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(57) ABSTRACT

A transparent organic light-emitting display device has an
improved transmittance and a reduced voltage drop in an
opposite electrode. The organic light-emitting display device
includes: a first substrate having a transmitting region and a
plurality of pixel regions separated from each other by the
transmitting region interposed between the pixel regions; a
plurality of pixel electrodes being located at the pixel regions,
respectively; an opposite electrode facing the pixel electrodes
and being at the transmitting region and the pixel regions; a
second substrate facing the opposite electrode and being
bonded to the first substrate; a first conductive unit being
between the second substrate and the opposite electrode,
opposite ends of the first conductive unit contacting the sec-
ond substrate and the opposite electrode, respectively; and a
second conductive unit facing the first conductive unit and
contacting the opposite electrode that is between the first
conductive unit and the second conductive unit.
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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2010-0063868, filed on
Jul. 2, 2010, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] Aspects of embodiments according to the present
invention relate to an organic light-emitting display device,
and more particularly, to a transparent organic light-emitting
display device.

[0004] 2. Description of the Related Art

[0005] Applications of organic light-emitting display
devices range from personal portable devices, such as MP3
players and mobile phones, to television sets due to having
superior characteristics such as wide viewing angles, high
contrast ratios, fast response times, and low power consump-
tion.

[0006] An organic light-emitting display device has self
light-emitting characteristics, and the weight and thickness of
the organic light-emitting display device can be reduced since
the organic light-emitting display device does not require an
additional light source, unlike a liquid crystal display device.
[0007] Also, the organic light-emitting display device can
be formed to be a transparent display device by having trans-
parent thin film transistors and transparent organic light-emit-
ting devices.

[0008] In a transparent display device according to the
related art, when the device is in an off-state, an object or an
image at a side of the device opposite to the user is viewable
to the user through not only organic light-emitting devices but
also through patterns of thin film transistors and various wires
and through spaces between the patterns of the thin film
transistors and various wires. In the above-described trans-
parent display device, the transmittances of the organic light-
emitting devices, the thin film transistors, and the wires are
not so high, and spaces between the organic light-emitting
devices, the thin film transistor, and the wires are very small,
and thus, the transmittance of the transparent display device is
not high.

[0009] Also, animage viewable to the user may be distorted
due to the above-described patterns, i.e., the patterns of the
organic light-emitting devices, the thin film transistors, and
the wires. The reason for this is because gaps between the
patterns are only a few nanometers, that is, at a level close to
the wavelengths of visible light, and thus, the gaps scatter
light passing therethrough.

[0010] Furthermore, when an opposite electrode to be com-
monly deposited on the entire screen is formed with a small
thickness in order to improve the transmittance of external
light, a voltage drop, i.e., an IR drop, may occur at the oppo-
site electrode, and in particular, as the size of an organic
light-emitting display device is increased, the voltage drop
may be significant.

SUMMARY

[0011] Aspects of embodiments according to the present
invention are directed toward a transparent organic light-
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emitting display device having an improved transmittance
and a reduced voltage drop in an opposite electrode.

[0012] Aspects of embodiments according to the present
invention are also directed toward a transparent organic light-
emitting display device that prevents or reduces distortion of
an image transmitted therethrough by preventing or reducing
light transmitting therethrough from scattering.

[0013] According to an embodiment of the present inven-
tion, there is provided an organic light-emitting display
device including: a first substrate having a transmitting region
and a plurality of pixel regions separated from each other by
the transmitting region interposed between the pixel regions;
a plurality of thin film transistors on the first substrate and
being at the pixel regions of the substrate, respectively; a
passivation layer covering the plurality of thin film transis-
tors; a plurality of pixel electrodes on the passivation layer
being electrically coupled to the thin film transistors, respec-
tively, the plurality of pixel electrodes being at the pixel
regions, respectively, and overlapping and covering the thin
film transistors, respectively; an opposite electrode facing the
pixel electrodes and at the transmitting region and the pixel
regions; an organic emission layer interposed between a cor-
responding one of the pixel electrodes and the opposite elec-
trode for emitting light; a second substrate facing the opposite
electrode and being bonded to the first substrate; a first con-
ductive unit being interposed between the second substrate
and the opposite electrode, opposite ends of the first conduc-
tive unit contacting the second substrate and the opposite
electrode, respectively, and the first conductive unit including
aconductive material; and a second conductive unit facing the
first conductive unit and contacting the opposite electrode,
the second conductive unit including a conductive material,
the opposite electrode being interposed between the first con-
ductive unit and the second conductive unit.

[0014] Each of the pixel electrodes may have an area sub-
stantially identical to that of a corresponding one of the pixel
regions.

[0015] The organic light-emitting display device may fur-
ther include a plurality of conductive lines electrically
coupled to the thin film transistors, respectively, wherein at
least one of the conductive lines overlaps at least one of the
pixel electrodes.

[0016] A ratio of an area of the transmitting region with
respect to a total area of the pixel regions and the transmitting
region may be between 5% and 90%.

[0017] The passivation layer may be formed on both the
transmitting region and the pixel regions and may include a
transparent material.

[0018] At least portions of the first conductive unit and the
second conductive unit may overlap the transmitting region.
[0019] The first conductive unit may be on a surface of the
second substrate that faces the opposite electrode.

[0020] The organic light-emitting display device may fur-
ther include an insulating layer on the passivation layer, the
insulating layer covering edges of the pixel electrodes,
wherein the second conductive unit is on the insulating layer.
[0021] The opposite electrode may have a transmission
window in at least a portion of a region corresponding to the
transmitting region, wherein the first conductive unit and the
second conductive unit are adjacent to the transmission win-
dow.

