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(57) ABSTRACT

A light emitting device includes first and second electrodes
facing each other on a substrate, a plurality of stacks stacked
between the first and second electrodes and each including an
EML so as to emit particular light, and a charge generation
layer formed between the stacks so as to adjust charge balance
therebetween and including an N-type charge generation
layer and a P-type charge generation layer, wherein at least
any one of the N-type charge generation layer and the P-type
charge generation layer includes the same electron transport-
ing material as that of an electron transport layer of one of the
stacks that is adjacent to the N-type charge generation layer.
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LIGHT EMITTING DEVICE AND ORGANIC
LIGHT EMITTING DISPLAY DEVICE
INCLUDING THE SAME

[0001] This application claims the benefit of Korean Patent
Applications No. 10-2012-0122741, filed on Oct. 31, 2012
and No. 10-2013-0089382, filed on Jul. 29, 2013, which is
hereby incorporated by reference as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a light emitting
device and an organic light emitting display device including
the same, and more particularly, to a light emitting device
having a decreased number of hetero-junction interfaces
through forming some layers using the same material and
thus has reduced driving voltage and an organic light emitting
display device including the same.

[0004] 2. Discussion of the Related Art

[0005] Image display devices, which display a variety of
information on a screen, are a core technology of information
and communication and are becoming increasingly thinner,
lighter, more portable, and higher in performance. Thus,
organic light emitting display devices, which display an
image by controlling light emission of an organic emission
layer (EML), have received attention as a flat panel display
device that may address problems in terms of weight and
volume which occur in cathode ray tubes (CRTs). Such
organic light emitting display devices do not require separate
light sources and are considered a competitive application for
compact device fabrication and clear display of colors.
[0006] Inthisregard, organic light emitting display devices
are self-emissive devices including a thin EML between elec-
trodes and can be fabricated as a thin film with a thickness
similar to that of paper. In particular, an organic light emitting
diode includes an anode, a hole injection layer (HIL), a hole
transport layer (HTL), an EML, an electron injection layer
(FIL), an electron transport layer (ETL), and a cathode.
[0007] As such, an organic light emitting display devicehas
a single stack structure. In addition, organic light emitting
display devices having a multi-stack structure including a
plurality of stacks have been developed.

[0008] Such organic light emitting display devices having a
multi-stack structure include an anode, a cathode, and a first
stack, a charge generation layer, and a second stack that are
sequentially stacked between the anode and the cathode.
[0009] In this regard, the first stack includes a HTL, an
EML, and an ETL that are formed on the anode, and the
second stack includes a HTL, an EML, and an ETL.

[0010] The charge generation layer is disposed between the
first and second stacks to control charge balance of the first
and second stacks and includes an n-type charge generation
layer and a p-type charge generation layer.

[0011] As illustrated in FIG. 1, such organic light emitting
display devices having a multi-stack structure have higher
driving voltages than those of organic light emitting display
devices having a single stack structure and, accordingly,
power consumption is increased. FIG. 1 is a graph showing
comparison results between driving voltages of organic light
emitting display devices respectively having a single stack
structure and a multi-stack structure. In FIG. 1, afirst graph 20
shows the driving voltage of an organic light emitting device
having a single stack structure, and a second graph 22 shows
the driving voltage of an organic light emitting device having
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a structure including first and second stacks. As illustrated in
FIG. 1, the driving voltage shown in the second graph 22 is
considerably higher than that shown in the first graph 20.
[0012] This is because charge trapping occurs at an inter-
face between hetero-organic materials and thus driving volt-
age is increased due to the charge trapping. Thus, an organic
light emitting device having a multi-stack structure has a
greater number of stacked organic materials than that of an
organic light emitting device having a single stack structure
and, accordingly, has an increasing number of junction inter-
faces between hetero-organic materials, which results in
occurrence of charge trapping and thus increased driving
voltage.

[0013] Therefore, thereis a need to develop an organic light
emitting display device having a multi-stack structure that has
a decreased number of hetero-junction interfaces.

SUMMARY OF THE INVENTION

[0014] Accordingly, the present invention is directed to a
light emitting device and an organic light emitting display
device including the same that substantially obviate one or
more problems due to limitations and disadvantages of the
related art.

[0015] An object of the present invention is to provide a
light emitting device having a decreased number of hetero-
junction interfaces through forming some layers using the
same material and thus has reduced driving voltage and an
organic light emitting display device including the same.
[0016] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or
may be learned from practice of the invention. The objectives
and other advantages of the invention may be realized and
attained by the structure particularly pointed outin the written
description and claims hereof as well as the appended draw-
ings.

