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ORGANIC LIGHT EMITTING DISPLAY DEVICE
AND FABRICATING METHOD OF THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean
Patent Application No. 10-2005-35215, filed Apr. 27, 2005,
the contents of which are hereby incorporated herein by
reference in their entirety.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to an organic light
emitting display device, and more particularly, to an organic
light emitting display device that has organic light emitting
diodes stacked in a double layer. The present invention also
relates to a method of fabricating the organic light emitting
display device.

[0004] 2. Description of the Related Art

[0005] FIG. 1 is a circuit diagram of a unit pixel of a
conventional organic light emitting display device. Refer-
ring to FIG. 1, a scan line S, a data line D, and a common
power line ELVDD are disposed. A unit pixel is defined by
an intersection of the data line D and the scan line S.

[0006] The unit pixel includes an organic light emitting
diode (OLED), which has an anode, a cathode, and an
organic emission layer formed between the anode and the
cathode. The unit pixel also includes a switching transistor
Ma, a capacitor Cst, and a driver transistor Mb. The switch-
ing transistor Ma has a gate connected to the scan line S and
a source connected to the data line D. The switching
transistor Ma switches a data signal applied to the data line
by a scan signal applied to the scan line S. The capacitor Cst
is connected between the common power line ELVDD and
the drain of the switching transistor Ma, and maintains the
data signal for a predetermined time. The driver thin film
transistor Mb has a gate connected to the capacitor Cst, a
source connected to the common power line ELVDD, and a
drain connected to the anode of the OLED. The driver thin
film transistor Mb supplies a current proportional to the
magnitude of the data signal to the anode. A cathode voltage
ELVSS, having a level lower than the power supply voltage
applied to the common power line, is applied to the cathode
of the OLED. As a result, holes from the anode and electrons
from the cathode are injected into the organic emission layer.
The injected holes and electrons are combined in the organic
emission layer to create excitons, which emit light by
transitioning from an excited state to a ground state.

[0007] FIGS. 2A and 2B[These figures are too dark—
please send copies with better contrast] are photographs
illustrating short failures between an anode and a cathode of
an OLED. To detail this, FIG. 2A shows a short failure
between the anode and the cathode caused by a foreign
substance. FIG. 2B shows a short failure between the
cathode and the anode due to the cathode being pressed by
an external impact.

[0008] When a short failure occurs between the anode and
the cathode due to errors in the manufacturing process, the
OLED no longer emits light. Consequently, the unit pixel
having the OLED where the short failure has occurred

1. Field of the Invention
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becomes a dark pixel, which lowers the yield of displays that
meet commercial specifications.

SUMMARY OF CERTAIN INVENTIVE
ASPECTS

[0009] The present invention provides an organic light
emitting display device and a method of fabricating the
organic light emitting display device, which may prevent the
yield from dropping even when errors occur during the
manufacturing process.

[0010] In one embodiment of the present invention, an
organic light emitting display device is provided. The
organic light emitting display device includes a first OLED
and a second OLED. The first OLED has a first electrode, a
second electrode, and a first organic emission layer posi-
tioned between the first and second electrodes. The second
OLED has the second electrode, a third electrode, and a
second organic emission layer positioned between the sec-
ond and third electrodes. A first driver thin film transistor is
connected to the first electrode. A second driver thin film
transistor is connected to the second electrode. A work
function assistant layer may be formed between the second
electrode and the first organic emission layer.

[0011] In another embodiment of the present invention, a
method of fabricating an organic light emitting display
device is provided. The method includes forming a first
driver thin film transistor and a second driver thin film
transistor on a substrate. A first electrode connected to the
first driver thin film transistor is formed. A first organic
emission layer is formed on the first electrode. A second
electrode connected to the second driver thin film transistor
is formed on the first organic emission layer. A second
organic emission layer is formed on the second electrode. A
third electrode is formed on the second organic emission
layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a circuit diagram of a unit pixel of a
conventional organic light emitting display device;

[0013] FIGS. 2A and 2B are photographs illustrating
short failures occurring between an anode and a cathode of
an OLED;

[0014] FIG. 3 is a circuit diagram of a unit pixel of an
organic light emitting display device in accordance with an
embodiment of the present invention;

