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(7) ABSTRACT

Disclosed is an organic light emitting display (OLED) device
that may include first and second electrodes facing each other
on a substrate, at least two light emitting units between the
first and second electrodes, and a charge generation layer
between the at least two light emitting units, the charge gen-
eration layer including an N-type charge generation layer and
a P-type charge generation layer, wherein the N-type charge
generation layer includes at least two hosts and a dopant, and
wherein the at least two hosts have different lowest unoccu-
pied molecular orbital (LUMO) energy levels.
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE

[0001] This application claims the benefit of Korean Patent
Application No. 10-2013-0117760, filed on Oct. 2, 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 an organic light
emitting display (OLED) device with low drive voltage and
high luminous efficiency, and a method for manufacturing the
same.

[0004] 2. Discussion of the Related Art

[0005] Inlinewith recent developments in information era,
there has been rapid advancement in the display field. To meet
such development, various flat panel display devices with
excellent performance, such as ultra-thin thickness, light-
weight and low power consumption, have been developed.
[0006] Examples of flat panel display devices include,
without limitation, liquid crystal display (LCD) devices,
plasma display panel (PDP) devices, field emission display
(FED) devices, and organic light emitting display (OLED)
devices.

[0007] Inparticular, OLED devices, which are a self-emis-
sive device, have faster response time, higher luminous effi-
ciency, higher luminance and wider viewing angle compared
with other flat panel display devices. OLED devices typically
include an anode, a hole injection layer, a hole transport layer,
an emission layer, an electron transport layer, an electron
injection layer, and a cathode.

[0008] OLED devices typically have a single light emitting
unit structure including a hole injection layer, a hole transport
layer, an emission layer, an electron transport layer, and an
electron injection layer disposed between first and second
electrodes. In recent years, however, OLED devices having a
multi-light emitting unit structure including a plurality of
light emitting units disposed between first and second elec-
trodes have been developed.

[0009] In the conventional multi-light emitting unit struc-
ture, a plurality of organic layers are provided between the
first and second electrodes, which leads to an increased drive
voltage. In addition, OLED device having the conventional
multi-light emitting unit structure may not provide luminous
efficiency proportional to the number of the light emitting
layers as compared with OLED devices having a single light
emitting unit structure.

SUMMARY OF THE INVENTION

[0010] Accordingly, the present invention is directed to an
organic light emitting display (OLED) device and method for
manufacturing the same that substantially obviates one or
more problems due to limitations and disadvantages of the
related art.

[0011] An advantage of the present invention is to provide
an OLED device with low drive voltage and high luminous
efficiency, and a method for manufacturing the same.

[0012] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. These and other advantages of the
invention will be realized and attained by the structure par-
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ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0013] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described, an organic light emitting display
(OLED) device may, for example, include first and second
electrodes facing each other on a substrate, at least two light
emitting units between the first and second electrodes, and a
charge generation layer between the atleast two light emitting
units, the charge generation layer including an N-type charge
generation layer and a P-type charge generation layer,
wherein the N-type charge generation layer includes at least
two hosts and a dopant, and wherein the at least two hosts
have different lowest unoccupied molecular orbital (LUMO)
energy levels.

[0014] In another aspect of the present invention, an
organic light emitting display (OLED) device may, for
example, include first and second electrodes facing each other
on a substrate, at least two light emitting units between the
first and second electrodes, and a charge generation layer
between the light emitting units, the charge generation layer
including an N-type charge generation layer and a P-type
charge generation layer, wherein one of the at least two light
emitting units includes a hole transport layer on the first
electrode, an emission layer on the hole transport layer, and
an electron transport layer on the emission layer, the N-type
charge generation layer including at least two hosts having
different LUMO energy levels and a dopant, and the electron
transport layer including any one of the at least two hosts in
the N-type charge generation layer.

[0015] The N-type charge generation layer may have a
multi-layer or single-layer structure including first and sec-
ond hosts and a dopant.

[0016] A difference between the LUMO energy level of the
first host and the LUMO energy level of the second host may
be 0.1 eV or more, and a difference between a highest occu-
pied molecular orbital (HOMO) energy level of the first host
and a HOMO energy level of the second host may be 0.1 eV
or more.

[0017] A ratio of the second host to the first host in the
N-type charge generation layer may be 5 to 95% and a doping
ratio of the dopant to the sum of the first and second hosts in
the N-type charge generation layer may be 1 to 8%.