[0017] To achieve theseobjects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, a light emitting device includes
first and second electrodes facing each other on a substrate, a
plurality of stacks stacked between the first and second elec-
trodes and each comprising an EML so as to emit particular
light, and a charge generation layer formed between the
stacks so as to adjust charge balance therebetween and com-
prising an N-type charge generation layer and a P-type charge
generation layer, wherein at least any one of the N-type
charge generation layer and the P-type charge generation
layer comprises the same electron transporting material as
that of an electron transport layer of one of the stacks that is
adjacent to the N-type charge generation layer.

[0018] The P-type charge generation layer may include
about 5 to about 40% of the same electron transporting mate-
rial as that of the electron transport layer.

[0019] The N-type charge generation layer may include an
alkali metal or an alkali earth metal and the same electron
transporting material as that of the electron transport layer.
[0020] The N-type charge generation layer may include an
alkali metal or an alkali earth metal and the same electron
transporting material as that of the electron transport layer,
and the P-type charge generation layer may include about 5%
to about 40% of the same electron transporting material as
that of the electron transport layer.
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[0021] The alkali metal or alkali earth metal may be doped
in a partial area or entire area of the N-type charge generation
layer at a concentration of 1% to 10% based on a volume of
the N-type charge generation layer.

[0022] The partial area or entire area of the N-type charge
generation layer may have a doping concentration gradient of
the alkali metal or alkali earth metal.

[0023] When the partial area or entire area of the N-type
charge generation layer is doped with the alkali metal or alkali
earth metal, a doping concentration of the alkali metal or
alkali earth metal may increase towards the P-type charge
generation layer.

[0024] In another aspect of the present invention, an
organic light emitting display device includes the light emit-
ting device described above, a driving thin film transistor
formed on the substrate so as to be connected to the first
electrode of the light emitting device, and a bank insulating
film with bank holes to expose the first electrode.

[0025] Itisto beunderstood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

[0027] FIG. 1 is a graph showing comparison results
between driving voltages of organic light emitting display
devices respectively having a single stack structure and a
multi-stack structure;

[0028] FIG.2isaview illustrating an organic light emitting
display device according to a first embodiment of the present
invention;

[0029] FIG. 3A is a diagram for explaining charge move-
ment between a first electron transport layer and an N-type
charge generation layer of a conventional organic light emit-
ting display device;

[0030] FIG. 3B is a diagram for explaining charge move-
ment between a first electron transport layer and an N-type
charge generation layer of the organic light emitting display
device according to the first embodiment of the present inven-
tion;

[0031] FIG. 4 is a graph showing comparison results
between driving voltages of a conventional organic light
emitting display device having a multi-stack structure and the
organic light emitting display device having a multi-stack
structure according to the first embodiment of the present
invention;

[0032] FIGS. 5A to 5D are views illustrating various
examples of a case in which the N-type charge generation
layer is doped with an alkali metal or an alkali earth metal;
[0033] FIG. 6 is a view of an organic light emitting display
device according to a second embodiment of the present
invention;

[0034] FIG.7isadiagram for explaining charge movement
between a plurality of layers of the organic light emitting
display device according to the second embodiment of the
present invention;
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[0035] FIG. 8 is a graph showing comparison results
between driving voltages of the conventional organic light
emitting display device having a multi-stack structure and the
organic light emitting display device having a multi-stack
structure according to the second embodiment of the present
invention;

[0036] FIG. 9isa view of an organic light emitting display
device according to a third embodiment of the present inven-
tion;

[0037] FIG. 10 is a diagram for explaining charge move-
ment between a plurality of layers of the organic light emit-
ting display device according to the third embodiment of the
present invention;

[0038] FIG. 11 is a graph showing comparison results
between driving voltages of the conventional organic light
emitting display device having a multi-stack structure and the
organic light emitting display device having a multi-stack
structure according to the third embodiment of the present
invention; and

[0039] FIG. 12 is a sectional view illustrating the organic
light emitting display device according to one of the first,
second and third embodiments of the present invention
including driving thin film transistors.

DETAILED DESCRIPTION OF THE INVENTION

[0040] Hereinafter, embodiments will be described with
reference to the annexed drawings. Features and operating
effects of embodiments will be clearly understood from the
following description of specific embodiments. The same
reference numerals will be used throughout the drawings to
refer to the same elements. When a detailed description of the
related art may unnecessarily obscure the subject matter of
the present invention, a description thereof will be omitted.
[0041] Exemplary embodiments of the present invention
will now be described in detail with reference to FIGS. 2 to
12.

