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FIG. 3B
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE

[0001] This application claims the benefit of Korean Patent
Applications No. 10-2012-0125922, filed on Nov. 8, 2012
and No. 10-2013-0123784, filed on Oct. 17, 2013, which are
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 device which may prevent deterioration of
luminous efficiency and lifespan.

[0004] 2. Discussion of the Related Art

[0005] Recent transition into an information-oriented soci-
ety has caused rapid development in the field of displays to
visually represent electrical information signals, and corre-
spondingly a variety of flat panel display devices exhibiting
excellent properties, such as being thin and lightweight as
well as requiring low power consumption, have been devel-
oped.

[0006] Representative examples of these flat panel display
devices may include Liquid Crystal Display (LCD) devices,
Plasma Display Panel (PDP) devices, Field Emission Display
(FED) devices, and Organic Light Emitting Diode (OLED)
display devices.

[0007] In particular, organic light emitting display devices
are self-illuminating devices, and have faster response speed,
higher luminous efficiency and brightness, and wider viewing
angle than other flat panel display devices.

[0008] Typically, such an organic light emitting display
device includes an anode and a cathode arranged to face each
other with an emission layer interposed therebetween, such
that an electron-hole pair, i.e. an exciton is generated via
recombination of a hole injected from the anode and an elec-
tron injected from the cathode within the emission layer, and
in turn light is emitted via transition of the exciton to the
equilibrium state. However, in the typical OLED device, the
exciton generated in the emission layer spreads out through
the emission layer to interfaces with an electron transport
layer and a hole transport layer proximate to the emission
layer, which reduces luminous efficiency and causes rapid
deterioration of the electron transport layer and the hole trans-
port layer proximate to the emission layer, resulting in reduc-
tion of lifespan.

SUMMARY OF THE INVENTION

[0009] Accordingly, the present invention is directed to an
organic light emitting display device that substantially obvi-
ates one or more problems due to limitations and disadvan-
tages of the related art.

[0010] An object of the present invention is to provide an
organic light emitting display device which may prevent dete-
rioration of luminous efficiency and lifespan.

[0011] 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.
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[0012] To achieve theseobjects and other advantages and in
accordance with the purpose of the disclosure, as embodied
and broadly described herein, an organic light emitting dis-
play device includes first and second electrodes arranged ona
substrate to face each other, at least one emission layer
formed between the first and second electrodes, a hole trans-
port layer formed between the first electrode and the emission
layer, and an electron transport layer formed between the
second electrode and the emission layer, wherein the emis-
sion layer includes a first emission mixed layer formed on the
hole transport layer, the first emission mixed layer including
a first hole-type host and a first phosphorescent dopant, and a
second emission mixed layer formed between the first emis-
sion mixed layer and the electron transport layer, the second
emission mixed layer including a first electron-type host and
a second phosphorescent dopant.

[0013] The first emission mixed layer may further includea
second hole-type host.

[0014] The second emission mixed layer may further
include a second electron-type host.

[0015] The second emission mixed layer may further
include a second electron-type host, and the first emission
mixed layer may further include at least one electron-type
host among the first and second electron-type hosts, or a
second hole-type host.

[0016] The first emission mixed layer may further include a
second electron-type host, and the second emission mixed
layer may further include a second hole-type host.

[0017] The content of the first hole-type host may be higher
than the content of the second electron-type host in the first
emission mixed layer, and the content of the first electron-
type host may be higher than the content of the second hole-
type host in the second emission mixed layer.

[0018] A difference between the Lowest Unoccupied
Molecular Orbital (LUMO) level of each of the first and
second electron-type hosts and the LUMO level of the elec-
tron transport layer may be +0.5 eV or less, and a difference
between the Highest Occupied Molecular Orbital (HOMO)
level of each of the first and second hole-type hosts and the
HOMO level of the hole transport layer may be 0.5 eV or
less.

[0019] Thefirstand second hole-type hosts may have a hole
mobility of 1.0x107° Vs/cm?® to 5.0x107> Vs/em?.,

[0020] The first and second electron-type hosts may have
an electron mobility of 1.0x107° Vs/em® to 5.0x107> Vs/em®.
[0021] The at least one emission layer may include at least
two emission layers, and the organic light emitting display
device may further include an N-type charge generation layer
and a P-type charge generation layer sequentially stacked one
above another between the emission layers.