[0015] FIG. 4 is a circuit diagram for explaining the
operation of a unit pixel when a short failure occurs between
both electrodes of the second OLED shown in FIG. 3;

[0016] FIG. 5 is a layout of a unit pixel of an organic light
emitting display device in accordance with an embodiment
of the present invention;

[0017] FIG. 6A is a cross-sectional view illustrating an
organic light emitting display device taken along the line I-I'
of FIG. 5 and a method of fabricating the same in accor-
dance with an embodiment of the present invention;

[0018] FIG. 6B is an enlarged cross-sectional view of
region P in FIG. 6A;

[0019] FIG. 7A is a cross-sectional view illustrating a
short failure between the second and third electrodes shown
in FIG. 6A; and
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[0020] FIG. 7B is an enlarged cross-sectional view of
region P in FIG. 7A.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0021] The following detailed description is directed to
certain specific embodiments of the invention. However, the
invention can be embodied in a multitude of different ways
as defined and covered by the claims. In this description,
reference is made to the drawings wherein like parts are
designated with like numerals throughout. It will be under-
stood that when a layer is referred to as being “on” another
layer or substrate, it may be directly on the other layer or
substrate or intervening layers may also be present.

[0022] FIG. 3 is a circuit diagram of a unit pixel of an
organic light emitting display device in accordance with an
embodiment of the present invention. Referring to FIG. 3,
a scan line S, and a data line D crossing the scan line S, are
disposed. A unit pixel is defined by the intersection of the
data line D and the scan line S. The unit pixel includes a
switching transistor M1, a capacitor C, a first driver tran-
sistor M2, a second driver transistor M3, a first OLED
(EL1), and a second OLED (EL2).

[0023] The switching transistor M1 has a gate connected
to the scan line S and a source connected to the data line D.
The switching transistor M1 switches a data signal applied
to the data line D by a scan signal applied to the scan line
S. The capacitor C, connected between a common power
line ELVDD and a drain of the switching transistor M1,
maintains the data signal for a predetermined time.

[0024] The first driver thin film transistor M2 is connected
by a gate to the capacitor C, by a source to the common
power line ELVDD, and by a drain to one electrode of the
first OLED (EL1). The second driver thin film transistor M3
is connected by a gate to the capacitor C, by a source to the
common power line ELVDD, and by a drain to a node N.
The first driver thin film transistor M2 supplies a current
proportional to the magnitude of the data signal to the one
electrode of the first OLED (EL1). The second driver thin
film transistor M3 supplies a current proportional to the
magnitude of the data signal to the node N. In the meantime,
the other electrode of the first OLED (EL1) is connected to
the node N, and that node N is connected to one electrode
of the second OLED (EL2). A reference voltage is applied
to the other electrode of the second OLED (EL2).

[0025] Furthermore, a gate electrode of the first driver thin
film transistor M2 and a gate electrode of the second driver
thin film transistor M3 are connected to each other. A source
electrode of the first driver thin film transistor M2 and a
source electrode of the second driver thin film transistor M3
are also connected to each other.

[0026] Hereinafter, the operation of the aforementioned
pixel circuit will be described.

[0027] First, when the scan line S becomes activated, the
switching transistor M1 turns on so that the data signal
applied to the data line is transferred to the capacitor C. The
data signal transferred to the capacitor C is stored in the
capacitor C for a predetermined period.

[0028] The data signal stored in the capacitor C turns on
the first driver thin film transistor M2 and the second driver
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thin film transistor M3. As a result, the first driver thin film
transistor M2 supplies a current proportional to the magni-
tude of the data signal to the first OLED (EL1), and the
second driver thin film transistor M3 supplies a current
proportional to the magnitude of the data signal to the node
N. A gate electrode of the first driver thin film transistor M2
is connected to a gate electrode of the second driver thin film
transistor M3, and their source electrodes are also connected
to each other. Consequently, a voltage difference applied to
both ends of the first OLED (EL1) is not significant when the
characteristics of the first driver thin film transistor M2 are
similar to those of the second driver thin film transistor M3.
Accordingly, the first OLED (EL1) may hardly emit light.