[0042] An organic light emitting diode (OLED) according
to an embodiment of the present invention has a multi-stack
structure including first and second electrodes facing each
other on a substrate, a plurality of stacks disposed between the
first and second electrodes and each including an emitting
layer (EML) to emit particular light, and a charge generation
layer (CGL) formed between the stacks to control charge
balance therebetween. The stacks included in the OLED hav-
ing a multi-stack structure may each include an EML of the
same color or respectively include EMLs of different colors.
The OLED having a multi-stack structure including stacks
respectively including EMLs of different colors may realize
white light through mixing of light emitted from the EML of
each stack.

[0043] Inthisregard, the OLED having a multi-stack struc-
ture according to the present invention includes a first stack, a
CGL, and a second stack. A case in which each stack includes
an EML of a different color will now be described by way of
example.

[0044] Referring to FIG. 2, the OLED according to a first
embodiment of the present invention has a multi-stack struc-
ture including first and second electrodes 242 and 244 facing
each other on a substrate 100, and a first stack 210, a CGL
220, and a second stack 230 that are stacked between the first
and second electrodes 242 and 244. In the OLED having such
multi-stack structure, each stack includes an EML of a dif-
ferent color and light emitted from the EML of each stack is
mixed to realize white light. The OLED according to an
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embodiment of the present invention realizes white light
through mixing ofblue light emitted from afirst EMI1. 218 and
yellow-green light emitted from a second EML 234. In this
regard, white light is generated through mixing oflight emit-
ted from each stack and thus the light emitted from the first
and second EMLs 218 and 234 is not limited to blue light and
yellow-green light. In addition, although FIG. 2 illustrates a
bottom emission type OLED in which light emitted from the
first and second EMLs 218 and 234 is emitted in a bottom
direction, the OLEDs according to embodiments of the
present invention are not limited to the above example and
may be of a top emission type or a dual emission type.
[0045] The first electrode 242 as an anode is formed of a
transparent conductive material such as a transparent conduc-
tive oxide (TCO), e.g., indium tin oxide (ITO), indium zinc
oxide (IZ0), or the like.

[0046] The second electrode 244 as a cathode is formed of
areflective metal material such as aluminum (Al), gold (Au),
molybdenum (Mo), chromium (Cr), copper (Cu), LiF, an
Al—LiF alloy, or the like.

[0047] The first stack 210 includes a hole injection layer
(HIL) 214, a first hole transport layer (HTL1) 216, a first
emitting layer (EML1) 218, and a first electron transport layer
(ETL1) 212 that are sequentially stacked between the first
electrode 242 and the CGL 220. In this regard, the EML1 218
includes a fluorescent blue dopant and host to emit blue light.
Inaddition, at least one HTL. may be further included between
the HTL1 216 and the EML1 218.

[0048] The second stack 230 includes a second HTL
(HTL2) 232, a second EML (EML2) 234, a second ETL
(ETL2) 236, and an electron injection layer (EIL) 238 that are
sequentially stacked between the second electrode 244 and
the CGL 220. In this regard, the EML2 234 includes a phos-
phorescent yellow-green dopant and host to emit yellow-
green light. In addition, at least one HTL may be further
included between the HTL2 232 and the EML2 234.

[0049] TheCGL 220is formed between the first and second
stacks 210 and 230 to adjust charge balance therebetween.
The CGL 220 includes a P-type CGL (P-CGL) 2205 disposed
adjacent to the second stack 220 to generate and inject elec-
trons and holes and an N-type CGL (N-CGL) 220a formed
adjacent to the EML1 218 of the first stack 210 to inject and
transport electrons.

[0050] The P-CGL 2205 generates holes and electrons,
injects the generated holes into the HTL2 232 of the adjacent
second stack 230, and injects the generated electrons into the
N-CGL 220a.

[0051] The N-CGL 220aq is formed between the P-CGL
2205 and the EML1 218 and injects and transports electrons
injected from the P-CGL 2205 into the EML1 218. For this
operation, the N-CGL 220q includes an organic compound,
the same electron transporting material as that of the ETL1
212, and a metal.

[0052] The organic compound has a fused aromatic ring
with 15 to 40 carbon atoms, a substituent of which has at least
one selected from among N, S, and O. In particular, the
organic compound has a lowest unoccupied molecular orbital
(LUMO) energy level of -2.0 eV or less and a bandgap of 2.5
eV or more. Preferably, the organic compound has a LUMO
energy level between -3.0 and -2.0 ¢V and a bandgap
between 2.5 and 3.5 eV.

