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(7) ABSTRACT

An organic light-emitting display apparatus includes a pixel
electrode with at least one opening; an intermediate layer
disposed on the pixel electrode that includes an organic
emission layer; an opposite electrode disposed on the inter-
mediate layer; and a driving circuit that includes an upper
conductive layer that overlaps the at least one opening of the
pixel electrode in a plan view, and that is electrically
connected to the pixel electrode.

7 Claims, 6 Drawing Sheets
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1
ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 U.S.C. § 119
from, and the benefit of, Korean Patent Application No.
10-2016-0001616, filed on Jan. 6, 2016 in the Korean
Intellectual Property Office, the contents of which are herein
incorporated by reference in their entirety.

BACKGROUND

1. Technical Field

One or more embodiments are directed to an organic
light-emitting display apparatus.

2. Discussion of the Related Art

An organic light-emitting display apparatus is a self-
emission display apparatus that includes a plurality of
organic light-emitting devices (OLEDs), each including a
hole injection electrode, an electron injection electrode, and
an organic emission layer therebetween. Holes injected from
the hole injection electrode recombine with electrons
injected from the electron injection electrode in the organic
emission layer to produce excitons. These excitons decay
from an excited state to a ground state, thereby emitting
light.

As a self-emission display apparatus, an organic light-
emitting display apparatus requires no separate light source.
Thus, an organic light-emitting display apparatus can be
driven at low voltages and is light weight and has a slim
profile. In addition, an organic light-emitting display appa-
ratus has a wide viewing angle, a high contrast ratio, and a
short response time. Accordingly, an organic light-emitting
display apparatus is widely used in various fields, such as
personal portable devices such as MP3 players or mobile
phones, televisions, etc.

Organic light-emitting display apparatuses that enable a
user to recognize not only an image displayed by the organic
light-emitting display apparatus but also an outside back-
ground have been studied.

SUMMARY

One or more embodiments of the disclosure can provide
an organic light-emitting display apparatus that has
improved image quality by reducing an influence of current
generated from a parasitic capacitor to an organic light-
emitting device.

According to one or more embodiments, an organic
light-emitting display apparatus includes: a pixel electrode
that includes at least one opening; an intermediate layer
disposed over the pixel electrode that includes an organic
emission layer; an opposite electrode disposed over the
intermediate layer; and a driving circuit that includes an
upper conductive layer that overlaps the at least one opening
of the pixel electrode in a plan view, and that is electrically
connected to the pixel electrode.

According to one or more embodiments, the pixel elec-
trode may be a reflective electrode, and the opposite elec-
trode may be a transparent or translucent electrode.

According to one or more embodiments, the pixel elec-
trode may include a reflective layer that completely sur-
rounds the at least one opening.

According to one or more embodiments, the driving
circuit may further include a lower conductive layer dis-
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posed below the upper conductive layer that overlaps the at
least one opening in a plan view, and the upper conductive
layer and the lower conductive layer may be electrically
connected to each other.

According to one or more embodiments, the driving
circuit may further include at least one thin film transistor
(TFT) and at least one capacitor, and the upper conductive
layer and the lower conductive layer may correspond to a
node to which the at least one TFT and the at least one
capacitor are connected.

According to one or more embodiments, the at least one
TFT may include: an active layer; a gate electrode disposed
on the active layer and insulated from the active layer; and
a source electrode and a drain electrode disposed on the gate
electrode. The drain electrode may be electrically connected
to the active layer, and the upper conductive layer may be a
part of the source electrode.

According to one or more embodiments, the at least one
capacitor may include: a first electrode disposed on a same
layer as the gate electrode; and a second electrode disposed
on different layer from the source electrode that is opposite
to the first electrode with an insulating layer therebetween.
The source electrode may be electrically connected to the
second electrode through a contact hole in the insulating
layer, and the lower conductive layer may be a part of the
second electrode.

According to one or more embodiments, an organic
light-emitting display apparatus includes: a pixel disposed
on a substrate that includes a first area in which an image is
displayed and a second area through which external light
passes. The pixel includes: a driving circuit disposed in the
first area that drives the pixel and includes at least one upper
conductive layer; a pixel electrode disposed in the first area
that is electrically connected to the driving circuit and
includes at least one opening; a pixel-defining layer disposed
in at least the first area that includes a first opening that
exposes a part of the pixel electrode and a second opening
that corresponds to the second area; an intermediate layer
disposed on the pixel electrode that is exposed by the first
opening and includes an organic emission layer; and an
opposite electrode disposed on the intermediate layer. The at
least one opening and the at least one upper conductive layer
overlap in a plan view.

According to one or more embodiments, the pixel elec-
trode may be a reflective electrode, and the opposite elec-
trode may be a transparent or translucent electrode.

According to one or more embodiments, the pixel elec-
trode may include a reflective layer that completely sur-
rounds the at least one opening.

According to one or more embodiments, the driving
circuit may further include a lower conductive layer dis-
posed below the at least one upper conductive layer that
overlaps the at least one opening in a plan view, and the at
least one upper conductive layer and the lower conductive
layer may be electrically connected to each other.

According to one or more embodiments, the driving
circuit may further include at least one thin film transistor
(TFT) and at least one capacitor, and the at least one upper
conductive layer and the lower conductive layer may cor-
respond to a node to which the at least one TFT and the at
least one capacitor are connected.

According to one or more embodiments, the at least one
TFT may include: an active layer; a gate electrode disposed
on the active layer and insulated from the active layer; and
a source electrode and a drain electrode disposed on the gate
electrode wherein the drain electrode is electrically con-
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nected to the active layer. The at least one upper conductive
layer may be a part of the source electrode.

According to one or more embodiments, the at least one
capacitor may include: a first electrode disposed on a same
layer as the gate electrode; and a second electrode disposed
on different layer from the source electrode that is opposite
to the first electrode with an insulating layer therebetween.
The source electrode may be electrically connected to the
second electrode through a contact hole in the insulating
layer, and the lower conductive layer may be a part of the
second electrode.