[0022] The first and second phosphorescent dopants may
be formed of the same material or different materials.
[0023] 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

[0024] The accompanying drawings, which are included to
provide a further understanding of the disclosure and are
incorporated in and constitute a part of this application, illus-
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trate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

[0025] FIG. 1 is a sectional view showing an organic light
emitting display device according to a first embodiment of the
present invention;

[0026] FIG. 2 is a band diagram of the organic light emit-
ting display device shown in FIG. 1;

[0027] FIGS. 3A to 3C are explanatory views of electro-
optic properties of an organic light emitting display device of
the related art and the organic light emitting display device
according to the first embodiment of the present invention;
[0028] FIG. 4 is a sectional view showing an organic light
emitting display device according to a second embodiment of
the present invention;

[0029] FIGS. 5A to 5C are explanatory views of electro-
optic properties of an organic light emitting display device of
the related art and the organic light emitting display device
according to the second embodiment of the present invention;
[0030] FIG. 6 is a sectional view showing an organic light
emitting display device according to a third embodiment of
the present invention;

[0031] FIG. 7 is a sectional view showing an alternative
configuration of the organic light emitting display device
shown in FIG. 6;

[0032] FIG. 8 is a sectional view showing an organic light
emitting display device according to a fourth embodiment of
the present invention;

[0033] FIG.9 is a sectional view showing an organic light
emitting display device according to a fifth embodiment of
the present invention;

[0034] FIG.10is a sectional view showing an organic light
emitting display device including three light emitting units
according to the present invention; and

[0035] FIG. 11 is a sectional view showing an organic light
emitting display device including color filters according to
the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0036] Hereinafter, embodiments of the present invention
will be described in detail with reference to the accompanying
drawings.

[0037] FIG. 1 is a sectional view showing an organic light
emitting display device according to a first embodiment of the
present invention. FIG. 2 is a band diagram of the organic
light emitting display device shown in FIG. 1.

[0038] The organic light emitting display device exemplar-
ily shown in FIGS. 1 and 2 includes first and second elec-
trodes 102 and 104 arranged to face each other, first and
second light emitting units 110 and 120 formed between the
first and second electrodes 102 and 104, and a charge genera-
tion layer 130 located between the first and second light
emitting units 110 and 120.

[0039] At least one of the first and second electrodes 102
and 104 takes the form of a transparent electrode. If the first
electrode 102 is a transparent electrode and the second elec-
trode 104 is an opaque electrode, a bottom emission configu-
ration to emit light downward is achieved. If the second
electrode 104 is a transparent electrode and the first electrode
102 is an opaque electrode, a top emission configuration to
emit light upward is achieved. If both the first and second
electrodes 102 and 104 are transparent electrodes, a double-
sided emission configuration to emit light upward and down-
ward is achieved.
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[0040] The transparent electrode may include an Indium
Tin Oxide (ITO) or Indium Zinc Oxide (IZO) electrode, for
example. The opaque electrode may be formed of a reflective
metal material, such as aluminum (Al), gold (Au), molybde-
num (MO), chrome (Cr), copper (Cu), lithium fluoride (LiF),
orthelike, or may take the form of a dual layer using the same.
[0041] Inthepresentinvention, aconfiguration in which the
first electrode 102 is an anode in the form of a transparent
electrode and the second electrode 104 is a cathode in the
form of an opaque electrode will be described by way of
example.

[0042] The first light emitting unit 110 is formed between
the first electrode 102 and an N-type charge generation layer
(N-CGL) 132. The first light emitting unit 110 includes a hole
injection layer (HIL) 112, atleast one first hole transport layer
(HTL) 114, a first emission layer (EML) 116, and a first
electron transport layer (ETL) 118, which are sequentially
formed on the first electrode 102. The first hole transport layer
114 supplies a hole from the first electrode 102 to the first
emission layer 116, and the first electron transport layer 118
supplies an electron from the N-type charge generation layer
132 to the first emission layer 116. The first emission layer
116 generates light via recombination of the hole supplied
through the first hole transport layer 114 and the electron
supplied through the first electron transport layer 118.