[0029] On the other hand, the second OLED (EL2) emits
light by means of the current applied to the node N, or more
specifically, the current applied to the one electrode of the
second OLED (EL2).

[0030] FIG. 5 is a layout of a unit pixel of an organic light
emitting display device in accordance with an embodiment
of the present invention. FIG. 6A is a cross-sectional view
of an organic light emitting display device taken along the
line I-I' of FIG. 5 and a method of fabricating the same in
accordance with an embodiment of the present invention.
FIG. 6B is an enlarged cross-sectional view of region P in
FIG. 6A.

[0031] Referring to FIGS. 5 and 6A, a buffer layer 105 is
shown formed on a substrate 100. The buffer layer 105 may
be a silicon oxide layer, a silicon nitride layer, a silicon
oxynitride layer, or a multi-layer thereof. The substrate 100
may be a transparent substrate or an opaque transparent.
Furthermore, the substrate 100 may be a glass substrate, a
plastic substrate, a quartz substrate, a silicon substrate, or a
metal substrate.

[0032] A first semiconductor layer 111 and a second
semiconductor layer 112 are formed on some regions of the
buffer layer 105. The semiconductor layers 111 and 112 may
be amorphous silicon layers or polycrystalline silicon layers
crystallized with the amorphous silicon layers. Preferably,
the semiconductor layers 111 and 112 are polycrystalline
silicon layers having high charge mobility. A gate insulating
layer 117 is formed on the semiconductor layers 111 and
112. The gate insulating layer 117 may be a silicon oxide
layer, a silicon nitride layer, a silicon oxynitride layer, or a
multi-layer thereof.

[0033] A first gate electrode 121 and a second gate elec-
trode 122 are formed on the gate insulating layer 117, which
overlaps with the semiconductor layers 111 and 112, respec-
tively. Subsequently, conductive impurities are injected into
the semiconductor layers 111 and 112 using the gate elec-
trodes 121 and 122 as masks to form source regions 111¢ and
112¢ and drain regions 111¢ and 112a. In this case, channel
regions 1116 and 1125 are defined between the respective
source regions 111c and 112¢ and the respective drain
regions 111a and 112a.

[0034] A first interlayer-insulating layer 125 is formed on
the gate electrodes 121 and 122 and the semiconductor
layers 111 and 112. Contact holes for exposing the source
and drain regions 111¢ and 112¢, and 1114 and 112« respec-
tively, are formed within the first interlayer-insulating layer
125. A conductive layer is then deposited on the substrate
where the contact holes are already formed and is patterned
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to form electrodes. This conductive layer thereby forms a
first source electrode 131c¢ and a first drain electrode 131 a
connected to the source and drain regions 111¢ and 111a of
the first semiconductor layer 111, respectively. The conduc-
tive layer thereby also forms a second source electrode 132¢
and a second drain electrode 132a connected to the source
and drain regions 112¢ and 1124 of the second semiconduc-
tor layer 112, respectively.

[0035] The first semiconductor layer 111, the first gate
electrode 121, and the first source and drain electrodes 131¢
and 131a form the first driver thin film transistor M2. In
addition, the second semiconductor layer 112, the second
gate electrode 122, and the second source and drain elec-
trodes 132¢ and 132a form the second driver thin film
transistor M3. The semiconductor layer of the switching thin
film transistor M1 is formed when the semiconductor layers
111 and 112 are formed. The scan line S, the gate electrode
of the switching transistor M1, and a bottom electrode of the
capacitor C are formed when the gate electrodes 121 and 122
are formed. The data line D, the common power line
ELVDD, the source and drain electrodes of the switching
transistor M1, and a top electrode of the capacitor C are
formed when the source and drain electrodes 131c and 1314,
and 132¢ and 132q are formed.