According to one or more embodiments, the at least one
TFT may be a switching TFT and the at least one capacitor
may be a storage capacitor. The driving circuit may further
include a driving TFT that overlaps the storage capacitor in
a plan view.

According to one or more embodiments, a ratio of the
second area with respect to an entire area of the pixel may
range from about 40% to about 90%.

According to one or more embodiments, an organic
light-emitting display apparatus includes: a pixel disposed
on a substrate that includes a first area in which an image is
displayed and a second area through which external light
passes. The pixel includes: a driving circuit disposed in the
first area that drives the pixel and includes at least one upper
conductive layer; and a pixel electrode disposed in the first
area that is electrically connected to the driving circuit and
includes at least one opening. The pixel comprises a first
sub-pixel, a second sub-pixel, and a third sub-pixel that emit
light of different colors, and wherein the pixel electrode
comprises a first pixel electrode, a second pixel electrode,
and a third pixel electrode respectively disposed in the first
sub-pixel, the second sub-pixel, and the third sub-pixel. At
least one of the first pixel electrode, the second pixel
electrode, and the third pixel electrode comprises the at least
one opening, and at least one of the first pixel electrode, the
second pixel electrode, and the third pixel electrode does not
comprise the at least one opening. The at least one opening
and the at least one upper conductive layer overlap in a plan
view.

According to one or more embodiments, the organic
light-emitting display apparatus may further include: a
pixel-defining layer disposed in at least the first area that
includes a first opening that exposes a part of the pixel
electrode and a second opening that corresponds to the
second area; an intermediate layer disposed on the pixel
electrode that is exposed by the first opening and includes an
organic emission layer; and an opposite electrode disposed
on the intermediate layer.

According to one or more embodiments, the first pixel
electrode, the second pixel electrode, and the third pixel
electrode may respectively emit red light, green light, and
blue light and may have different areas.

According to one or more embodiments, the organic
light-emitting display apparatus may further include: a laser
drilling area disposed adjacent to the first sub-pixel of the
first area that includes an auxiliary electrode disposed on a
same layer as the pixel electrode and connected to the
opposite electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an equivalent circuit diagram of one pixel of an
organic light-emitting display apparatus according to an
embodiment.

FIG. 2 is a cross-sectional view of an organic light-
emitting display apparatus according to an embodiment.

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 3 is an equivalent circuit diagram of one sub-pixel of
an organic light-emitting display apparatus according to
another embodiment.

FIG. 4 is a plan view of one pixel in an organic light-
emitting display apparatus that includes a plurality of sub-
pixels according to another embodiment.

FIG. 5 is a plan view of a pixel electrode in an organic
light-emitting display apparatus of FIG. 4.

FIG. 6 is a cross-sectional view taken along lines VIa-VIa
and VIb-VIb of FIG. 4.

DETAILED DESCRIPTION

Reference will now be made in detail to embodiments,
examples of which are illustrated in the accompanying
drawings, wherein like reference numerals may refer to like
elements throughout. In this regard, the present embodi-
ments may have different forms and should not be construed
as being limited to the descriptions set forth herein.

Hereinafter, embodiments of the present disclosure will
be described in detail by explaining exemplary embodiments
of the disclosure with reference to the attached drawings.
Like reference numerals in the drawings may denote like
elements, and thus their description may be omitted.

In the following description, when a layer is described to
exist “on” or “above” another layer, the layer may exist
directly on the other layer or a third layer such as a film, an
area, or a constituent element may be interposed therebe-
tween.

Also, in the drawings, the thickness or size of each layer
illustrated in the drawings may be exaggerated for conve-
nience of explanation and clarity.

An organic light-emitting display apparatus according to
an embodiment can be implemented as a top emission type
organic light-emitting display apparatus that includes a pixel
electrode that is a reflective electrode and an opposite
electrode that is a transparent or translucent electrode and
emits light from an emission layer through the opposite
electrode.

According to embodiments, a top emission type organic
light-emitting display apparatus, a pixel circuit that includes
a thin film transistor, etc., is disposed below the pixel
electrode to achieve a maximum opening ratio, and when the
pixel electrode overlaps a conductive layer in the pixel
circuit in a plan view, a parasitic capacitor may occur.

According to embodiments, a parasitic capacitor can
cause errors in the driving current supplied to an organic
light-emitting device, which can deteriorate the quality of an
image displayed by an organic light-emitting display appa-
ratus.

FIG. 1 is an equivalent circuit diagram of one pixel of an
organic light-emitting display apparatus 1 according to an
embodiment. FIG. 2 is a cross-sectional view of the organic
light-emitting display apparatus 1 according to an embodi-
ment.

Referring to FIGS. 1 and 2, the organic light-emitting
display apparatus 1 according to an embodiment includes a
pixel electrode 130 with at least one opening 130%, an
intermediate layer 140 disposed over the pixel electrode 130
that includes an organic emission layer, an opposite elec-
trode 150 disposed over the intermediate layer 140, and a
driving circuit DC that includes an upper conductive layer
160 overlapping the at least one opening 130/ of the pixel
electrode 130 in a plan view and electrically connected to the
pixel electrode 130.

According to an embodiment, the pixel electrode 130, the
intermediate layer 140, and the opposite electrode 150
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constitute an organic light-emitting device OLED. The driv-
ing circuit DC drives the organic light-emitting device
OLED by adjusting the intensity of current supplied to the
organic light-emitting device OLED.

According to an embodiment, the pixel electrode 130 is a
reflective electrode, and the opposite electrode 150 may be
a transparent or translucent electrode. Thus, light emitted
from the intermediate layer 140 may be emitted out through
the opposite electrode 150. That is, the organic light-emit-
ting display apparatus 1 is a top emission type device. A top
emission type organic light-emitting display apparatus 1
does not display an image in a direction of a substrate 110
and includes the driving circuit DC between the pixel
electrode 130 and the substrate 110 to improve an opening
ratio of the organic light-emitting display apparatus 1.

That is, according to an embodiment, the driving circuit
DC overlaps the pixel electrode 130 in a plan view.

