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ORGANIC LIGHT EMITTING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2008-0013748, filed on
Feb. 15, 2008, in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND

[0002] 1.Field of the Invention

[0003] The present invention relates to an organic light
emitting display device, and more particularly to an organic
light emitting display device capable of displaying two
images with one display unit.

[0004] 2. Description of Related Art

[0005] Inrecentyears, avariety of flat panel display devices
have been developed with reduced weight and volume in
comparison to a cathode ray tube (CRT) display. Some
examples of the flat panel display devices include liquid crys-
tal display (LCD), a field emission display (FED), a plasma
display panel (PDP), an organic light emitting display, etc.
[0006] Among the various flat panel display devices, the
organic light emitting display displays an image by using
organic light emitting diodes (OLEDs) to emit light through
the recombination of electrons and holes. The organic light
emitting display has a rapid response time and low power
consumption.

[0007] FIG. 1 is a schematic circuit diagram showing a
pixel circuit of a conventional organic light emitting display
device.

[0008] Referring to FIG. 1, a pixel 4 of the conventional
organic light emitting display device includes an OLED and a
pixel circuit 2 coupled to a data line (Dm) and a scan line (Sn)
to control the OLED.

[0009] An anode electrode of the OLED is coupled to the
pixel circuit 2, and a cathode electrode is coupled to a second
power source (ELVSS). The OLED generates light with a
luminance (e.g., a predetermined luminance) according to an
electrical current supplied from the pixel circuit 2. The pixel
circuit 2 controls the magnitude of the electrical current,
which is supplied to the OLED, to correspond to a data signal
supplied to the data line (Dm) when a scan signal is supplied
to the scan line (Sn).

[0010] The pixel circuit 2 includes a second transistor (M2)
coupled between a first power source (ELVDD) and the
OLED, a first transistor (M1) coupled between the second
transistor (M2) and the data line (Dm) and the scan line (Sn),
and a storage capacitor (Cst) coupled between a gate elec-
trode and a first electrode of the second transistor (M2).
[0011] A gate electrode of the first transistor (M1) is
coupled to the scan line (Sn), a first electrode of the first
transistor (M1) is coupled to the data line (Dm), and a second
electrode of'the first transistor (M1) is coupled to a terminal of
the storage capacitor (Cst).

[0012] The first electrode of the first transistor (M1) or the
second transistor (M2) can be a source electrode or a drain
electrode, and the second electrode is different from the first
electrode. For example, when the first electrode is a source
electrode, the second electrode is a drain electrode, and vice
versa. The first transistor (M1) coupled to the scan line (Sn)
and the data line (Dm) is turned on when a scan signal is

Aug. 20, 2009

supplied to the scan line (Sn) to supply a data signal, which is
supplied from the data line (Dm), to the storage capacitor
(Cst). Thus, the storage capacitor (Cst) is charged with a
voltage corresponding to the data signal.

[0013] The gate electrode of the second transistor (M2) is
coupled to one terminal of the storage capacitor (Cst), and the
first electrode of the second transistor (M2) is coupled to the
other terminal of the storage capacitor (Cst) and the first
power source (ELVDD). Further, a second electrode of the
second transistor (M2)is coupled to the anode electrode of the
OLED.

[0014] The second transistor (M2) controls the magnitude
of an electrical current to correspond to a voltage value stored
in the storage capacitor (Cst), and the electrical current flows
from the first power source (ELVDD) to the second power
source (ELVSS) via the OLED. The OLED generates light
corresponding to the magnitude of the electrical current sup-
plied from the second transistor (M2).

[0015] However, the pixel 4 in a conventional organic light
emitting display device is coupled to only one OLED. There-
fore, the conventional organic light emitting display device
has a display unit that includes a plurality of the pixels 4 can
only display one image expressed on one surface thereof.

SUMMARY OF THE INVENTION

[0016] Accordingly, embodiments of the present invention
provide an organic light emitting display device capable of
displaying a pair of images respectively on two surfaces
thereof. Each pixel of the organic light emitting display
device includes a pair of OLEDs respectively formed on the
two surfaces.

[0017] One embodiment of the present invention provides
an organic light emitting display device. The organic light
emitting display device includes a first substrate including a
plurality of pixel circuits and first organic light emitting
diodes in a region defined by a plurality of data lines and scan
lines; a second substrate spaced from and facing the first
substrate, the second substrate including second light emit-
ting diodes. Each pixel among a plurality of pixels of the
organic light emitting display device includes a correspond-
ing one of the pixel circuits and a corresponding one of the
first organic light emitting diodes and a corresponding one of
the second organic light emitting diodes coupled to the pixel
circuit.