[0022] The pixel electrodes may be reflective electrodes.
[0023] According to another embodiment of the present
invention, there is provided an organic light-emitting display
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device including: a first substrate having a transmitting region
and a plurality of pixel regions separated from each other by
the transmitting region interposed between the pixel regions;
aplurality of pixel circuits on the first substrate, wherein each
of the pixel circuits includes at least one thin film transistor,
and the plurality of pixel circuits are at the pixel regions,
respectively; a first insulating layer covering the pixel cir-
cuits; a plurality of pixel electrodes on the first insulating
layer being electrically coupled to the pixel circuits, respec-
tively, and overlapping and covering the pixel circuits,
respectively; an opposite electrode facing the pixel electrodes
and being at the transmitting region and the pixel regions; an
organic emission layer interposed between a corresponding
one of the pixel electrodes and the opposite electrode for
emitting light; a second substrate facing the opposite elec-
trode and being bonded to the first substrate; a first conductive
unit interposed between the second substrate and the opposite
electrode having opposite ends contacting the second sub-
strate and the opposite electrode, respectively, and the first
conductive unit including a conductive material; and a second
conductive unit facing the first conductive unit and contacting
the opposite electrode, the second conductive unit including a
conductive material, the opposite electrode being interposed
between the first conductive unit and the second conductive
unit.

[0024] Each ofthe pixel electrodes may be at a same region
as a corresponding one of the pixel regions.

[0025] The organic light-emitting display device may fur-
ther include a plurality of conductive lines electrically
coupled to the pixel circuits, respectively, wherein at least one
of the conductive lines crosses at least one of the pixel
regions.

[0026] A ratio of an area of the transmitting region with
respect to a total area of the pixel regions and the transmitting
region may be between 5% and 90%.

[0027] The first insulating layer and a plurality of second
insulating layers may be on both the transmitting region and
the pixel regions and may include a transparent material.
[0028] At least portions of the first conductive unit and the
second conductive unit may overlap the transmitting region.
[0029] The first conductive unit may be on a surface of the
second substrate that faces the opposite electrode.

[0030] The organic light-emitting display device may fur-
ther include a second insulating layer on the first insulating
layer, the second insulating layer covering edges of the pixel
electrodes, wherein the second conductive unit is on the sec-
ond insulating layer.

[0031] The opposite electrode may have a transmission
window formed in at least a portion of a region corresponding
to the transmitting region, wherein the first conductive unit
and the second conductive unit are adjacent to the transmis-
sion window.

[0032] The pixel electrodes may be reflective electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The above and other features and aspects of the
present invention will become more apparent by describing in
detail exemplary embodiments thereof with reference to the
attached drawings in which:

[0034] FIG. 1 is a cross-sectional view of an organic light-
emitting display device according to an embodiment of the
present invention;

[0035] FIG. 2 is an enlarged cross-sectional view showing
the organic light-emitting display device of FIG. 1;
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[0036] FIG. 3 is a schematic diagram showing an organic
light-emitting unit of the organic light-emitting display
device of FIG. 1, according to an embodiment of the present
invention;

[0037] FIG. 4 is a schematic diagram showing a pixel cir-
cuit of the organic light-emitting unit of FIG. 3, according to
an embodiment of the present invention;

[0038] FIG. 5isa schematic plan view showing the organic
light-emitting unit of the organic light-emitting display
device of FIG. 1;

[0039] FIG. 61is a cross-sectional view taken along the line
A-A of FIG. 5;
[0040] FIGS.7A, 7B and 7C are plan views showing a first

conductive unit of FIG. 6, according to embodiments of the
present invention;

[0041] FIGS. 8A, 8B and 8C are cross-sectional views
showing the first conductive unit of FIG. 6, according to
embodiments of the present invention;

[0042] FIG. 9 is a cross-sectional view showing details of
the first conductive unit, a second conductive unit, and an
opposite electrode of FIG. 6;

[0043] FIG. 10 is a schematic plan view showing the
organic light-emitting unit of the organic light-emitting dis-
play device of FIG. 1, according to another embodiment of
the present invention;

[0044] FIG. 11 is across-sectional view taken along the line
B-B of FIG. 10, according to an embodiment of the present
invention;

[0045] FIG.12is across-sectional view taken along the line
B-B of FIG. 10, according to another embodiment of the
present invention; and

[0046] FIG. 13 is a schematic plan view showing the
organic light-emitting unit of the organic light-emitting dis-
play device of FIG. 1, according to another embodiment of
the present invention.

DETAILED DESCRIPTION

[0047] The present invention will now be described more
fully with reference to the accompanying drawings in which
exemplary embodiments of the invention are shown.

[0048] FIG. 1 is a cross-sectional view of an organic light-
emitting display device according to an embodiment of the
present invention.

[0049] Referring to FIG. 1, the organic light-emitting dis-
play device according to an embodiment of the present inven-
tion includes a display unit 2 formed on a first surface 11 of a
first substrate 1.

[0050] In the organic light-emitting display device, exter-
nal light enters through the first substrate 1 and the display
unit 2.

[0051] As will be described in more detail later, the display
unit 2 is formed to allow external light to transmit there-
through. That is, referring to FIG. 1, the display unit 2 is
formed in such a way that a user at a side where an image is
displayed can observe an external image through the first
substrate 1.

[0052] FIG. 2 is an enlarged cross-sectional view specifi-
cally showing the organic light-emitting display device of
FIG. 1. The display unit 2 includes an organic light-emitting
unit 21 formed on the first surface 11 of the first substrate 1
and a second substrate 23 to seal the organic light-emitting
unit 21.

[0053] The second substrate 23 may be formed of a trans-
parent material to allow viewing of an image generated by the
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organic light-emitting unit 21 and to prevent external air and
moisture from penetrating into the organic light-emitting unit
21.