[0053]
1s used.

As the metal, an alkali metal or an alkali earth metal
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[0054] The electron transporting material includes at least
one nitrogen atom (N) and is formed of an organic compound
having a heterocyclic ring with 5 to 30 carbon atoms. In
particular, the electron transporting material has a LUMO
energy level of 2.0 eV or less and a bandgap of 2.5 eV or
more. Preferably, the electron transporting material has a
LUMO energy level between 3.0 and -2.0 eV and a bandgap
between 2.5 and 3.5 eV.

[0055] Since the N-CGL 220a includes the electron trans-
porting material, the ETL.1 212 formed of the electron trans-
porting material and the N-CGL 220¢ including the electron
transporting material form a homo-junction. Accordingly,
due to reduction in the number of hetero-junction interfaces,
possibility of charge trapping at interfaces between hetero-
Junctions is minimized and thus an OLED according to a first
embodiment of the present invention may have decreased
driving voltage and, accordingly, reduced power consump-
tion.

[0056] In particular, a conventional OLED having a multi-
stack structure includes an N-type CGL and a first ETL that
are formed of different materials, and thus, the N-type CGL
and the first ETL form a hetero-junction as illustrated in FIG.
3A. Due to such an interface between different hetero-junc-
tions, an energy barrier is generated. In this regard, charges
are accumulated at the energy barrier, and charge trapping in
which even other charges cannot move due to the charges
accumulated at the interface occurs.

[0057] In the first embodiment of the present invention,
however, the N-CGL 220q and the ETL1 212 of'the first stack
210 include the same electron transporting material and thus
form a homo-junction as illustrated in FIG. 3B. Thus, in the
first embodiment, the number of hetero-junction interfaces
may be reduced and thus accumulation of charges at the
energy barrier may be prevented. Accordingly, charges are
smoothly transferred and thus charge trapping does not occur,
which results in reduced driving voltage.

[0058] In addition, as illustrated in FIG. 4, it can be con-
firmed that driving voltage is reduced using the N-CGL 220a
including the same electron transporting material as that of
the ETL1 212. FIG. 4 is a graph showing comparison results
between driving voltages of a conventional OLED having a
multi-stack structure and an OLED having a multi-stack
structure according to the present invention.

[0059] InFIG. 4, afirst graph 10 shows the driving voltage
of the conventional OLED having a multi-stack structure. The
conventional OLED having a multi-stack structure includes
first and second electrodes and, on the first electrode, a first
stack including an HTL, a first EML, and an ETL that are
sequentially stacked, N-type and P-type CGLs, and a second
stack including an HTL, a second EML, and an ETL that are
sequentially stacked. That is, the first graph 10 shows a case in
which the N-type CGL and the ETL are formed of different
materials.

[0060] In FIG. 4, a second graph 14 shows the driving
voltage of an OLED according to the present invention. In
particular, the second graph 14 shows the driving voltage of
an OLED including the ETL1 212 formed of an electron
transporting material represented by Formula 1 below and the
N-CGL 220a including the electron transporting material of
Formula 1 and an organic compound represented by Formula
2 below.
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<Formula 1>

Ary 7
N
\
An
Ary

[0061] InFormulal,Ar, and Ar, are each independently a
substituted or unsubstituted heterocyclic group.

<Formula 2>

[0062] As illustrated in FIG. 4, it can be confirmed that the
driving voltage is significantly lower in the second graph 14
than in the first graph 10. As such, charge trapping occurs at
an interface between the N-type CGL and the ETL of the first
stack of the conventional OLED, while the N-CGL 220a and
the ETL1 212 of the OLED according to the first embodiment
of the present invention include the same electron transport-
ing materials and thus charge trapping does not occur, which
results in decreased driving voltage.

[0063] Inaddition, as described above, the N-CGB 220a is
doped with a metal and, as the metal, an alkali metal or an
alkali earth metal is used. Examples of alkali metals and alkali
earth metals include Ca, Li, Mg, Yb, and the like. In this
regard, a doping amount of the alkali metal or the alkali earth
metal is 1% to 10% based on the volume of the N-CGL 220q.
As such, electrons generated from the P-CGL 2206 are easily
injected into the N-CGL 220a by doping the N-CGL 2204
with an alkali metal 246 or an alkali earth metal. In other
words, the alkali metal 246 or the alkali earth metal reacts
with an N host to form an energy gap state, and the electrons
generated from the P-CGL 2205 are easily injected into the
N-CGL 220a through the energy gap state.

