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FIG. 6A
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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE AND MANUFACTURING METHOD
OF THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2010-0096913, filed on Oct. 5, 2010, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] The present invention relates to organic light-emit-
ting display devices and methods of manufacturing the same.
[0004] 2. Description of the Related Technology

[0005] Organic light-emitting display devices are typically
lightweight and thin, and have wide viewing angles, short
response times, and reduced power consumption, and thus are
of great interest as next-generation display devices.

SUMMARY

[0006] One or more embodiments of the present invention
provide organic light-emitting display devices having excel-
lent signal transmission characteristics and an excellent apet-
ture ratio, and simplified methods of manufacturing the same.
[0007] According to an aspect of the present invention,
there is provided an organic light-emitting display device
comprising: an active layer of a thin film transistor and a
bottom capacitor electrode formed over a substrate, wherein
the bottom capacitor electrode includes a semiconductor
material that is formed on the same layer as the active layer
and doped with ion impurities: a first insulation layer formed
over the substrate to cover the active layer and the bottom
capacitor electrode; a gate electrode formed over the first
insulation layer, wherein the gate electrode comprises a first
gate electrode and a second gate electrode that are sequen-
tially stacked on the first insulation layer, wherein the first
gate electrode comprises a transparent conductive material,
and the second gate electrode comprises a metal; a pixel
electrode thatis formed over the first insulation layer, wherein
the pixel electrode comprises a transparent conductive mate-
rial, and a top capacitor electrode that is formed on the same
layer as the pixel electrode, wherein the top capacitor elec-
trode comprises a transparent conductive material; source and
drain electrodes of the thin film transistor that are electrically
connected to the active layer; a second insulation layer that is
formed between the first insulation layer and the source and
drain electrodes and includes afirst contact hole exposing the
entire top capacitor electrode; a third insulation layer that is
formed over the second insulation layer and exposes the pixel
electrode; an emissive layer formed over the pixel electrode;
and an opposite electrode disposed to face the pixel electrode,
wherein the emissive layer is disposed between the pixel
electrode and the opposite electrode.

[0008] The first gate electrode, the pixel electrode, and the
top capacitor electrode may comprise the same transparent
conductive material.

[0009] A gap may be formed between an outer side of the
top capacitor electrode and an inner sidewall of the contact
hole.

[0010] A third insulation layer may be disposed in the gap.
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[0011] A capacitor wiring connected to the bottom capaci-
tor electrode may be formed on the same layer as the bottom
capacitor electrode, wherein the capacitor wiring comprises a
semiconductor material doped with ion impurities.

[0012] A connection portion between the bottom electrode
and the capacitor wiring may be doped with ion impurities.
[0013] The connection portion may correspond to the posi-
tion of the gap formed between the outer side of the top
capacitor electrode and the contact hole.

[0014] The second insulation layer may comprise a second
contact hole exposing the entire pixel electrode.

[0015] A gap may be formed between an outer side of the
pixel electrode and an inner sidewall of the second contact
hole.

[0016] The third insulation layer may comprise an organic
insulation material.

[0017] The active layer may comprise a semiconductor
material doped with ion impurities.

[0018] The semiconductor material may include amor-
phous silicon or crystalline silicon.

[0019] Theopposite electrode may be a reflective electrode
that reflects light emitted from the emissive layer.

[0020] At least one insulation layer having a different
refractive index from the first insulation layer may be dis-
posed between the substrate and the first insulation layer.
[0021] According to another aspect of the present inven-
tion, there is provided a method of manufacturing an organic
light-emitting display device, the method comprising: a first
mask operation comprising forming a semiconductor layer
over a substrate and patterning the semiconductor layer to
form an active layer of a thin film transistor and a bottom
capacitor electrode; a second mask operation comprising
forming a first insulation layer over the substrate to cover the
active layer and the bottom capacitor electrode, sequentially
stacking a transparent conductive material and a first metal on
the first insulation layer, and patterning the transparent con-
ductive material and the first metal to sequentially form a
pixel electrode in which the transparent conductive material
and the first metal are sequentially stacked, a gate electrode of
the thin film transistor, and a top capacitor electrode; a third
mask operation comprising forming a second insulation layer
on a resultant product of the second mask operation and
patterning the second insulation layer to form a contact hole
entirely exposing the pixel electrode, source and drain areas
of the active layer, and the top capacitor electrode; a fourth
mask operation comprising forming a second metal on a
resultant product of the third mask operation, patterning the
second metal to form source and drain electrodes respectively
contacting the exposed source and drain areas, and removing
the first metal formed on the pixel electrode and the top
capacitor electrode; and a fifth mask operation comprising
forming a third insulation layer on a resultant product of the
fourth mask operation, wherein the third insulation layer
exposes the transparent conductive material of the pixel elec-
trode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The above and other features and advantages of the
present invention will become more apparent by describing in
detail certain embodiments thereof with reference to the
attached drawings in which:

[0023] FIG. 1 is a cross-sectional view illustrating an
organic light-emitting display device according to an embodi-
ment of the present invention;



US 2012/0080663 A1

[0024] FIG. 2 is a cross-sectional view illustrating an
organic light-emitting display device according to a compara-
tive example of the present invention;

[0025] FIG.3Ais aplan view illustrating a pixel area of the
organic light-emitting display device according to an embodi-
ment of the present invention;

[0026] FIG.3Bisaplan view illustrating a pixel area of the
organic light-emitting display device according to an com-
parative example of the present invention;,

