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DOUBLE-EMISSION ORGANIC LIGHT
EMITTING DIODE DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 2008-69571, filed Jul. 17, 2008, the disclo-
sure of which is hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Aspects of the present invention relate to an organic
light emitting diode (OLED) display device, and more par-
ticularly, to a double-emission OLED display device which
has two bonded substrates including independently-drivable
OLED:s, respectively, and displays images at double sides, in
such a way that breakage by external impact and power con-
sumption can be reduced.

[0004] 2. Description of the Related Art

[0005] Cathode-ray tube display devices are being replaced
by flat panel display devices that are light and compact. The
flat panel display devices include liquid crystal display (LCD)
devices and organic light emitting diode (OLED) display
devices. Among them, the OLED display devices have excel-
lent brightness and a wide viewing angle. Further, the OLED
display devices do not need a backlight unit and can be
manufactured in a very compact size.

[0006] The OLED display deviceis a display device which
emits light of a specific wavelength when electrons and holes
combine with each other in an organic thin layer from a
cathode and an anode to create excitons, and the excitons
transition from an excited state to a ground state.

[0007] The OLED display device may be classified into a
passive matrix OLED display device and an active matrix
OLED display device depending on the driving method. The
active matrix OLED display device has a circuit using a thin
film transistor (TFT). The passive matrix OLED display
device may be fabricated using a simple process since anodes
and cathodes are arranged in a matrix on a display region.
However, the passive matrix OLED display device is gener-
ally applied only to low-resolution, small-sized display
devices due to the resolution limit, a high driving voltage, and
short lifetimes of materials. In the active matrix OLED dis-
play device, a display region includes a thin film transistor for
each pixel, and an equal amount of current is applied to the
pixels, so that uniform brightness can be obtained. Moreover,
the active matrix OLED display device may be used as a
high-resolution large-sized display due to low power con-
sumption.

[0008] Further, the OLEDdisplay device may include inde-
pendently-drivable OLEDs formed on respective substrates
to display different images in opposite directions. However,
such a double-emission organic light emitting diode (OLED)
display device includes two substrates having independently-
drivable OLEDs, respectively. Here, the substrates are
bonded to allow OLEDs to be spaced apart from each other.
Because of such a structure, the OLEDs can be easily broken
by pressure externally applied to the substrate in a vertical
direction. Moreover, for independent drive, each OLED has a
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power voltage line, and thus the OLED display device has a
complicated arrangement of interconnections and increased
power consumption.

SUMMARY OF THE INVENTION

[0009] Aspects of the present invention provide a double-
emission organic light emitting diode (OLED) display device
which can decrease a space between two substrates having
independently-drivable OLEDs and decrease an IR drop in a
power voltage line delivering a power voltage to each OLED.
[0010] According to an embodiment of the present inven-
tion, an OLED display device includes: a first substrate; a first
OLED disposed on the first substrate and having at least one
first emission layer; a conductive layer disposed on the first
OLED; a second OLED disposed on the conductive layer and
having at least one second emission layer; and a second
substrate disposed on the second OLED.

[0011] According to another embodiment of the present
invention, an OLED display device includes: a first substrate
including a first OLED having at least one first emission
layer; a second substrate bonded to the first substrate and
including a second OLED having at least one second emis-
sion layer; a sealant disposed along edges of the first and
second substrates to bind the first substrate to the second
substrate; and a conductive filler disposed between the first
and second substrates.

[0012] Additional aspects and/or advantages of the inven-
tion will be set forth in part in the description which follows
and, in part, will be obvious from the description, or may be
learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] These and/or other aspects and advantages of the
invention will become apparent and more readily appreciated
from the following description of the embodiments, taken in
conjunction with the accompanying drawings of which:
[0014] FIG. 1 is a schematic cross-sectional view of a
double-emission organic light emitting diode (OLED) dis-
play device according to an exemplary embodiment of the
present invention; and

