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METHOD OF MANUFACTURING AN
ORGANIC LIGHT-EMITTING DISPLAY
DEVICE

CLAIM OF PRIORITY

[0001] This application makes reference to, incorporates
the same herein, and claims all benefits accruing under 35
U.S.C §119 from an application earlier filed in the Korean
Intellectual Property Office on 8 Dec. 2010, and there duly
assigned Ser. No. 10-2010-0124861 by that Office. Further-
more, this application is filed pursuant to 35 U.S.C. §121 asa
Divisional application of Applicants’ patent application Ser.
No. 13/210,532 filed in the U.S. Patent & Trademark Office
on 16 Aug. 2011, and assigned to the assignee of the present
invention. All benefits accruing under 35 U.S.C. §120 from
the aforesaid present application Ser. No. 13/210,532 are also
claimed.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] One or more aspects of the present invention relate
to a methods of manufacturing an organic light-emitting dis-
play device.

[0004] 2. Description of the Related Art

[0005] An organic light-emitting device may be easily
made to be thin, and has advantages such as wide viewing
angles, fast response speeds, and low power consumption.
Thus, organic light-emitting devices are highlighted as dis-
play devices of the next generation.

SUMMARY OF THE INVENTION

[0006] One or more aspects of the present invention pro-
vide organic light-emitting display devices and methods of
manufacturing the same, which simplify manufacturing pro-
cesses and improve device characteristics and aperture ratios.
[0007] According to an aspect of the present invention,
there is provided a method of manufacturing an organic light-
emitting display device, the method including a first mask
operation including forming a semiconductor layer on a sub-
strate, and forming an active layer of a TFT and a lower
capacitor electrode by patterning the semiconductor layer; a
second mask operation including forming a first insulating
layer on the substrate so as to cover the active layer and the
lower capacitor electrode, sequentially stacking a first con-
ductive material on the first insulating layer, and a second
conductive material with a different etching selectivity ratio
from the first conductive material on the first insulating layer,
forming a gate electrode including the first conductive mate-
rial and the second conductive material, and forming an upper
capacitor electrode including the first conductive material; a
third mask operation including forming a second insulating
layer on a resulting structure of the second mask operation,
and forming contact holes exposing a portion of the active
layer by patterning the second insulating layer; and a fourth
mask operation including forming a third conductive material
on a resulting structure of the third mask operation, forming
source and drain electrodes by patterning the third conductive
material, and forming a pixel electrode by extending one of
the source and the drain electrode so as to include an entire
portion where the upper capacitor electrode is formed.

[0008] The method may further include a fifth mask opera-
tion including forming a third insulating layer on a resulting
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structure of the fourth mask operation, and exposing the pixel
electrode by the third insulating layer.

[0009] A light-emitting layer and an opposite electrode
may be formed on the pixel electrode, after the fifth mask
operation is performed.

[0010] The second mask operation may use a halftone
mask.
[0011] The active layer and the lower capacitor electrode

may be doped with ion impurities on the resulting structure of
the second mask operation.

[0012] In the second mask operation, the second conduc-
tive material may include a low-resistance conductive mate-
rial, and in the fourth mask operation, the pixel electrode may
be formed so as to include a portion where the second gate
electrode is formed.

[0013] In the fourth mask operation, the pixel electrode
may be formed so as to be connected directly to the second
insulating layer.

[0014] In the fourth mask operation, the third conductive
material may include a first layer including Ti, a second layer
comprising Ag or Al, and a third layer comprising any one
selected from the group consisting of 1TO, 170, Zn0, and
In,0O,.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] A more complete appreciation of the present inven-
tion, and many of the attendant advantages thereof, will
become readily apparent as the same becomes better under-
stood by reference to the following detailed description when
considered in conjunction with the accompanying drawings
in which like reference symbols indicate the same or similar
components, wherein:

[0016] FIG. 1 is a cross-sectional view of an organic light-
emitting display device according to an embodiment of the
present invention;

[0017] FIG. 2 is a plan view of the organic light-emitting
display device to describe a positional relationship of a pixel
electrode, a transistor region, and a capacitor region, accord-
ing to an embodiment of the present invention,;

[0018] FIGS. 3 through 8 are cross-sectional views for
describing a method of manufacturing an organic light-emit-
ting display device, according to an embodiment of the
present invention;

[0019] FIG. 9is a cross-sectional view of the organic light-
emitting display device according to another embodiment of
the present invention; and

[0020] FIG. 10 is a plan view of the organic light-emitting
display device to describe a positional relationship of a pixel
electrode, a transistor region, and a capacitor region, accord-
ing to another embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0021] The present invention will now be described more
fully with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown.