[0064] Thealkali metal 246 or the alkali earth metal may be
doped ina partial area A1 of the N-CGL 2204, as illustrated in
FIG. 5A or may be doped in the entire area A2 of the N-CGL
220a, as illustrated in FIG. 5B. In addition, when only the
partial area Al of the N-CGL 2204 is doped with the alkali
metal 246 or the alkali earth metal, the doped partial area Al
may have a doping concentration gradient as illustrated in
FIG. 5C. In this case, the doping concentration of the alkali
metal 246 or the alkali earth metal may increase towards the
P-CGL 2205. In addition, when the entire region A2 of the
N-CGL 220q is doped with the alkali metal 246 or the alkali
earth metal, as illustrated in FIG. 5D, doping may be per-
formed by forming a doping concentration gradient of the
alkali metal 246 or the alkali earth metal. In this case, the
doping concentration of the alkali metal 246 or the alkali earth
metal may increase towards the P-CGL 2205.

[0065] FIG. 6 is a perspective view of an OLED according
to a second embodiment of the present invention.
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[0066] The OLED illustrated in FIG. 6 includes the same
elements as those of the OLED illustrated in FIG. 2, except
that an electron transporting material 240 is injected into the
P-CGL 2205 instead of the N-CGL 220a. Thus, a detailed
description of the same elements will be omitted.

[0067] The P-CGL 2205 generates holes and electrons,
injects the generated holes into the HTL2 232 of the adjacent
second stack 230, and injects the generated electrons into the
N-CGL 220a.

[0068] The P-CGL 2205 includes 5 to 40% of the electron
transporting material 240 that is the same or different from
that of the ETL1 212 of the first stack 210. The electron
transporting material 240 included in the P-CGL 2205 is
doped in the P-CGL 2205 or the P-CGL 240 is formed of the
electron transporting material 240 and the organic material
constituting the P-CGL 2205 in combination.

[0069] For example, the P-CGL 2205 is formed of an
organic compound having 10 to 25 carbon atoms, a substitu-
ent of which has a cyano group. In particular, the organic
compound of the P-CGL 2205 has a LUMO energy level of
-6.6 eV ormore and a bandgap of 2.0 eV or more. Preferably,
the organic compound has a LUMO energy level between
-6.6 and -4.6 eV and a bandgap between 1.5 and 3.5 eV.
[0070] The electron transporting material 240 includes at
least one nitrogen atom (N) and is formed of an organic
compound having a heterocyclic ring with 5 to 30 carbon
atoms. In particular, the electron transporting material has a
LUMO energy level of =2.0 €V or less and a bandgap of 2.5
eV or more. Preferably, the electron transporting material has
a LUMO energy level between -3.0 and -2.0 ¢V and a band-
gap between 2.5 and 3.5 V.

[0071] Due to the electron transporting material 240
included in the P-CGL 2208, as illustrated in FIG. 7, flow of
electrons in the P-CGL 2205 is smooth because of a decreased
difference between LUMO energy levels of the ETL1212 and
the N-CGL 220a. Accordingly, electrons generated in the
P-CGL 2205 rapidly move to the EML1 218 and thus driving
voltage may be reduced, and generation of holes in the P-CGL
22054 increases, whereby performance of the OLED may be
enhanced.

[0072] FIG. 8 is a graph showing comparison results of
driving voltages of a conventional OLED and the OLED
according to the second embodiment of the present invention.
With reference to FIG. 8, a case in which the P-CGL 2205 of
the OLED according to the second embodiment of the present
invention includes the electron transporting material of For-
mula 1 and an organic compound represented by Formula 3
below will now be described by way of example.

<Formula 3>
N
||
/N
N
N.
X |N\ A
7 AN
N& N | N
N A
Ny
Il
N
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[0073] As illustrated in FIG. 8, to obtain the same current
density, the driving voltage of the conventional OLED includ-
ing a P-CGL alone has to be higher than that of the OLEDs
according to the second embodiment of the present invention
including the P-CGL. 2205 including 5% of the electron trans-
porting material 240 and the P-CGL 2205 including 10% of
the electron transporting material 240, respectively. As such,
the OLED according to the second embodiment including the
P-CGL 2205 including the electron transporting material 240
has decreased driving voltage.

[0074] FIG.9 is a perspective view of an OLED according
to a third embodiment of the present invention.

[0075] The OLED illustrated in FIG. 9 includes the same
elements as those of the OLED illustrated in FIG. 2, except
that the electron transporting material 240 is injected into the
P-CGL 2204 and the N-CGL 220q. Thus, a detailed descrip-
tion of the same elements will be omitted.

