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An organic light-emitting display device includes an organic
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the capacitor including a first electrode layer and a second
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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2011-0022449, filed on Mar. 14,2011, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

[0002] BACKGROUND
[0003] 1.Field
[0004] Example embodiments relate to an organic light-

emitting display device, and more particularly, to an organic
light-emitting display device including a capacitor having an
increased capacity and a method of manufacturing the
organic light-emitting display device.

[0005] 2. Description of the Related Art

[0006] In organic light-emitting display devices that have
recently attracted much attention, each pixel includes a thin
film transistor (TFT), a capacitor, and an organic light-emit-
ting device connected to the TFT and the capacitor. The
organic light-emitting device emits light by receiving a
proper driving signal from the TFT and the capacitor and
displays a desired image.

[0007] In order to more stably display an image of an
organic light-emitting display device, the capacitor is
required to have a sufficient capacity. That is, when the
capacitor has a sufficient capacity, an image can be more
naturally displayed. However, if a size of the capacitor is
merely increased to increase the capacity thereof, an emission
area of the organic light-emitting device may be relatively
decreased, which in turn, may decrease the brightness of the
organic light-emitting device.

SUMMARY

[0008] Example embodiments provide a capacitor having
an increased capacity and an organic light-emitting display
device including the capacitor.

[0009] According to an aspect of the example embodi-
ments, there is provided an organic light-emitting display
device, including an organic light-emitting device, a thin film
transistor (TFT) electrically connected to the organic light-
emitting device, and a capacitor electrically connected to the
organic light-emitting device, the capacitor including a first
electrode layer and a second electrode layer opposite to each
other, and a first insulating layer interposed as a single layer
between the first electrode layer and the second electrode
layer.

[0010] The first electrode layer may include a transparent
electrode layer on the substrate, and a low resistance elec-
trode layer on the transparent electrode layer.

[0011] The TFT may include a gate electrode including a
same material with a same thickness as the first electrode
layer of the capacitor, the gate electrode and first electrode
layer being positioned directly on a same element, a second
insulating layer on the gate electrode, an active layer on the
second insulating layer, a third insulating layer on the active
layer, the third insulating layer being a continuous layer with
the first insulating layer, and source and drain electrodes on
the third insulating layer and connected to the active layer, the
source and drain electrodes including a same material to a
same thickness as the second electrode layer of the capacitor.
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[0012] The gate electrode may include a transparent elec-
trode layer on the substrate, and a low resistance electrode
layer on the transparent electrode layer.

[0013] The organic light-emitting device may include a
pixel electrode connected to the TFT, an opposing electrode
opposite to the pixel electrode, and an organic emission layer
interposed between the pixel electrode and the opposing elec-
trode.

[0014] The pixel electrode may include a transparent elec-
trode layer on the substrate and connected to the organic
emission layer, and a low resistance electrode layer on the
transparent electrode layer and connected to the TFT.

[0015] According to another aspect ofthe example embodi-
ments, there is provided a method of manufacturing an
organic light-emitting display device, the method including
forming an organic light-emitting device, forming a thin film
transistor (TFT) electrically connected to the organic light-
emitting device, and forming a capacitor electrically con-
nected to the organic light-emitting device, the capacitor
including a first electrode layer and a second electrode layer
opposite to each other, and a first insulating layer interposed
as a single layer between the first electrode layer and the
second electrode layer.

[0016] The method may further include forming a pixel
electrode of the organic light-emitting device, a gate electrode
of the TFT, and the first electrode layer of the capacitor of a
same layer on the substrate, forming a second insulating layer
on the gate electrode of the TFT, forming an active layer on
the second insulating layer, forming the first insulating layer
on the first electrode layer of the capacitor and a third insu-
lating layer on the active layer of a same layer, and forming
the second electrode layer on the first insulating layer and
source and drain electrodes on the third insulating layer of a
same layer.

[0017] Each of the first electrode layer, the gate electrode,
and the pixel electrode may include a transparent electrode
layer formed on the substrate and a low resistance electrode
layer formed on the transparent electrode layer.