[0027] FIG.4A is a cross-sectional view illustrating a pixel
area of the organic light-emitting display device according to
an embodiment of the present invention;

[0028] FIG. 4B is a cross-sectional view illustrating a pixel
area of the organic light-emitting display device according to
a comparative example of the present invention;

[0029] FIG.5A isaplan view illustrating a capacitor area of
the organic light-emitting display device according to a
embodiment of the present invention;

[0030] FIG.5Bis aplanview illustrating a capacitor area of
the organic light-emitting display device according to a com-
parative example of the present invention;

[0031] FIG. 6A is a cross-sectional view illustrating a
capacitor area of the organic light-emitting display device
according to a embodiment of the present invention;

[0032] FIG. 6B is a cross-sectional view illustrating a
capacitor area of the organic light-emitting display device
according to a comparative example of the present invention;
[0033] FIGS. 7 through 13 are cross-sectional views illus-
trating a method of manufacturing the organic light-emitting
display device according to an embodiment of the present
invention; and

[0034] FIGS. 14 and 15 are cross-sectional views illustrat-
ing a method of manufacturing the organic light-emitting
display device according to a comparative example of the
present invention.

DETAILED DESCRIPTION

[0035] The present invention will now be described more
fully with reference to the accompanying drawings, in which
certain embodiments of the invention are shown.

[0036] FIG. 1 is a cross-sectional view illustrating an
organic light-emitting display device 1 according to an
embodiment of the present invention. FIG. 2 is a cross-sec-
tional view illustrating an organic light-emitting display
device 2 according to a comparative example of the present
invention.

[0037] Referring to FIG. 1, a pixel area PXL1 including an
emissive layer 118, a transistor area TFT1 including a thin
film transistor, and a capacitor area CAP1 including a capaci-
tor are formed on a substrate 10 of the organic light-emitting
display device 1.

[0038] Referring to FIG. 2, a pixel area PXL.2 including an
emissive layer 118, a transistor area TFT2 including a thin
film transistor, and a capacitor area CAP2 including a capaci-
tor are formed on a substrate 10 of the organic light-emitting
display device 2.

[0039] Referring to FIG. 1, an active layer 212 is formed on
the substrate 10 and a buffer layer 11 of the transistor area
TFT1. The active layer 212 may be formed of a semiconduc-
tor, such as an amorphous silicon or crystalline silicon, and
may include a channel area 212¢, and source and drain areas
212a and 212b respectively formed at outer sides of the chan-
nel area 212¢ and doped with ion impurities.
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[0040] A first gate electrode 214 and a second gate elec-
trode 215 may be sequentially formed on the active layer 212,
with a first insulation layer 13, which is a gate insulation layer,
interposed therebetween. The first gate electrode 214 and the
second gate electrode 215 can each include a transparent
conductive material disposed at a position corresponding to
the channel area 212¢ of the active layer 212.

[0041] Source and drain electrodes 2164 and 2165 respec-
tively contacting the source and drain areas 212a and 2125 of
the active layer 212 may be respectively formed on the first
and second gate electrodes 214 and 215, with a second insu-
lation layer 15, which is an interlayer insulation layer, inter-
posed therebetween.

[0042] A third insulation layer 17 may be formed on the
second insulation layer 15 so as to cover the source and drain
electrodes 2164 and 2162. The third insulation layer 17 may
be formed of an organic insulation layer.

[0043] Referringto FIG. 2, the transistor area TFT2 accord-
ing to the comparative example has the same structure as that
of the transistor area TFT1.

[0044] Referring to FIG. 1 again, a first pixel electrode 114
formed of the same transparent conductive material as the
first gate electrode 214 may be formed on the first insulation
layer 13 in the pixel area PXI.1 according to the current
embodiment of the present invention. The transparent con-
ductive material may be at least one material selected from
the group consisting of indium tin oxide (ITO), indium zinc
oxide (IZ70), zinc oxide (Zn0O), indium oxide (In203), indium
gallium oxide (IGO), and aluminum zinc oxide (AZO).
[0045] The emissive layer 118 may be formed on the first
pixel electrode 114, and light emitted from the emissive layer
118 may be emitted through the first pixel electrode 114,
which may be formed of the transparent conductive material,
toward the substrate 10.

[0046] The buffer layer 11 and the first insulation layer 13
disposed below the first pixel electrode 114 may be formed of
materials having different refractive indices and thus can
function as a distributed Bragg reflector (DBR), thereby
increasing the light efficiency of light emitted from the emis-
sive layer 118. The buffer layer 11 and the first insulation
layer 13 may be formed of, for example, SiO, or SiN_. The
buffer layer 11 and the first insulation layer 13 illustrated in
FIG. 1 can each be formed as a single layer but are not limited
thereto; that is, the buffer layer 11 and the first insulation layer
13 may be each formed of a plurality of layers.