[0022] FIG. 1is a cross-sectional view of an organic light-
emitting display device 1 according to an embodiment of the
present invention. FIG. 2 is a plan view of the organic light-
emitting display device 1 to describe a positional relationship
of a pixel electrode 116, a transistor region TFT1 and a
capacitor region CAP1, according to an embodiment of the
present invention.
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[0023] Referring to FIGS. 1 and 2, a pixel region PXT1
including a light-emitting layer 118, the transistor region
TFT1 including a thin film transistor (TFT), and the capacitor
region CAP1 including a capacitor are formed on a substrate
10 of the organic light-emitting display device 1.

[0024] Inthe transistor region TFT1, an active layer 211 of
the TFT may be disposed on the substrate 10.

[0025] Thesubstrate 10 may be formed of various materials
such as a glass material, a plastic material, or a metal material.
[0026] Although not illustrated in FIGS. 1 and 2, a SiO,
and/or SiN_ buffer layer (not shown) may be formed on the
substrate 10 in order to smooth the surface of the substrate 10
and to prevent impurities from penetrating into the substrate
10.

[0027] The active layer 211 may be formed of a semicon-
ductor including amorphous silicon or polysilicon, and may
include a channel region 211¢, and source and drain regions
211a and 2115 disposed outside the channel region 211¢ and
doped with ion impurities. The source and drain regions 211a
and 2115 may be formed of a p-type semiconductor by doping
a group III element, and may be formed of an n-type semi-
conductor by doping a group V element.

[0028] A first gate electrode 213 and a second gate elec-
trode 214 may be sequentially stacked on the active layer 211
so as to correspond to the channel region 211¢ of the active
layer 211, wherein a first insulating layer 12 as a gate insu-
lating layer is disposed between the active layer 211 and the
first gate electrode 213.

[0029] Thefirstinsulating layer 12 insulates the active layer
211, and the first gate electrode 213 from each other, and may
be formed of an inorganic material such as SiNx and/or SiO,.
[0030] The first and second gate electrodes 213 and 214
may include conductive materials with different etching
selectivity ratios. For example, the first and second gate elec-
trodes 213 and 214 may include conductive materials with
different etching selectivity ratios which are selected from the
group consisting of a transparent conductive material such as
indium tin oxide (ITO), and titanium (Ti), molybdenum (Mo),
aluminium (Al), silver (Ag), copper (Cu), and an alloy
thereof. According to the present embodiment, the first gate
electrode 213 is formed of ITO as a transparent conductive
material, and the second gate electrode 214 is formed of
Mo/Al/Mo as three layers with a thickness hl. The first gate
electrode 213 may be formed of a transparent conductive
material selected from the group consisting of indium zinc
oxide (IZ0), zinc oxide (Zn0O) and In,O;, in addition to ITO.
[0031] Although not illustrated in FIGS. 1 and 2, the first
and second gate electrodes 213 and 214 are connected to a
gate line (not shown) for applying on/off signals to the TFT.
[0032] A second insulating layer 15, including contact
holes C1 and C2, is disposed on the first and second gate
electrodes 213 and 214. The second insulating layer 15 func-
tions as an interlevel insulating layer for insulating the first
and second gate electrodes 213 and 214, and source/drain
electrodes 216 from each other, and also functions as a pla-
narization layer formed directly below the pixel electrode
116, as will be described below.

[0033] The second insulating layer 15 may be formed of
various insulating materials, for example, an insulating mate-
rial such as oxide and nitride, and an organic material. An
inorganic insulating layer for forming the second insulating
layer 15 may include Si0,, SiN_, SiON, Al,O;, TiO,, Ta,O;,
HfO,, 7r0O,, BST, PZT, or the like. An organic insulating
layer for forming the second insulating layer 15 may include
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a general-use polymer (PMMA, PS), a polymer derivative
having a phenol group, an acrylic polymer, an imide-based
polymer, an aryl ether-based polymer, an amide-based poly-
mer, a fluorine polymer, a p-xylene-based polymer, a vinyl
alcohol-based polymer, and a blend of these. In addition, the
second insulating layer 15 may be formed of a composite
stack of organic insulation layers and inorganic insulation
layers.

