein the metal layer includes at least
one of Ti, Mo, poly-ITO, Cr, Ni, and Co, and the reflective
layer includes at least one of Al, Ag, Au, and Pt.
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20. The organic light-emitting display apparatus as
claimed in claim 15, wherein the first transparent conductive
layer, the second transparent conductive layer, and the third
transparent conductive layer include respective first through
third materials, the first through third materials having differ-
ent and increasing etching rates, and the first through third
materials being three of poly-1TO, amorphous ITO, IGO, and
AZ0.
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