[0047] The second insulation layer 15 may be formed on
the first insulation layer 13 and at outer ends of'the first pixel
electrode 114, and a first contact hole C1 exposing the entire
first pixel electrode 114 may be formed in the second insula-
tion layer 15. A predetermined first gap G1 may be formed
between an outer side of the first pixel electrode 114 and an
inner sidewall of the first contact hole C1. The third insulation
layer 17 may be formed in the first gap G1. When the third
insulation layer 17 is formed of an organic insulation layer,
the first gap G1 may be filled with the organic insulation layer,
thereby preventing a short circuit that may occur between an
opposite electrode 119 and the first pixel electrode 114.
[0048] InFIG. 1, the third insulation layer 17 formed in the
first gap G1 can directly contact a flat upper surface of the
buffer layer 11. However, the present embodiment of the
present invention is not limited thereto. That is, when etching
the second insulation layer 15 in order to form the first gap
G1, the first insulation layer 13 disposed under the second
insulation layer 15 may be affected by an etchant or an etch-
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ing method of the second insulation layer 15. For example, an
undercut may occur as the first insulation layer 13 is over-
etched. Furthermore, the buffer layer 11 under the first insu-
lation layer 13 may also be over-etched. Also in this case, the
third insulation layer 17 may fill the over-etched portions to
minimize influences due to over-etching.

[0049] The third insulation layer 17 may be formed on the
first insulation layer 13 and the first pixel electrode 114, and
an opening C4 exposing an upper portion of the first pixel
electrode 114 may be formed in the third insulation layer 17.
The emissive layer 118 may be formed on the exposed upper
portion of the first pixel electrode 114 in the opening C4.
[0050] The emissive layer 118 may be a low molecular
weight organic material or a polymer organic material. When
the emissive layer 118 is a low molecular weight organic
material, a hole transport layer (HTL), a hole injection layer
(HIL), an electron transport layer (ETL), and an electron
injection layer (EIL) may be stacked with respect to the
emissive layer 118. Examples of a low molecular weight
organic material include copper phthalocyanine (CuPc),
N,N'-Di(naphthalene-1-y1)-N, N'-diphenyl-benzidine
(NPB), and tris-8-hydroxyquinoline aluminum (Alg3).
[0051] When the emissive layer 118 is formed of a polymer
organic material, a HTL may be further formed in addition to
the emissive layer 118. The HTL may be formed of poly-(2,
4)-ethylene-dihydroxy thiophene (PEDOT) or polyaniline
(PANI). Here, polymer organic materials, such as poly-phe-
nylene vinylene (PPV)-based or polyfluorene-based polymer
organic materials, may be used.

[0052] The opposite electrode 119 may be deposited on the
emissive layer 118 as a common electrode. In the case of the
organic light-emitting display device 1, the first pixel elec-
trode 114 may be used as an anode, and the opposite electrode
119 may be used as a cathode. However, the polarities of the
electrodes may obviously be reversed.

[0053] The opposite electrode 119 may be formed of a
reflective electrode including a reflective material. The oppo-
site electrode 119 may include at least one material selected
from the group consisting of Al, Mg, Li, Ca, LiF/Ca, and
LiF/AL

[0054] As the opposite electrode 119 is formed of a reflec-
tive electrode, light emitted from the emissive layer 118 may
be reflected by the opposite electrode 119, transmitted
through the first pixel electrode 114 that is formed of a trans-
parent conductive material, and emitted toward the substrate
10.

[0055] Referring to FIG. 2, in the pixel area PXL.2 accord-
ing to the comparative example, a first pixel electrode 114
formed of the same transparent conductive material as a first
gate electrode 214 may be formed on a first insulation layer
13, and asecond pixel electrode 115 formed of the same metal
as a second gate electrode 215 may be formed on outer por-
tions of the first pixel electrode 114.

[0056] In other words, unlike the pixel area PXL1 of the
present embodiment of the present invention, a portion of the
second pixel electrode 115 may remain on the outer portions
of the first pixel electrode 114 in the pixel area PXL.2 of the
comparative example, and thus aperture ratios of the pixel
areas PXL1 and PXL2 may be different. This will be
described with reference to FIGS. 3A, 3B, 4A, and 4B.
[0057] FIG. 3A and FIG. 4A are a plan view and a cross-
sectional view illustrating the pixel area PXL1 of the organic
light-emitting display device 1, respectively. FIG. 3B and
FIG. 4B are aplan view and a cross-sectional view illustrating
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the pixel area PXL2 of the organic light-emitting display
device 2 according to the comparative example, respectively.

[0058] Referring to FIGS. 3A and 4A, the first contact hole
C1 exposing the entire first pixel electrode 114 may be
formed in the second insulation layer 15, and the first gap G1
may be formed between the outer side of the first pixel elec-
trode 114 and the inner sidewall of the first contact hole C1.
As described above, the emissive layer 118 may be formed on
the exposed upper portion of the first pixel electrode 114 in
the opening C4 of the third insulation layer 17, and the open-
ing C4 of the third insulation layer 17 may be formed in an
area Al formed by the first contact hole C1 formed in the
second insulation layer 15, and thus when the area A1 formed
by the first contact hole C1 is increased, a light-emission area
can be increased. In other words, an aperture ratio is
increased.

[0059] However, referring to FIGS. 3B and 4B, in the com-
parative example, the second pixel electrode 115 may remain
on outer portions of the first pixel electrode 114, and thus a
first contact hole C1' that exposes not the entire first pixel
electrode 114 but a portion of the first pixel electrode 114 may
be formed in the second insulation layer 15. A third insulation
layer 17 may be formed on the second insulation layer 15 and
the first pixel electrode 114, and an opening C4' exposing an
upper portion of the first pixel electrode 114 may be formed in
the third insulation layer 17, and the emissive layer 118 may
be formed on the exposed upper portion of the first pixel
electrode 114 in the opening C4'. The opening C4' of the third
insulation layer 17 according to the comparative example
may be formed inside an area A1' formed by the first contact
hole C1' formed in the second insulation layer 15. Accord-
ingly, when the surface area of the first pixel electrode 114 is
maintained the same, the area A1' formed by the first contact
hole C1' of the organic light-emitting display device 2 may be
smaller than the area A1 formed by the first contacthole C1 of
the organic light-emitting emitting display device 1. Thus, a
light-emission area of the pixel area PXL.2 according to the
comparative example is reduced. In other words, an aperture
ratio is reduced.