[0036] A second interlayer-insulating layer 135 is formed
on the source and drain electrodes 131¢ and 1314, and 132¢
and 132a. The second interlayer-insulating layer 135 may be
a passivation layer, a planarization layer, or a double-layer
in which the planarization layer is stacked on the passivation
layer. The passivation layer may be a silicon oxide layer, a
silicon nitride layer, or a multi-layer thereof. Preferably, the
passivation layer is a silicon nitride layer which effectively
blocks gas and moisture in order to protect the thin film
transistor below the passivation layer, and contains a large
amount of hydrogen to passivate an incomplete bond present
at a grain boundary of the polycrystalline silicon layer. The
planarization layer is an organic layer capable of reducing a
step below the planarization layer, which may be a benzo-
cyclobutene (BCB) layer, a polyimide layer, or a polyacrylic
layer.

[0037] Via holes 1355 and 1354 are formed within the
second interlayer-insulating layer 135; they expose the drain
electrodes 131a and 132a, respectively. Also formed are a
first electrode 141 connected to the first drain electrode 131a
exposed within the via hole 1355, and a conductive pad 142
connected to the second drain electrode 13a exposed within
the via hole 135a.

[0038] A pixel defining layer 145 is formed on the con-
ductive pad 142 and the first electrode 141. A contact hole
1454 exposing at least a portion of the conductive pad 142,
and an opening 1455 exposing at least a portion of the first
electrode 141 are formed within the pixel defining layer 145.
The pixel defining layer 145 may be formed of BCB, acrylic
photoresist, phenol-based photoresist, or imide-based pho-
toresist.

[0039] A first organic emission layer 150 is formed on the
first electrode 141 exposed within the opening 1455. The
first organic emission layer 150 may be formed by a vacuum
deposition method using a shadow mask, an inkjet printing
method, or a laser induced thermal imaging method. Fur-
thermore, a hole injection layer, a hole transport layer, a hole
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block layer, an electron transport layer, or an electron
injection layer may be formed above or below the first
organic emission layer 150.

[0040] Subsequently, a work function assistant layer 158
is formed on the first organic emission layer 150. A second
electrode 160 is formed on the conductive pad 142 exposed
within the work function assistant layer 158 and the contact
hole 145a. However, it may be omitted to form the work
function assistant layer 158.

[0041] A second organic emission layer 170 is formed on
the second electrode 160. The second organic emission layer
170 may be formed by a vacuum deposition method using a
shadow mask, an inkjet printing method, or a laser induced
thermal imaging method. Furthermore, a hole injection
layer, a hole transport layer, a hole block layer, an electron
transport layer, or an electron injection layer may be formed
above or below the second organic emission layer 170. A
third electrode 180 is formed on the second organic emission
layer 170.

[0042] The first electrode 141 and the second electrode
160 may be formed of conductive layers in which their work
functions are similar to each other. Accordingly, the first
electrode 141 and the second electrode 160 may act as
electrodes having the same polarity to the first OLED (EL1)
and the second OLED (EL2). However, the second electrode
160 should act as an electrode having a polarity different
from that of the first electrode 141 with respect to the first
OLED (EL1), so that the work function assistant layer 158
is preferably introduced to assist the work function of the
second electrode 160.

[0043] For example, the first electrode 141 and the second
electrode 160 may act as anodes of the first OLED (EL1) and
the second OLED (EL2). In this case, the first electrode 141
and the second electrode 160 may be formed of one layer
selected from a group consisting of an Indium Tin Oxide
(ITO) layer, an Indium Zinc Oxide (IZO) layer, a Tin Oxide
(TO) layer, and a Zinc Oxide (Zn0Q) layer. Furthermore, the
work function assistant layer 158 may be formed of a layer
having a superior electron injection characteristic. For
example, the work function assistant layer 158 may be one
layer selected from a group consisting of magnesium (Mg),
an Mg alloy, silver (Ag), an Ag alloy, aluminum (Al), an Al
alloy, calcium (Ca), a Ca alloy, Barium (Ba), and a Ba alloy.
The Mg alloy layer may be an MgAg layer.

[0044] The first electrode 141, the first organic emission
layer 150, and the second electrode 160 form the first OLED
(EL1). The second electrode 160, the second organic emis-
sion layer 170, and the third electrode 180 form the second
OLED (EL2).