According to an embodiment, an opening ratio, which
refers to the area in the organic light-emitting display
apparatus 1 from which light is emitted, can be improved. In
addition, the pixel electrode 130 and conductive layers in the
driving circuit DC overlap in a plan view, and thus an
unintended capacitor can be formed.

According to an embodiment, the pixel electrode 130 is a
reflective electrode and includes at least one reflective layer
131 selected from a group that includes Ag, Mg, Al, Pt, Pd,
Au, Ni, Nd, Ir, Cr, or a compound thereof. According to an
embodiment, the pixel electrode 130 further includes trans-
parent or translucent electrode layers 132 and 133 disposed
above and/or below the reflective layer 131.

According to an embodiment, the pixel electrode 130 in
the organic light-emitting display apparatus 1 includes at
least one opening 130/. That is, the pixel electrode 130
includes at least one opening 130% and the reflective layer
131 completely surrounding the at least one opening 130%.
Thus, the pixel electrode 130 has a donut shape that includes
the opening 130/ therein. According to an embodiment, the
opening 130/ may have various shapes, such as a circle or
a rectangle.

According to an embodiment, when the pixel electrode
130 includes only the reflective layer 131, the reflective
layer 131 includes the at least one opening 130%. When the
pixel electrode 130 includes the reflective layer 131 and the
transparent or translucent electrode layers 132 and 133, the
reflective layer 131 and the transparent or translucent elec-
trode layers 132 and 133 all include the at least one opening
130/.

According to an embodiment, the driving circuit DC
includes an upper conductive layer 160 that overlaps the at
least one opening 130/ in a plan view. The upper conductive
layer 160 may be one of the conductive layers included in a
thin film transistor (TFT) or a capacitor that is included in
the driving circuit DC.

According to an embodiment, the upper conductive layer
160 be separated from the pixel electrode 130 by a fourth
insulating layer 119 therebetween and may form a parasitic
capacitor with the pixel electrode 130. However, according
to an embodiment, the pixel electrode 130 includes the
opening 130/ that overlaps at least a part of the upper
conductive layer 160, which can prevent or reduce parasitic
capacitance from being generated in an area of the at least
one opening 130/

According to an embodiment, a lower conductive layer
170 that overlaps the pixel electrode 130 in a plan view is
disposed below the upper conductive layer 160. A third
insulating layer 117 is disposed between the lower conduc-
tive layer 170 and the upper conductive layer 160.
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According to an embodiment, the third insulating layer
117 includes a node contact hole CH, _,_ that connects the
upper conductive layer 160 and the lower conductive layer
170. That is, the opening 130/ formed in the pixel electrode
130 is disposed in an area corresponding to the node contact
hole CH,,, .- The lower conductive layer 170 may be one of
conductive layers included in a TFT or a capacitor that is
included in the driving circuit DC.

Referring to FIG. 1, according to an embodiment, the
driving circuit DC includes at least one TFT and at least one
capacitor. The at least one TFT and/or the at least one
capacitor are electrically connected to lines SLi, DLj, and
PL that transmit a scan signal Scan, a data signal Data, or a
driving voltage ELVDD to the driving circuit DC. The
driving circuit DC according to an embodiment includes two
TFTs T1 and T2 and one capacitor Cst, but embodiments are
not limited to those numbers of TFTs and capacitors. The
two TFTs T1 and T2 can be a driving TFT T1 and a
switching TFT T2. The capacitor Cst mis a storage capacitor
Cst.

According to an embodiment, the switching TFT T2
includes a gate electrode connected to a scan line SLi, a
source electrode connected to a data line DLj, and a drain
electrode connected to a first node N1. The switching TFT
T2 is turned on by the scan signal Scan received from the
scan line SLi to transmit the data signal Data received from
the data line DL through the source electrode to the first
node N1.

According to an embodiment, the driving TFT T1
includes a gate electrode connected to the first node N1, a
source electrode connected to a power line PL that supplies
a first driving voltage ELVDD, and a drain electrode con-
nected to the pixel electrode 130 of the organic light-
emitting device OLED. The driving TFT T1 can be turned on
or off by a voltage of the first node N1 to control the current
supplied to the organic light-emitting device OLED.

According to an embodiment, the storage capacitor Cst
connects the power line PL and the first node N1, stores a
voltage corresponding to a voltage difference between the
first driving voltage ELVDD and the first node N1, and
maintains the voltage for a predetermined time.

According to an embodiment, the pixel electrode 130 of
the organic light-emitting device OLED is connected to the
driving circuit DC. A second driving voltage ELVSS 1is
applied to the opposite electrode 150. The organic light-
emitting device OLED emits light having a predetermined
brightness corresponding to the current received from the
driving circuit DC. According to an embodiment, the
organic light-emitting device OLED emits red light, green
light, blue light, or white light.

As described above, according to an embodiment, the
pixel electrode 130 of the organic light-emitting device
OLED overlaps the driving circuit DC in a plan view. In this
case, parasitic capacitor can be generated between conduc-
tive layers in the devices forming the driving circuit DC and
the pixel electrode 130. According to an embodiment, a first
parasitic capacitor Cpl is formed between the first node N1
to which the switching TFT T2 and the storage capacitor Cst
are connected and the pixel electrode 130. A second parasitic
capacitor Cp2 is formed between a second node N2 to which
the storage capacitor Cst and a source electrode S1 of the
driving TFT T1 are connected and the pixel electrode 130.
In addition, a parasitic capacitor is formed where conductive
layers in the organic light-emitting display apparatus 1
overlap in a plan view. These parasitic capacitors can
generate errors in a magnitude of the current supplied to the
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organic light-emitting device OLED, which can deteriorate
the quality of an image displayed by the organic light-
emitting display apparatus 1.

According to an embodiment, to minimize the influence
of the parasitic capacitors on the current, the opening 1307
is formed in a region of the pixel electrode 130 that has the
greatest influence on the current, thereby minimizing dete-
rioration in quality of the image displayed by the organic
light-emitting display apparatus 1.