[0034] The source and drain electrodes 216 are connected
to the source and drain regions 211a and 2115 of the active
layer 211 through the contact holes C1 and C2. In this case,
one of the source and drain electrodes 216 may longitudinally
extend on the second insulating layer 15 so as to function as
the pixel electrode 116, and thus a process for forming a
separate pixel electrode is not required, thereby simplifying a
manufacturing process. In FIGS. 1 and 2, the source and drain
electrodes 216 are illustrated as a single layer, but the present
embodiment is not limited thereto. That is, the source and
drain electrodes 216 may include a plurality of layers, as will
be described below.

[0035] In the capacitor region CAPI1, a lower capacitor
electrode 311a. formed of the same material as that of the
active layer 211 of the TFT, is disposed on the substrate 10.
The lower capacitor electrode 311a may include a semicon-
ductor doped with ion impurities that are the same materials
as those of the source and drain regions 211a and 2115 of the
active layer 211 of the TFT. If the lower capacitor electrode
311a s formed of an intrinsic semiconductor that is not doped
with ion impurities, the capacitor, together with an upper
capacitor electrode 313, constitutes a metal oxide semicon-
ductor (MOS) CAP structure. However, if the lower capacitor
electrode 311a is formed of a semiconductor doped with ion
impurities, the capacitor, together with the upper capacitor
electrode 313, may constitute a metal-insulator-metal (MIM)
CAP structure. The MIM CAP structure may maintain con-
stant static capacity within a wide voltage range, compared to
the MOS CAP structure, thereby increasing a voltage design
margin during a circuit design.

[0036] Although described below, a process of doping the
lower capacitor electrode 311a with ion impurities is simul-
taneously performed with a process of doping the source and
drain regions 211a and 2115 of the active layer 211 ofthe TFT
with ion impurities. Thus, doping costs may be reduced by
performing doping operations of high costs in a single pro-
cess.

[0037] The first insulating layer 12, functioning as a gate
insulating layer and a dielectric layer, is formed on the lower
capacitor electrode 311a. and the upper capacitor electrode
313 is disposed on the first insulating layer 12.

[0038] Theupper capacitor electrode 313 may be formed of
the same material and on the same layer as the first gate
electrode 213. In this case, the upper capacitor electrode 313
may be formed to be as thin as possible. The pixel electrode
116 may be formed directly on the second insulating layer 15
to have an entire portion where the upper capacitor electrode
313 is formed, thereby reducing a step difference of the sec-
ond insulating layer 15 functioning as a planarization layer.
Thus, a thickness of the upper capacitor electrode 313 may be
1000 A or less.

[0039] The second insulating layer 15, functioning as a
planarization layer, may be disposed on the first and second
gate electrodes 213 and 214, and the upper capacitor elec-
trode 313.
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[0040] The pixel electrode 116, extending from one of the
source and drain electrodes 216, is formed on the second
insulating layer 15, and the pixel electrode 116 is formed so as
to have an entire region where the upper capacitor electrode
313 is formed below the second insulating layer 15.

[0041] If the upper capacitor electrode 313 is thick, a step
difference of a portion of the second insulating layer 15,
which corresponds to an edge portion of the upper capacitor
electrode 313, is increased due to the thickness of the upper
capacitor electrode 313. In addition, the pixel electrode 116
and the light-emitting layer 118, which are formed on the
second insulating layer 15 with the large step difference, are
stepped, thereby causing problems such as dark spots. Thus,
if the upper capacitor electrode 313 is thick, the pixel elec-
trode 116 needs to be formed on a flat region except for the
region where the upper capacitor electrode 313 is formed. In
this case, since a range for forming the pixel electrode 116
may be reduced, an aperture ratio is reduced.

[0042] However, according to the present embodiment, in
the organic light-emitting display device 1, the upper capaci-
tor electrode 313 is formed to be thin, and thus a lower portion
ofthe pixel electrode 116 may be planarized by using only the
second insulating layer 15 without forming a separate pla-
narization layer. As a result, the pixel electrode 116 may be
formed directly on an upper portion of the second insulating
layer 15 where the upper capacitor electrode 313 is formed,
thereby increasing an aperture ratio.