[0018] The dopant may be formed of an alkali metal or an
alkali earth metal and have a work function of-2.5eVt0 -3.2
eVv.

[0019] The N-type charge generation layer may have a
multi-layer structure including a first N-type charge genera-
tion layer formed of the first host and the dopant, a second
N-type charge generation layer formed of the second host and
the dopant, and a third N-type charge generation layer formed
of the first and second hosts and the dopant.

[0020] The first to third N-type charge generation layers
may each have a thickness of 10 to 500 A.

[0021] The N-type charge generation layer may have a
multi-layer structure including a first N-type charge genera-
tion layer formed of the first host and the dopant and a second
N-type charge generation layer formed of the second host and
the dopant.

[0022] The first and second N-type charge generation lay-
ers may each have a thickness of 10 to 500 A.

[0023] Theelectron transport layer may have a thickness of
100 to 500 A.
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[0024] 1In yet another aspect of the present invention, a
method for manufacturing an organic light emitting display
(OLED) device, the method may, for example, including
forming a first electrode on a substrate; forming a first light
emitting unit on the first electrode; forming a charge genera-
tion layer on the first light emitting unit, the charge geneation
layer including a first host, a second host and a dopant; form-
ing a second light emitting unit on the charge generation
layer; and forming a second electrode on the second light
emitting unit, wherein LUMO energy levels of the first host
and the second host are different by about 0.1 eV or more, and
wherein HOMO energy levels of the first host and the second
host are different by about 0.1 eV or more.

[0025] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary 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 specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0027] FIG. 1 is a perspective view illustrating OLED
device according to the first embodiment of the present inven-
tion;

[0028] FIGS.2A to 2C are sectional views illustrating vari-

ous embodiments of an N-type charge generation layer shown
in FIG. 1;

[0029] FIG. 3 is a view illustrating an electron movement
channel between a P-type charge generation layer and an
electron transport layer shown in FIGS. 2A to 2C;

[0030] FIGS. 4A and4B are graphs showing characteristics
ofasecond light emitting unit generating a yellow-green light
illustrated in FIG. 1 and a comparative example;

[0031] FIGS.5A and5B are graphs showing characteristics
of a first light emitting unit generating a blue light illustrated
in FIG. 1 and a comparative example;

[0032] FIGS. 6A to 6C are graphs showing characteristics
of a white organic light emitting device according to the first
embodiment of the present invention and a comparative
example;

[0033] FIG. 7 is a perspective view illustrating an OLED
device according to a second embodiment of the present
invention;

[0034] FIGS. 8A to 8C are sectional views illustrating vari-

ous embodiments of an N-type charge generation layer shown
in FIG. 7;

[0035] FIGS. 9A and 9B are views illustrating an electron

movement channel between a P-type charge generation layer
and an electron transport layer shown in FIGS. 8A to 8C;

[0036] FIGS. 10A and 10B are graphs showing character-
istics of an OLED device illustrated in FIG. 7 and a compara-
tive example; and
[0037] FIG. 11 is a sectional view illustrating an OLED
device having a color filter according to an embodiment of the
present invention.
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DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0038] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are illus-
trated in the accompanying drawings. The same reference
numbers may be used throughout the drawings to refer to the
same or like parts.

[0039] FIG. 1 is a perspective view illustrating an organic
light emitting display (OLED) device according to the first
embodiment of the present invention.

[0040] Referring to FIG. 1, the OLED device includes first
and second electrodes 102 and 104 facing each other on a
substrate 101, first and second light emitting units 110 and
120 formed between the first and second electrodes 102 and
104, and a charge generation layer 130 provided between the
first and second light emitting units 110 and 120.

[0041] At least one of the first and second electrodes 102
and 104 is formed of a semi-transparent electrode. Ina case in
which the first electrode 102 is a semi-transparent electrode
and the second electrode 104 is a reflective electrode, the
OLED device is a rear light emitting structure in which light
is emitted downward. In a case in which the second electrode
104 is a semi-transparent electrode and the first electrode 102
is a reflective electrode, the OLED device is a front light
emitting structure in which light is emitted upward. Alterna-
tively, both the first and second electrodes 102 and 104 may
be formed of a transparent electrode such that the OLED
device is a double-side light emitting structure in which light
is emitted upward and downward

[0042] The semi-transparent electrode is formed of a trans-
parent conductive material, such as indium tin oxide (ITO) or
indium zinc oxide (IZO), and an opaque conductive material,
such as aluminum (Al), gold (Au), molybdenum (MO),
chrome (Cr), copper (Cu), or LiF. The reflective electrode is
formed of a reflective metal material, such as aluminum (Al),
gold (Au), molybdenum (MO), chrome (Cr), copper (Cu), or
LiF, or has a multi-layered structure using the same.