Referring to FIG. 2, according to an embodiment, a buffer
layer 111 is disposed over the substrate 110. The substrate
110 includes glass or plastic. The buffer layer 111 includes
an inorganic material such as silicon nitride SiN_ and/or
silicon oxide SiO, in a single layer structure or a double
layer structure. The buffer layer 111 prevents impurities
from penetrating into the driving circuit DC from the
substrate 110 and planarizes a surface of the substrate 110.

According to an embodiment, the driving TFT T1 and the
storage capacitor Cst are disposed over the buffer layer 111.
The driving TFT T1 includes an active layer A1 disposed
over the buffer layer 111, a gate electrode G1 insulated from
the active layer Al, and a source electrode S1 and a drain
electrode D1 that are respectively connected to the active
layer A1 through a first contact hole H1 and a second contact
hole H2. A first insulating layer 113 is disposed between the
active layer Al and the gate electrode G1. A second insu-
lating layer 115 and the third insulating layer 117 are
disposed over the first insulating layer 113 and cover the gate
electrode G1.

According to an embodiment, the gate electrode Gl
includes one or more materials selected from aluminum
(Al), platinum (Pt), palladium (Pd), silver (Ag), magnesium
(Mg), gold (Au), nickel (Ni), neodymium (Nd), iridium (Ir),
chromium (Cr), lithium (Li), calcium (Ca), molybdenum
(Mo), titanium (Ti), tungsten (W), and copper (Cu), in a
single layer structure or a multi-layer structure.

According to an embodiment, the source electrode 81 and
the drain electrode D1 include one or more materials
selected from aluminum (Al), platinum (Pt), palladium (Pd),
silver (Ag), magnesium (Mg), gold (Au), nickel (Ni), neo-
dymium (Nd), iridium (Ir), chromium (Cr), lithium (L),
calcium (Ca), molybdenum (Mo), titanium (Ti), tungsten
(W), and copper (Cu), in a single layer structure or a
multi-layer structure. According to an embodiment, the
source electrode S1 and the drain electrode D1 are config-
ured in a triple layer of Mo/Al/Mo or Ti/AVTi.

According to an embodiment, the storage capacitor Cst
disposed over the buffer layer 111 includes a first electrode
C1 and a second electrode C2 opposite to the first electrode
C1. The first electrode C1 includes the same material and is
disposed on the same layer as the gate electrode G1. The
second insulating layer 115 is between the first electrode C1
and the second electrode C2. According to an embodiment,
the second electrode C2 is disposed on a different layer from
the source electrode S1 and the drain electrode D1 and
includes one or more materials selected from aluminum
(Al), platinum (Pt), palladium (Pd), silver (Ag), magnesium
(Mg), gold (Au), nickel (Ni), neodymium (Nd), iridium (Ir),
chromium (Cr), lithium (Li), calcium (Ca), molybdenum
(Mo), titanium (Ti), tungsten (W), and copper (Cu), in a
single layer structure or a multi-layer structure.

According to an embodiment, the third insulating layer
117 is disposed over the second electrode C2 of the storage
capacitor Cst. The second electrode C2 is connected to the
source electrode S1 of the driving TFT T1 through the node
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8
contact hole CH,,_,, in the third insulating layer 117. That is,
the node contact hole CH,_ ;, corresponds to the second node
N2 of FIG. 1.

According to an embodiment, the fourth insulating layer
119 is disposed over the third insulating layer 117 and covers
the source electrode S1 and the drain electrode D1. The
organic light-emitting device OLED, which includes the
pixel electrode 130, the intermediate layer 140, and the
opposite electrode 150, and a pixel-defining layer 120 that
covers an edge of the pixel electrode 130, are disposed on
the fourth insulating layer 119. The pixel electrode 130 is
connected to the drain electrode D1 of the driving TFT T1
through a via hole VIA in the fourth insulating layer 119.

According to an embodiment, the pixel electrode 130
includes the opening 130% that corresponds to the node
contact hole CH, ... As described above, the node contact
hole CH, ;. corresponds to the second node N2 of FIG. 1,
and the opening 1307 is formed in the pixel electrode 130 to
remove or reduce the parasitic capacitance Cp2 due to the
overlapping of the second node N2 and the pixel electrode
130.

According to an embodiment, the upper conductive layer
160 that overlaps the opening 1307 in the pixel electrode 130
in a plan view is a part of the source electrode S1 of the
driving TFT T1, and the lower conductive layer 170 dis-
posed below the upper conductive layer 160 is a part of the
second electrode C2 of the storage capacitor Cst. That is, the
upper conductive layer 160 corresponds to an area, i.e. the
second node N2, in which the node contact hole CH,,,, is
disposed in the source electrode S1 of the driving TFT T1,
and the lower conductive layer 170 corresponds to the
second electrode S2 of the storage capacitor Cst.

However, embodiments of the present disclosure are not
limited thereto. The upper conductive layer 160 and the
lower conductive layer 170 may be different layers of the
driving circuit DC.

FIG. 3 is an equivalent circuit diagram of one sub-pixel of
an organic light-emitting display apparatus 2 according to
another embodiment.

Referring to FIG. 3, the organic light-emitting display
apparatus 2 according to another embodiment includes a
plurality of pixels that can display an image. Each of the
plurality of pixels includes a plurality of sub-pixels that emit
light of different colors. Each of the plurality of sub-pixels
include the organic light-emitting device OLED and the
driving circuit DC that drives the organic light-emitting
device OLED. The driving circuit DC includes at least one
TFT and at least one capacitor. The at least one TFT and/or
the at least one capacitor are electrically connected to the
plurality of lines SLi, DLj, and PL that transmit the scan
signal Scan, the data signal Data, and the driving voltage
ELVDD to the driving circuit DC. The driving circuit DC
according to an embodiment includes three TFTs T1, T2, and
T3 and two capacitors Cst and Cvth, but embodiments are
not limited to those numbers of TFTs and capacitors.