[0043] In the pixel region PXL1, the pixel electrode 116,
extending from one of the source and drain electrodes 216, is
disposed on the second insulating layer 15. As described
above, the pixel electrode 116 is formed of the same material
and on the same layer as the source and drain electrodes 216.
In this case, the pixel electrode 116 may function as a reflec-
tive electrode. In addition, the pixel electrode 116 may be
formed so as to have an entire portion where the upper capaci-
tor electrode 313 is formed.

[0044] A third insulating layer 17, including an opening C3
that exposes an upper portion of the pixel electrode 116
therethrough, is disposed on the second insulating layer 15.
The third insulating layer 17 may be formed of an organic
material or an inorganic material.

[0045] The light-emitting layer 118 is formed in the open-
ing C3. The light-emitting layer 118 may be formed of a
low-molecular weight organic material or a high-molecular
weight organic matetial.

[0046] When the light-emitting layer 118 is a low-molecu-
lar weight organic layer, 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 light-emitting layer 118. If necessary, various layers
may be stacked. Examples of available organic materials may
include copper phthalocyanine (CuPc), N,N'-di(naphthalene-
1-y])-N,N'-diphenyl-benzidine (NPB), tris-8-hydroxyquino-
line aluminum (Alq3), and the like.

[0047] When the light-emitting layer 118 is a high-molecu-
lar weight organic layer, a HTL may be stacked in addition to
the light-emitting layer 118. The HTL may be formed of
poly(ethylenedioxythiophene)  (PEDOT),  polyaniline
(PANI), or the like. In this case, examples of available organic
materials may include a high-molecular weight organic mate-
rial such as polyphenylenevinylene, polyfluorene, or the like.
[0048] An opposite electrode 119 as a common electrode is
disposed on the light-emitting layer 118. In the organic light-
emitting display device 1, the pixel electrode 116 may func-
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tion as an anode, and the opposite electrode 119 may function
as a cathode, but polarities of the pixel electrode 116 and the
opposite electrode 119 may be opposite to this.

[0049] According to the present embodiment, in the
organic light-emitting display device 1, a method of forming
a separate pixel electrode is not required, thereby simplifying
a manufacturing process, and a metal-insulator-metal (MIM)
CARP structure is formed, thereby increasing a voltage design
margin during a circuit design. In addition, doping processes
of high costs are simultaneously performed in a single opera-
tion, thereby reducing doping costs. Since the pixel electrode
116 may be formed directly on the second insulating layer 15
disposed on a region where the upper capacitor electrode 313
1s formed, an aperture ratio is increased.

[0050] Hereinafter, a method of manufacturing the organic
light-emitting display device 1 is described with reference to
FIGS. 3 through 8.

[0051] FIG. 3 is a cross-sectional view for describing a
resultant of a first mask operation of the organic light-emit-
ting display device 1, according to an embodiment of the
present invention.

[0052] Referring to FIG. 3, the active layer 211 of the TFT,
and an electrode 311 of a capacitor may be formed on the
substrate 10.

[0053] Although not illustrated in FIG. 3, a semiconductor
layer (not shown) is formed on the substrate 10, and a photo-
resist is coated on the semiconductor layer (not shown). The
semiconductor layer (not shown) is patterned by using a
photolithography method using a first photomask (not
shown) so as to simultaneously form the active layer 211 of
the TFT, and the electrode 311 of the capacitor.

[0054] The first mask operation by photolithography is per-
formed by exposing the first photomask (not shown) by an
exposure device (not shown) and then performing develop-
ing, etching, and stripping or ashing on the first photomask.
[0055] The semiconductor layer (not shown) may include
amorphous silicon or polysilicon. In this case, polysilicon
may be formed by crystallizing amorphous silicon. Amor-
phous silicon is crystallized by using various methods such as
arapid thermal annealing (RTA) method, a solid phase crys-
tallization (SPC) method, an excimer laser annealing (ELA)
method, a metal-induced crystallization (MIC) method, a
metal-induced lateral crystallization (MILC) method, a
sequential lateral solidification (SLS) method, and the like.
[0056] FIG. 4 is a cross-sectional view for describing a
resultant of a second mask operation of the organic light-
emitting display device 1, according to an embodiment of the
present invention.

[0057] Referring to FIG. 4, the first insulating layer 12 is
stacked on the resultant of the first mask operation of FIG. 3,
a first conductive material 13 and a second conductive mate-
rial 14 with a different etching selectivity ratio from the first
conductive material 13 are sequentially stacked on the first
insulating layer 12, and then a photoresist PR is coated on the
second conductive material 14.