[0054] Edge portions of the first substrate 1 and the second
substrate 23 are sealed by a sealant 24, and thus, a space 25 is
formed between the first substrate 1 and the second substrate
23. As will be described in more detail later, a first conductive
unit 231 is disposed in the space 25. The space 25 may be
filled with a filler.

[0055] FIG. 3 is a schematic diagram showing the organic
light-emitting unit 21 of FIG. 2, according to an embodiment
of the present invention, and FIG. 4 is a schematic diagram
showing a pixel circuit PC of the organic light-emitting unit
21, according to an embodiment of the present invention.
Referring to FIGS. 2 through 4, according to an embodiment
of the present invention, the organic light-emitting unit 21 is
formed on the first substrate 1 on which transmitting regions
TA for transmitting external light and a plurality of pixel
regions PA separated from each other and having the trans-
mitting regions TA interposed therebetween are defined.
[0056] Each of the pixel regions PA includes the pixel cir-
cuit PC and a plurality of conductive lines, such as a scan line
S, a data line D, and a driving power line V, that are electri-
cally coupled to the pixel circuit PC. Although not shown,
various other conductive lines, besides the scan line S, the
data line D, and the driving power line V, may further be
coupled to the pixel circuit PC according to the configuration
of the pixel circuit PC.

[0057] As shown in FIG. 4, the pixel circuit PC includes a
first thin film transistor TR1 coupled to the scan line S and the
data line D, a second thin film transistor TR2 coupled to the
first thin film transistor TR1 and the driving power line V, and
a capacitor Cst coupled to the first and second thin film
transistors TR1 and TR2. The first thin film transistor TR1 is
a switching transistor, and the second thin film transistor TR2
is a driving transistor. The second thin film transistor TR2 is
electrically coupled to a pixel electrode 221. In FIG. 4, the
first and second thin film transistors TR1 and TR2 are P-type
transistors, but are not limited thereto, and at least one of the
first and second thin film transistors TR1 and TR2 may be an
N-type transistor. The number of thin film transistors and the
number of capacitors are not limited to the number shown in
FIGS. 3 and 4, and for example, two or more thin film tran-
sistors and one or more capacitors may be combined with
each other in the pixel circuit PC, according to embodiments
of the present invention.

[0058] In FIGS. 3 and 4, the scan line S overlaps the pixel
electrode 221. However, the present invention is not limited
thereto. At least one of the plurality of conductive lines
including the scan line S, the data line D, and the driving
power line V, may overlap the pixel electrode 221. In some
embodiments, all of the plurality of conductive lines, includ-
ing the scan line S, the data line D, and the driving power line
V, may overlap the pixel electrode 221 or may be disposed
beside the pixel electrode 221.

[0059] The pixel regions PA are light-emitting regions.
Since the pixel circuit PC is located in the light-emitting
region, the user can see the outside through the transmitting
regions TA. In this way, a region where the image is displayed
is divided into the pixel regions PA and the transmitting
regions TA, and the conductive patterns, which are one of the
main factors causing lowering of the overall transmittance of
the transparent organic light-emitting display device, are
mostly located in the pixel regions PA to increase the trans-
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mittance of the transmitting regions TA so that the transmit-
tance of the region where the image is displayed is improved,
as compared to the transmittance of a conventional transpar-
ent display device.

[0060] Inaddition, the above-described organic light-emit-
ting unit 21 prevents or reduces external image distortion that
occurs when the user observes the outside through the trans-
mitting regions TA of'the region where the image is displayed,
which is divided into the pixel regions PA and the transmitting
regions TA, as described above, due to scattering of external
light caused by interference with the patterns of internal ele-
ments of the pixel circuit PC.

[0061] Although the conductive lines, including the scan
line S, data line D, and driving power line V, cross the trans-
mitting region TA between the pixel regions PA, since the
conductive lines are formed to be very thin, the conductive
lines are hardly seen by the user and have little effect on the
overall transmittance of the organic light-emitting unit 21,
and accordingly, a transparent display is realized. Also,
although the user may not see much of an external image in
regions covered by the pixel regions PA, in consideration of
the overall display region, there is little effect on observing
the external image since the pixel regions PA appear like a
plurality of dots regularly arranged on a surface of a transpar-
ent glass.

[0062] The transmitting regions TA and the pixel regions
PA are formed in such a way that a ratio of the area of the
transmitting regions TA with respect to the overall area of the
transmitting regions TA and the pixel regions PA is between
5% and 90%.

[0063] Ifthe ratio of the area of the transmitting regions TA
with respect to the overall area of the transmitting regions TA
and the pixel regions PA is less than 5%, with respect to FIG.
1, the user can hardly see an object or image on a side opposite
to the user due to the lack of light that can transmit through the
display unit 2 when the display 2 unit is in an off-state. That
is, the display unit 2 is not transparent. In one embodiment,
although the ratio of the area of the transmitting regions TA
with respect to the overall area of the transmitting regions TA
and the pixel regions PA may be approximately 5%, the pixel
regions PA are arranged in an island state with respect to the
transmitting regions TA, such that scattering of light (e.g.,
solar light) is minimized or reduced since substantially all
conductive patterns are disposed across the pixel regions PA,
and thus, the user may recognize the display unit 2 as a
transparent display unit. As will be described in more detail
later, when a transistor included in the pixel circuit PC is
formed of a transparent thin film transistor (TFT), such as a
transistor based an oxide semiconductor, and an organic light-
emitting device is a transparent device, the user may further
recognize the display unit 2 as a transparent display unit.
[0064] Ifthe ratio of the area of the transmitting regions TA
with respect to the entire area of the pixel regions PA and the
transmitting regions TA is greater than 90%, pixel integrity of
the display unit 2 is excessively reduced, and thus, a stable
image can hardly be realized through the light emission from
the pixel regions PA. That is, as the area of the pixel regions
PA is reduced, the amount of light emitted from an organic
emission layer that will be described in more detail later must
be increased in order to realize an image. However, if the
organic light-emitting device is operated to emit light having
a high brightness, the lifetime of the organic light-emitting
device is rapidly reduced. Also, when the ratio of the area of
the transmitting regions TA with respect to the entire area of
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the pixel regions PA and the transmitting regions TA is greater
than 90% and the size of a single pixel region PA is main-
tained at an appropriate size, the number of pixel regions PA
is reduced, and accordingly, the resolution of the organic
light-emitting device is reduced.