According to an embodiment, the TFTs T1, T2, and T3
include the driving TFT T1, the switching TFT T2, and a
compensation TFT T3. The capacitors Cst and Cvth include
the storage capacitor Cst and a compensation capacitor
Cvth.

According to an embodiment, the switching TFT T2
includes a gate electrode connected to the scan line SLi, a
source electrode connected to the data line DL, and a drain
electrode connected to the first node N1. The switching TFT
T2 can be turned on by the scan signal Scan transmitted by
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the scan line SLi to transmit the data signal Data received
from the data line DL through the source electrode to the
first node N1.

According to an embodiment, the driving TFT T1
includes a gate electrode connected to a third node N3, a
source electrode connected to the power line PL that sup-
plies the first driving voltage ELVDD, and a drain electrode
connected to a pixel electrode 230 of FIG. 4 of the organic
light-emitting device OLED. The driving TFT T1 can be
turned on or off by a voltage of the third node N3 to control
current supplied to the organic light-emitting device OLED.

According to an embodiment, the compensation TFT T3
includes a gate electrode connected to a compensation
control line GCL that supplies a compensation control signal
GC, a drain electrode connected to the third node N3, and a
source electrode connected to the pixel electrode 230 of FIG.
4 of the organic light-emitting device OLED and the drain
electrode of the driving TFT T1, 1.e. a fourth node N4. When
the compensation TFT T3 is turned on by the compensation
control signal GC applied to the gate electrode of the
compensation TFT T3, the driving TFT T1 is diode-con-
nected through the compensation TFT T3.

According to an embodiment, the compensation capacitor
Cvth is connected between the first node N1 and the third
node N3. The storage capacitor Cst is connected between the
first node N1 and the second node N2. The storage capacitor
Cst can store a voltage that corresponds to a voltage differ-
ence between the first node N1 and the second node N2 and
can maintain the voltage for a predetermined time. The
compensation capacitor Cvth, along with the compensation
TFT T3, can compensate a threshold voltage Vth of the
driving TFT T1.

According to an embodiment, the pixel electrode 230 of
FIG. 4 of the organic light-emitting device OLED is con-
nected to the driving circuit DC. The second driving voltage
ELVSS is applied to an opposite electrode 250 of FIG. 6.
The organic light-emitting device OLED can emit light
having a predetermined brightness corresponding to the
current received from the driving circuit DC. According to
an embodiment, the organic light-emitting device OLED can
emit red light, green light, blue light, or white light.

According to an embodiment, the organic light-emitting
display apparatus 2 is a top emission type device. The pixel
electrode 230 of FIG. 4 of the organic light-emitting device
OLED and the driving circuit DC overlap in a plan view. In
this case, a parasitic capacitance can be generated between
conductive layers in the devices forming the driving circuit
DC and the pixel electrode 230 of FIG. 4. A parasitic
capacitance can also be generated between conductive layers
of the driving circuit DC.

According to an embodiment, the first parasitic capacitor
Cpl is formed between the first node N1 to which the
switching TFT T2 and the storage capacitor Cst are con-
nected and the pixel electrode 230 of FIG. 4. The second
parasitic capacitor Cp2 is formed between the second node
N2 to which the storage capacitor Cst and the driving TFT
T1 are connected and the pixel electrode 230 of FIG. 4. In
addition, parasitic capacitors Cp3, Cp4, Cp5, Cp6, and Cp7
are formed at locations where conductive layers in the
organic light-emitting display apparatus 2 overlap in a plan
view.

According to an embodiment, these parasitic capacitors
can generate errors in the current supplied to the organic
light-emitting device OLED, which can deteriorate the qual-
ity of an image displayed by the organic light-emitting
display apparatus 2.
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According to an embodiment, to minimize an influence of
the parasitic capacitors on the current, openings 230Gh and
230Bh of FIG. 4 are formed in regions of the pixel electrode
230 of FIG. 4 that have the greatest influence on the current,
to minimize the deterioration in quality of the image dis-
played by the organic light-emitting display apparatus 2.

FIG. 4 is a plan view of one pixel Pincluded in the organic
light-emitting display apparatus 2 that includes a plurality of
sub-pixels according to another embodiment. FIG. 5 is a
plan view of the pixel electrode 230 included in the organic
light-emitting display apparatus 2 of FIG. 4. FIG. 6 is a
cross-sectional view taken along lines V1a-Vla and VIb-VIb
of FIG. 4.

Referring to FIGS. 4 through 6, the organic light-emitting
display apparatus 2 according to an embodiment includes a
substrate 210 and the pixel P disposed over the substrate
210, and comprises a first area PA for displaying an image
and a second area TA through which external light passes.
The pixel P includes the driving circuit DC disposed in the
first area PA that drives the pixel P, at least one upper
conductive layer 260, pixel electrodes 230G and 230B
disposed in the first area PA that are electrically connected
to the driving circuit DC that respectively include at least
one opening 230Gh and at least one opening 230Bh, a
pixel-defining layer 220 disposed at least in the first area PA
that includes a first opening 220/%1 that exposes part of the
pixel electrode 230G and a second opening 220/2 corre-
sponding to the second area TA, an intermediate layer 240
disposed over the pixel electrode 230G exposed by the first
opening 220/%1 that includes an organic emission layer
242G, and the opposite electrode 250 disposed over the
intermediate layer 240. The at least one opening 230Gh
overlaps the upper conductive layer 260 in a plan view.

According to an embodiment, the organic light-emitting
display apparatus 2 includes a plurality of pixels that include
the first area PA through which light is emitted and the
second area TA through which external light passes. Exter-
nal light may refer to light that is incident to the organic
light-emitting display apparatus 2 and may be perceived by
a user after passing through the organic light-emitting dis-
play apparatus 2. That is, a user located at a side on which
an image 1s displayed can view a background behind the
organic light-emitting display apparatus 2 through the
organic light-emitting display apparatus 2. That is, the
organic light-emitting display apparatus 2 can be imple-
mented as a transparent display apparatus.