[0058] The second mask operation using a second photo-
mask M is performed on the resulting structure. The second
photomask M may be prepared as a halftone mask including
a light-block portion M1, a semi-transmissive portion M2,
and a transmissive portion M3.

[0059] The first conductive material 13 and the second con-
ductive material 14 have different etching selectivity ratios.
For example, first conductive material 13 and the second
conductive material 14 may be selected from conductive
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materials with different etching selectivity ratios, which are
selected from the group consisting of a transparent conduc-
tive material such as ITO, 17O, ZnO, and In,0;, and titanium
(T1), molybdenum (Mo), aluminium (Al), silver (Ag), copper
(Cu), and an alloy thereof.

[0060] Referring to FIG. 5, as a result of the second photo-
mask operation, the first conductive material 13 and the sec-
ond conductive material 14 are patterned into the first and
second gate electrodes 213 and 214 of the TFT, respectively,
and simultaneously the first conductive material 13 is pat-
terned into the upper capacitor electrode 313.

[0061] The above structure is doped with ion impurities.
The ion impurities may be a group Il or V element. The active
layer 211 of the TFT, and the lower capacitor electrode 311
are doped with ion impurities having a concentration of
1x10" atoms/cm? or more.

[0062] In this case, the active layer 211 is doped with ion
impurities by using the first and second gate electrodes 213
and 214 as a self-aligned mask, and thus the active layer 211
includes source and drain regions 212a and 2125 doped with
ion impurities, and a channel region 212¢ disposed between
the source and drain regions 212a and 212b. That is, by using
the first and second gate electrodes 213 and 214 as a self-
aligned mask, without a separate photomask, the source and
drain regions 212a and 2125 may be formed.

[0063] As described above, since the upper capacitor elec-
trode 313 is formed to have a small thickness of 1000 A or
less, ionimpurities pass through the upper capacitor electrode
313 to dope the electrode 311 of the capacitor to form lower
capacitor electrode 311a. As a result, the lower capacitor
electrode 311a doped with ion impurities together with the
upper capacitor electrode 313 constitutes a metal-insulator-
metal (MIM) CAP structure, thereby increasing a voltage
design margin during a circuit design. In addition, the active
layer 211 and the lower capacitor electrode 311a may be
simultaneously doped in a single doping operation, thereby
reducing manufacturing costs.

[0064] FIG. 6 is a cross-sectional view for describing a
result of a third mask operation of the organic light-emitting
display device 1, according to an embodiment of the present
invention.

[0065] Referring to FIG. 6, the second insulating layer 15 is
stacked on a resulting structure of the second mask operation
of FIG. 5, and the contact holes C1 and C2 exposing portions
of the source and drain regions 211a and 2115 of the active
layer 211 therethrough are formed by patterning the second
insulating layer 15.

[0066] As described above, the second insulating layer 15
functions as an interlevel insulating layer for insulating the
first and second gate electrodes 213 and 214 and the source
and drain electrodes 216 from each other. In addition, the
second insulating layer 15 may cover an upper portion of the
upper capacitor electrode 313 having a small thickness so as
to function as a planarization layer on which, as will be
described below, the pixel electrode 116 if formed.

[0067] FIG. 7 is a cross-sectional view for describing a
fourth mask operation of the organic light-emitting display
device 1, according to an embodiment of the present inven-
tion.

[0068] Referring to FIG. 7, the source and drain electrodes
216 and the pixel electrode 116 extending from any one ofthe
source and drain electrodes 216 are formed on a resulting
structure of the third mask operation of FIG. 6. That is, the
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pixel electrode 116 is formed of the same material as the
source and drain electrodes 216.