[0043] This embodiment will now be described with a case
where the first electrode 102 severing as an anode is formed of
a semi-transparent electrode and the second electrode 104
serving as a cathode is formed of'a reflective electrode by way
of example.

[0044] The first light emitting unit 110 is formed between
the first electrode 102 and an N-type charge generation layer
132. The first light emitting unit 110 includes a hole injection
layer (HIL) 112, a first hole transport layer (HTL.1) 114, a first
emission layer (EML1) 116, and a first electron transport
layer (ETL1) 118 sequentially formed on the first electrode
102. The first hole transport layer 114 supplies holes from the
first electrode 102 to the first emission layer 116. The first
electron transport layer 118 supplies electrons from the
N-type charge generation layer 132 to the first emission layer
116. In the first emission layer 116, the holes supplied through
the first hole transport layer 114 and the electrons supplied
through the first electron transport layer 118 are re-coupled to
generate light.

[0045] The second light emitting unit 120 is formed
between the second electrode 104 and a P-type charge gen-
eration layer 134. The second light emitting unit 120 includes
asecond hole transport layer (HTL.2) 124, a second emission
layer (EML2) 126, a second electron transport layer (ETL2)
128, and an electron injection layer (EIL) 122 sequentially
formed on the P-type charge generation layer 134. The second
hole transport layer 124 supplies holes from the P-type charge
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generation layer 134 to the second emission layer 126. The
second electron transport layer 128 supplies electrons from
the second electrode 104 injected through the electron injec-
tion layer 122 to the second emission layer 126. In the second
emission layer 126, the holes supplied through the second
hole transport layer 124 and the electrons supplied through
the second electron transport layer 128 are re-coupled to
generate light.

[0046] The first emission layer 116, which is an emission
layer including a fluorescent or phosphorescent blue dopant
and a host, emits a blue light and the second emission layer
126, which is an emission layer including a fluorescent or
phosphorescent yellow-green dopant and a host, emits a yel-
low-green light to generate a white light. Alternatively, other
fluorescent or phosphorescent dopants may be used to gener-
ate a white light.

[0047] The N-type charge generation layer 132 and the
P-type charge generation layer 134 are sequentially stacked to
constitute the charge generation layer 130.

[0048] The P-type charge generation layer 134 is formed
between the N-type charge generation layer 132 and the sec-
ond hole transport layer 124 to generate holes and electrons.
The holes generated by the P-type charge generation layer
134 are injected into the second hole transport layer 124 of the
second light emitting unit 120. The electrons generated by the
P-type charge generation layer 134 are injected into the
N-type charge generation layer 132.

[0049] The N-type charge generation layer 132 is formed
between the P-type charge generation layer 134 and the first
electron transport layer 118 to inject and transport the elec-
trons injected from the P-type charge generation layer 134
into and to the first electron transport layer 118.

[0050] The N-type charge generation layer 132 includes at
least two hosts formed of different materials and a dopant. In
this embodiment, the N-type charge generation layer 132
includes first and second hosts H1 and H2 formed of different
materials and a dopant D by way of example.

[0051] The N-type charge generation layer 132 may have a
multi-layer structure as illustrated in FIGS. 2A and 2B or a
single-layer structure as illustrated in FIG. 2C.

[0052] The N-type charge generation layer 132 illustrated
in FIG. 2A includes first and second N-type charge generation
layers 132a and 1324. The first N-type charge generation
layer 132a is formed by mixing the first host H1 and the
dopant D on the first electron transport layer 118. The second
N-type charge generation layer 1325 is formed by mixing the
second host H2 and the dopant D on the first N-type charge
generation layer 132a. Thicknesses D1 and D2 of the first and
second N-type charge generation layers 132a and 1325 may
be in a range of about 10 A to about 500 A.