[0018] The first organic light emitting diodes on the first
substrate may form a first display unit for displaying an image
on a first surface thereof, and the second organic light emit-
ting diodes on the second substrate may form a second display
unit for displaying an image on a second surface thereof.
[0019] Also, the second organic light emitting diodes may
be electrically coupled to the pixel circuits through conduc-
tive coupling units, and the coupling units may have an elon-
gated shape and extend between the first substrate and the
second substrate. The coupling units may include carbon
nanotube bundles or conductive barrier ribs.

[0020] Another embodiment according to the present
invention provides an organic light emitting display device
including a first substrate including a first display unit for
displaying a first image; a second substrate spaced from and
facing the first substrate and including a second display unit
for displaying a second image; and a plurality of pixel circuits
on the first substrate. The plurality of pixel circuits are
coupled to the first display unit and the second display unit.
The first display unit may include a plurality of first organic



US 2009/0206727 Al

light emitting diodes coupled to the plurality of pixel circuits.
The second display unit may include a plurality of second
organic light emitting diodes coupled to the plurality of pixel
circuits. The second organic light emitting diodes may be
electrically coupled to the plurality of pixel circuits through
conductive coupling units. Each of the coupling units may
have an elongated shape and extend between the first sub-
strate and the second substrate. The coupling units may
include carbon nanotube bundles or conductive barrier ribs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings, together with the
specification, illustrate exemplary embodiments of the
present invention, and, together with the description, serve to
explain the principles of the present invention.

[0022] FIG. 1 is a schematic circuit diagram showing a
pixel of a conventional organic light emitting display device.
[0023] FIG. 2 is a schematic diagram showing a schematic
configuration of an organic light emitting display device
according to an exemplary embodiment of the present inven-
tion.

[0024] FIG. 3 is a schematic circuit diagram showing a
pixel of the organic light emitting display device according to
an exemplary embodiment of the present invention as shown
in FIG. 2.

[0025] FIG. 4is a cross-sectional view showing one region
of the pixel in the organic light emitting display device
according to an exemplary embodiment of the present inven-
tion as shown in FIG. 2.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0026] In the following detailed description, only certain
exemplary embodiments of the present invention have been
shown and described, simply by way of illustration. As those
skilled in the art would realize, the described embodiments
may be modified in various different ways, all without depart-
ing from the spirit or scope of the present invention. Accord-
ingly, the drawings and description are to be regarded as
illustrative in nature and not restrictive. In addition, when an
element is referred to as being “on” another element, it can be
directly on the element or be indirectly on the element with
one or more intervening elements interposed therebetween.
Also, when an element is referred to as being “connected to”
another element, it can be directly connected to the element or
be indirectly connected to the element with one or more
intervening elements interposed therebetween. Furthermore,
when a first element is described as being coupled to a second
element, the first element may be directly coupled to the
second element or may be indirectly coupled to the second
element via a third element. Hereinafter, like reference
numerals refer to like elements.

[0027] FIG. 2 is a schematic diagram showing a schematic
configuration of an organic light emitting display device 100
according to an exemplary embodiment of the present inven-
tion.

[0028] Referring to FIG. 2, in the organic light emitting
display device 100 according to an exemplary embodiment of
the present invention, a plurality of pixels 130 are formed in
a region defined by a plurality of data lines (e.g., DL1, DL2),
scan lines (e.g., GL1) and first power source lines (e.g.,
ELVDD), all of which are formed on the first substrate 110. A
display unit 140 includes a plurality of pixels 130.
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[0029] Here, according to an embodiment, each of the pix-
els 130 includes first and second OLEDs 132 and 212, which
are formed on different substrates. For example, the first
OLEDs 132 are formed on the first substrate 110, and the
second OLEDs 212 are formed on the second substrate 210.
[0030] That is to say, the pixels 130 of a pixel unit 140
include pixel circuits 134 formed on the first substrate 110
and the first OLEDs 132 that form a first display unit for
displaying image on a first surface thereof. The pixels 130
also include the second OLEDs 212 that form a second dis-
play unit for displaying image on a second surface thereof.
The second OLEDs 212 are also driven by the pixel circuits
134 on the first substrate 110.

[0031] As the second OLEDs 212 constituting the second
display unit are not formed on the same flat surface as the
pixels circuits 134 and the first OLEDs 132 that constitute the
display unit 140, a coupling unit (not shown) formed of, for
example, a conductive carbon nanotube bundle or a barrier rib
may be used to couple the second OLEDs 212 and the rest of
the display unit 140 (e.g., the pixel circuits 134) to each other.
[0032] FIG. 3 is a schematic circuit diagram showing a
pixel 130 of the organic light emitting display device accord-
ing to an exemplary embodiment of the present invention
shown in FIG. 2.