[0018] The method may further include forming an organic
emission layer on the pixel electrode, and forming an oppos-
ing electrode on the organic emission layer.

[0019] The organic emission layer may be formed on the
exposed pixel electrode, and the pixel electrode is partially
exposed by etching a pixel-defining layer formed on the pixel
electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The above and other features and advantages of the
example embodiments will become more apparent by
describing in detail exemplary embodiments thereof with
reference to the attached drawings in which:

[0021] FIG. 1 is a cross-sectional view of an organic light-
emitting display device according to example embodiments;
and

[0022] FIGS. 2A through 2F are cross-sectional views of
stages in a method of manufacturing an organic light-emitting
display device according to example embodiments.

DETAILED DESCRIPTION

[0023] An exemplary embodiment will be described in
detail with reference to FIG. 1. FIG. 1 is a cross-sectional
view of an organic light-emitting display device according to
an example embodiment.
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[0024] As illustrated in FIG. 1, an organic light-emitting
display device according to an embodiment includes a thin
film transistor (TFT) 30, a capacitor 20, and an organic light-
emitting device 40 on a substrate 10. FIG. 1 illustrates only a
single pixel of the organic light-emitting display device, but
the organic light-emitting display device includes a plurality
of the pixels.

[0025] The organic light-emitting device 40, which is elec-
trically connected to the TFT 30 and the capacitor 20, emits
light. The organic light-emitting device 40 includes pixel
electrodes 41 and 42 that are included in each pixel, an oppo-
site electrode 44 which is a common electrode, and an organic
emission layer 43 interposed between the pixel electrode 41
and the opposite electrode 44. Thus, if a voltage is applied to
the pixel electrodes 41 and 42 from the TFT 30 and the
capacitor 20, i.e., a proper voltage condition is formed
between the pixel electrodes 41 and 42 and the opposite
electrode 44, the organic emission layer 43 emits light.
[0026] The pixel electrode 41 may be a transparent elec-
trode layer formed of, e.g., indium tin oxide (ITO), indium
zinc oxide (IZO), or zinc oxide (ZnO), and the pixel electrode
42 may be a low resistance electrode layer formed of, e.g.,
molybdenum (Mo). The pixel electrodes 41 and 42 may par-
tially form a multi-layered structure.

[0027] The opposite electrode 44 may include a semi-per-
meable reflecting layer formed of, e.g., Ag, Mg, Al, Pt, Pd,
Au, Ni, Nd, Ir, Cr, Li, and/or Ca in a thin film type layer, or
may include a light-transmissive metal oxide formed of, e.g.,
ITO, 1Z0, or ZnO.

[0028] The organic emission layer 43 interposed between
the pixel electrodes 41 and 42 and the opposite electrode 44
may have a stacked structure in which an emitting layer
(EML) and at least one of a hole injection layer (HIL), a hole
transport layer (HTL), an electron injection layer (EIL), an
electron transport layer (ETL), etc. are stacked. The pixel
electrode 41, which is a transparent electrode layer, contacts
the organic emission layer 43, and the pixel electrode 42,
which is a low resistance electrode layer, connects source and
drain electrodes 36 and 37 of the TFT 30 with the pixel
electrode 41.

[0029] Although not shown in FIG. 1, a protection layer
may further be formed on the opposite electrode 44. Further,
the organic light-emitting display device may be sealed, e.g.,
by glass.

[0030] Reference numeral 50 denotes a pixel-defining
layer. The organic emission layer 43 and the opposite elec-
trode 44 may be formed on the pixel electrode 41 that is
exposed by etching the pixel-defining layer 50.

[0031] Next, the TFT 30 includes gate electrodes 31 and 32
formed on the substrate 10, a second insulating layer 33 (or a
gate insulating layer) covering the gate electrodes 31 and 32,
an active layer 34 formed on the second insulating layer 33, a
third insulating layer 35 (or an etching stop layer) covering
the active layer 34, and the source and drain electrodes 36 and
37. Each of the source and drain electrodes 36 and 37 is
connected to the active layer 34 via an aperture 35a of the
third insulating layer 35.