[0060] Referring to FIG. 1 again, in the capacitor area
CAP1 according to an embodiment of the present invention,
abottom capacitor electrode 3124, the first insulation layer 13
covering the bottom capacitor electrode 3124, and a top
capacitor electrode 314, including the same transparent con-
ductive material as the first pixel electrode 114, are sequen-
tially formed on the buffer layer 11.

[0061] Thebottom capacitor electrode 312¢ may be formed
of the same material as the source and drain areas 212a and
212b of'the active layer 212 of the thin film transistor and may
include a semiconductor doped with ion impurities. When the
bottom capacitor electrode 312a is formed of an intrinsic
semiconductor that is not doped with ion impurities, the
capacitor may have a metal oxide semiconductor (MOS)
capacitor structure with the top capacitor electrode 314. How-
ever, when the bottom capacitor electrode 312q is formed of
asemiconductor doped withion impurities, the capacitor may
have a metal-insulator-metal (MIM) capacitor structure
which has a higher electrostatic capacity than the MOS
capacitor structure, and thus the electrostatic capacity may be
maximized. Accordingly, the same amount of electrostatic
capacity may be obtained using the MIM capacitor structure
having a smaller area than the MOS capacitor structure, and
thus a margin for reducing a surface area of the capacitor may
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be increased. Thus an aperture ratio may be increased by
forming the first pixel electrode 114 with a large surface.
[0062] The second insulation layer 15 may be formed on
the first insulation layer 13 and at outer ends of the top
capacitor electrode 314, and a second contact hole C2 expos-
ing the entire top capacitor electrode 314 may be formed in
the second insulation layer 15. Here, a predetermined gap G2
may be formed between an outer side of the top capacitor
electrode 314 and an inner sidewall of the second contact hole
C2. The third insulation layer 17 may be formed in an area
where the second gap G2 is formed. When the third insulation
layer 17 is formed of an organic insulation material, the
second gap G2 may be filled with the organic insulation
material, thereby preventing a short circuit which may occur
between the bottom capacitor electrode 312a and the top
capacitor electrode 314. Also, as an organic insulation mate-
rial having a small permittivity may be interposed between
the opposite electrode 119 and the top capacitor electrode
314, parasitic capacitance that may occur between the oppo-
site electrode 119 and the top capacitor electrode 314 may be
reduced, thereby preventing signal disturbance due to the
parasitic capacitance.

[0063] Although not shown in FIG. 1, a wiring unit W1 (see
FIG. 5A) connected to the bottom capacitor electrode 312a
may be disposed on the same layer as the bottom capacitor
electrode 312. Like the bottom capacitor electrode 3124, the
wiring unit W1 may also include a semiconductor doped with
ion impurities.

[0064] Referring to FIG. 2 again, in the capacitor area
CAP2 according to the comparative example, a bottom
capacitor electrode 312a formed of the same material as the
active layer 212 of the thin film transistor, the first insulation
layer 13 covering the bottom capacitor electrode 3124, a first
top capacitor electrode 314 including a transparent conduc-
tive material as that of the first gate electrode 214, and a
second top capacitor electrode 315 formed of the same mate-
rial as the second gate electrode 215 may be formed on outer
portions of the first top capacitor electrode 314.

[0065] That is, unlike the capacitor area CAP1 of the
present embodiment of the present invention, in the capacitor
area CAP2 of the comparative example, a portion of the
second top capacitor electrode 315 can remain on outer por-
tions of the first top capacitor electrode 314, and thus the
electrostatic capacity of the capacitor areas CAP1 and CAP2
may be different. In addition, signal transmission quality of
wirings connected to the capacitors may vary. This will be
described with reference to FIGS. 5A, 5B, 6A, and 6B.
[0066] FIG. 5A and FIG. 6A are a plan view and a cross-
sectional view illustrating the capacitor area CAP1 of the
organic light-emitting display device 1 according to the
present embodiment of the present invention, respectively.
FIG. 5B and FIG. 6B are a plan view and a cross-sectional
view illustrating the capacitor area CAP2 of the organic light-
emitting display device 2 according to the comparative
example of the present invention, respectively.

[0067] Referring to FIGS. 5A and 6A, according to the
current embodiment, the second contact hole C2 exposing the
entire top capacitor electrode 314 may be formed in the sec-
ondinsulation layer 15, and the second gap G2 may be formed
between the outer side of the top capacitor electrode 314 and
the inner sidewall of the second contact hole C2.

[0068] As will be described later, areas to be doped withion
impurities of the bottom capacitor electrode 312a and the
wiring unit W1 connected to the bottom capacitor electrode
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312a can vary according to a size of the area A2 formed by the
second contact hole C2 formed in the second insulation layer
15. When a size of the top capacitor electrode 314 exposed by
the second contacthole C2 is smaller than a size of the bottom
capacitor electrode 312q, there may be areas of a semicon-
ductor layer of an outer portion of the bottom capacitor elec-
trode 312a and of a connection portion between the bottom
capacitor electrode 312q and the wiring unit W1 that are not
doped with ions. In this case, the capacity of the capacitor
may be reduced or signal transmission quality may be
decreased.