[0065] In some embodiments, the ratio of the area of the
transmitting regions TA with respect to the entire area of the
pixel regions PA and the transmitting regions TA may be
between 20% and 70%.

[0066] When the ratio ofthe area of the transmitting regions
TA with respect to the entire area of the pixel regions PA and
the transmitting regions TA is less than 20%, the ratio of the
area of the pixel regions PA with respect to the area of the
transmitting regions TA is excessively high. Therefore, it
limits the user’s ability to observe an external image through
the transmitting regions TA. When the ratio of the area of the
transmitting regions TA with respect to the entire area of the
pixel regions PA and the transmitting regions TA exceeds
70%, there are a lot of limitations in designing the pixel circuit
PC.

[0067] Each ofthe pixel regions PA includes the pixel elec-
trode 221 that has an area corresponding to the area of the
pixel region PA and is electrically coupled to the pixel circuit
PC. The pixel circuit PC overlaps with the pixel electrode 221
so that the pixel circuit PC is covered by the pixel electrode
221. Also, the conductive lines, including the scan line S, the
data line D, and the driving power line V, cross the pixel
electrode 221. According to an embodiment of the present
invention, the pixel electrode 221 may have an area equal to or
slightly greater than that of the pixel region PA. Accordingly,
as shown in FIG. 4, when the user observes the organic
light-emitting unit 21, the pixel circuit PC described above is
covered by the pixel electrode 221, and the conductive lines
are also mostly covered. Therefore, since the user sees only a
portion of the conductive lines through the transmitting
regions TA, the overall transmittance of the transparent
organic light-emitting display device is improved as
described above, and thus, the user can see an external image
through the transmitting regions TA.

[0068] FIGS. 5 and 6 are a plan view and a cross-sectional
view showing the organic light-emitting unit 21 of FIG. 4 and
the pixel circuit PC of FIG. 4 in more detail, respectively.
[0069] According to an embodiment of the present inven-
tion, in the organic light-emitting unit 21 of FIGS. 5 and 6, a
buffer layer 211 (shown in FIG. 6) is formed on the first
surface 11 of the first substrate 1, and the first thin film
transistor TR1, the capacitor Cst, and the second thin film
transistor TR2 are formed on the buffer layer 211.

[0070] First, a first semiconductor active layer 212a and a
second semiconductor active layer 2124 are formed on the
buffer layer 211.

[0071] The buffer layer 211 prevents impurity elements
from penetrating into the organic light-emitting unit 21 and
planarizes a surface of the organic light-emitting unit 21. The
buffer layer 211 may be formed of any of various suitable
materials that can perform the functions described above. For
example, the buffer layer 211 may be formed of an inorganic
material, such as silicon oxide, silicon nitride, silicon oxyni-
tride, aluminum oxide, aluminum nitride, titanium oxide, or
titanium nitride, or an organic material, such as polyimide,
polyester, acryl, or stacks of these materials. In some embodi-
ments, the buffer layer 211 may not be formed.

[0072] The first and second semiconductor active layers
212a and 2124 may be formed of polycrystal silicon, but are

Jan. 5, 2012

not limited thereto, and may be formed of an oxide semicon-
ductor. For example, the first and second semiconductor
active layers 212a and 2125 may be G-1-Z-O layers [(In,O5)
AGa,0,),(Zn0O), layer] (where a, b, and ¢ are integers that
respectively satisfy a=0, b=0, and ¢>0). When the first and
second semiconductor active layers 212a and 2125 are
formed of an oxide semiconductor, optical transmittance can
further be increased.

[0073] A gate insulating layer 213 (shown in FIG. 6), cov-
ering the first and second semiconductor active layers 212a
and 2125, is formed on the buffer layer 211, and first and
second gate electrodes 214a and 2145 are formed on the gate
insulating layer 213.

[0074] An interlayer insulating layer 215 (shown in FIG. 6)
is formed on the gate insulating layer 213 to cover the firstand
second gate electrodes 214a and 2145. A first source elec-
trode 216a, a first drain electrode 2174, a second source
electrode 2165 and a second drain electrode 2175 are formed
on the interlayer insulating layer 215. The first source elec-
trode 2164 and the first drain electrode 217a are coupled to
the first semiconductor active layer 212a, and the second
source electrode 2165 and the second drain electrode 2176
are coupled to the second semiconductor active layer 2126
through contact holes formed in the interlayer insulating layer
215.

[0075] InFIG. 6, the scan line S may be concurrently (e.g.,
simultaneously) formed with the first and second gate elec-
trodes 214a and 2145b. The data line D may be concurrently
(e.g., simultaneously) formed with the first source electrode
216a and coupled to the first source electrode 216a. The
driving power line V may be concurrently (e.g., simulta-
neously) formed with the second source electrode 2165 and
coupled to the second source electrode 2165.

[0076] As to the capacitor Cst, a lower electrode 220a is
concurrently (e.g., simultaneously) formed with the first and
second gate electrodes 214a and 2145, and an upper electrode
2205 is concurrently (e.g., simultaneously) formed with the
first drain electrode 217a.