[0033] Referring to FIG. 3, the pixel 130 of the organic light
emitting display device according to an exemplary embodi-
ment of the present invention includes a pixel circuit 134
coupled to a data line (DL) and a scan line (GL) to control the
first and second OLEDs 132 and 212 that are coupled to the
pixel circuit 134. Those skilled in the art would appreciate
that the organic light emitting display includes a plurality of
pixels 130 arranged in rows and columns coupled to respec-
tive data lines and scan lines.

[0034] According to the embodiment of the present inven-
tion, each of the pixels 130 includes the pixel circuit 134 and
the two OLEDs 132 and 212 that are coupled to the pixel
circuit 134.

[0035] Theanode electrodes of the first and second OLEDs
132 and 212 are coupled to the pixel circuit 134, and the
cathode electrodes of the firstand second OLEDs 132 and 212
are coupled to the second power source (ELVSS). The first
and second OLEDs 132 and 212 generate light with a lumi-
nance (e.g., a predetermined luminance) according to an elec-
trical current supplied from the pixel circuit 134.

[0036] According to the embodiment, the first OLEDs 132
are formed on the first substrate 110 (see FIG. 2), and the
second OLEDs 212 are formed on the second substrate 210
(see FIG. 2). Here, the first OLEDs 132 formed on the first
substrate 110 form a first display unit for displaying an image
on a first surface thereof. The second OLEDs 212 formed on
the second substrate 210 form a second display unit for dis-
playing an image on a second surface thereof.

[0037] The pixel circuit 134 controls the magnitude of an
electrical current supplied to the first and second OLEDs 132
and 212 to correspond to the data signal supplied to the data
line (DL) when a scan signal is supplied to the scan line (GL).
[0038] The pixel circuit 134 includes a second transistor
(T2) as a drive transistor coupled between a first power source
(ELVDD) and the first and second OLEDs 132 and 212, a first
transistor (T1) coupled between the second transistor (12)
and the data line (DL) and the scan line (GL), and a storage
capacitor (Cst) coupled between a gate electrode and a first
electrode of the second transistor (T2).
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[0039] A gate electrode of the first transistor (T1) is coupled
to the scan line (GL), and a first electrode ofthe first transistor
(T1)iscoupledto the dataline (DL ). A second electrode of the
first transistor (T1) is coupled to a terminal of the storage
capacitor (Cst).

[0040] Here, the first electrode of the first transistor (T1) or
the second transistor (T2) can be either a source electrode or
a drain electrode, and the second electrode of the first tran-
sistor (T1) or the second transistor (T2) is the other one of the
source electrode or the drain electrode. For example, when
the first electrodeis a source electrode, the second electrode is
a drain electrode, and vice versa. The first transistor (T1)
coupled to the scan line (GL) and the data line (DL) is turned
on when a scan signal is supplied to the scan line (GL) to
supply a data signal, which is supplied from the data line
(DL), to the storage capacitor (Cst). Thus, the storage capaci-
tor (Cst) is charged with a voltage corresponding to the data
signal.

[0041] A gate electrode of the second transistor (T2) is
coupled to a terminal of the storage capacitor (Cst), and a first
electrode of the second transistor (T2) is coupled to another
terminal of the storage capacitor (Cst) and the first power
source (ELVDD). A second electrode of the second transistor
(T2) 1s coupled to the anode electrodes of the first and second
OLEDs 132 and 212.

[0042] The second transistor (T2) controls the magnitude
ofan electrical current to correspond to a voltage value stored
in the storage capacitor (Cst), and the electrical current capac-
ity flows from the first power source (ELVDD) to the second
power source (ELVSS) via the first OLED 132 and/or the
second OLED 212. Thus, the first OLED 132 and the second
OLED 212 generate light corresponding to the magnitude of
the electrical current supplied from the second transistor (T2).
[0043] Here, each of the pixels 130 provided in the organic
light emitting display device 100 according to an exemplary
embodiment of the present invention shown in FIG. 2
includes a pixel circuit 134 and the first and second OLEDs
132 and 212 coupled to the pixel circuit 134. Also, the first
OLEDs 132 are formed on the first substrate 110, and the
second OLEDs 212 are formed on the second substrate 210.
Therefore, the first OLEDs 132 formed on the first substrate
110 form a first display unit for displaying an image on a first
surface thereof, and the second OLEDs 212 formed on the
second substrate 210 form a second display unit for display-
ing an image on a second surface thereof.