[0076] The P-CGL 2205 generates holes and electrons,
injects the generated holes into the HTL.2 232 of the adjacent
second stack 230, and injects the generated electrons into the
N-CGL 220a.

[0077] The P-CGL 2205 includes 5 to 40% of the electron
transporting material 240 that is the same as that of the ETL1
212 of the first stack 210. The electron transporting material
240 included in the P-CGL 2205 is doped in the P-CGL 2205
or the P-CGL 240 is formed of the electron transporting
material 240 and the organic material constituting the P-CGL
2205 in combination.

[0078] For example, the P-CGL 2205 is formed of an
organic compound having 10 to 25 carbon atoms, a substitu-
ent of which has a cyano group. In particular, the organic
compound of the P-CGL 2205 has a LUMO energy level of
-6.6 eV or more and a bandgap of 2.0 eV or more. Preferably,
the organic compound has a LUMO energy level between
-6.6 and -4.6 eV and a bandgap between 1.5 and 3.5 eV.

[0079] The electron transporting material 240 includes at
least one nitrogen atom (N) and is formed of an organic
compound having a heterocyclic ring with 5 to 30 carbon
atoms. In particular, the electron transporting material 240
has a LUMO energy level of -2.0 eV or less and a bandgap of
2.5 eV or more. Preferably, the electron transporting material
240 has a LUMO energy level between -3.0 and -2.0 eV and
a bandgap between 2.5 and 3.5 eV.

[0080] Due to the electron transporting material 240
included in the P-CGL 2205, as illustrated in FIG. 10, flow of
electrons in the P-CGL 2205 is smooth because of a decreased
difference between LUMO energy levels of the ETL 1212 and
the N-CGL 220qa. Accordingly, electrons generated in the
P-CGL 2205 rapidly move to the EML 1 218 and thus driving
voltage may be reduced, and generation of holes in the P-CGL
2204 increases, whereby performance of the OLED may be
enhanced.

[0081] The N-CGL 220a is formed between the P-CGL
2205 and the EML1 218 and injects and transports electrons
injected from the P-CGL 2205 into the EML1 218. The
N-CGL 220a includes an organic compound, the same elec-
tron transporting material as that of the ETL 1 212, and ametal
in combination.

[0082] The organic compound has a fused aromatic ring
with 15 to 40 carbon atoms, a substituent of which has at least
one selected from among N, S, and O. In particular, the
organic compound has a LUMO energy level of -2.0 eV or
less and a bandgap of 2.5 eV or more. Preferably, the organic
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compound has a LUMO energy level between -3.0 and -2.0
eV and a bandgap between 2.5 and 3.5 eV.

[0083] As the metal, an alkali metal or an alkali earth metal
is used.
[0084] The electron transporting material includes at least

one nitrogen atom (N) and is formed of an organic compound
having a heterocyclic ring with 5 to 30 carbon atoms. In
particular, the electron transporting material has a LUMO
energy level of 2.0 eV or less and a bandgap of 2.5 eV or
more. Preferably, the electron transporting material has a
LUMO energy level between -3.0 and -2.0 eV and a bandgap
between 2.5 and 3.5 eV.

[0085] Since the N-CGL 2204 includes the electron trans-
porting material, the ETL.1 212 formed of the electron trans-
porting material and the N-CGL 220q including the electron
transporting material form a homo-junction. Accordingly,
due to reduction in the number of hetero-junction interfaces,
possibility of charge trapping at interfaces between hetero-
junctions is minimized and thus driving voltage may be
reduced and, accordingly, power consumption may be
decreased.

[0086] FIG. 11 is a graph showing comparison results of
driving voltages of a conventional OLED and the OLED
according to the third embodiment of the present invention.
With reference to FIG. 11, a case in which the P-CGL 2205 of
the OLED according to the third embodiment of the present
invention includes the electron transporting material of For-
mula 1 and the organic compound of Formula 3 and the
N-CGL 220a thereof includes the electron transporting mate-
rial of Formula 1 and the organic compound of Formula 2 will
now be described by way of example.

[0087] As illustrated in FIG. 11, to obtain the same current
density, the driving voltage of the conventional OLED includ-
ing a P-CGL alone has to be higher than that of the OLED
according to the third embodiment of the present invention
including the N-CGL 2204, the P-CGL 2205, and the ETL1
212 that include the same electron transporting material 240.
As such, the OLED according to the third embodiment has
lower driving voltage than that of the conventional OLED
including the ETL1 212, the N-CGL 220a, and the P-CGL
2205 that are formed of different materials.