[0032] Abufferlayer (not shown) may further be formed on
the substrate 10. The buffer layer may be formed of an inor-
ganic material, e.g., silicon oxide.

[0033] The gate electrodes 31 and 32 may be formed as a
single layer or a plurality of layers on the substrate 10. In the
current embodiment, the gate electrodes 31 and 32 may be
formed as a multi layer similar to the pixel electrodes 41 and
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42, wherein the gate electrode 31 may be a transparent elec-
trode layer and the gate electrode 32 may be a low resistance
electrode layer.

[0034] The second insulating layer 33 may be formed of,
e.g., silicon oxide, tantalum oxide, and/or aluminum oxide.
However, example embodiments are not limited thereto.
[0035] The active layer 34 is formed on the second insulat-
ing layer 33. The active layer 34 may be formed of an oxide
semiconductor, e.g., a G-I-Z-O layer [a(In,O;) b(Ga,0;)c
(ZnO) layer], wherein a, b, and ¢ are real numbers satisfying
the conditions of a=0, b=0, and ¢>0, respectively. In another
example, the active layer 34 may be a Hf—In—Z7n—O layer.
[0036] The third insulating layer 35 covering the active
layer 34 may be formed of, e.g., silicon oxide, tantalum oxide,
and/or aluminum oxide. However, example embodiments are
not limited thereto.

[0037] The source and drain electrodes 36 and 37 are
formed on the third insulating layer 35 to contact the active
layer 34 via the apertures 35a. The drain electrode 37 is
connected to the pixel electrode 42.

[0038] A structure of the capacitor 20 will now be
described. The capacitor 20 includes first electrode layers 21
and 22, a first insulating layer 25, and second electrode layer
26 that are sequentially stacked on the substrate 10.

[0039] Thefirstelectrodelayers 21 and 22 are formed of the
same layers as the above-described gate electrodes 31 and 32
of'the TFT 30, respectively. The first electrode layers 21 and
22 may be formed as a multi layer structure, i.e., the first
electrode 21 may be a transparent electrode layer and the first
electrode 22 may be a low resistance electrode layer, similar
to the respective gate electrodes 31 and 32.

[0040] The first insulating layer 25 is formed of the same
layer as the third insulating layer 35 of the TFT 30.

[0041] The second electrode layer 26 is formed of the same
layer as the source and drain electrodes 36 of the TFT 30.
Further, the second electrode layer 26 is formed of a conduc-
tive metal material that is the same material for forming the
source and drain electrodes 36 and 37.

[0042] As such, since only the first insulating layer 25 is
interposed as a single layer between the first electrode layers
21 and 22 and the second electrode layer 26, e.g., the first
insulating layer 25 may be a single layer directly between the
first electrode layer 22 and the second electrode layer 26, the
capacity of the capacitor 20 may be increased. That is, since
the capacity of the capacitor 20 is inversely proportional to a
distance between an uppermost surface of the first electrode
layers 21 and 22, i.e., an uppermost surface of the first elec-
trode layer 22, and the second electrode layer 26, a decreased
distance between the uppermost surface of the first electrode
layers 21 and 22 and the second electrode layer 26 may
increase the capacity of the capacitor 20. In the organic light-
emitting display device having the above-described structure,
only the first insulating layer 25 is interposed between the first
electrode layers 21 and 22 and the second electrode layer 26,
and thus, a high capacity of the capacitor 20 can be easily
secured. Also, as will be described in a method of manufac-
turing the organic light-emitting display device of FIG. 1, a
structure in which only the first insulating layer 25 is inter-
posed between the first electrode layers 21 and 22 and the
second electrode layer 26 is naturally formed in a process of
forming each layer constituting the organic light-emitting
device 40, the TFT 30, and the capacitor 20, and thus, there is
no need to perform an additional mask process.
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[0043] Hereinafter, a method of manufacturing the organic
light-emitting display device of FIG. 1 will be described with
reference to FIGS. 2A-2F. FIGS. 2A through 2F are cross-
sectional views for sequentially describing a method of
manufacturing the organic light-emitting display device of
FIG. 1.