[0044] Here, the second OLEDs 212 constituting the sec-
ond display unit are not formed on the same flat surface as the
pixel circuits 134 and the first OLEDs 132 of the display unit
140. Therefore, a coupling unit (not shown in FIG. 3) formed
of, for example, a conductive carbon nanotube bundle or a
barrier rib may be used to couple the second OLEDs 212 and
the respective pixel circuits 134 to each other.

[0045] FIG. 4 is cross-sectional view showing a region of
the pixel 130 in the organic light emitting display device 100
according to an exemplary embodiment of the present inven-
tion shown in FIG. 2. Here, FIG. 4 shows the structures of a
drive transistor in each of the pixels 130 of the organic light
emitting display device 100 and the first and second OLEDs
132, 212 coupled to the drive transistor.

[0046] Referring to FIG. 4, each of the pixels 130 in the
organic light emitting display device 100 according to an
exemplary embodiment of the present invention includes the
first substrate 110 having a second transistor (12) (e.g., a
drive transistor) and the OLED 132 formed therein, and a
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second substrate 210 electrically coupled to the second tran-
sistor (T2) through a coupling unit 300 and having the second
OLED 212 formed therein.

[0047] The first substrate 110 includes a deposition sub-
strate 101 and the pixels 130 formed on the deposition sub-
strate 101. The second substrate 210 includes a transparent
substrate 201 and the second OLED 212 formed on the trans-
parent substrate 201.

[0048] Each of the pixels 130 includes the pixel circuit 134
and the OLEDs 132 and 212, as previously illustrated in FIG.
3, and FIG. 4 shows a cross sectional view of the second
transistor (12) in the pixel circuit 134 and the OLEDs 132 and
212 coupled to the second transistor (12)

[0049] First, a buffer layer 111 is formed on the deposition
substrate 101. The deposition substrate 101 is formed of, for
example, glass and the like material, and the buffer layer 111
is formed of insulator materials such as silicon oxide (SiO,)
or silicon nitride (SiNx). The buffer layer 111 prevents the
deposition substrate 101 from being damaged by factors such
as external heat, etc.

[0050] A semiconductor layer 112 including an active layer
1124 and a source and drain region 1125 is formed on at least
a region of the buffer layer 111.

[0051] A gate insulator layer 113 is formed on the buffer
layer 111 and the semiconductor layer 112, and a gate elec-
trode 114 having a size corresponding to the width of the
active layer 112a is formed on a region of the gate insulator
layer 113.

[0052] An interlayer dielectric layer 115 is formed on the
gate insulator layer 113 and the gate electrode 114, and source
and drain electrodes 116a and 1165 are formed on a region
(e.g., apredetermined region) of the interlayer dielectric layer
115.

[0053] The source and drain electrodes 116a and 1165 are
coupled to an exposed region of the source and drain region
1125, and a planarization layer 117 is formed on the interlayer
dielectric layer 115 and the source and drain electrodes 1164
and 1165.

[0054] The semiconductor layer 112 and the source and
drain electrodes 116a and 1165 form the above-mentioned
second transistor (T2).

[0055] Also, first and second via holes 118 and 119 are
formed on the planarization layer 117.

[0056] The first via hole 118 allows a first electrode 142 of
the first OLED 132 formed on a region of the planarization
layer 117 to be coupled to at least one exposed region of the
source electrode 116a or the drain electrode 1164.

[0057] In addition, the second via hole 119 allows a first
electrode 242 of the second OLED 212 formed on a region of
the second substrate 210 to be coupled to at least one exposed
region of the source electrode 116a or the drain electrode
116b.

[0058] The coupling unit 300, which is formed in a vertical
shape (i.e., elongated shape) between the first substrate 110
and the second substrate 210 as shown in FIG. 4, 1s used to
electrically couple the first electrode 242 of the second OLED
212 to either the source electrode 1164 or the drain electrode
1164.

[0059] As an example, a carbon nanotube bundle may be
used as the coupling unit 300. That is, one end of the carbon
nanotube bundle is electrically coupled to the first electrode
242 of the second OLED 212, which is formed on the second
substrate 210 Another end of the carbon nanotube bundle is
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coupled to the source electrode 116a or the drain electrode
1164 via the second via hole 119 in a vertical direction.
[0060] A method for accurately positioning a carbon nano-
tube in a desired direction within several seconds may be
accomplished by using a focused ion beam after the forma-
tion of the carbon nanotube as disclosed in the Bending of
carbon nanotube invacuum using a focused ion beam, Byong
Chon Park, Ki Young Jung, Won Young Song, Beom-hoan O,
Sang Jung Ahn, Advanced Materials, Vol. 18, page 95-98,
2006. The entire content of which is hereby incorporated by
reference.