[0069] The source and drain electrodes 216 and the pixel
electrode 116 may each include a single layer or a plurality of
layers. As illustrated in FIG. 7, the source and drain electrodes
216 and the pixel electrode 116 include a first layer 1164, a
second layer 1165, and a third layer 116¢. The first layer 1164,
as a planarization layer, may include Ti having excellent
durability and electrical characteristics, and excellent adhe-
sion with the second insulating layer 15. The second layer
1165 may include Ag or Al so as to function as a reflective
conductive layer. The third layer 116¢ may include any one
selected from the group consisting of 1TO, 170, ZnO, and
In, 05 so as to function as a transmissive conductive layer.
[0070] FIG. 8isa cross-sectional view for describing a fifth
mask operation of the organic light-emitting display device 1,
according to an embodiment of the present invention.
[0071] Referring to FIG. 8, the third insulating layer 17 is
formed on a resulting structure of the fourth mask operation
of FIG. 7. In the fifth mask operation, the opening C3 expos-
ing anupper surface of the pixel electrode 116 therethrough is
formed in the third insulating layer 17. The light-emitting
layer (118, see FIG. 1) is formed in the opening C3, and thus
light is emitted from the light-emitting layer (118) by apply-
ing a voltage to the pixel electrode 116 and the opposite
electrode (119, see FIG. 1). Thus, a light-emitting region is
enlarged, thereby increasing an aperture ratio.

[0072] Hereinafter, an organic light-emitting display
device 2 is described with reference to FIGS. 9 and 10.
[0073] FIG. 9is a cross-sectional view of the organic light-
emitting display device 2 according to another embodiment
of the present invention. FIG. 10 is a plan view of the organic
light-emitting display device 2 to describe a positional rela-
tionship of a pixel electrode 116', a transistor region TFT2,
and a capacitor region CAP2, according to an embodiment of
the present invention. In FIGS. 1 and 10, like reference
numerals in the drawings denote like elements, and thus the
organic light-emitting display device 2 will be described in
terms of differences from the above-described embodiment
of FIG. 1.

[0074] Referring to FIGS. 9 and 10, the organic light-emit-
ting display device 2 includes a pixel region PXL2 including
the light-emitting layer 118, the transistor region TFT2
including a thin film transistor (TFT), and the capacitor
region CAP2 including a capacitor, which are formed on the
substrate 10.

[0075] The active layer 211 including the channel region
211¢, and the source and drain regions 211a and 2115 of the
TFT is formed in the transistor region TFT2 on the substrate
10. The first insulating layer 12 is formed on the active layer
211. First and second gate electrodes 213 and 214" are sequen-
tially formed so as to correspond to the channel region 211c.
The source and drain regions 211a and 2115 are doped with
ion impurities.

[0076] Thefirst and second gate electrodes 213 and 214' are
formed of conductive materials with different etching selec-
tivity ratios. According to the present embodiment, the sec-
ond gate electrode 214'is formed of a low-resistance conduc-
tive material. For example, the second gate electrode 214'
may be formed of Cu. Since the second gate electrode 214' is
formed of a low-resistance conductive material, a wiring (for
example, a gate line (not shown)) connected to the second
gate electrode 214, and the second gate electrode 214' may be
formed to have a thickness h2 that is smaller than the thick-
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ness hl of the second gate electrode 214, described with
reference to FIGS. 1 and 2. Thus, a step difference of the
second insulating layer 15 formed on the wiring connected to
the second gate electrode 214 or the second gate electrode
214' may be minimized. By minimizing the step difference of
the second insulating layer 15 functioning as a planarization
layer, the pixel electrode 116' may be enlarged to upper por-
tions of the first and second gate electrodes 213 and 214', as
described below.

[0077] The second insulating layer 15, including contact
holes C1' and C2', is formed on the first and second gate
electrodes 213 and 214'. The second insulating layer 15 func-
tions as an interlevel insulating layer for insulating the first
and second gate electrodes 213 and 214' and the source and
drain electrodes 216 from each other, and functions as a
planarization layer formed directly below the pixel electrode
116'.

[0078] The source and drain electrodes 216 are connected
to the source and drain regions 211a and 2115 of the active
layer 211 through the contact holes C1' and C2'. In this case,
oneofthe source and drain electrodes 216 may longitudinally
extend on the second insulating layer 15 so as to function as
pixel electrode 116', and thus a process for forming a separate
pixel electrode is not required, thereby simplifying manufac-
turing processes.

[0079] The lower capacitor electrode 311a doped with ion
impurities is formed in the capacitor region CAP2 on the
substrate 10, like the source and drain regions 211a and 2115
ofthe activelayer 211 of the TFT. The first insulating layer 12,
functioning as a dielectric layer as well as a gate insulating
layer, is formed on the lower capacitor electrode 311a. The
upper capacitor electrode 313 is formed on the first insulating
layer 12. The upper capacitor electrode 313 is formed of the
same material and on the same layer as the first gate electrode
213. In this case, the upper capacitor electrode 313 may be
formed to be as thin as possible. As described above, the pixel
electrode 116' is formed directly on the second insulating
layer 15 so as to have an entire portion where the upper
capacitor electrode 313 is formed, and a step difference of the
second insulating layer 15 functioning as a planarization
layer. Thus, a thickness of the upper capacitor electrode 313
may be 1000 A or less.