[0015] FIG. 2 is a detailed cross-sectional view of OLEDs
in the OLED display device shown in FIG. 1.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0016] Reference will now be made in detail to the present
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings, wherein like ref-
erence numerals refer to the like elements throughout. The
embodiments are described below in order to explain aspects
of the present invention by referring to the figures. 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,” “formed on,” or “dis-
posed on” another element, it can be directly on, formed
directly on, or disposed directly on another element or one or
more intervening elements may be disposed therebetween.
Also, when an element is referred to as being “connected to,”
“coupled to,” “electrically coupled to,” or “electrically con-
nected to” another element, it can be directly connected to
another element or be indirectly connected to another element
with one or more intervening elements interposed therebe-
tween.
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[0017] FIG. 1 is a schematic cross-sectional view of a
double-emission organic light emitting diode (OLED) dis-
play device according to an exemplary embodiment of the
present invention. Referring to FIG. 1, an OLED display
device includes a first substrate 100 and a second substrate
200, both of which have a display region A and an intercon-
nection region B and face each other. A first OLED 101 is
disposed on the display region A of the first substrate 100 and
has at least one first emission layer (not shown). A second
OLED 201 is disposed on the display region A of the second
substrate 200 and is disposed to face the first substrate 100
and has at least one second emission layer (not shown). The
first and second OLEDs 101 and 201 are disposed on respec-
tive sides that face each other of the first and second substrates
100 and 200, i.¢., the first and second OLEDs 101 and 201 are
disposed on the first and second substrates 100 and 200 and
between the first and second substrates 100 and 200. A sealant
400 is disposed along edges of the first and second substrates
100 and 200, and between the first substrate 100 and the
second substrate 200 so as to bond the first and second sub-
strates 100 and 200 together. A conductive filler 300 is dis-
posed between the first and second substrates 100 and 200.
Here, the conductive filler 300 may include conductive pow-
der comprising metal or carbon, and a solid conductive film,
such as an anisotropic conductive film (ACF).

[0018] A space between the first and second substrates 100
and 200 is fully filled with the conductive filler 300. When a
solid conductive film, such as an anisotropic conductive film
(ACF), is used as the conductive filler 300, the solid conduc-
tive film may be disposed only between the first OLED 101
and the second OLED 201. When a paste including conduc-
tive metal or carbon powder is used as the conductive filler
300, a conductive layer may be formed between the first
OLED 101 and the second OLED 201.

[0019] The first OLED 101 includes a first lower electrode
(not shown) disposed between the first substrate 100 and the
first emission layer, and a first upper electrode (not shown)
disposed between the first emission layer and the conductive
filler 300. The second OLED 201 includes a second lower
electrode (not shown) disposed between the second substrate
200 and the second emission layer, and a second upper elec-
trode (not shown) disposed between the second emission
layer and the conductive filler 300. The first and second upper
electrodes are in contact with the conductive filler 300. The
first upper electrode of the first OLED 101 is electrically
connected to the second upper electrode of the second OLED
201, and thus voltages having the same polarity are applied to
these electrodes of the first and second OLEDs 101 and 201.
For this reason, the first upper electrode of the first OLED 101
and the second upper electrode of the second OLED 201 may
be formed of the same material.

[0020] At least one thin film transistor (not shown) may be
formed between the first lower electrode of the first OLED
101 and the first substrate 100 and/or between the second
lower electrode of the second OLED 201 and the second
substrate 100, and a passivation layer (not shown) may be
formed to prevent unnecessary electrical connection between
the thin film transistor and the first or second lower electrode.
[0021] Inaddition, each of the first and second OLEDs 101
and 201 includes at least one emission region (not shown).
The emission regions of the first OLED 101 and the second
OLED 201 may overlap each other, or the emission region of
the first OLED 101 may overlap a non-emission region of the
second OLED 201.
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[0022] At least one interconnection 102 or 202 may be
formed in one or both interconnection regions B of the first
and second substrates 100 and 200 to drive the first and
second OLEDs 101 and 201. Here, an interconnection insu-
lating layer 103 or 203 is formed to insulate the at least one
interconnection 102 or 202 from the conductive filler 300.
[0023] Here, the interconnection insulating layer 103 or
203 may be an organic layer, an inorganic layer, or a combi-
nation thereof. When the thin film transistor is formed
between the first lower electrode of the first OLED 101 and
the first substrate 100 or between the second electrode of the
second OLED 201 and the second substrate 200, the inter-
connection insulating layer 203 may be one selected from the
group consisting of a gate insulating layer, an interlayer insu-
lating layer, which are included in the thin film transistor, and
a passivation layer formed on the thin film transistor, and
combinations thereof.