[0077] The structures of the first thin film transistor TR1,
the capacitor Cst, and the second thin film transistor TR2 are
not limited thereto, and any of various suitable types of thin
film transistor and capacitor structures may be employed.
[0078] A passivation layer 218 (shown in FIG. 6) is formed
to cover the first thin film transistor TR1, the capacitor Cst,
and the second thin film transistor TR2. The passivation layer
218 may be a single layer or a number of insulating layers,
upper surfaces of which are planarized, and may be each
formed of an inorganic material or an organic material.
[0079] The pixel electrode 221, covering the first thin film
transistor TR1, the capacitor Cst, and the second thin film
transistor TR2, may be formed on the passivation layer 218,
as shown in FIGS. 5 and 6. The pixel electrode 221 is coupled
to the second drain electrode 2175 of the second thin film
transistor TR2 through a via-hole formed in the passivation
layer 218. As shown in FIG. 5, the pixel electrode 221 is
formed as an independent island type of electrode in each
pixel.

[0080] A pixel defining layer 219 (shown in FIG. 6), cov-
ering edges of the pixel electrode 221, is formed on the
passivation layer 218. An organic emission layer 223 (shown
in FIG. 6) and an opposite electrode 222 are sequentially
formed on the pixel electrode 221 in the stated order. The
opposite electrode 222 is formed on all the pixel regions PA
and the transmitting regions TA.
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[0081] The organic emission layer 223 may be a low-mo-
lecular weight organic layer or a polymer organic layer. When
the organic emission layer 223 is a low-molecular weight
organic layer, the organic emission layer 223 may be formed
by stacking a hole injection layer (HIL), a hole transport layer
(HTL), an emission layer (EML), an electron transport layer
(ETL), and an electron injection layer (EIL) in a single struc-
ture or a composite structure, and may be formed of any of
various suitable materials such as copper phthalocyanine
(CuPc), N,N'-Di(naphthalene-1-yl)-N,N'-diphenyl-benzi-
dine (NPB), or tris-8-hydroxyquinoline aluminum (Alg3).
The low-molecular weight organic layer may be formed by
vacuum deposition. The HIL, the HTL, the ETL, and the EIL
are common layers and may be commonly applied to red,
green, and blue pixels. Accordingly, unlike the organic emis-
sion layer 223 in FIG. 6, the common layers may be formed to
cover the pixel regions PA and the transmitting regions TA,
like the opposite electrode 222.

[0082] The pixel electrode 221 functions as an anode elec-
trode, and the opposite electrode 222 functions as a cathode
electrode. In some embodiments, the polarities of the pixel
electrode 221 and the opposite electrode 222 may be reversed.
[0083] The pixel electrode 221 is formed to have a size
corresponding to the pixel region PA in each pixel. If aregion
covered by the pixel defining layer 219 does not include the
pixel electrode 221, the pixel electrode 221 has an area iden-
tical to that of one of the pixel regions PA. The opposite
electrode 222 is formed as a common electrode to cover all the
pixels of the organic light-emitting unit 21.

[0084] According to an embodiment of the present inven-
tion, the pixel electrode 221 may be a reflective electrode and
the opposite electrode 222 may be a transparent electrode.
Thus, the organic light-emitting unit 21 is a top emission type
in which an image is displayed in a direction toward the
opposite electrode 222.

[0085] To this end, the pixel electrode 221 may include a
reflective film formed of silver (Ag), magnesium (Mg), alu-
minum (Al), platinum (Pt), palladium (Pd), gold (Au), nickel
(N1), neodymium (Nd), iridium (Ir), chromium (Cr), lithium
(Li), calcium (Ca), or a compound of these materials, or an
oxide having a high work function such as ITO, IZO, ZnO, or
In,O;. The opposite electrode 222 may be formed of a metal
having a low work function, such as Ag, Mg, Al, Pt, Pd, Au,
Ni, Nd, Ir, Cr, Li, or Ca, or an alloy thereof. The opposite
electrode 222 may be formed as a thin film so as to increase a
transmittance of external light.

[0086] When the pixel electrode 221 is a reflective elec-
trode, a pixel circuit PC disposed under the pixel electrode
221 is covered by the pixel electrode 221. Therefore, referring
to FIG. 6, at upper outer sides of the opposite electrode 222,
the user cannot observe the first thin film transistor TR1, the
capacitor Cst, and the second thin film transistor TR2 dis-
posed under the pixel electrode 221, as well as portions of the
scan line S, the data line D, and the driving power line V.
[0087] As the pixel electrode 221 is the reflective electrode,
light is emitted only towards the user. Thus, the amount of
light to be lost in a direction opposite to a direction of the user
can be reduced. Also, since the pixel electrode 221 covers
various patterns of the pixel circuit PC disposed under the
pixel electrode 221, as described above, the user can see a
clearer external image.

[0088] However, the present invention is not limited
thereto, and for example, the pixel electrode 221 may also be
a transparent electrode. In one embodiment, the pixel elec-
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trode 221 is formed of an oxide having a high work function,
such as ITO, IZO, ZnO, or In,0,, without including the
above-described reflective film. If the pixel electrode 221 is
transparent, at the upper outer sides of the opposite electrode
222, the user can observe the first thin film transistor TR1, the
capacitor Cst, and the second thin film transistor TR2 dis-
posed under the pixel electrode 221, as well as portions of the
scan line S, the data line D, and the driving power line V.
However, although the pixel electrode 221 is transparent,
there is a loss of light since the transmittance of light there-
through is not 100%, and the transmittance of external light is
further reduced due to the pixel electrode 221 since the con-
ductive patterns are disposed in the region of the pixel elec-
trode 221. Therefore, interference of the external light due to
the conductive patterns is reduced, as compared when the
external light directly passes through the conductive patterns,
thereby reducing distortion of an external image.

[0089] The passivation layer 218, the gate insulating layer
213, the interlayer insulating layer 215, and the pixel defining
layer 219 may be formed as transparent insulating layers. The
first substrate 1 may have a transmittance smaller or equal to
the total transmittance of the transparent insulating layers
218, 213, 215, and 219.