[0069] However, according to the current embodiment, the
entire top capacitor electrode 314 may be exposed through the
second contact hole C2, and thus the bottom capacitor elec-
trode 312a and the wiring unit W1 may be both doped with
ion impurities. Accordingly, there is no area in the bottom
capacitor electrode 312¢ and the wiring unit W1 that is not
doped with ions, and thus the electrostatic capacity may be
increased and the signal transmission quality may be
improved.

[0070] However, referring to FIGS. 5B and 6B, in the
capacitor area CAP2 according to the comparative example,
the second top capacitor electrode 315 may remain on outer
portions of the first top capacitor electrode 314, and thus a
second contact hole C2' not exposing the entire top capacitor
electrode 314 but only a portion of the first top capacitor
electrode 314 may be formed in the second insulation layer
15. Consequently, the area A2' formed by the second contact
hole C2' may be smaller than the area A2 formed by the
second contact hole C2 of the above-described organic light-
emitting display device 1, and thus an area of the bottom
capacitor electrode 312q that is doped with ion impurities in
the comparative example may be less than that of the present
embodiment. Accordingly, electrostatic capacity may be
reduced. In particular, a portion 312¢ of the bottorn capacitor
electrode 312q that 1s not doped with ions may be part of the
connection portion between the wiring unit W1 and the bot-
tom capacitor electrode 3124, which may decrease the signal
transmission quality of the wiring unit W1 of the capacitor.
[0071] Hereinafter, a method of manufacturing the organic
light-emitting display device 1 will be described with refer-
ence to FIGS. 7 through 13.

[0072] FIG. 7 is a cross-sectional view illustrating a first
mask operation of the method of manufacturing the organic
light-emitting display device 1 according to an embodiment
of the present invention.

[0073] Referring to FIG. 7, an active layer 212 of a thin film
transistor and a bottom capacitor electrode 312 are formed on
asubstrate 10, on which a buffer layer 11 is stacked. Although
not shown in FIG. 7, a wiring unit of a capacitor connected to
the bottom capacitor electrode 312¢ may be formed at the
same time with the bottom capacitor electrode 312¢ in the first
mask operation.

[0074] The substrate 10 may be formed of a transparent
glass material having SiO, as a main component, and the
buffer layer 11, which includes SiO, and/or SiN_, may be
further formed on the substrate 10 so that the substrate 10 is
flat and so as to inhibit penetration of impurity elements into
the substrate 10.

[0075] Although not shown in FIG. 7, a semiconductor
layer (not shown) may be deposited on the buffer layer 11, and
then a phororesist (not shown) may be coated on the semi-
conductor layer (not shown), and then the semiconductor
layer (not shown) may be patterned using a photolithography
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process using a first photomask (not shown), and thus the
active layer 212 of the thin film transistor, the bottom capaci-
tor electrode 312¢, and the wiring unit of the capacitor (not
shown) may be formed at the same time.

[0076] The first mask operation using photolithography
may involve exposing the first photomask (not shown) using
an exposure equipment (not shown), and developing, etching,
stripping, or ashing operations.

[0077] The semiconductor layer (not shown) may be
formed of amorphous silicon or crystalline silicon (polysili-
con). The crystalline silicon may be formed by crystallizing
amorphous silicon. The amorphous silicon may be crystal-
lized using, for example, a rapid thermal annealing (RTA)
method, a solid phase crystallization (SPC) method, an exci-
mer laser annealing (ELA) method, a metal-induced crystal-
lization (MIC) method, a metal-induced lateral crystalliza-
tion (MILC) method, or a sequential lateral solidification
(SLS) method.

[0078] FIG.8isacross-sectional view illustrating the result
of a second mask operation of the method of manufacturing
the organic light-emitting display device 1 according to an
embodiment of the present invention.

[0079] Referringto FIG. 8, afirstinsulationlayer 13 may be
stacked on a resultant product of the first mask operation of
FIG. 1, and layers including transparent conductive materials
and metals (not shown) may be sequentially formed on the
first insulation layer 13, and then the layers including trans-
parent conductive materials and metals may be patterned at
the same time.

[0080] As a result of the patterning, a first pixel electrode
114 including a transparent conductive material and a second
pixel electrode 115 including a metal may be sequentially
formed on the firstinsulation layer 13 in the pixel area PX1.1,
and a first gate electrode 214 including a transparent conduc-
tive material, and a second gate electrode 215 including a
metal may be sequentially formed in the transistor area TFT1,
and a first top capacitor electrode 314 including a transparent
conductive material and a second top capacitor electrode 315
including a metal may be formed in the capacitor area CAP1
at the same time.

[0081] As described above, the first insulation layer 13 may
include SiO, and/or SiN, as a single layer or a plurality of
layers, and the first insulation layer 13 may function as a gate
insulation layer of the thin film transistor and a dielectric layer
of the capacitor.

[0082] The first pixel electrode 114, the first gate electrode
214, and the first top capacitor electrode 314 may be formed
of the same transparent conductive material.