[0024] Further, an absorption layer (not shown) may be
disposed between the interconnection insulating layer 103 or
203 and the conductive filler 300 to prevent degradation of the
first and second OLEDs due to moisture introduced from
outside.

[0025] FIG. 2 is a detailed cross-sectional view of OLEDs
formed on first and second substrates in the double-emission
OLED display device of FIG. 1. A method of fabricating an
OLED display device will now be described with reference to
FIGS. 1 and 2. A buffer layer 110 is formed on a first substrate
100. The first substrate may be formed of glass, synthetic
resin, or stainless steel. Here, the buffer layer 110 may be
formed of a silicon oxide (SiO,) layer, a silicon nitride (SiNX)
layer, or a combination thereof to prevent diffusion of impu-
rities from the first substrate 100.

[0026] Afterwards, an amorphous silicon layer (not shown)
is formed on the buffer layer 110, and crystallized into a
polycrystalline silicon layer, which is then patterned to form
a semiconductor layer 120. The semiconductor layer 120 is
formed of polycrystalline silicon by crystallizing the amor-
phous silicon layer; however, aspects of the present invention
are not limited thereto such that the semiconductor layer 120
may be formed of amorphous silicon.

[0027] In addition, a gate insulating layer 130 is formed of
asilicon oxide (S10,) layer, a silicon nitride (SiN, ) layer, or a
combination thereof on the first substrate 100 having the
semiconductor layer 120, and a metal layer for a gate elec-
trode (not shown) is formed in a single layer or multilayer
structure using one selected from the group consisting of
aluminum (Al), chromium (Cr), molybdenum (Mo) and an
alloy thereof on the gate insulating layer 130. Then, the metal
layer for a gate electrode is etched by photolithography to
form a gate electrode 136 in a region corresponding to a
specific region of the semiconductor layer 120. Source, drain,
and channel regions 122, 124, and 126 are formed in the
semiconductor layer 120 by doping the semiconductor layer
120 with n-type or p-type impurities using the gate electrode
136 as a mask. Here, the channel region 126 is a region of the
semiconductor layer 120 corresponding to the gate electrode
136 and is not doped with the n-type or p-type impurities.
However, aspects of the present invention are not limited
thereto such that the impurity doping process for the semi-
conductor layer 120 may be performed using a photoresist
before forming the gate electrode 136.

[0028] After the gate electrode 36 is formed, an interlayer
insulating layer 140 is formed on the first substrate 100 hav-
ing the gate electrode 136. The interlayer insulating layer 140
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and the gate insulating layer 130 are etched to form contact
holes 145 that partially expose the source and drain regions
122 and 124 of the semiconductor layer 120. Here, the inter-
layer insulating layer 140 may be a silicon oxide (Si0,) layer,
a silicon nitride (SiNx) layer, or a combination thereof.
[0029] Subsequently, a conductive material layer (not
shown) is formed over the interlayer insulating layer 140
having the contact holes 145, and patterned to form source
and drain electrodes 152 and 154, which are electrically con-
nected to the source and drain regions 122 and 124 through
the contactholes 145, respectively. Thus, a thin film transistor
1s completed. The conductive material layer may be formed of
molybdenum tungsten (MoW), aluminum (Al), or an Alalloy,
such as aluminum-neodymium (Al—Nd), which has high
electron mobility.

[0030] Here, the gate electrode 136 of the thin film transis-
tor is formed on the semiconductor layer 120; however,
aspects of the present invention are not limited thereto such
that the gate electrode 136 of the thin film transistor may be
formed under the semiconductor layer 120, i.e., aspects of the
present invention apply to both top-gate and bottom-gate thin
film transistors.