According to an embodiment, the organic light-emitting
display apparatus 2 is a top emission type device in which
an image is displayed in a direction opposite from the
substrate 210 of the organic light-emitting display apparatus
2. Each of the plurality of pixels includes the first area PA
and the second area TA and displays an image from the first
area PA and transmits external light through the second area
TA. The second area TA is connected to the plurality of
pixels.

According to an embodiment, a device that includes an
opaque metal, such as a TFT, a capacitor, an organic
light-emitting device, etc., is not disposed in the second area
TA, to increase the transmittance of external light through
the second area TA.

According to an embodiment, a first sub-pixel R, a second
sub-pixel G, and a third sub-pixel B that emit light of
different colors are disposed in the first area PA that respec-
tively emit red light, green light, and blue light. However,
embodiments are not limited thereto. Any combination of
colors is possible if such combination can form white light.
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According to an embodiment, each of the first sub-pixel
R, the second sub-pixel G, and the third sub-pixel B can be
driven by the driving circuit DC of FIG. 3. According to an
embodiment, at least a part of the driving circuit DC
overlaps pixel electrodes 230R, 230G, and 230B respec-
tively included in the first sub-pixel R, the second sub-pixel
G, and the third sub-pixel B in a plan view. That is, at least
a part of the driving circuit DC is between the substrate 210
and the pixel electrode 230, to improve an opening ratio and
transmittance of the organic light-emitting display apparatus
2.

According to an embodiment, the first sub-pixel R, the
second sub-pixel G, and the third sub-pixel B are disposed
along a first direction. At least one line extends along a
second direction crossing the first direction. The line may be
a scan line, a data line, and/or a power line. According to an
embodiment, the line extending along the second direction
is the scan line SLi that transmits the scan signal Scan, but
embodiments are not limited thereto. The scan line SLi
includes a first portion SLa disposed adjacent to the first area
PA and the second area TA that extends along the second
direction, and a second portion SLb disposed in the first area
PA that extends along the first direction. The first portion
SLa and the second portion SLb of the scan line SLi are
disposed on different layers and are electrically connected to
each other by a contact portion CNT.

According to an embodiment, the data line DLj of FIG. 3
respectively transmits data signals Data_R, Data_G, and
Data_B to the first sub-pixel R, the second sub-pixel G, and
the third sub-pixel B. A first power line PL of FIG. 3, a
second power line, and the compensation signal line GCL of
FIG. 3 that respectively transmit the first driving voltage
ELVDD, the second driving voltage ELVSS, and the com-
pensation signal GC are disposed in the first area PA and
extend along the first direction.

According to an embodiment, the second area TA is a
transparent area through which light externally incident to
one surface of the substrate 210 passes through the organic
light-emitting display apparatus 2 and to be perceived by a
user. A reflective electrode, an opaque line, etc., may not be
disposed in the second area TA. The second area TA can be
partitioned by an opaque line or an opaque electrode.
According to an embodiment, the second area TA can be
defined as an area between two adjacent, spaced apart
opaque lines. The second area TA can be defined as an area
in which the pixel electrode 230 is not disposed. When the
pixel-defining layer 220 includes a light absorbing material,
the second area TA can be defined as an area in which the
second opening 220/2 is disposed.

According to an embodiment, a ratio of the area of the
second area TA with respect to an entire area of one pixel P
can range from about 40% to about 90%. When the area ratio
of the second area TA is less than about 40%, to the
transmittance of external light is reduced, which reduces the
ability of the organic light-emitting display apparatus 2 to
function as a transparent display apparatus. As the area of
the second area TA increases, the transmittance of the
organic light-emitting display apparatus 2 increases, but
since the first area PA that displays an image needs to be
secured, an area ration of the second area TA with respect to
one pixel P should not exceed about 90%.

According to an embodiment, the first pixel electrode
230R, the second pixel electrode 230G, and the third pixel
electrode 230B respectively disposed in the first sub-pixel R,
the second sub-pixel G, and the third sub-pixel B have
different areas. A laser drilling area LDA is disposed in an
area adjacent to the first sub-pixel R.
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According to an embodiment, an auxiliary electrode 230C
inn the same layer as the pixel electrode 230 is disposed in
the laser drilling area LDA and is connected to the opposite
electrode 250 to reduce a voltage drop of the opposite
electrode 250.

FIG. 5 illustrates the pixel electrode 230 and the auxiliary
electrode 230C disposed in the same layer as the pixel
electrode 230 in the laser drilling area LDA of the one pixel
P of FIG. 4.

According to an embodiment, the pixel electrode 230
includes the pixel electrodes 230R, 230G, and 230B respec-
tively disposed in the first sub-pixel R, the second sub-pixel
G, and the third sub-pixel B. According to an embodiment,
the pixel electrodes 230G and 230B respectively included in
the second sub-pixel G and the third sub-pixel B respec-
tively include the openings 230Gh and 230Bh, each in an
area corresponding to the first node N1 to which the switch-
ing TFT T2 and the storage capacitor Cst are connected, i.e.,
the node contact hole CH,,, .

However, according to an embodiment. the first node N1
of the first sub-pixel R does not overlap the pixel electrode
230R disposed in the first sub-pixel R in a plan view, and
thus the pixel electrode 230R includes no opening.

According to an embodiment, this corresponds to a layout
of the pixel electrodes 230R, 230G, and 230B of the pixel P
and devices of the driving circuit DC of FIG. 3 that are
electrically connected to each of the pixel electrodes 230R,
230G, and 230B. At least some of the pixel electrodes 230R,
230G, and 230B have no opening.

According to an embodiment, among the parasitic capaci-
tors Cp1, Cp2, Cp3, Cpd, Cp5, Cp6, and Cp7 generated by
the overlapping conductive layers of the TFTs and capacitors
in the driving circuit DC of FIG. 3, a parasitic capacitance
generated between the first node N1 to which the switching
TFT T2 and the storage capacitor Cst are connected and the
pixel electrodes 230G and 230B has a greatest influence on
current supplied to the organic light-emitting device OLED.
According to an embodiment, the openings 230Gh and
230Bh are formed in the pixel electrodes 230G and 230B
that overlap the first node N1 in a plan view to remove or
reduce the parasitic capacitance generated between the first
node N1 and the pixel electrodes 230G and.