[0043] The second light emitting unit 120 is formed
between the second electrode 104 and a P-type charge gen-
eration layer (P-CGL) 134. The second light emitting unit 120
includes a second hole transport layer (HTL) 124a, a third
hole transport layer (HTL) 1245, a second emission layer
(EML) 126, and a second electron transport layer (ETL) 128,
which are sequentially formed on the P-type charge genera-
tion layer 134. The second and third hole transport layers
124a and 1245 supply a hole from the P-type charge genera-
tion layer 134 to the second emission layer 126, and the
second electron transport layer 128 supplies an electron from
the second electrode 104 to the second emission layer 126.
The second emission layer 126 generates light via recombi-
nation of the hole supplied through the second and third hole
transport layers 124a and 12454 and the electron supplied
through the second electron transport layer 128.

[0044] Thecharge generation layer 130 includes the N-type
charge generation layer 132 and the P-type charge generation
layer 134 stacked one above another.

[0045] The N-type charge generation layer 132 is located
closer to the first electrode 102 than the P-type charge gen-
eration layer 134. The N-type charge generation layer 132
serves to draw an electron as an n-type charge carrier sepa-
rated from an interface between the P-type charge generation
layer 134 and the second hole transport layer 124a. The
N-type charge generation layer 132 is formed by doping an
organic material with alkali metal particles.

[0046] The P-type charge generation layer 134 is located
closer to the second electrode 104 than the N-type charge
generation layer 132. Generation and separation of an elec-
tron as an n-type charge carrier and a hole as a p-type charge
carrier are achieved at an interface between the P-type charge
generation layer 134 and the second hole transport layer
124a.

[0047] The separated electron moves to the first light emit-
ting unit 110 through the N-type charge generation layer 132
and is bound with the hole moved from the first electrode 102
in the first emission layer 116 of the first light emitting umt
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110 to generate an exciton. Thereby, emission of visible light
is achieved via discharge of energy from the exciton.

[0048] The separated hole moves to the second light emit-
ting unit 120 and is bound with the electron moved from the
second electrode 104 in the second emission layer 126 to
generate an exciton. Thereby, emission of visible light is
achieved via discharge of energy from the exciton.

[0049] Here, the first emission layer 116 may be an emis-
sion layer containing a blue fluorescent dopant and a host to
emit blue light, and the second emission layer 126 may be an
emission layer containing a red-green phosphorescent dopant
and a host to emit orange light, resulting in emission of white
light. Various other fluorescent and phosphorescent dopants
may be used to achieve emission of white light.

[0050] Inparticular, the second emission layer 126 contain-
ing the phosphorescent dopant includes first and second emis-
sion mixed layers (ML1 and ML2) 1264 and 1265.

[0051] Thefirstemission mixed layer 126a is formed on the
third hole transport layer 1245 to come into contact with the
third hole transport layer 1245. The first emission mixed layer
126a is formed by mixing a hole-type host host_h having
excellent transport of a hole into the second emission layer
126 and a phosphorescent dopant with each other. The phos-
phorescent dopant is a phosphorescent yellow-green dopant,
and is formed of tris(2-phenylpyridine)iridium, for example.
The phosphorescent dopant occupies about 5 to 15% of the
first emission mixed layer 126a. A difference between the
HOMO level of the hole-type host host_h and the HOMO
level of the third hole transport layer 1245 is +0.5 eV or less.
The hole-type host host_h is formed of a material having a
hole mobility of 1.0x10° Vs/cm? to 5.0x107* Vs/cm?. To this
end, the hole-type host host_h is formed of a material differ-
ent from or equal to that of the third hole transport layer 1245.
For example, the hole-type host host_h is formed of TCTA
(4,4' 4"-tris(N-carbazolyl)-triphenylamine), or CBP (4,4'-bis
(carbazol-9-yl)biphenyl).

[0052] The second emission mixed layer 1264 is formed on
the first emission mixed layer 1264 to come into contact with
the second electron transport layer 128. The second emission
mixed layer 1265 is formed by mixing an electron-type host
host_e having excellent transport of an electron into the sec-
ond emission layer 126 and a phosphorescent dopant with
each other. The phosphorescent dopant is a phosphorescent
yellow-green dopant in the same manner as in the first emis-
sion mixed layer 1264, and occupies about 5 to 15% of the
second emission mixed layer 1265. A difference between the
Lowest Unoccupied Molecular Orbital (LUMO) level of the
electron-type host host_e and the LUMO level of the second
electron transport layer 128 is +0.5 eV or less. The electron-
type host host_e is formed of a material having an electron
mobility of 1.0x10 Vs/cm? to 5.0x10~3 Vs/cm?. To this end,
the electron-type host host_e is formed of a material different
from or equal to that of the second electron transport layer
128. For example, the electron-type host host_e is formed of
UGH3 (m-bis-(triphenylsilyl)benzene), or TAZ (3-phenyl-4-
(1I"-naphthyl)-5-phenyl-1,2,4-triazole).