[0031] Subsequently, a passivation layer 160 is formed on
the first substrate 100 having the thin film transistor, and the
passivation layer 160 is etched to form a via hole 165, which
partially exposes the drain electrode 154 of the thin film
transistor. While the drain electrode 154 of the thin film
transistor is partially exposed through the via hole 165 in the
present embodiment, aspects of the present invention are not
limited thereto such that the source electrode 152 of the thin
film transistor may be partially exposed through the via hole
165. Here, the passivation layer 160 may be an inorganic
layer, such as a silicon oxide (Si0,) layer, a silicon nitride
(SiN, ) layer, or a combination thereof; an organic layer, e.g.,
formed of acryl; or a combination thereof.

[0032] Then, a conductive material layer (not shown) is
formed on the passivation layer 160 and patterned to form a
first lower electrode 170, which is electrically connected to
the drain electrode 154 of the thin film transistor through the
via hole 165. Here, the first lower electrode 170 is a conduc-
tive and transparent layer which may be formed of indium tin
oxide (ITO) or indium zinc oxide (IZ0) having a high work
function.

[0033] Subsequently, a material for a pixel defining layer
(not shown) is deposited on the first lower electrode 170 and
etched to form a pixel defining layer 175 having an opening
that partially exposes the first lower electrode 170. The pixel
defining layer 175 may be formed of one selected from the
group consisting of polyimide, benzocyclobutene series
resin, phenol resin, and acrylate.

[0034] Then, a first organic layer 180 having at least one
emission layer is formed on the first lower electrode 170
exposed through the opening of the pixel defining layer 175.
Here, the first organic layer 180 may include at least one of
red, green, and blue emission layers, and may further include
a hole injection layer, a hole transport layer, an electron
transport layer, an electron injection layer, an electron block-
ing layer, and a hole blocking layer. Further, each of the layers
may be a single layer or may comprise multiple layers.
[0035] Subsequently, a first upper electrode 190 is formed
on the first organic layer 180, and thus a first OLED 101 is
completed. Here, when at least one interconnection 102 and
an interconnection insulating layer 103 are formed in an
interconnection region B of the first substrate 100, the at least
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one interconnection 102 may be formed of one of the semi-
conductor layer 120, the gate electrode 136, the source and
drain electrodes 152 and 154, the first lower electrode 170 of
the first OLED 101, and combinations thereof. The intercon-
nection insulating layer 103 may be formed of one of the gate
insulating layer 130, the interlayer insulating layer 140, the
passivation layer 160, the pixel defining layer 175 of the first
OLED 101, and combinations thereof.

[0036] After that, by the same method as the first OLED
101, a second OLED 201 is completed by forming a thin film
transistor including a semiconductor layer 220, a gate insu-
lating layer 230, a gate electrode 236, an interlayer insulating
layer 240, and source and drain electrodes 252 and 254; a
passivation layer 260 disposed on the thin film transistor; a
second lower electrode 270 electrically connected to the drain
electrode 254 of the thin film transistor through a via hole
265; a pixel defining layer 275, a second organic layer 280
including at least one emission layer; and a second upper
electrode 290 on a second substrate 200. Further, a buffer
layer 210 may be formed on the substrate 200, and the thin
film transistor may be formed thereon. Similar to as described
above, the semiconductor layer 220 is doped with n-type or
p-type impurities to form source, drain, and channel regions
222, 224, and 226. The source and drain electrodes 252 and
254 are respectively electrically connected to the source and
drain regions 222 and 224 of the semiconductor layer 220
through contact holes 245 formed in the interlayer insulating
layer 240 and the gate insulating layer 230. A second inter-
connection 202 and an interconnection insulating layer 203
may be formed similarly to the first interconnection 102 and
the interconnection insulating layer 103 as described above.
[0037] The second organic layer 280 having at least one
emission layer is formed on the second lower electrode 270
exposed through the opening of the pixel defining layer 275.
Here, the second organic layer 280 may include at least one of
red, green, and blue emission layers, and may further include
a hole injection layer, a hole transport layer, an electron
transport layer, an electron injection layer, an electron block-
ing layer, and a hole blocking layer. Further, each of the layers
may be a single layer or may comprise multiple layers.
[0038] Here, although an emission region A of the first
OLED 101 is shown to overlap an emission region A of the
second OLED 201, aspects of the present invention are not
limited thereto such that an emission region A of the first
OLED 101 may overlap a region between emission regions A
of the second OLED 201, i.e., a non-emission region B of the
second OLED 201. The first and second OLEDs 101 and 201
may include a plurality of emission regions.