[0053] The N-type charge generation layer 132 illustrated
in FIG. 2B includes first to third second N-type charge gen-
eration layers 132a, 1325, and 132¢. The first N-type charge
generation layer 132a 1s formed by mixing the first host H1
and the dopant D on the first electron transport layer 118. The
second N-type charge generation layer 1325 is formed by
mixing the second host H2 and the dopant D on the third
N-type charge generation layer 132¢. The third N-type charge
generation layer 132¢ is formed by mixing the first and sec-
ond hosts H1 and H2 and the dopant D between the first and
second N-type charge generation layers 132a and 132b. In the
N-type charge generation layer 132, a thickness D1 of a
region in which the first host H1 is formed and a thickness D2
of a region in which the second host H2 is formed may be in
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a range of about 10 A to about 500 A. A thickness D3 of a
region in which the first host H1 and the second host H2 are
formed in a mixed state, i.e. the third N-type charge genera-
tion layer 132¢, may be in a range of about 10 A to about 500
A.

[0054] The N-type charge generation layer 132 illustrated
in FIG. 2C is formed by mixing the first and second hosts H1
and H2 and the dopant D. That is, the N-type charge genera-
tion layer 132 has a single-layer structure. The N-type charge
generation layer 132 may have a thickness D in a range of
about 10 A to about 500 A.

[0055] Inthe N-type charge generation layer 132 illustrated
in FIGS. 2A to 2C, a ratio of the second host H2 to the first
host H1 may be in a range of about 5% to about 95%. In the
N-type charge generation layer 132, a doping ratio of the
dopant D to the sum of the first and second hosts H1 and H2
may be in arange of about 1% to about 8%. The dopant D may
be formed of an alkali metal or an alkali earth metal, such as
Ca,Li, Mg, orYb, and may have a work functionofabout -2.5
eV to about -3.2 V.

[0056] Asillustrated in FIG. 3, the firstand second hosts H1
and H2 have different lowest unoccupied molecular orbital
(LUMO) energy levels and different highest occupied
molecular orbital (HOMO) energy levels. For example, the
difference between the LUMO energy level (LUMO1) of the
first host H1 and the LUMO energy level (LUMO?2) of the
second host H2 may be about 0.1 eV or more and the differ-
ence between the HOMO energy level (HOMO1) of the first
host H1 and the HOMO energy level (HOMO2) of the second
host H2 may be about 0.1 eV or more.

[0057] Because the N-type charge generation layer 132 has
at least two hosts as described above, the charge generation
layer may have plural energy levels. In particular, at least two
hosts and a dopant constituting the N-type charge generation
layer 132 are co-deposited to generate a plurality of energy
levels. These energy levels are used as movement channels
through which electrons generated by the P-type charge gen-
eration layer 134 are injected as illustrated in FIG. 3.

[0058] Inan OLED device according to an embodiment of
the present invention, electrons may thus move to the first
emission layer 116 faster as compared with the conventional
art, an energy barrier between the P-type charge generation
layer 134 and the N-type charge generation layer 132 may be
reduced or minimized, and a tunneling effect may be maxi-
mized. As aresult, drive voltage may be lowered. In addition,
in this embodiment, an amount of electrons is increased with
the increase of the movement channels through which the
electrons may be injected. Also, the balance between holes
and electrons may be uniform, whereby luminous efficiency
may be improved and an occurrence of a roll-off phenomenon
may be restrained. In particular, electrons are injected into the
firstlight emitting unit 110, which is, for example, a blue light
emitting unit located under the N-type charge generation
layer 132, through the N-type charge generation layer 132. As
aresult, luminous efficiency of the blue light emitted from the
first light emitting unit 110 may be improved, thereby
increasing luminous efficiency of the white light and reducing
power consumption of the OLED device.

[0059] FIGS. 4A to 6C and Tables 1 to 3 show characteris-
tics of a white organic light emitting device according to the
first embodiment of the present invention. In FIGS. 4A to 6C
and Tables 1 to 3, the comparative example includes an
N-type charge generation layer formed of Bphen and the
example includes an N-type charge generation layer 132 in
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which one of first and second hosts H1 and H2 is formed of a
pyrene derivative having a phenanthroline substituent and the
other of the first and second hosts H1 and H2 is formed of
Bphen. In this embodiment, materials of the first and second
hosts H1 and H2 are merely illustrative for explanation pur-
poses, and the present invention is not limited thereto.

[0060] Table 1 shows characteristics of a second light emit-
ting unit generating a yellow-green light of the white organic
light emitting device according to the first embodiment of the
present invention and a comparative example.