[0061] Also, the coupling unit 300 may be a barrier rib
formed of conductive materials.

[0062] In addition, a first pixel definition layer 120 is
formed on the planarization layer 117 and the first electrode
142 of'the first OLED 132, and the first pixel definition layer
120 has an opening for exposing at least one region of the first
electrode 142.

[0063] In the same manner, a second pixel definition layer
220 is formed on the transparent substrate 201 and the first
electrode 242 of the second OLED 212, and the second pixel
definition layer 220 has an opening for exposing at least one
region of the first electrode 242.

[0064] Here, a position in which the first pixel definition
layer 120 and the second pixel definition layer 220 are formed
may be varied according to various embodiments of the
present invention.

[0065] Furthermore, organic layers 144 and 244 are formed
on openings of the first and second pixel definition layers 120
and 220, respectively. Second electrode layers 146 and 246
are formed respectively on the pixel definition layers 120 and
220 and the organic layers 144 and 244.

[0066] That is, the first OLED 132 is formed on the first
substrate 110 and then coupled to a source electrode 116a or
a drain electrode 1165 of the second transistor (T2) through
the first via hole 118. The second OLED 212 is formed on the
second substrate 210 to be coupled to the source electrode
1164 or the drain electrode 1165 of the second transistor (T2)
(drive transistor) through the coupling unit 300 and the sec-
ond via hole 119.

[0067] As described above, an organic light emitting dis-
play device according to the embodiments of the present
invention may display a pair of images on two surfaces
thereof since one display unit is configured to display images
on two different flat surfaces. Also, the organic light emitting
display device according to the embodiments of the present
invention may improve its life time by preventing an image
burn-in phenomenon from occurring in one of the pair of
images when the other image is used to display a still image.
[0068] While the present invention has been described in
connection with certain exemplary embodiments, it is to be
understood that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover vari-
ous modifications and equivalent arrangements included
within the spirit and scope of the appended claims, and
equivalents thereof.

What is claimed is:

1. An organic light emitting display device comprising:

a first substrate comprising a plurality of pixel circuits and
first organic light emitting diodes in a region defined by
a plurality of data lines and scan lines; and
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a second substrate spaced from and facing the first sub-
strate, the second substrate comprising second organic
light emitting diodes,

wherein each pixel among a plurality of pixels of the
organic light emitting display device comprises a corre-
sponding one of the pixel circuits and a corresponding
one of the first organic light emitting diodes and a cor-
responding one of the second organic light emitting
diodes coupled to the pixel circuit.

2. The organic light emitting display device according to
claim 1, wherein the first organic light emitting diodes on the
first substrate form a first display unit for displaying an image
on a first surface thereof.

3. The organic light emitting display device according to
claim 1, wherein the second organic light emitting diodes on
the second substrate form a second display unit for displaying
an image on a second surface thereof.

4. The organic light emitting display device according to
claim 1, wherein the second organic light emitting diodes are
electrically coupled to the pixel circuits through conductive
coupling units.

5. The organic light emitting display device according to
claim 4, wherein each of the coupling units has an elongated
shape and extends between the first substrate and the second
substrate.

6. The organic light emitting display device according to
claim 4, wherein the coupling units comprise carbon nano-
tube bundles.

7. The organic light emitting display device according to
claim 4, wherein the coupling units comprise conductive
barrier ribs.

8. An organic light emitting display device comprising:

a first substrate comprising a first display unit for display-

ing a first image;

a second substrate spaced from and facing the first sub-
strate and comprising a second display unit for display-
ing a second image; and

a plurality of pixel circuits on the first substrate, the plu-
rality of pixel circuits coupled to the first display unitand
the second display unit.

9. The organic light emitting display device according to
claim 8, wherein the first display unit comprises a plurality of
first organic light emitting diodes coupled to the plurality of
pixel circuits.

10. The organic light emitting display device according to
claim 8, wherein the second display unit comprises a plurality
of second organic light emitting diodes coupled to the plural-
ity of pixel circuits.

11. The organic light emitting display device according to
claim 10, wherein the second organic light emitting diodes
are electrically coupled to the plurality of pixel circuits
through conductive coupling units.

12. The organic light emitting display device according to
claim 11, wherein each of the coupling units has an elongated
shape and extends between the first substrate and the second
substrate.

13. The organic light emitting display device according to
claim 11, wherein the coupling units comprise carbon nano-
tube bundles.

14. The organic light emitting display device according to
claim 11, wherein the coupling units comprise conductive
barrier ribs.
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