[0045] As described with reference to FIG. 3, a current
proportional to the magnitude of the data signal is supplied
by the first driver thin film transistor M2 to the first OLED
(EL1), or more specifically, to the first electrode 141. A
current proportional to the magnitude of the data signal is
also supplied by the second driver thin film transistor M3 to
the second OLED (EL2), or more specifically, to the second
electrode 160. A reference voltage is applied to the third
electrode 180. Accordingly, a voltage difference applied to
both ends of the first OLED (EL1) is not significant when the
characteristics of the first driver thin film transistor M2 are
similar to those of the second driver thin film transistor M3.
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As a result, the first OLED (EL1) may hardly emit light. On
the contrary, the second OLED (EL2) may emit more light
because of a voltage difference between the second electrode
160 and the third electrode 180 (see FIG. 6B).

[0046] FIG. 4 is a circuit diagram for explaining the
operation of a unit pixel when a short failure occurs between
both electrodes of the second OLED shown in FIG. 3. FIG.
7A is a cross-sectional view illustrating a short failure
between the second and third electrodes shown in FIG. 6A,
and FIG. 7B is an enlarged cross-sectional view of region P
in FIG. 7A. According to an embodiment of the present
invention, the operation of the unit pixel of the organic light
emitting display device will be described with reference to
FIGS. 4, 7A, and 7B in the case of a short failure occuring
between the third electrode 180 and the second electrode
170 due to errors in a process.

[0047] Referring to FIGS. 3 and 7A, a current propor-
tional to the magnitude of the data signal is supplied by the
first driver thin film transistor M2 to the first OLED (EL1),
or more specifically, to the first electrode 141. A current
proportional to the magnitude of the data signal is also
supplied by the second driver thin film transistor M3 to the
second OLED (EL2), or more specifically, to the second
electrode 160. In this case, a reference voltage is applied to
the third electrode 180. However, a short failure is shown
occuring between the second electrode 160 and the third
electrode 180 due to errors in a process, for example, due to
foreign substances (F), so that a reference voltage is applied
to the second electrode 160. Accordingly, the second OLED
(EL2) does not emit light.

[0048] A reference voliage is applied to the second elec-
trode 160 so that an effective voltage difference occurs
between the first electrode 141 and the second electrode 160.
This allows the first OLED (EL1) to emit light (see FIG.
7B).

[0049] According to the embodiment of the present inven-
tion, while the organic light emitting display device allows
the second OLED (EL2) to emit light when there is no short
failure between the second electrode 160 and the third
electrode 180, it allows the first OLED (EL1) to emit light
when there is a short failure between the second electrode
160 and the third electrode 180. Furthermore, the first OLED
(EL1) and the second OLED (EL2) are sequentially stacked
on the substrate 100; i.e., the first electrode 141, the first
organic emission layer 150, the second electrode 160, the
second organic emission layer 170, and the third electrode
180 are stacked upon one another respectively. The sequen-
tial stacking of the first OLED (EL1) and the second OLED
(EL2) will reduce the area of the unit pixel compared to
when the two OLEDs are horizontally positioned adjacent to
one other.

[0050] Inoneembodiment, the unit pixel may emit light in
a normal way even when the short failure occurs between
electrodes due to errors in the process. Consequently, pixel
defects such as dark pixels may be remarkably reduced so
that the yield may be enhanced.

[0051] While the above detailed description has shown,
described, and pointed out novel features of the invention as
applied to various embodiments, it will be understood that
various omissions, substitutions, and changes in the form
and details of the device or process illustrated may be made
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by those skilled in the art without departing from the spirit
of the invention. The scope of the invention is indicated by
the appended claims rather than by the foregoing descrip-
tion. All changes which come within the meaning and range
of equivalency of the claims are to be embraced within their
scope.

What is claimed is:
1. An organic light emitting display device comprising:

a first organic light emitting diode having a first electrode,
a second electrode, and a first organic emission layer
positioned between the first and second electrodes;

a second organic light emitting diode having the second
electrode, a third electrode, and a second organic emis-
sion layer positioned between the second and third
electrodes;

a first driver thin film transistor connected to the first
electrode; and

a second driver thin film transistor connected to the

second electrode.

2. The organic light emitting display device according to
claim 1, further comprising a work function assistant layer
positioned between the second electrode and the first organic
emission layer.