TABLE 1
10 mA/em?
Drive Luminous External quantum
N-type charge voltage efficiency efficiency EQE
generation layer V) (cd/A) (%)
Comparative 3.7 757 223
example
Example 3.5 76.2 22.5
[0061] As shown in Table 1 and FIG. 4A, drive voltage to

obtain a current density of 10 mA/cm? in the example is 0.2V
lower than that in the comparative example. In addition, lumi-
nous efficiency in the example is 0.5 cd/A higher than that in
the comparative example as shown in Table 1, and external
quantum efficiency in the example is 0.2% higher than that in
the comparative example as shown in Table 1 and FIG. 4B.
Furthermore, in the example, the peak intensity is at a wave-
length of 530 to 570 nm, in which a yellow-green (YG) is
emitted, which is similar to that in the comparative example.

[0062] Table 2 shows characteristics of a first light emitting
unit generating a blue light of the white organic light emitting
device according to the first embodiment of the present inven-
tion and a comparative example.

TABLE 2
10 mA/cm?
Drive Luminous External quantum
N-type charge voltage efficiency efficiency EQE
generation layer V) (cd/A) (%)
Comparative 4.0 8.1 9.8
example
Example 4.0 8.3 10.0
[0063] As shown in Table 2, drive voltage to obtain a cur-

rent density of 10 mA/cm2 in the example is equal to that in
the comparative example. In addition, luminous efficiency in
the example is 0.2 cd/A higher than that in the comparative
exampleas shownin Table 2, and external quantum efficiency
in the example is 0.2% higher than that in the comparative
exampleas shown in Table 2 and FIG. 5A. Furthermore, in the
example, the peak intensity is at a wavelength of 450 to 475
nm, in which a blue (B) light is emitted, which is higher than
that in the comparative example, as shown in FIG. 5B.

[0064] Table 3 shows characteristics of the white organic
light emitting device according to the first embodiment of the
present invention and a comparative example.
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TABLE 3
10 mA/cm?
Drive Luminous External quantum
N-type charge voltage efficiency efficiency EQE
generation layer V) (cd/A) (%)
Comparative 7.7 71.0 326
example
Example 7.5 79.3 32.9
[0065] As shown in Table 3 and FIG. 6A, drive voltage to

obtain a current density of 10 mA/cm?2 in the example is 0.2V
lower than that in the comparative example. In addition, lumi-
nous efficiency in the example is 2.3 cd/A higher than that in
the comparative example as shown in Table 3 and FIG. 6B,
and external quantum efficiency in the example is 0.3%
higher than that in the comparative example as shown in Table
3. Furthermore, in the example, the peak intensities are at a
wavelength of 450 to 475 nm, in which a blue (B) light is
emitted, and at a wavelength of 530 to 570 nm, in which a
yellow-green (YG) light is emitted, which is higher than that
in the comparative example, as shown in FIG. 6C.

[0066] FIG. 7 is a perspective view illustrating an OLED
device according to a second embodiment of the present
invention. The OLED device illustrated in FIG. 7 is substan-
tially identical to what is shown in FIG. 1, except that an
N-type charge generation layer and a first electron transport
layer include the same host. Thus, a detailed description of the
identical elements will be omitted.

[0067] Referring to FIG. 7, a first electron transport layer
118 is formed of the same material as any one of a plurality of
hosts included in an N-type charge generation layer 132. Asa
result, an energy barrier between the first electron transport
layer 118 and the N-type charge generation layer 132 may be
reduced or minimized, and thus electrons may be easily
injected into the first electron transport layer 118. The first
electron transport layer 118 may have a thickness De in a
range of about 100 A to about 500 A.

[0068] The N-type charge generation layer 132 includes at
least two hosts formed of different materials and a dopant. In
this embodiment, the N-type charge generation layer 132
includes first and second hosts H1 and H2 formed of different
materials and a dopant D by way of example.

[0069] The N-type charge generation layer 132 may have a
multi-layer structure as illustrated in FIGS. 8A and 8B or a
single-layer structure as shown in FIG. 8C.

[0070] The N-type charge generation layer 132 illustrated
in FIG. 8A includes first and second N-type charge generation
layers 132a and 132b. The first N-type charge generation
layer 1324 is formed by mixing the first host H1 and the
dopant D on the first electron transport layer 118 formed of
the first host H1. The second N-type charge generation layer
1325 is formed by mixing the second host H2 and the dopant
D on the first N-type charge generation layer 1324. Thick-
nesses D1 and D2 of the first and second N-type charge
generation layers 132¢ and 1325 may be in a range of about
10 A to about 500 A.