[0090] The passivation layer 218 corresponds to a first insu-
lating layer in the claims, and the gate insulating layer 213,
the interlayer insulating layer 215, and the pixel defining
layer 219 correspond to a plurality of second insulating layers
in the claims.

[0091] As described above, since the opposite electrode
222 is formed of metal in the shape of a thin film so as to
increase a transmittance of external light in the transmitting
regions TA and is formed as a common electrode to cover all
the pixels of the organic light-emitting unit 21, a sheet resis-
tance of the opposite electrode 222 is increased, and a voltage
drop may occur.

[0092] Inembodiments of the present invention, in order to
solve these problems; the organic light-emitting display
device of FIG. 5 further includes a first conductive unit 231
that is interposed between the second substrate 23 and the
opposite electrode 222, and has one end contacting the second
substrate 23 and the other end contacting the opposite elec-
trode 222.

[0093] The first conductive unit 231 is interposed between
the second substrate 23 and the opposite electrode 222. The
first conductive unit 231 may be formed on a surface of the
second substrate 23 that faces the opposite electrode 222 to
contact the opposite electrode 222 as the second substrate 23
is bonded to the first substrate 1.

[0094] The first conductive unit 231 may be formed of
metal having high electrical conductivity. As shown in FIG. 6,
the first conductive unit 231 may be disposed to correspond to
the transmitting regions TA. The first conductive unit 231
may be formed at a boundary between the transmitting
regions TA and the pixel regions PA formed at edges of the
organic light-emitting unit 21, as shown in FIG. 5, so as to
prevent lowering of the transmittance of the transmitting
regions TA to a maximum due to the first conductive unit 231.

[0095] The first conductive unit 231 may be formed on a
surface of the second substrate 23 that faces the opposite
electrode 222, and for example, may be formed in a straight
line in parallel to the data line D, as shown in FIG. 7A, or in
a straight line in parallel to the scan line S, as shown in FIG.
7B. In addition, as shown in FIG. 7C, the first conductive unit
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231 may be formed as a combination of straight lines in
parallel to the data line D and the scan line S, respectively.
[0096] The space 25 between the second substrate 23 and
the opposite electrode 222 may be filled with a filler 3.
[0097] The filler 3 may have a buffering effect in the space
25 between the second substrate 23 and the opposite electrode
222 and may also have an absorption function by further
including an absorbent.

[0098] The filler 3 is formed in such a way that a liquid
material having a suitable viscosity is dropped on a surface of
the second substrate 23 or the opposite electrode 222, then the
first substrate 1 and the second substrate 23 are bonded to
each other. Here, the liquid material flows into the space 25
and is spread therein such that the liquid material fills the
space 25. After filling is completed, the filler 3 is cured by
ultraviolet (UV) rays or the like.

[0099] However, as described above, the first conductive
unit 231 is interposed between the second substrate 23 and the
opposite electrode 222, and both (opposite) ends of the first
conductive unit 231 contact the second substrate 23 and the
opposite electrode 222, respectively, when the material for
forming the filler 3 flows into the space 25, the material may
not sufficiently flow into the space 25 due to the first conduc-
tive unit 231.

[0100] To solvethis problem, according to another embodi-
ment of the present invention, inlet portions 233 may be
formed on the first conductive unit 231, as shown in FIGS. 8A
through 8C.

[0101] The inlet portion 233 does not contact the opposite
electrode 222. Thus, the filler 3 is interposed between the inlet
portion 233 and the opposite electrode 222. In other words,
the inlet portion 233 provides a flow path of the material for
forming the filler 3.

[0102] Thus, even when the first conductive unit 231 is
present, the filler 3 may sufficiently fill the space 25.

[0103] As shown in FIG. 6, a second conductive unit 232
having the opposite electrode 222 interposed between the first
conductive unit 231 and the second conductive unit 232 is
disposed facing the first conductive unit 231. The second
conductive unit 232 contacts the opposite electrode 222 and is
formed of a conductive material. The second conductive unit
232 may be formed on the pixel defining layer 219.

[0104] The second conductive unit 232 may be formed in
the patterns of the first conductive unit 231 shown in FIGS.
7A through 7C. However, the present invention is not limited
thereto, and, in some embodiments, only portions of the sec-
ond conductive unit 232 may be opposite to the first conduc-
tive unit 231.

[0105] Since the second conductive unit 232 formed of the
conductive material, for example, metal, contacts the oppo-
site electrode 222, a sheet resistance of the opposite electrode
222 may be reduced so as to further prevent a voltage drop in
the opposite electrode 222.

[0106] Also, the second conductive unit 232 may prevent a
problem caused by defects of contact between the opposite
electrode 222 and the first conductive unit 231. In more detail,
as described above, the first conductive unit 231 is formed on
the second substrate 23 in such a way that the first substrate 1
and the second substrate 23 are bonded to each other and the
first conductive unit 231 contacts the opposite electrode 222,
due to various reasons such as a thickness difference in the
first conductive unit 231 and a thickness difference in the
sealant 24 for bonding the first substrate 1 and the second
substrate 23 to each other, the first conductive unit 231 may
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damage portions of the opposite electrode 222, as shown in
FIG. 9. In this regard, the opposite electrode 222 may be
broken, which causes an increase in a sheet resistance of the
opposite electrode 222.

[0107] According to the present invention, in order to solve
this problem, the second conductive unit 232 is further dis-
posed under the opposite electrode 222. In more detail, even
when defects of contact between the opposite electrode 222
and the first conductive unit 231 occur, the second conductive
unit 232 that contacts the opposite electrode 222 is positioned
under the opposite electrode 222 so that contact between the
first conductive unit 231, the second conductive unit 232, and
the opposite electrode 222 may be maintained in a portion
where the second conductive unit 232 and the opposite elec-
trode 222 contact each other.