[0083] The second pixel electrode 115, the second gate
electrode 215, and the second top capacitor electrode 315
may be formed of the same metal, and may be formed of at
least one metal selected from the group consisting of alumi-
num (Al), platinum (Pt), palladium (Pd), silver (Ag). magne-
sium (Mg), gold (Au), nickel (Ni), neodymium (Nd), iridium
(Ir), chromium (Cr), nickel (L1), calcium (Ca), molybdenum
(Mo), titanium (Ti), tungsten (W), and copper (Cu), and in a
single layer or plurality of layers.

[0084] The above stack structure may be doped with ion
impurities. For example, B or P ions may be used as the ion
impurities. Doping (D1) may be performed on the active layer
212 of the thin film transistor as a target with a concentration
of 110" atoms/cm? or greater.

[0085] The first and second gate electrodes 214 and 215
may be used as a self-aligned mask to dope the active layer
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212 withionimpurities. Thus, the active layer 212 can include
source and drain areas 212a and 2125 doped with ion impu-
rities and a channel area 212¢ disposed therebetween. That is,
by using the first and second gate electrodes 214 and 215 as a
self-aligned mask, the source and drain areas 212a and 2125
may be formed without using an additional photomask.
[0086] According to an embodiment, the bottom capacitor
electrode 312¢ formed of the same material as the active layer
212 isnot doped as the channel area 212¢ because the first and
second top capacitor electrodes 314 and 315 function as a
blocking mask. However, the wiring unit of the capacitor
where the first and second top capacitor electrodes 314 and
315 are not formed may be doped with ion impurities.
[0087] FIG. 9 illustrates the wiring unit W1 that is con-
nected to the bottom capacitor electrode 312¢ and is doped
with ion impurities in the first doping operation after the
second mask operation.

[0088] Referring to FIG. 9, the bottom capacitor electrode
312¢ is not doped because it is blocked by the first and second
top capacitor electrodes 314 and 315, but the wiring unit W1
is doped with ion impurities (portion 312a).

[0089] FIG. 10 is a cross-sectional view illustrating a
resultant product of a third mask operation of the method of
manufacturing the organic light-emitting display device 1
according to an embodiment of the present invention.

[0090] Referring to FIG. 10, a second insulation layer 15
may be formed on a resultant product of the second mask
operation of FIG. 8, and the second insulation layer 15 may be
patterned to form a first contact hole C1 exposing the entire
first pixel electrode 114, a second contact hole C2 entirely
exposing the first and second top capacitor electrodes 314 and
315, and a third contact hole C3 exposing portions of the
source area 212q and the drain area 2125 of the active layer
212.

[0091] The first contact hole C1 may be formed so as to
expose the entire first pixel electrode 114, and a first gap G1
may be formed between an outer side of the first pixel elec-
trode 114 and the inner sidewall of the first contact hole C1.
Also, the second contact hole C2 may be formed so as to
entirely expose the first and second top capacitor electrodes
314 and 315 of the capacitor, and a second gap G2 may be
formed between outer sides of the first and second top capaci-
tor electrodes 314 and 315 and inner sidewalls of the second
contact hole C2.

[0092] As described above, since the first contact hole C1
may be formed in the second insulation layer 15 to expose the
entire first pixel electrode 114, a light-emission area may be
enlarged, thereby increasing an aperture ratio.

[0093] FIG. 11 is a cross-sectional view illustrating a
resultant product of a fourth mask operation of the method of
manufacturing the organic light-emitting display device 1
according to an embodiment of the present invention.

[0094] Referring to FIG. 11, source and drain electrodes
216a and 2165 may be formed on the second insulation layer
15. The source and drain electrodes 216a and 2165 may each
be formed of at least one metal selected from the group
consisting of aluminum (Al), platinum (Pt), palladium (Pd),
silver (Ag), magnesium (Mg), gold (Au), nickel (Ni), neody-
mium (Nd), iridium (Ir), chromium (Cr), nickel (Li), calcium
(Ca), molybdenum (Mo), titanium (T1), tungsten (W), and
copper (Cu), in a single layer or a plurality of layers.

[0095] While not specifically shown in FIG. 11, the source
and drain electrodes 216a and 2165 are formed as follows.
First, ametal to form the source and drain electrodes 216a and
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216h may be formed on the resultant product of the third mask
operation of FIG. 10, and then the metal may be patterned by
using a fourth photomask (not shown) such that the source
and drain electrodes 216« and 2165 remain.

[0096] When the metal for forming the source and drain
electrodes 216a and 2165 and a metal for forming the second
pixel electrode 115 and the second top capacitor electrode
315 are the same, the source and drain electrodes 216a and
216b may be patterned using a single etchant in one etching
operation. If the metal for forming the source and drain elec-
trodes 216a and 2165 and the metal for forming the second
pixel electrode 115 and the second top capacitor electrode
315 are different, the metal for forming the source and drain
electrodes 2164 and 2165 may be etched using a first etching
solution to form patterns of the source and drain electrodes
216a and 2165, and the second pixel electrode 115 and the
second top capacitor electrode 315 may be removed using a
second etching solution.

[0097] Then, the structure formed by the above-described
fourth mask operation and the etching operation may be
doped with ion impurities. Doping may be performed on the
bottom capacitor electrode 3124 using B or P ions as ion
impurities with an appropriate concentration (D2).

[0098] FIG. 12 illustrates the bottom capacitor electrode
312¢ doped with ion impurities during a second doping
operation after the fourth mask operation.