[0071] The N-type charge generation layer 132 illustrated
in FIG. 8B includes first to third second N-type charge gen-
eration layers 132a, 1325, and 132¢. The first N-type charge
generation layer 132a is formed by mixing the first host H1
and the dopant D on the first electron transport layer 118
formed of the first host H1. The second N-type charge gen-
eration layer 1324 is formed by mixing the second host H2
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and the dopant D on the third N-type charge generation layer
132¢. The third N-type charge generation layer 132c¢ is
formed by mixing the first and second hosts H1 and H2 and
the dopant D between the first and second N-type charge
generation layers 132a and 1325. In the N-type charge gen-
eration layer 132, a thickness D1 of a region in which the first
host H1 is formed and a thickness D2 of a region in which the
second host H2 is formed may be in a range of about 10 A to
about 500 A. A thickness D3 of a region in which the first host
H1 and the second host H2 are formed in a mixed state, i.e. the
third N-type charge generation layer 132¢, may be in a range
of about 10 A to about 500 A.

[0072] The N-type charge generation layer 132 illustrated
in FIG. 8C is formed by mixing the first and second hosts H1
and H2 and the dopant D. That is, the N-type charge genera-
tion layer 132 has a single-layer structure. A doping amount
of the first host H1 of the N-type charge generation layer 132
increases from the upper part to the lower part of the N-type
charge generation layer 132. A doping amount of the second
host H2 of the N-type charge generation layer 132 decreases
from the upper part to the lower part of the N-type charge
generation layer 132. The N-type charge generation layer 132
may have a thickness D in a range of about 10 A to 500 A.
[0073] As described above, because the first host H1 is
adjacent to the first electron transport layer 118 in the N-type
charge generation layer 132 as illustrated in FIGS. 8A to 8C,
electrons may easily move to the first emission layer 116 with
a lower energy barrier through the first electron transport
layer 118. In addition, because the second host H2 is adjacent
to the P-type charge generation layer 134 in the N-type charge
generation layer 132 as illustrated in FIGS. 8A to 8C, elec-
trons generated by the P-type charge generation layer 134
may be easily injected.

[0074] IntheN-typecharge generation layer 132 illustrated
in FIGS. 8A to 8C, a ratio of the second host H2 to the first
host H1 may be in a range of about 5% to about 95%. In the
N-type charge generation layer 132, a doping ratio of the
dopant D to the sum of the first and second hosts H1 and H2
may be in arange of about 1% to about 8%. The dopant D may
be formed of an alkali metal or an alkali earth metal, such as
Ca,Li, Mg, orYb, and may have awork functionofabout -2.5
eV to about -3.2 V.

[0075] As illustrated in FIGS. 9A and 9B, the first and
second hosts H1 and H2 have different LUMO energy levels
and different HOMO energy levels. For example, the differ-
ence between the LUMO energy level (LUMOL1) of the first
host H1 and the LUMO energy level (LUMO2) of the second
host H2 may be about 0.1 eV or more and the difference
between the HOMO energy level (HOMOT1) of the first host
H1 and the HOMO energy level (HOMO2) of the second host
H2 may be about 0.1 eV or more.

[0076] Because the N-type charge generation layer 132 has
at least two hosts as described above, the charge generation
layer may have plural energy levels. In particular, at least two
hosts and a dopant constituting the N-type charge generation
layer 132 are co-deposited to generate a plurality of energy
levels. These energy levels are used as movement channels
through which electrons generated by the P-type charge gen-
eration layer 134 are injected as illustrated in FIGS. 9A and
9B.

[0077] In particular, because the first electron transport
layer 118 includes the same material as one of the hosts
included in the N-type charge generation layer 132 as illus-
trated in FIGS. 9A and 9B, an energy barrier between the
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N-type charge generation layer 132 and the electron transport
layer 118 may be reduced or minimized such that electrons
can be easily injected. As aresult, a drive voltage ofthe OLED
device according to an embodiment of the present invention
can be lowered. In addition, because the LUMO energy level
(LUMO?) of the second host H2 is lower than the LUMO
energy level (LUMO1) of the first host H1, electrons may be
easily injected from the P-type charge generation layer 134.
As a result, the drive voltage can be further lowered, thereby
improving luminous efficiency.

[0078] FIGS. 10A and 10B, and Table 4, show characteris-
tics of a white organic light emitting device according to the
second embodiment of the present invention illustrated in
FIG. 7.