[0108] The first conductive unit 231 and the second con-
ductive unit 232 may cover a plurality of conductive lines of
the transmitting regions TA that pass through outside of the
pixel regions PA. When the plurality of conductive lines pass
through the transmitting regions TA, the effect in which exter-
nal light is transmitted through multi-slits may be obtained
due to patterns of fine conductive lines so that distortion of an
external image transmitted therethrough may occur. Thus,
due to the first conductive unit 231 and the second conductive
unit 232, distortion of the transmitted image may be pre-
vented.

[0109] FIG. 10 is a schematic plan view showing the
organic light-emitting unit 21 of the organic light-emitting
display device of FIG. 1, according to another embodiment of
the present invention, and FIG. 11 is a cross-sectional view
taken along the line B-B of FIG. 10.

[0110] InFIGS.10and11,afirsttransmission window 224,
through which the opposite electrode 222 is opened, is
formed in at least portions of a region corresponding to the
transmitting regions TA of the opposite electrode 222.

[0111] In order to improve the transmittance of external
light in the transmitting regions TA, the area of the transmit-
ting regions TA is increased, or the transmittance of a material
deposited in the transmitting regions TA is increased. How-
ever, there is a limitation in increasing the area of the trans-
mitting regions TA due to a design of the pixel circuit PC and
thus, the transmittance of the material deposited in the trans-
mitting regions TA is increased.

[0112] Even in the top emission type in which an image is
displayed in a direction toward the opposite electrode 222, the
opposite electrode 22 is formed of metal and thus has a
limitation in light transmission. When the thickness of the
opposite electrode 222 is reduced or the opposite electrode
222 is formed of a conductive metal oxide having high trans-
mittance in order to increase the transmittance of the opposite
electrode 222, the resistance of the opposite electrode 222
may be excessively increased.

[0113] Inorder to solve this problem, the first transmission
window 224 is formed in the opposite electrode 222 so as to
improve the transmittance of external light in the transmitting
regions TA.

[0114] The first transmission window 224 may be formed
in the transmitting regions TA as wide as possible.

[0115] Obviously, even in a structure in which the first
transmission window 224 is formed, the first conductive unit
231 and the second conductive unit 232 may be formed at the
outside of the pixel regions PA that are adjacent to the first
transmission window 224.
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[0116] FIG. 12 illustrates another embodiment of the
present invention, wherein an additional transmission win-
dow is formed in insulating layers of the transmitting regions
TA.

[0117] The transmission window may be formed as wide as
possible in a region where the transmission window does not
interfere with the scan line S, the data line D, and the driving
power line V. For example, the transmission window may be
formed to be overlapped with the first transmission window
224.

[0118] A second transmission window 225 is formed on the
passivation layer 218 that covers the pixel circuit PC, and a
third transmission window 226 is formed in the gate insulat-
ing layer 213, the interlayer insulating layer 215, and the pixel
defining layer 219. The second transmission window 225 and
the third transmission window 226 constitute a fourth trans-
mission window 227.

[0119] InFIG. 12, a transmission window does not extend
to the buffer layer 211. The reason for this is to prevent
impurity elements from penetrating into an outside of the first
substrate 1. In another embodiment, the fourth transmission
window 227 may extend to the buffer layer 211.

[0120] By forming the fourth transmission window 227 in
the transmitting regions TA as well as the first transmission
window 224, light transmittance in the transmitting regions
TA may be further increased, and thus the user can observe the
external image through the first substrate 1 more easily.
[0121] FIG. 13 illustrates the organic light-emitting unit 21
ofthe organic light-emitting display device of FIG. 1, accord-
ing to another embodiment of the present invention. One
transmitting region TA is formed to correspond to a first pixel
electrode 221a, a second pixel electrode 2215, and a third
pixel electrode 221c. First through third data lines D1, D2,
and D3 are electrically coupled to the first pixel electrode
221a, the second pixel electrode 2215, and the third pixel
electrode 221c, respectively. A first driving power line V1 is
electrically coupled to the first and second pixel electrodes
221a and 2215, and a second driving power line V2 is elec-
trically coupled to the third pixel electrode 221c.

[0122] Inthis structure, one large transmitting region TA is
formed in three sub-pixels, for example, red (R), green (G),
and blue (B) sub-pixels so that light transmittance in the
transmitting regions TA may be further increased, and an
image distortion effect due to light scattering may be further
reduced.

[0123] The first transmission window 224 is formed in the
opposite electrode 222 corresponding to the transmitting
regions TA so that light transmittance in the transmitting
regions TA may be further improved.

[0124] Even in this structure, a voltage drop in the opposite
electrode 222 may be prevented by including the first con-
ductive unit 231 and the second conductive unit 232.

[0125] Conductive lines, that is, the first driving power line
V1, the second driving power line V2, the first data line D1,
the second data line D2, and the third data line D3, may be
covered by the first conductive unit 231 and the second con-
ductive unit 232. Thus, an image distortion phenomenon may
be further prevented or reduced.

[0126] As described above, according to embodiments of
the present invention, a transparent organic light-emitting
display device in which transmittance of external light is
increased and a sheet resistance of an opposite electrode is
reduced so as to reduce a voltage drop in the opposite elec-
trode can be obtained.
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[0127] Furthermore, a transparent organic light-emitting
display device that prevents or reduces distortion of an image
transmitted therethrough by preventing or reducing light
transmitting therethrough from scattering can be obtained.
[0128] Although a first conductive unit and the opposite
electrode may contact each other excessively to cause dam-
age to the opposite electrode, a second conductive unit con-
tacts the first conductive unit or the opposite electrode so that
voltage drop in the opposite electrode can be prevented or
reduced.