[0088] Although the OLED according to each of the first,
second and third embodiments of the present invention has a
structure including two stacks, OLEDs according to embodi-
ments of the present invention may also have a structure
including at least three stacks.

[0089] In addition, in the structure including at least three
stacks, an EML disposed between CGLs has a single-layer
structure or a multi-layer structure. When the EML has a
single-layered structure, the EML may include a single host
and a single dopant or a plurality of hosts and dopants that
have different colors.

[0090] FIG. 12 is a sectional view of an organic light emit-
ting display device including the OLEDs according to the
first, second and third embodiments of the present invention.
[0091] As illustrated in FIG. 12, the organic light emitting
display device includes a substrate 101 and an encapsulation
substrate 150 adhered to the substrate 101 by an adhesive film
152.

[0092] The organic light emitting display device includes,
on the substrate 101, a driving thin film transistor and an
OLED connected to the driving thin film transistor.

[0093] Thedriving thinfilm transistor includes abuffer film
116, an active layer 114, and a gate electrode 106, on the
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substrate 101, and the gate electrode 106 is formed to corre-
spond to a channel region 114C of the active layer 114, with
a gate insulating film 112 disposed therebetween. Source and
drain electrodes 108 and 110 are insulated from each other,
with the gate electrode 106 and an interlayer insulating film
118 disposed therebetween. The source and drain electrodes
108 and 110 are respectively connected to source and drain
regions 114S and 114D of the active layer 114 into which n+
impurities are injected, through a source contact hole 1243
and a drain contact hole 124D, respectively that pass through
the interlayer insulating film 118 and the gate insulating film
112. In addition, to reduce off-current, the active layer 114
may further include a lightly doped drain (LDD) region (not
shown) with n- impurities injected thereinto, disposed
between the channel region 114C and each of the source and
drain regions 114S and 114D. In addition, a pixel protective
film 119 formed of an organic insulating material is formed
on the driving thin film transistor formed on the substrate 101.
In another embodiment, the pixel protective film 119 on the
driving thin film transistor may have a two-layer structure
including an inorganic protective film formed of an inorganic
insulating material and an organic protective film formed of
an organic insulating material.

[0094] The OLED includes a first electrode 242 connected
to the source electrode 108 of the driving thin film transistor
via a pixel contact hole 120, a bank insulating film 136 having
a bank hole to expose the first electrode 242, a plurality of
stacks disposed on the first electrode 242 and including EMLs
to emit particular light, a CGL formed between the stacks to
adjust charge balance between the stacks, and a second elec-
trode 244 formed on the stacks. In this regard, the OLED
includes the same elements and has the same functions as
those of the OLEDs according to the first, second and third
embodiments of the present invention, which have been
described above in detail.

[0095] A passivation film 148 is formed between the OLED
and the adhesive film 152 to prevent damage to the OLED due
to moisture, oxygen, or the like or deterioration in luminous
properties. In particular, the passivation film 148 contacts the
adhesive film 152 to prevent moisture, hydrogen, oxygen, and
the like from permeating into the OLED from side and front
surfaces thereof. The passivation film 148 may be an inor-
ganic insulating film formed of SiN_, SiO,, or the like.

[0096] A storage capacitor Cst includes a storage lower
electrode 132 and a storage upper electrode 134 that are
doped with p+ or n+ impurities, with the gate insulating film
112 disposed therebetween. The storage capacitor Cst holds a
data signal charged in the first electrode 242 until the next data
signal is charged.

[0097] As is apparent from the foregoing description, a
light emitting device according to the present invention and
an organic light emitting display device including the same
include the same electron transporting material as that of an
ETL in at least one of an N-CGL adjacent to a first stack and
a P-CGL. Accordingly, an OLED having a multi-stack struc-
ture has a decreased number of hetero-junction interfaces and
thus has reduced driving voltage, which results in decreased
power consumption.

[0098] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the inventions. Thus, it is intended that the present invention
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covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A light emitting device comprising:

first and second electrodes facing each other on a substrate;

a plurality of stacks stacked between the first and second

electrodes and each comprising an EML so as to emit
particular light; and

a charge generation layer formed between the stacks to

adjust charge balance therebetween and comprising an
N-type charge generation layer and a P-type charge gen-
eration layer,

wherein at least any one of the N-type charge generation

layer and the P-type charge generation layer comprises
the same electron transporting material as that of an
electron transport layer of one of the stacks that is adja-
cent to the N-type charge generation layer.

2. The light emitting device according to claim 1, wherein
the P-type charge generation layer comprises about 5 to about
40% of the same electron transporting material as that of the
electron transport layer.