[0053] As such, the organic light emitting display device
according to the first embodiment of the present invention
ensures easy hole and electron injection into the first and
second emission mixed layers 126a and 1265 via the electron-
type host host_e and the hole-type host host_h, achieving
voltage reduction as compared to the related art. In addition,
in the organic light emitting display device according to the
first embodiment of the present invention, the hole and the
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electron, injected through the hole transport layer and the
electron transport layer, move to an interface between the first
and second emission mixed layers 126a and 1265, which may
prevent loss of an exciton (i.e. electron-hole pair), and con-
sequently prevent deterioration of luminous efficiency. More-
over, limiting an area for recombination of the hole and the
electron to the emission layer 126 may increase lifespan and
stability. Price reduction may further be accomplished via
reduction in the content of the phosphorescent dopant.

[0054] Table 1 represents electro-optic properties of an
organic light emitting display device of'the related art and the
white organic light emitting display device according to the
first embodiment of the present invention.

TABLE 1
T95(50 10 mA/cm?
Condition mA/em?)  Volt(V) Cd/A  Efficiency Ratio
Related At 137 hours 3.6 76.5 0.73
First Embodiment 182 hours 3.2 794 0.77

[0055] Intable 1, a configuration of the related art includes
a single emission layer in which two hosts and a dopant are
mixed with each other, and T95 means time taken until the
lifespan of a white organic light emitting display device
reaches about 95%. As exemplarily shown in table 1 and FIG.
3A, the white organic light emitting display device of the
related art (curve A) takes 137 hours until the lifespan thereof
reaches 95%, whereas the white organic light emitting dis-
play device according to the present invention (curve B) takes
182 hours until the lifespan thereof reaches 95%, and thus it
will be appreciated that the present invention has longer
lifespan than the related art. In addition, as exemplarily
shown in FIG. 3B, it will be appreciated that the organic light
emitting display device according to the present invention
(curve B) has higher current density depending on voltage
than that of the related art (curve A), thus requiring a lower
voltage for acquisition of the same current density than that of
the related art by about 0.4V per 10 mA/cm?. In particular, as
exemplarily shown in table 1, it will be appreciated that drive
voltage in the first embodiment of the present invention is
lower than that of the related art. In addition, as exemplarily
shown in FIG. 3C, it will be appreciated that the organic light
emitting display device according to the present invention
(curve B) has higher brightness and thus less efficiency dete-
rioration than that of the related art (curve A). Accordingly, it
will be appreciated that the ratio of efficiency at 50 mA/cm” to
efficiency at 10 mA/cm? is higher in the present invention
than in the related art, thus achieving reduced efficiency roll-
off depending on brightness increase.

[0056] As described above, it will be appreciated that the
organic light emitting display device according to the first
embodiment of the present invention is superior to the organic
light emitting display device of the related art in terms of
lifespan, drive voltage (V), and luminance (cd/A) as exem-
plarily shown in table 1 and FIGS. 3A to 3C.

[0057] Although the organic light emitting display device
according to the first embodiment of the present invention has
been described as having a tandem configuration using a
plurality of light emitting units by way of example, the
organic light emitting display device may be applied to a
configuration using a single light emitting unit.
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[0058] FIG. 4 is a sectional view showing an organic light
emitting display device according to a second embodiment of
the present invention.

[0059] The organic light emitting display device exemplar-
ily shown in FIG. 4 includes the same components as those of
the organic light emitting display device exemplarily shown
in FIG. 1 except for the second emission layer 126. Thus, a
detailed description of the same components will be omitted
hereinafter.

[0060] The second emission laver 126 includes the first and
second emission mixed layers (ML1 and M1.2) 1264 and
126b.