[0044] First, as illustrated in FIG. 2A, the first electrode
layers 21 and 22 of the capacitor 20, the gate electrodes 31 and
32of TFT 30, and the pixel electrodes 41 and 42 of the organic
light-emitting device 40 are formed on the substrate 10. That
is, the first electrode layer 21, the gate electrode 31, and the
pixel electrode 41, which are transparent electrode layers, are
formed, e.g., patterned, of a same first layer on, e.g., directly
on, the substrate 10. Next, the first electrode layer 22, the gate
electrode 32, and the pixel electrode 42, which are low resis-
tance electrode layers, are formed, e.g., patterned, of a same
second layer on, e.g., directly on, the first layer. Although not
shown in FIG. 2A, a buffer layer may further be formed on the
substrate 10. As the electrode layer 21, gate electrode 31, and
pixel electrode 41 are formed of a same layer, they are formed
simultaneously to a substantially same thickness, as mea-
sured from the substrate 10. Similarly, as the first electrode
layer 22, gate electrode 32, and pixel electrode 42, are formed
of a same layer, they are formed simultaneously to a substan-
tially same thickness, as measured from the substrate 10.
Each of the first electrode layer 22, gate electrode 32, and
pixel electrode 42 overlaps, e.g., completely overlaps, a
respective one of the electrode layer 21, gate electrode 31, and
pixel electrode 41.

[0045] Then, as illustrated in 2B, the second insulating
layer 33 covering the gate electrodes 31 and 32 of the TFT 30
is formed, followed by forming the active layer 34 on the
second insulating layer 33. Next, an additional insulation
layer is formed to cover the resultant structure, i.e., the pixel
electrode 42, active layer 34, and first electrode 22. The
additional insulation layer is a single layer having a first
portion on the first electrode 22, i.e., first insulating layer 25,
and a second portion on the pixel electrode 42 and active layer
34, i.e., third insulating layer 35. In other words, the first and
third insulating layers 25 and 35 define a single continuous
insulation layer overlapping the organic light-emitting device
40, the TFT 30, and the capacitor 20.

[0046] Next, the apertures 35a and 42a are formed in the
third insulating layer 35, as illustrated in FIG. 2C. Then, the
second electrode layer 26 of the capacitor 20 and the source
and drain electrodes 36 and 37 of the TFT 30 are formed, as
illustrated in FIG. 2D. At this time, the source electrode 36 is
connected to the active layer 34 via the aperture 354, and the
drain electrode 37 is connected to the active layer 34 and the
pixel electrode 42 respectively via the aperture 354 and the
aperture 42a. When the source and drain electrodes 36 and 37
are patterned, a part of the pixel electrode 42 is etched, and
thus, the pixel electrodes 41 and 42 may partially form a
multi-layered structure.

[0047] As such, a basic structure of the capacitor 20 is
completed, and thus, a stacked structure in which the first
electrode layers 21 and 22, the first insulating layer 25, and
the second electrode layer 26 are sequentially stacked is
formed, as illustrated in FIG. 2D. The stacked structure in
which an electrode layer, an insulating layer, and an electrode
layer are sequentially stacked may increase the capacity of the
capacitor 20.

[0048] In contrast, a conventional capacitor having a
stacked structure may include a plurality of insulating layers
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between the first and second electrode layers, thereby
decreasing capacity. However, as the capacitor 20 according
to example embodiments include a single insulating layer is
formed as a single layer between two electrode layers, a total
thickness of the insulating layer is relatively decreased,
thereby increasing the capacity of a capacitor. Also, since the
first insulating layer 25 is formed at the same time as the third
insulating layer 35 of the TF'T 30, a number of manufacturing
processes may be decreased, thereby reducing manufacturing
costs.