[0079] InFIGS.10Aand 10B, and Table 4, the comparative
example includes a first electron transport layer formed of
Alqg3 and an N-type charge generation layer formed of Bphen,
example 1 includes an N-type charge generation layer 132
having a multi-layer structure as illustrated in FIGS. 8A and
8B and a first electron transport layer 118 formed of the same
material as any one of first and second hosts H1 and H2
included in the N-type charge generation layer 132, and
example 2 includes an N-type charge generation layer 132
having a single-layer structure as illustrated in FIG. 8C and a
first electron transport layer 118 formed of the same material
as any one of the hosts included in the N-type charge genera-
tion layer 132. In the N-type charge generation layer 132 of
examples 1 and 2, one of the first and second hosts H1 and H2
is formed of a pyrene derivative having a phenanthroline
substituent and the other of the first and second hosts H1 and
H2 is formed of Bphen. In this embodiment, the materials of
the first and second hosts H1 and H2 are merely illustrative for
understanding of the present invention and, therefore, the
present invention is not limited thereto.

[0080] Table 4 shows characteristics of a white organic
light emitting device according to the second embodiment of
the present invention and a comparative example.

TABLE 4
10 mA/cm?
Drive Luminous External quantum
N-type charge voltage efficiency efficiency EQE
generation layer V) (cd/A) (%)
Example 1 3.2 69.2
Example 2 3.2 71.2
Comparative 34 70.4
example
[0081] As shown in Table 4 and FIG. 10A, drive voltage to

obtain a current density of 10 mA/cm?2 in examples 1 and 2 is
0.2V lower than that in the comparative example. In addition,
luminous efficiency in example 2 is 0.8 cd/A higher than that
in the comparative example as shown in Table 4 and FIG.
10B, and external quantum efficiency in example 2 is 0.2%
higher than that in the comparative example as shown in Table
4.

[0082] FIG. 11 is a sectional view illustrating an OLED
device having a color filter according to an embodiment ofthe
present invention.

[0083] An OLED device according to embodiments of the
present invention may be appliedto a structure thathas a drive
thin film transistor connected to a first electrode and a plural-
ity of red, green, and blue color filters 150R, 150G, and 150B,
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as illustrated in FIG. 11. That is, a white light generated
through the charge generation layer and the first and second
light emitting units 110 and 120 is converted to a red light
while passing through a sub-pixel region having the red color
filter 150R, a green light while passing through a sub-pixel
region having the green color filter 150G, a blue light while
passing through a sub-pixel region having the blue color filter
150B, and a white light while passing through a sub-pixel
region having no color filter.

[0084] In the embodiments described above, a structure
having two light emitting units has been described by way of
example. However, the present invention is not limited
thereto, and one of ordinary skill in the art would understand
that three or more light emitting units may be provided in an
OLED device according to the present invention.

[0085] As is apparent from the above description, an OLED
device according to an embodiment of the present invention is
configured such that the N-type charge generation layer
includes atleast two hosts and, therefore, a plurality of energy
levels, which are movement channels through which elec-
trons generated by the P-type charge generation layer may be
injected, is provided. As a result, electrons may be more
easily injected into the emission layer(s) compared with the
conventional art, thereby lowering drive voltage. Further-
more, the balance between holes and electrons may be uni-
form, which may increase luminous efficiency. In addition,
the first electron transport layer is formed of the same material
as any one of the hosts included in the N-type charge genera-
tion layer. As a result, an energy barrier between the N-type
charge generation layer and the electron transport layer may
be reduced or minimized such that electrons are easily
injected, and that the drive voltage may be thus lowered and
luminous efficiency may be increased.

[0086] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover 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. An organic light emitting display (OLED) device com-
prising:

first and second electrodes facing each other on a substrate;

atleast two light emitting units between the first and second

electrodes; and

a charge generation layer between the at least two light

emitting units, the charge generation layer including an
N-type charge generation layer and a P-type charge gen-
eration layer,

wherein the N-type charge generation layer comprises at

least two hosts and a dopant, and wherein the at least two
hosts have different lowest unoccupied molecular
orbital (LUMO) energy levels.

2. The OLED device according to claim 1, wherein the
N-type charge generation layer has a multi-layer or single-
layer structure comprising first and second hosts and the
dopant.