According to an embodiment, the pixel electrodes 230G
and 230B respectively disposed in the second sub-pixel G
and the third sub-pixel B further include openings 230Gah
and 230Bah in addition to the openings 230Gh and 230Bh
overlapping the first node N1. The openings 230Gah and
230Bah are formed in locations having the greatest influence
on the current supplied to the organic light-emitting device
OLED.

A cross-sectional structure taken along lines VIa-VIa and
VIb-VIb of FIG. 4 will be described according to a stack
sequence with reference to FIG. 6 below.

Referring to FIG. 6, according to an embodiment, a buffer
layer 211 is disposed over the substrate 210. The substrate
210 may include glass or plastic. The buffer layer 211
includes an inorganic material such as silicon nitride SiN_
and/or silicon oxide SiO, in a single layer structure or a
double layer structure. The buffer layer 211 can prevent
impure atoms from penetrating into the driving circuit DC
from the substrate 210 and planarizes a surface of the
substrate 210. The switching TFT T2 and the storage capaci-
tor Cst are disposed in the first area PA over the buffer layer
211.

According to an embodiment, the switching TFT T2
includes an active layer A2 disposed over the buffer layer
211 and a gate electrode G2 insulated from the active layer
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A2. The active layer A2 includes a channel area, a source
area, and a drain area that are separated from each other with
the channel area therebetween. A first insulating layer 213 is
disposed between the active layer A2 and the gate electrode
G2.

The active layer A2 may include various materials.
According to an embodiment, the active layer A2 includes
polysilicon. The source area and the drain area of the active
layer A2 include impurity-doped polysilicon. The source
area and the drain area are conductive due to the doping.

According to an embodiment, the gate electrode G2
includes one or more materials selected from aluminum
(Al), platinum (Pt), palladium (Pd), silver (Ag), magnesium
(Mg), gold (Au), nickel (Ni), neodymium (Nd), iridium (Ir),
chromium (Cr), lithium (Li), calcium (Ca), molybdenum
(Mo), titanium (Ti), tungsten (W), and copper (Cu), in a
single layer structure or a multi-layer structure. According to
an embodiment, the gate electrode G2 has a single layer
structure that includes molybdenum (Mo) or a triple layer
structure that includes Mo/Al/Mo.

According to an embodiment, a second insulating layer
215 and a third insulating layer 217 are disposed over the
first insulating layer 213 that covers the gate electrode G2.
Each of the second insulating layer 215 and the third
insulating layer 217 includes an inorganic material such as
silicon nitride SiN, and/or silicon oxide SiO, in a single
layer structure or a double layer structure. The second
insulating layer 215 and the third insulating layer 217
respectively include a third opening 215/ and a fourth
opening 217/ in at least the second area TA.

According to an embodiment, a drain electrode D2 of the
switching TFT T2 is disposed over the second insulating
layer 215 and the third insulating layer 217. The drain
electrode D2 is electrically connected to the drain area of the
active layer A2 through a third contact hole H3 in the second
insulating layer 215 and the third insulating layer 217.

According to an embodiment, the drain electrode D2
includes one or more materials selected from aluminum
(Al), platinum (Pt), palladium (Pd), silver (Ag), magnesium
(Mg), gold (Au), nickel (Ni), neodymium (Nd), iridium (Ir),
chromium (Cr), lithium (Li), calcium (Ca), molybdenum
(Mo), titanium (Ti), tungsten (W), and copper (Cu), in a
single layer structure or a multi-layer structure. According to
an embodiment, the drain electrode D2 has a triple layer
structure that includes Mo/Al'Mo or Ti/Al/Ti.

According to an embodiment, the storage capacitor Cst is
further disposed in the first area PA over the buffer layer 211,
in addition to the switching TFT T2. The storage capacitor
Cst includes a first electrode C1 and a second electrode C2.
The first electrode C1 is disposed in the same layer as the
gate electrode G2 of the switching TFT T2 and includes the
same material.

According to an embodiment, the second insulating layer
215 is disposed between the first electrode C1 and the
second electrode C2. The third insulating layer 217 is
disposed over the second insulating layer 215 and covers the
second electrode C2. That is, the second electrode C2 is
disposed in different layer from the drain electrode D2 of the
switching TFT T2 with the third insulating layer 217 ther-
ebetween. The drain electrode D2 and the second electrode
C2 are connected to each other through the node contact hole
CH,,, . in the third insulating layer 217. That is, the node
contact hole CH, , corresponds to the first node N1 to
which the switching TFT T2 and the storage capacitor Cst
are connected. According to an embodiment, the opening
230Gh formed in the pixel electrode 230G is disposed in an
area corresponding to the node contact hole CH, As
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described above, the opening 230Gh corresponding to the
first node N1 is formed in the pixel electrode 230G to
remove or reduce the parasitic capacitance Cp1 due to the
overlapping first node N1 and pixel electrode 230G.

According to an embodiment, the upper conductive layer
260 that overlaps the opening 230Gh in the pixel electrode
230G in a plan view is a part of the drain electrode D2 of the
switching TFT T2, and the lower conductive layer 270
disposed below the upper conductive layer 260 is a part of
the second electrode C2 of the storage capacitor Cst.

According to an embodiment, a fourth layer 219 is
disposed on the third insulating layer 217 that covers the
drain electrode D2 and includes an organic material to
planarize stepped differences of the driving circuit DC of
FIG. 3. The fourth layer 219 includes a fifth opening 219/
in the second area TA.

According to an embodiment, the organic light-emitting
device OLED, which includes the pixel electrode 230G, the
opposite electrode 250 opposite to the pixel electrode 230G,
and the intermediate layer 240 between the pixel electrode
230G and the opposite electrode 250 that includes the
organic emission layer 242G, is disposed in the first area PA
on the fourth insulating layer 219. The pixel electrode 230G
is electrically connected to the driving TFT T1 through the
via hole VIA of FIG. 4 in the fourth insulating layer 219.