3. The organic light emitting display device according to
claim 1, wherein the first electrode is one layer selected from
a group consisting of an Indium Tin Oxide (ITO) layer, an
Indium Zinc Oxide (IZ0) layer, a Tin Oxide (TO) layer, and
a Zinc Oxide (ZnO) layer.

4. The organic light emitting display device according to
claim 1, wherein the second electrode is one layer selected
from a group consisting of an Indium Tin Oxide (ITO) layer,
an Indium Zinc Oxide (IZO) layer, a Tin Oxide (TO) layer,
and a Zinc Oxide (ZnO) layer.

5. The organic light emitting display device according to
claim 4, further comprising a work function assistant layer
interposed between the second electrode and the first organic
emission layer,

wherein the work function assistant layer is one layer
selected from a group consisting of magnesium (Mg),
an Mg alloy, silver (Ag), an Ag alloy, aluminum (Al),
an Al alloy, calcium (Ca), a Ca alloy, Barium (Ba), and
a Ba alloy.

6. The organic light emitting display device according to
claim 1, wherein the first electrode, the first organic emission
layer, the second electrode, the second organic emission
layer, and the third electrode are sequentially stacked on a
substrate.

7. The organic light emitting display device according to
claim 1, wherein a gate electrode of the first driver thin film
transistor and a gate electrode of the second driver thin film
transistor are connected to each other, and a source electrode
of the first driver thin film transistor and a source electrode
of the second driver thin film transistor are connected to each
other.

8. A method of fabricating an organic light emitting
display device, comprising;

forming a first driver thin film transistor and a second
driver thin film transistor on a substrate;

forming a first electrode connected to the first driver thin
film transistor;
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forming a first organic emission layer on the first elec-
trode;

forming a second electrode connected to the second driver
thin film transistor on the first organic emission layer;

forming a second organic emission layer on the second
electrode; and

forming a third electrode on the second organic emission

layer.

9. The method according to claim 8, further comprising
forming a work function assistant layer on the first organic
emission layer prior to the formation of the second electrode.

10. The method according to claim 8, wherein the first
electrode is formed of one layer selected from a group
consisting of an Indium Tin Oxide (ITO) layer, an Indium
Zinc Oxide (I1Z0) layer, a Tin Oxide (TO) layer, and a Zinc
Oxide (ZnO) layer.

11. The method according to claim 8, wherein the second
electrode is formed of one layer selected from a group
consisting of an Indium Tin Oxide (ITO) layer, an Indium
Zinc Oxide (1Z0O) layer, a Tin Oxide (TO) layer, and a Zinc
Oxide (ZnO) layer.

12. The method according to claim 11, further comprising
forming a work function assistant layer on the first organic
emission layer prior to the formation of the second electrode,

wherein the work function assistant layer is formed of one
layer selected from a group consisting of magnesium
(Mg), an Mg alloy, silver (Ag), an Ag alloy, aluminum
(Al), an Al alloy, calcium (Ca), a Ca alloy, Barium (Ba),
and a Ba alloy.

13. The method according to claim 8, further comprising
simultaneously forming a conductive pad connected to the
second driver thin film transistor while forming the first
electrode,

wherein the second electrode is connected to the conduc-
tive pad.
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14. An organic light emitting display device comprising:
a first electrode layer;

a first organic emission layer formed on the first electrode
layer;

a second electrode layer formed on the first organic
emission layer;

a second organic emission layer formed on the second
electrode layer; and

a third electrode formed on the second organic emission
layer.
15. The organic light emitting display device of claim 14,
further comprising:

a work function assist layer formed between the first

organic emission layer and the second electrode layer.

16. The organic light emitting display device of claim 15,

further comprising adding a driver thin film transistor to
each electrode.

17. An organic light emitting display device comprising:

a first organic light emitting diode; and

a second light emitting diode stacked on the first organic

light emitting diode.

18. The organic light emitting display device of claim 17,
further comprising the organic light emitting diodes having
a common electrode

19. An organic light emitting display device comprising:

a first means for emitting light having an organic material
and a thin film transistor;

a second means for emitting light having an organic
material and a thin film transistor, wherein the second
light emitting means is stacked on the first light emit-
ting means.

20. A product obtainable by the process according to

claim 8.
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