3. The OLED device according to claim 2, wherein

a difference between the LUMO energy level of the first

host and the LUMO energy level of the second host is
about 0.1 €V or more, and
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a difference between a highest occupied molecular orbital
(HOMO) energy level of the first host and a HOMO
energy level of the second host is about 0.1 eV or more.

4. The OLED device according to claim 2, wherein a ratio
of the second host to the first host in the N-type charge
generation layer is about 5% to about 95% and a doping ratio
of the dopant to the sum of the first and second hosts in the
N-type charge generation layer is about 1% to about 8%.

5. The OLED device according to claim 2, wherein the
dopant includes an alkali metal or an alkali earth metal and
has a work function of about -2.5 eV to about -3.2 eV.

6. The OLED device according to claim 2, wherein the
N-type charge generation layer has a multi-layer structure
comprising:

a first N-type charge generation layer including the first

host and the dopant;

a second N-type charge generation layer including the
second host and the dopant; and

a third N-type charge generation layer including the first
and second hosts and the dopant.

7. The OLED device according to claim 6, wherein the first
to third N-type charge generation layers each has a thickness
of about 10 A to about 500 A.

8. The OLED device according to claim 2, wherein the
N-type charge generation layer has a multi-layer structure
comprising:

a first N-type charge generation layer including the first

host and the dopant; and

a second N-type charge generation layer including the
second host and the dopant.

9. The OLED device according to claim 8, wherein the first
and second N-type charge generation layers each has a thick-
ness of about 10 A to about 500 A.

10. An organic light emitting display (OLED) device com-
prising:

first and second electrodes facing each other on a substrate;

at least two light emitting units formed between the first
and second electrodes; and

a charge generation layer formed between the at least two
light emitting units, the charge generation layer com-
prising an N-type charge generation layer and a P-type
charge generation layer, wherein

one of the at least two light emitting units comprises:

a hole transport layer on the first electrode;

an emission layer on the hole transport layer; and

an electron transport layer on the emission layer,

the N-type charge generation layer on the electron trans-
port layer, the N-type charge generation layer including
at least two hosts having different LUMO energy levels
and a dopant, and

the electron transport layer including any one ofthe at least
two hosts in the N-type charge generation layer.

11. The OLED device according to claim 10, wherein the
N-type charge generation layer has a multi-layer or single-
layer structure comprising first and second hosts and a
dopant.

12. The OLED device according to claim 11, wherein

a difference between the LUMO energy level of the first
host and the LUMO energy level of the second host is
about 0.1 eV or more, and

a difference between a HOMO energy level of the first host
and a HOMO energy level of the second host is about 0.1
eV or more.



US 2015/0090984 A1

13. The OLED device according to claim 11, wherein a
ratio of the second host to the first host in the N-type charge
generation layer is about 5% to 95% and a doping ratio of the
dopant to the sum of the first and second hosts in the N-type
charge generation layer is about 1% to 8%.

14. The OLED device according to claim 11, wherein the
dopant includes an alkali metal or an alkali earth metal and
has a work function of about -2.5 eV to about -3.2 eV.

15. The OLED device according to claim 11, wherein the
N-type charge generation layer has a multi-layer structure
comprising:

a first N-type charge generation layer including the first

host and the dopant;

a second N-type charge generation layer including the

second host and the dopant; and

a third N-type charge generation layer including the first

and second hosts and the dopant.

16. The OLED device according to claim 15, wherein the
first to third N-type charge generation layers each has a thick-
ness of about 10 A to about 500 A.

17. The OLED device according to claim 11, wherein the
N-type charge generation layer has a multi-layer structure
comprising:

a first N-type charge generation layer including the first

host and the dopant; and
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a second N-type charge generation layer including the

second host and the dopant.

18. The OLED device according to claim 17, wherein the
first and second N-type charge generation layers each has a
thickness of about 10 A to about 500 A.

19. The OLED device according to claim 11, wherein the
electron transport layer has a thickness of about 100 A to
about 500 A.

20. A method for manufacturing an organic light emitting
display (OLED) device, the method comprising:

forming a first electrode on a substrate;

forming a first light emitting unit on the first electrode;

forming a charge generation layer on the first light emitting

unit, the charge geneation layer including a first host, a
second host and a dopant;

forming a second light emitting unit on the charge genera-

tion layer; and

forming a second electrode on the second light emitting

unit,

wherein LUMO energy levels of the first host and the

second host are different by about 0.1 eV or more, and
wherein HOMO energy levels of the first host and the
second host are different by about 0.1 eV or more.

* ok %k
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