According to an embodiment, both edges of the pixel
electrode 230G are covered by the pixel-defining layer 220.
The pixel-defining layer 220 includes the first opening
220/1 that exposes a part of the pixel electrode 230G and the
second opening 220%2 in the second area TA.

According to an embodiment, the pixel electrode 230G is
a reflective electrode and includes at least one reflective
material selected from Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr,
or a compound thereof. According to an embodiment, the
pixel electrode 230G further includes transparent or trans-
lucent electrode layers disposed above and/or below the
reflective layer.

According to an embodiment, the pixel electrode 230G
included in the organic light-emitting display apparatus 2
according to an embodiment includes the at least one
opening 230Gh. That is, the pixel electrode 230G includes
the at least one opening 230Gh and a reflective layer
completely surrounding the at least one opening 230Gh.
That is, the pixel electrode 230G has a donut shape that
includes the opening 230Gh therein. According to an
embodiment, the opening 230Gh may have various shapes,
such as a circle or a rectangle.

According to an embodiment, the opposite electrode 250
is a transparent or translucent electrode, and includes one or
more materials selected from Ag, Al, Mg, Li, Ca, Cu,
LiF/Ca, LiF/Al, MgAg, and CaAg. The opposite electrode
250 is electrically connected to all pixels of the organic
light-emitting display apparatus 2.

According to an embodiment, the intermediate layer 240
is disposed between the pixel electrode 230G and the
opposite electrode 250 and includes the organic emission
layer 242G. Layers that are common in all pixels are
disposed between the pixel electrode 230G and the organic
emission layer 242G and between the organic emission layer
242G and the opposite electrode 250. According to an
embodiment, a first common layer 241 is disposed between
the pixel electrode 230G and the organic emission layer
242G and includes a hole injection layer (HIL) and/or a hole
transport layer (HTL). A second common layer 243 is
disposed between the organic emission layer 242G and the
opposite electrode 250 and includes an electron transport
layer (ETL) and/or an electron injection layer (EIL).
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According to an embodiment, the first common layer 241,
the second common layer 243, and the opposite electrode
250 are disposed in the first area PA and the second area TA.
The first common layer 241, the second common layer 243,
and the opposite electrode 250 are commonly formed for all
pixels of the organic light-emitting display apparatus 2 and
have a high transmittance, and thus are disposed in all areas
of the organic light-emitting display apparatus 2. However,
embodiments of the present disclosure are not limited
thereto. That is, according to another embodiment, the
opposite electrode 250 includes an opening corresponding to
the second area TA.

According to an embodiment, the first common layer 241
and the second common layer 243 are not disposed in the
laser drilling area LDA. The first common layer 241 and the
second common layer 243 are removed by a laser-using
process after being formed in the laser drilling area LDA.
Thus, the auxiliary electrode 230C is connected to the
opposite electrode 250 through an area from which the first
common layer 241 and the second common layer 243 are
removed.

According to an embodiment, the organic light-emitting
display apparatuses 1 and 2 according to embodiments
include the at least one openings 120/, 230Gh, and 230Bh
in the pixel electrodes 130 and 230 to remove or reduce at
least some parasitic capacitance generated by the overlap-
ping of the pixel electrodes 130 and 230 with the conductive
layers in the driving circuit DC.

Therefore, errors in the current supplied to the organic
light-emitting device OLED can be reduced, thereby
improving quality of images displayed by the organic light-
emitting display apparatuses 1 and 2.

As described above, according to embodiments, by pro-
viding a pixel electrode with an opening, an organic light-
emitting display apparatus can reduce the influence of a
parasitic capacitor on current supplied to an organic emis-
sion element.

It should be understood that exemplary embodiments
described herein should be considered in a descriptive sense
only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or
aspects in other embodiments.

While one or more exemplary embodiments have been
described with reference to the figures, 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 as defined by the following claims.

What is claimed is:
1. An organic light-emitting display apparatus compris-
ing:
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a pixel electrode that includes at least one opening,
wherein the pixel electrode completely surrounds the at
least one opening;

an intermediate layer disposed over the pixel electrode
that includes an organic emission layer;

an opposite electrode disposed over the intermediate
layer; and

a driving circuit that includes an upper conductive layer
that overlaps the at least one opening of the pixel
electrode in a plan view, and that is electrically con-
nected to the pixel electrode.

2. The organic light-emitting display apparatus of claim 1,

wherein the pixel electrode is a reflective electrode, and

the opposite electrode is a transparent or translucent
electrode.

3. The organic light-emitting display apparatus of claim 1,
wherein the pixel electrode includes a reflective layer that
completely surrounds the at least one opening.

4. The organic light-emitting display apparatus of claim 1,
wherein the driving circuit further includes a lower conduc-
tive layer disposed below the upper conductive layer that
overlaps the at least one opening in a plan view, and

the upper conductive layer and the lower conductive layer
are electrically connected to each other.

5. The organic light-emitting display apparatus of claim 4,
wherein the driving circuit further includes at least one thin
film transistor (TFT) and at least one capacitor, and

wherein the upper conductive layer and the lower con-
ductive layer correspond to a node to which the at least
one TFT and the at least one capacitor are connected.

6. The organic light-emitting display apparatus of claim 5,
wherein the at least one TFT comprises:

an active layer;

a gate electrode disposed on the active layer and insulated
from the active layer; and

at least one of a source electrode and a drain electrode
disposed on the gate electrode and electrically con-
nected to the active layer,

wherein the upper conductive layer is a part of one of the
source electrode and the drain electrode.

7. The organic light-emitting display apparatus of claim 6,

wherein the at least one capacitor comprises:

a first electrode disposed on a same layer as the gate
electrode; and

a second electrode disposed on different layer from at
least one of the source electrode and the drain electrode
that is opposite to the first electrode with an insulating
layer therebetween,

wherein one of the source electrode and the drain elec-
trode is electrically connected to the second electrode
through a contact hole in the insulating layer, and the
lower conductive layer is a part of the second electrode.
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