[0039] Then, a space between the first and second sub-
strates is filled with a solid conductive film, such as an aniso-
tropic conductive film or a paste including metal or carbon
conductive powder, and thereby the first upper electrode 190
of the first OLED 101 is electrically connected to the second
upper electrode 290 of the second OLED 201. Here, a con-
ductive layer may be formed between the first upper electrode
190 of the first OLED 101 and the second upper electrode 290
of the second OLED 201 by applying the conductive filler,
i.e., the paste including metal or carbon powder, or attaching
the solid conductive film, such as an anisotropic conductive
film, to the first upper electrode 190 of the first OLED 101 or
the second upper electrode 290 of the second OLED 201.
[0040] Subsequently. the first substrate 100 having the first
OLED 101 and the second substrate 200 having the second
OLED 201 are bonded to each other and to face each other
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using a sealant 400 disposed along edges of the first and
second substrates 100 and, i.e., the thin film transistors dis-
posed on the first and second substrates 100 and 200 are
disposed between the first and second substrates 100 and 200.
Thus, an OLED display device according to the exemplary
embodiment of the present invention is completed.

[0041] As aresult,inthe OLED display device according to
aspects of the present invention, breakage of the first and
second OLEDs formed on the respective substrates due to
external pressure applied to the first and second substrates in
a vertical direction can be prevented by filling the space
between the first and second substrates with the conductive
filler or forming the conductive layer in the space between the
first upper electrode of the first OLED formed on the first
substrate and the second upper electrode of the second OLED
formed on the second substrate facing the first substrate.
[0042] Further, the first upper electrode of the first OLED is
electrically connected to the second upper electrode of the
second OLED using the conductive layer or the conductive
filler, and the same amount of voltage is applied to the firstand
second upper electrodes of the first and second OLEDs
formed on the first and second substrates, respectively. Thus,
an IR drop that occurs in a power voltage line commonly
applied to the first and second OLEDs can be prevented.
[0043] According to aspects of the present invention, an
OLED display device has a conductive layer between two
OLED:s by filling a space between two substrates having the
independently driven OLEDs with a conductive filler. Here,
the conductive layer is in contact with upper electrodes of the
OLEDs formed on the respective substrates. Accordingly,
breakage of the OLEDs due to external pressure applied in a
vertical direction to surfaces of the substrates can be pre-
vented, and an IR drop of power voltage applied by the upper
electrodes of'the respective OLEDs can be reduced, and thus
total power consumption can be decreased in the OLED dis-
play device.

[0044] Although a few embodiments of the present inven-
tion have been shown and described, it would be appreciated
by those skilled in the art that changes may be made in this
embodiment without departing from the principles and spirit
of the invention, the scope of which is defined in the claims
and their equivalents.

What is claimed is:
1. A double-emission organic light emitting diode (OLED)
display device, comprising:
a first substrate;
a first OLED disposed on the first substrate and having at
least one first emission layer;
a conductive layer disposed on the first OLED,;
asecond OLED disposed on the conductive layer and hav-
ing at least one second emission layer; and
a second substrate disposed on the second OLED.
2. The OLED display device of claim 1, wherein
the first OLED comprises:
a first lower electrode disposed between the first sub-
strate and the first emission layer, and
a first upper electrode disposed between the first emis-
sion layer and the conductive laver; and
the second OLED comprises:
a second lower electrode disposed between the second
substrate and the second emission layer, and
a second upper electrode disposed between the second
emission layer and the conductive layer;
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wherein the first and second upper electrodes are electri-
cally connected to the conductive layer.