[0049] Then, as illustrated in FIG. 2E, the pixel-defining
layer 50 is formed, followed by etching of the pixel-defining
layer 50 to expose a part of the pixel electrode 41. Then, the
organic emission layer 43 is formed on the exposed pixel
electrode 41, followed by formation of the opposite electrode
44 on the organic emission layer 43 to complete the manu-
facturing of the organic light-emitting display device, as illus-
trated in FIG. 2F. A protection layer may further be formed on
the organic light-emitting display device, and the organic
light-emitting display device may be sealed with glass.
[0050] Therefore, as described above, in the organic light-
emitting display device of the current embodiment, since an
insulating layer is formed as a single layer between two
electrodes of the capacitor 20, the capacity of the capacitor 20
may be increased without increasing the size of the capacitor
20. That is, the capacity of the capacitor 20 may be increased
without reducing the size of an emission area of an organic
light-emitting device. As such, the organic light-emitting
device may display an image more stably and naturally.
[0051] While the example embodiments has been particu-
larly shown and described with reference to exemplary
embodiments thereof, it will be understood by those of ordi-
nary skill in the art that various changes in form and details
may be made therein without departing from the spirit and
scope of the example embodiments as defined by the follow-
ing claims.

What is claimed is:

1. An organic light-emitting display device, comprising:

an organic light-emitting device;

a thin film transistor (TFT) electrically connected to the
organic light-emitting device; and

a capacitor electrically connected to the organic light-emit-
ting device, the capacitor including a first electrode layer
and a second electrode layer opposite to each other, and
a first insulating layer interposed as a single layer
between the first electrode layer and the second elec-
trode layer.

2. The organic light-emitting display device of claim 1,
wherein the first electrode layer includes a transparent elec-
trode layer on a substrate, and a low resistance electrode layer
on the transparent electrode layer.

3. The organic light-emitting display device of claim 1,
wherein the TFT includes:

a gate electrode including a same material with a same
thickness as the first electrode layer of the capacitor, the
gate electrode and first electrode layer being positioned
directly on a same element;

a second insulating layer on the gate electrode;

an active layer on the second insulating layer;

a third insulating layer on the active layer, the third insu-
lating layer being a continuous layer with the first insu-
lating layer; and

source and drain electrodes on the third insulating layer
and connected to the active layer, the source and drain
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electrodes including a same material to a same thickness
as the second electrode layer of the capacitor.

4. The organic light-emitting display device of claim 3,
wherein the gate electrode includes a transparent electrode
layer on a substrate, and a low resistance electrode layer on
the transparent electrode layer.

5. The organic light-emitting display device of claim 1,
wherein the organic light-emitting device includes a pixel
electrode connected to the TFT, an opposing electrode oppo-
site to the pixel electrode, and an organic emission layer
interposed between the pixel electrode and the opposing elec-
trode.

6. The organic light-emitting display device of claim 5,
wherein the pixel electrode includes a transparent electrode
layer on a substrate and connected to the organic emission
layer, and a low resistance electrode layer on the transparent
electrode layer and connected to the TFT.

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

forming an organic light-emitting device;

forming a thin film transistor (TFT) electrically connected

to the organic light-emitting device; and

forming a capacitor electrically connected to the organic

light-emitting device, the capacitor including a first elec-
trode layer and a second electrode layer opposite to each
other, and a first insulating layer interposed as a single
layer between the first electrode layer and the second
electrode layer.
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8. The method of claim 7, further comprising:

forming a pixel electrode of the organic light-emitting
device, a gate electrode of the TFT, and the first electrode
layer of the capacitor of a same layer on a substrate;

forming a second insulating layer on the gate electrode of
the TFT;

forming an active layer on the second insulating layer;

forming the first insulating layer on the first electrode layer

of the capacitor and a third insulating layer on the active
layer of a same layer; and

forming the second electrode layer on the first insulating

layer and source and drain electrodes on the third insu-
lating layer of a same layer.

9. The method of claim 8, wherein each of the first elec-
trode layer, the gate electrode, and the pixel electrode
includes a transparent electrode layer formed on the substrate
and a low resistance electrode layer formed on the transparent
electrode layer.

10. The method of claim 8, further comprising:

forming an organic emission layer on the pixel electrode;

and

forming an opposing electrode on the organic emission

layer.

11. The method of claim 10, wherein the organic emission
layer is formed on the exposed pixel electrode, and the pixel
electrode is partially exposed by etching a pixel-defining
layer formed on the pixel electrode.
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