[0099] Referring to FIG. 12, the bottom capacitor electrode
312¢ (see FIG. 9), which is not doped in the first doping
operation, may be changed to a bottom capacitor electrode
312a that is doped with ion impurities after the second doping
operation. Thus, the conductivity of the bottom capacitor
electrode 312q can increase. Accordingly, the bottom capaci-
tor electrode 3124, the first insulation layer 13, and the first
top capacitor electrode 314 can form a MIM capacitor struc-
ture, thereby increasing the electrostatic capacity of the
capacitor.

[0100] Inaddition, since the second contacthole C2 formed
in the second insulation layer 15 can expose the entire top
capacitor electrode 314, the bottom capacitor electrode 312a
and the wiring unit W1 may be both doped with ion impuri-
ties. Accordingly, decrease in electrostatic capacity or signal
transmission quality may be inhibited.

[0101] FIG. 141sacross-sectional view illustrating a fourth
mask operation of a method of manufacturing the organic
light-emitting display device 2 according to a comparative
example of the present invention.

[0102] Referring to FIG. 14, a first contact hole C1' and a
second contact hole C2' may partially expose the first pixel
electrode 114 and the first top capacitor electrode 314. As a
result, portions of the second pixel electrode 115 and the
second top capacitor electrode 315 may remain on outer
portions of the first pixel electrode 114 and the first top
capacitor electrode 314, respectively. This structure is not
illustrated in FIG. 14 but may be formed in the third mask
operation.

[0103] When the above structure is doped with ion impu-
rities, the bottom capacitor electrode 3124 that is not blocked
by the second top capacitor electrode 315 is doped, but a
portion 312¢ that is blocked by the second top capacitor
electrode 315 is not doped, as illustrated in FIG. 15. The
portion 312¢ that is not doped may be part of the bottom
capacitor electrode 312a and thus may reduce the total elec-
trostatic capacity of the capacitor or may decrease signal
transmission quality of wiring unit W1'.
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[0104] FIG. 13 is a cross-sectional view illustrating a
resultant product of a fifth mask operation of the method of
manufacturing the organic light-emitting display device 1
according to an embodiment of the present invention.

[0105] Referring to FIG. 13, a third insulation layer 17 may
be formed on the resultant product of the fourth mask opera-
tion of FIG. 11, and the third insulation layer 17 may be
patterned to form an opening C4 exposing an upper portion of
the first pixel electrode 114.

[0106] In addition to defining a light-emission area, the
opening C4 can increase the distance between boundaries of
the first and second pixel electrodes 114 and 115 and the
opposite electrode 119 (see FI1G. 1) to prevent the concentra-
tion of an electric field on the boundaries of the first pixel
electrode 114, thereby preventing a short circuit between the
first pixel electrode 114 and the opposite electrode 119.
[0107] As described above, the size of the opening C4 may
be increased as the size of the first contact hole C1 formed in
the second insulation layer 15 is increased. Thus, the length of
the emissive layer 118 (see FIG. 1) may be further increased
in the bigger opening C4, thereby enlarging the light-emis-
sion area and increasing an aperture ratio.

[0108] According to an embodiment of the organic light-
emitting display device 1 and the method of manufacturing
the same, when forming contact holes in the second insulation
layer 15 in the third mask operation, the first and second
contact holes C1 and C2 may be formed so as to entirely
expose the first pixel electrode 114 and the first top capacitor
electrode 314, respectively, thereby increasing an aperture
ratio, an electrostatic capacity, and signal transmission qual-
ity of capacitor wirings.

[0109] While the first contact hole C1 and the second con-
tact hole C2 may be respectively formed so as to entirely
expose the first pixel electrode 114 and the first top capacitor
electrode 314, according to the current embodiment, the
present invention is not limited thereto. Alternatively, only
either the first contact hole C1 or the second contact hole C2
may be formed to have the above-described structure as nec-
essary.

[0110] According to the organic light-emitting display
devices and methods of manufacturing the same of the
present invention, the following effects can be provided.
[0111] First, a surface area of a light-emission area can be
increased, thereby increasing an aperture ratio.

[0112] Second, bottom capacitor electrodes and wiring
units can be inhibited from not being doped with ion impuri-
ties, and thus the electrostatic capacity may be increased and
signal transmission quality of capacitor wirings improved.
[0113] Third, a metal-insulator-metal (MIM) capacitor
structure may be provided.

[0114] Fourth, the organic light-emitting display device
may be manufactured through five mask operations.

[0115] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present invention as defined by the following claims.

What is claimed is:

1. An organic light-emitting display device comprising:

an active layer of a thin film transistor and a bottom capaci-
tor electrode formed over a substrate, wherein the bot-
tom capacitor electrode includes a semiconductor mate-
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rial that is formed on the same layer as the active layer
and doped with ion impurities;

a first insulation layer formed over the substrate to cover
the active layer and the bottom capacitor electrode;

a gate electrode formed over the first insulation layer,
wherein the gate electrode comprises a first gate elec-
trode and a second gate electrode that are sequentially
stacked on the first insulation layer, wherein the first gate
electrode comprises a transparent conductive matetial,
and the second gate electrode comprises a metal;

apixel electrode thatis formed on the first insulation layer,
wherein the pixel electrode comprises a transparent con-
ductive material, and a top capacitor electrode that is
formed on the same layer as the pixel electrode, wherein
the top capacitor electrode comprises a transparent con-
ductive material;

source and drain electrodes of the thin film transistor that
are electrically connected to the active layer;

a second insulation layer that is formed between the first
insulation layer and the source and drain electrodes and
includes a first contact hole exposing the entire top
capacitor electrode;

a third insulation layer that is formed on the second insu-
lation layer and exposes the pixel electrode;

an emissive layer formed over the pixel electrode; and

an opposite electrode disposed over and facing the pixel
electrode, wherein the emissive layer is disposed
between the pixel electrode and the opposite electrode.