3. The OLED display device of claim 2, wherein the first

and second upper electrodes are formed of a same material.

4. The OLED display device of claim 2, further compris-
ing:

at least one thin film transistor disposed between the first
substrate and the first lower electrode and/or between the
second substrate and the second lower electrode.

5. The OLED display device of claim 1, wherein the first
and second OLEDs each comprise at least one emission
region, and the emission region of the first OLED overlaps
with the emission region of the second OLED.

6. The OLED display device of claim 1, wherein the con-
ductive layer is formed of a solid conductive film.

7. The OLED display device of claim 6, wherein the solid
conductive film comprises an anisotropic conductive film
(ACF).

8. The OLED display device of claim 1, wherein the con-
ductive layer is formed of a paste comprising metal powder.

9. The OLED display device of claim 1, wherein the first
OLED is driveable independent of the second OLED.

10. A double-emission organic light emitting diode
(OLED) display device, comprising:

a first substrate comprising a first OLED having at least one

first emission layer;

a second substrate bonded to the first substrate and com-
prising a second OLED having at least one second emis-
sion layer;

a sealant disposed along edges of the first and second
substrates to bind the first substrate to the second sub-
strate; and

a conductive filler disposed between the first and second
substrates.

11. The OLED display device of claim 10, wherein

the first OLED comprises:

a first lower electrode disposed between the first sub-
strate and the first emission layer, and

a first upper electrode disposed between the first emis-
sion layer and the conductive filler; and

the second OLED comprises:

a second lower electrode disposed between the second
substrate and the second emission layer, and

a second upper electrode disposed between the second
emission layer and the conductive filler;

wherein the first and second upper electrodes are in contact
with the conductive filler.

12. The OLED display device of claim 11, wherein the first

and second upper electrodes are formed of a same material.

13. The OLED display device of claim 11, further com-
prising:

at least one thin film transistor disposed between the first
substrate and the first lower electrode and/or between the
second substrate and the second lower electrode.

14. The OLED display device of claim 10, further com-

prising:

at least one interconnection disposed on the first substrate
between the sealant and the first OLED and/or disposed
on the second substrate between the sealant and the
second OLED; and

an interconnection insulating layer disposed between the at
least one interconnection and the conductive filler.
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15. The OLED display device of claim 14, further com-
prising:

at least one thin film transistor disposed between the first

substrate and the first OLED and/or between the second
substrate and the second OLED,

wherein the at least one interconnection is formed of the

same material one of a semiconductor layer, a gate elec-
trode, a source electrode, a drain electrode of the thin
film transistor, and a combination thereof.

16. The OLED display device of claim 14, wherein the
interconnection insulating layer is one of a gate insulating
layer and an interlayer insulating layer of the thin film tran-
sistor, a passivation layer disposed on the thin film transistor,
and a combination thereof,

17. The OLED display device of claim 14, further com-
prising:

an absorption layer disposed between the interconnection

insulating layer and the conductive filler.

18. The OLED display device of claim 10, wherein the
conductive filler comprises a metal powder.

19. The OLED display device of claim 10, wherein the
conductive filler comprises an anisotropic conductive film.
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20. The OLED display device of claim 10, wherein the first
and second OLEDs each comprise at least one emission
region, and the emission region of the first OLED overlaps the
emission region of the second OLED.

21. A double-emission organic light emitting diode
(OLED) display device, comprising:

first and second substrates coupled together, each of the

first and second substrates having disposed thereon an
OLED having a first electrode connected to a thin film
transistor, a second electrode, and an emission layer
disposed between the first and second electrodes of the
OLED;

wherein the second electrodes are electrically connected to

each other.

22. The OLED display device of claim 21, further com-
prising:

a conductive filler to electrically connect the second elec-

trodes.

23. The OLED display device of claim 22, wherein the
conductive filler comprises a metal powder.

24. The OLED display device of claim 22, wherein the
conductive filler comprises an anisotropic conductive film.
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