3. The light emitting device according to claim 1, wherein
the N-type charge generation layer comprises an alkali metal
or an alkali earth metal and the same electron transporting
material as that of the electron transport layer.

4. The light emitting device according to claim 3, wherein
the alkali metal or alkali earth metal is doped in a partial area
or entire area of the N-type charge generation layer at a
concentration of 1% to 10% based on a volume of the N-type
charge generation layer.

5. The light emitting device according to claim 4, wherein
the partial area or entire area of the N-type charge generation
layer has a doping concentration gradient of the alkali metal
or alkali earth metal.

6. The light emitting device according to claim 5, wherein,
when the partial area or entire area of the N-type charge
generation layer is doped with the alkali metal or alkali earth
metal, a doping concentration of the alkali metal or alkali
earth metal increases towards the P-type charge generation
layer.

7. The light emitting device according to claim 1, wherein
the N-type charge generation layer comprises an alkali metal
or alkali earth metal and the same electron transporting mate-
rial as that of the electron transport layer, and the P-type
charge generation layer coniprises about 5% to about 40% of
the same electron transporting material as that of the electron
transport layer.

8. The light emitting device according to claim 7, wherein
the alkali metal or alkali earth metal is doped in a partial area
or entire area of the N-type charge generation layer at a
concentration of 1% to 10% based on a volume of the N-type
charge generation layer.

9. The light emitting device according to claim 8, wherein
the partial area or entire area of the N-type charge generation
layer has a doping concentration gradient of the alkali metal
or alkali earth metal.

10. The light emitting device according to claim 9,
wherein, when the partial area or entire area of the N-type
charge generation layer is doped with the alkali metal or alkali
earth metal, a doping concentration of the alkali metal or
alkali earth metal increases towards the P-type charge gen-
eration layer.
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11. An organic light emitting display device comprising:

a light emitting device:

a driving thin film transistor formed on the substrate so as
to be connected to the first electrode of the light emitting
device; and

a bank insulating film with bank holes to expose the first
electrode,

wherein the light emitting device includes:

first and second electrodes facing each other on a substrate;

a plurality of stacks stacked between the first and second
electrodes and each comprising an EML so as to emit
particular light; and

a charge generation layer formed between the stacks to
adjust charge balance therebetween and comprising an
N-type charge generation layer and a P-type charge gen-
eration layer,

wherein at least any one of the N-type charge generation
layer and the P-type charge generation layer comprises
the same electron transporting material as that of an
electron transport layer of one of the stacks that is adja-
cent to the N-type charge generation layer.

12. The organic light emitting display device according to
claim 11, wherein the P-type charge generation layer com-
prises about 5 to about 40% of the same electron transporting
material as that of the electron transport layer.

13. The light emitting device according to claim 11,
wherein the N-type charge generation layer comprises an
alkali metal or an alkali earth metal and the same electron
transporting material as that of the electron transport layer.

14. The organic light emitting display device according to
claim 13, wherein the alkali metal or alkali earth metal is
doped in a partial area or entire area of the N-type charge
generation layer at a concentration of 1% to 10% based on a
volume of the N-type charge generation layer.
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15. The organic light emitting display device according to
claim 14, wherein the partial area or entire area of the N-type
charge generation layer has a doping concentration gradient
of the alkali metal or alkali earth metal.

16. The organic light emitting display device according to
claim 15, wherein, when the partial area or entire area of the
N-type charge generation layer is doped with the alkali metal
or alkali earth metal, a doping concentration of the alkali
metal or alkali earth metal increases towards the P-type
charge generation layer.

17. The organic light emitting display device according to
claim 11, wherein the N-type charge generation layer com-
prises an alkali metal or alkali earth metal and the same
electron transporting material as that of the electron transport
layer, and the P-type charge generation layer comprises about
5% to about 40% of the same electron transporting material as
that of the electron transport layer.

18. The organic light emitting display device according to
claim 17, wherein the alkali metal or alkali earth metal is
doped in a partial area or entire area of the N-type charge
generation layer at a concentration of 1% to 10% based on a
volume of the N-type charge generation layer.

19. The organic light emitting display device according to
claim 18, wherein the partial area or entire area of the N-type
charge generation layer has a doping concentration gradient
of the alkali metal or alkali earth metal.

20. The organic light emitting display device according to
claim 19, wherein, when the partial area or entire area of the
N-type charge generation layer is doped with the alkali metal
or alkali earth metal, a doping concentration of the alkali
metal or alkali earth metal increases towards the P-type
charge generation layer.
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