2. The organic light-emitting display device of claim 1,
wherein the first gate electrode, the pixel electrode, and the
top capacitor electrode comprise the same transparent con-
ductive material.

3. The organic light-emitting display device of claim 1,
wherein the transparent conductive material includes at least
one material selected from the group consisting of indium tin
oxide (ITO), indium zinc oxide (IZ0), zinc oxide (Zn0),
indium oxide (In,0,), indium gallium oxide (IGO), and alu-
minum zinc oxide (AZ0).

4. The organic light-emitting display device of claim 1,
wherein a gap is formed between an outer side of the top
capacitor electrode and an inner sidewall of the contact hole.

5. The organic light-emitting display device of claim 4,
wherein a third insulation layer is disposed in the gap.

6. The organic light-emitting display device of claim 1,
wherein a capacitor wiring connected to the bottom capacitor
electrode is formed on the same layer as the bottom capacitor
electrode, wherein the capacitor wiring comprises a semicon-
ductor material doped with ion impurities.

7. The organic light-emitting display device of claim 6,
wherein a connection portion between the bottom electrode
and the capacitor wiring are doped with ion impurities.

8. The organic light-emitting display device of claim 1,
wherein the second insulation layer comprises a second con-
tact hole exposing the entire pixel electrode.

9. The organic light-emitting display device of claim 8,
wherein a gap is formed between an outer side of the pixel
electrode and an inner sidewall of the second contact hole.

10. The organic light-emitting display device of claim 9,
wherein a third insulation layer is disposed in the gap.

11. The organic light-emitting display device of claim 1,
wherein the third insulation layer comprises an organic insu-
lation material.
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12. The organic light-emitting display device of claim 1,
wherein the active layer comprises a semiconductor material
doped with ion impurities.

13. The organic light-emitting display device of claim 12,
wherein the semiconductor material includes amorphous sili-
con or crystalline silicon.

14. The organic light-emitting display device of claim 1,
wherein the opposite electrode is a reflective electrode that
reflects light emitted from the emissive layer.

15. The organic light-emitting display device of claim 1,
wherein at least one insulation layer having a different refrac-
tive index from the first insulation layer is disposed between
the substrate and the first insulation layer.

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

a first mask operation comprising forming a semiconductor
layer over a substrate and patterning the semiconductor
layer to form an active layer of a thin film transistor and
a bottom capacitor electrode;

a second mask operation comprising forming a first insu-
lation layer over the substrate to cover the active layer
and the bottom capacitor electrode, sequentially stack-
ing a transparent conductive material and a first metal on
the first insulation layer, and patterning the transparent
conductive material and the first metal to simulata-
neously form a pixel electrode in which the transparent
conductive material and the first metal are sequentially
stacked, a gate electrode of the thin film transistor, and a
top capacitor electrode;

a third mask operation comprising forming a second insu-
lation layer on a resultant product of the second mask
operation and patterning the second insulation layer to
form a contact hole entirely exposing the pixel electrode,
source and drain areas of the active layer, and the top
capacitor electrode;

a fourth mask operation comprising forming a second
metal on a resultant product of the third mask operation,
patterning the second metal to form source and drain
electrodes respectively contacting the exposed source
and drain areas, and removing the first metal formed on
the pixel electrode and the top capacitor electrode; and

a fifth mask operation comprising forming a third insula-
tion layer on a resultant product of the fourth mask
operation, wherein the third insulation layer exposes the
transparent conductive material of the pixel electrode.

17. The method of claim 16, wherein in the first mask
operation, the semiconductor layer is patterned to form a
capacitor wiring connected to the bottom capacitor electrode
on the same layer as the bottom capacitor electrode at the
same time.

18. The method of claim 17, wherein after the second mask
operation, the source and drain areas and the capacitor wiring
are doped with ion impurities.

19. The method of claim 17, wherein in the third mask
operation, a gap is formed between an outer side of the top
capacitor electrode and an inner sidewall of the contact hole
to expose the entire top capacitor electrode.

20. The method of claim 16, wherein the third mask opera-
tion comprises forming the contact hole in the second insu-
lation layer to expose the entire pixel electrode.

21. The method of claim 20, further comprising forming a
gap between an outer side portion of the pixel electrode and
an inner wall of the contact hole to expose the entire pixel
electrode.
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22. The method of claim 16, wherein the fourth mask
operation comprises a first etching operation etching the sec-
ond metal and a second etching operation removing the first
metal formed on the pixel electrode and the top capacitor
electrode.

23. The method of claim 16, wherein in the fourth mask
operation, the second metal is formed of the same material as
the first metal, and the first metal and the second metal are
etched at the same time.
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24. The method of claim 16, further comprising, after the
fourth mask operation, doping the bottom capacitor electrode
with ion impurities.

25. The method of claim 16, further comprising, after the
fifth mask operation, forming an emissive layer on the pixel
electrode and an opposite electrode on the emissive layer.

* sk * sk *
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