[0129] Furthermore, since the first conductive unit and the
second conductive unit cover patterns of fine conductive lines
formed in the transmitting regions, distortion of an external
image transmitted therethrough can be prevented.

[0130] 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 and
their equivalents.

What is claimed is:

1. An organic light-emitting display device comprising:

a first substrate having a transmitting region and a plurality
of pixel regions separated from each other by the trans-
mitting region interposed between the pixel regions;

a plurality of thin film transistors on the first substrate and
being at the pixel regions of the substrate, respectively;

a passivation layer covering the plurality of thin film tran-
sistors;

aplurality of pixel electrodes on the passivation layer being
electrically coupled to the thin film transistors, respec-
tively, the plurality of pixel electrodes being at the pixel
regions, respectively, and overlapping and covering the
thin film transistors, respectively;

an opposite electrode facing the pixel electrodes and being
at the transmitting region and the pixel regions;

an organic emission layer interposed between a corre-
sponding one of the pixel electrodes and the opposite
electrode for emitting light;

a second substrate facing the opposite electrode and being
bonded to the first substrate;

a first conductive unit being interposed between the second
substrate and the opposite electrode, opposite ends of the
first conductive unit contacting the second substrate and
the opposite electrode, respectively, and the first conduc-
tive unit comprising a conductive material; and

a second conductive unit facing the first conductive unit
and contacting the opposite electrode, the second con-
ductive unit comprising a conductive material, the oppo-
site electrode being interposed between the first conduc-
tive unit and the second conductive unit.

2. The organic light-emitting display device of claim 1,
wherein each of the pixel electrodes has an area substantially
identical to that of a corresponding one of the pixel regions.

3. The organic light-emitting display device of claim 1,
further comprising a plurality of conductive lines electrically
coupled to the thin film transistors, respectively, wherein at
least one of the conductive lines overlaps at least one of the
pixel electrodes.

4. The organic light-emitting display device of claim 1,
wherein a ratio of an area of the transmitting region with
respect to a total area of the pixel regions and the transmitting
region is between 5% and 90%.
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5. The organic light-emitting display device of claim 1,
wherein the passivation layer is on both the transmitting
region and the pixel regions, and comprises a transparent
material.

6. The organic light-emitting display device of claim 1,
wherein at least portions of the first conductive unit and the
second conductive unit overlap the transmitting region.

7. The organic light-emitting display device of claim 1,
wherein the first conductive unit is on a surface of the second
substrate that faces the opposite electrode.

8. The organic light-emitting display device of claim 1,
further comprising an insulating layer on the passivation
layer, the insulating layer covering edges of the pixel elec-
trodes, wherein the second conductive unit is on the insulating
layer.

9. The organic light-emitting display device of claim 1,
wherein the opposite electrode has a transmission window in
atleast a portion of a region corresponding to the transmitting
region, wherein the first conductive unit and the second con-
ductive unit are adjacent to the transmission window.

10. The organic light-emitting display device of claim 1,
wherein the pixel electrodes are reflective electrodes.

11. An organic light-emitting display device comprising:

a first substrate having a transmitting region and a plurality
of pixel regions separated from each other by the trans-
mitting region interposed between the pixel regions;

a plurality of pixel circuits on the first substrate, wherein
each of the pixel circuits comprises at least one thin film
transistor, and the plurality of pixel circuits are at the
pixel regions, respectively;

a first insulating layer covering the pixel circuits;

a plurality of pixel electrodes on the first insulating layer
being electrically coupled to the pixel circuits, respec-
tively, and overlapping and covering the pixel circuits,
respectively;

an opposite electrode facing the pixel electrodes and being
at the transmitting region and the pixel regions;

an organic emission layer interposed between a corre-
sponding one of the pixel electrodes and the opposite
electrode for emitting light;

a second substrate facing the opposite electrode and being
bonded to the first substrate;

a first conductive unit interposed between the second sub-
strate and the opposite electrode having opposite ends
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contacting the second substrate and the opposite elec-
trode, respectively, and the first conductive unit com-
prising a conductive material; and

a second conductive unit facing the first conductive unit

and contacting the opposite electrode, the second con-
ductive unit comprising a conductive material, the oppo-
site electrode being interposed between the first conduc-
tive unit and the second conductive unit.

12. The organic light-emitting display device of claim 11,
wherein the corresponding one of the pixel electrodes is at a
same region as a corresponding one of the pixel regions.

13. The organic light-emitting display device of claim 11,
further comprising a plurality of conductive lines electrically
coupled to the pixel circuits, respectively, wherein at least one
of the conductive lines crosses at least one of the pixel
regions.

14. The organic light-emitting display device of claim 11,
wherein a ratio of an area of the transmitting region with
respect to a total area of the pixel regions and the transmitting
region is between 5% and 90%.

15. The organic light-emitting display device of claim 11,
wherein the first insulating layer and a plurality of second
insulating layers are on both the transmitting region and the
pixel regions, and comprise a transparent material.

16. The organic light-emitting display device of claim 11,
wherein at least portions of the first conductive unit and the
second conductive unit overlap the transmitting region.

17. The organic light-emitting display device of claim 11,
wherein the first conductive unit is on a surface of the second
substrate that faces the opposite electrode.

18. The organic light-emitting display device of claim 11,
further comprising a second insulating layer on the first insu-
lating layer, the second insulating layer covering edges of the
pixel electrodes, wherein the second conductive unit is on the
second insulating layer.

19. The organic light-emitting display device of claim 11,
wherein the opposite electrode has a transmission window
formed in at least a portion of a region corresponding to the
transmitting region, wherein the first conductive unit and the
second conductive unit are adjacent to the transmission win-
dow.

20. The organic light-emitting display device of claim 11,
wherein the pixel electrodes are reflective electrodes.
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