[0080] The second insulating layer 15, functioning as a
planarization layer, is formed on the first and second gate
electrodes 213 and 214" and the upper capacitor electrode
313.

[0081] The pixel electrode 116', extending from one of the
source and drain electrodes 216, is formed on the second
insulating layer 15, and the pixel electrode 116' is formed so
as to cover an upper portion of the first and second gate
electrodes 213 and 214' of the TFT as well as the upper
capacitor electrode 313 formed below the second insulating
layer 15.

[0082] According to the present embodiment, since the sec-
ond gate electrode 214' of the transistor region TFT2, as well
as the upper capacitor electrode 313, is formed of a low-
resistance conductive material so as to have a small thickness,
the pixel electrode 116" may be formed so as to cover an upper
portion of the first and second gate electrodes 213 and 214' as
well as the upper capacitor electrode 313, thereby further
increasing an aperture ratio.

[0083] As described above, an organic light-emitting dis-
play apparatus, and a method of manufacturing the same may
provide the following effects.
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[0084] First, a process for forming a separate pixel elec-
trode is not required, thereby simplifying manufacturing pro-
cesses.

[0085] Second, a voltage design margin may be increased
during a circuit design due to forming a MIM CAP structure.
[0086] Third, doping costs may be reduced by performing
doping operations of high costs in a single process.

[0087] Fourth, a pixel electrode is formed on a portion
where a capacitor is formed, thereby increasing an aperture
ratio.

[0088] Fifth, since a separate planarization layer is not
required, manufacturing processes may be simplified and a
thin display device may be obtained.

[0089] Sixth, the above-described organic light-emitting
display device may be manufactured by using five mask
operations.

[0090] 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. A method of manufacturing an organic light-emitting
display device, the method comprising:

a first mask operation comprising forming a semiconductor
layer on a substrate, and forming an active layer of a thin
film transistor and a lower capacitor electrode by pat-
terning the semiconductor layer;

a second mask operation comprising forming a first insu-
lating layer on the substrate so as to cover the active layer
and the lower capacitor electrode, sequentially stacking
a first conductive material on the first insulating layer,
and a second conductive material with a different etch-
ing selectivity ratio from the first conductive material on
the first insulating layer, forming, by patterning, a gate
electrode comprising the first conductive material and
the second conductive material, and forming, by pattern-
ing, an upper capacitor electrode comprising the first
conductive material;

a third mask operation comprising forming a second insu-
lating layer on a resulting structure of the second mask
operation, and forming contact holes exposing a portion
of the active layer by patterning the second insulating
layer; and

a fourth mask operation comprising forming a third con-
ductive material on a resulting structure of the third
mask operation, forming source and drain electrodes by
patterning the third conductive material, and forming a
pixel electrode by extending one of the source and the
drain electrode so as to cover an area comprised of an
entire portion where the upper capacitor electrode is
formed.

2. The method of claim 1, further comprising a fifth mask
operation comprising forming a third insulating layer on a
resulting structure of the fourth mask operation, and exposing
the pixel electrode by patterning the third insulating layer.

3. The method of claim 2, wherein a light-emitting layer
and an opposite electrode are formed on the exposed pixel
electrode, after the fifth mask operation is performed.

4. The method of claim 1, wherein the second mask opera-
tion uses a halftone mask.
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5. The method of claim 1, wherein the active layer and the
lower capacitor electrode are doped with ion impurities on the
resulting structure of the second mask operation.

6. The method of claim 1, wherein, in the second mask
operation, the second conductive material comprises a low-
resistance conductive material, and

wherein, in the fourth mask operation, the pixel electrode is

formed so as to further cover an area where the second
gate electrode is formed.

7. The method of claim 1, wherein, in the fourth mask
operation, the third conductive material comprises a first
layer comprising titanium (Ti), a second layer comprising
silver (Ag) or aluminum (Al), and a third layer comprising
any one selected from the group consisting of 1TO, IZ0, ZnO,
and In,0,;.
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