[0061] Thefirst emission mixed layer 126a is formed on the
third hole transport layer 1245 to come into contact with the
third hole transport layer 1245. The first emission mixed layer
1264 is formed by mixing first and second hole-type hosts
host_h1 and host_h2 and a first phosphorescent dopant with
each other. The first phosphorescent dopant is a phosphores-
cent yellow-green dopant, and is formed of tris(2-phenylpy-
ridine)iridium, for example. The first phosphorescent dopant
occupies about 5 to 15% of the first emission mixed layer
126a. A difference between the HOMO level of each of the
first and second hole-type hosts host_h1 and host_h2 and the
HOMO level of the third hole transport layer 1245 is 0.5 eV
or less. To this end, the first and second hole-type hosts
host_h1 and host_h2 are formed of a material different from
or equal to that of the third hole transport layer 1245, and the
first and second hole-type hosts host_hl and host_h2 are
formed of the same material or different materials. The first
and second hole-type hosts host_h1 and host_h2 are formed
of a material having a hole mobility of 1.0x107% Vs/cm? to
5.0x107* Vs/cm?. Inparticular, any one hole-type host among
the first and second hole-type hosts host_h1 and host_h2 is
formed of a material having excellent transport of a hole into
the second emission layer 126, and the other hole-type host is
formed of a material having excellent energy transfer to the
dopant. For example, the first and second hole-type hosts
host_h1 and host_h2 are formed of TCTA (4,4',4"-tris(N-
carbazolyl)-triphenylamine), or CBP (4,4'-bis(carbazol-9-yl)
biphenyl).

[0062] The second emission mixed layer 1264 is formed on
the first emission mixed layer 126a to come into contact with
the second electron transport layer 128. The second emission
mixed layer 1265 is formed by mixing an electron-type host
host_e having excellent transport of an electron into the sec-
ond emission layer 126 and a second phosphorescent dopant
with each other. The second phosphorescent dopant is a phos-
phorescent yellow-green dopant in the same manner as in the
first emission mixed layer 126a, and occupies about 5 to 15%
of the second emission mixed layer 1265. A difference
between the LUMO level of the electron-type host host_e and
the LUMO level of the second electron transport layer 128 is
+0.5 eV or less. The electron-type host host_e is formed of a
material having an electron mobility of 1.0x10% Vs/cm® to
5.0x107* Vs/em?. To this end, the electron-type host host_e is
formed of a material different from or equal to that of the
second electron transport layer 128. For example, the elec-
tron-type host host_e is formed of UGH3 (m-bis-(triphenyl-
silyl)benzene), or TAZ (3-phenyl-4-(1'-naphthyl)-5-phenyl-
1,2 4-triazole).

[0063] As such, the organic light emitting display device
according to the present invention ensures easy hole and
electron injection into the first and second emission mixed
layers 126a and 1264, achieving voltage reduction as com-
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pared to the related art. In addition, in the organic light emit-
ting display device according to the present invention, the
hole and the electron, injected through the hole transport layer
and the electron transport layer, move to an interface between
the first and second emission mixed layers 126a and 1265,
which may prevent loss of an exciton (i.e. electron-hole pair),
and consequently prevent deterioration of luminous effi-
ciency. Moreover, limiting an area for recombination of the
hole and the electron to the emission layer 126 may prevent
deterioration of the electron transport layer 128 and the hole
transport layer 1245 proximate to the emission layer 126,
achieving extended lifespan and enhanced stability.

[0064] Table 2 represents electro-optic properties of an
organic light emitting display device of the related art and the
white organic light emitting display device according to the
second embodiment of the present invention.

TABLE 2
T95(50 10 mA/em?
Condition mA/em?)  Volt(V) Cd/A  Efficiency Ratio
Related Art 137 hours 3.6 76.5 0.73
Second Embodiment 212 hours 3.3 80.1 0.78

[0065] Intable 2, a configuration of the related art includes
a single emission layer in which two hosts and a dopant are
mixed with each other, and T95 means time taken until the
lifespan of the white organic light emitting display device
reaches about 95%. As exemplarily shown in table 2 and FIG.
5A, the white organic light emitting display device of the
related art (curve A) takes 137 hours until the lifespan thereof
reaches 95%, whereas the white organic light emitting dis-
play device according to the present invention (curve C) takes
212 hours until the lifespan thereof reaches 95%, and thus 1t
will be appreciated that the present invention has longer
lifespan than the related art. In addition, as exemplarily
shown in FIG. 5B, it will be appreciated that the organic light
emitting display device according to the present invention
(curve C) has higher current density depending on voltage
than that of the related art (curve A), thus requiring a lower
voltage for acquisition of the same current density than the
related art by about 0.3V per 10 mA/cm?. In particular, as
exemplarily shown in table 2, it will be appreciated that drive
voltage in the second embodiment of the present invention is
lower than that of the related art. In addition, as exemplarily
shown in FIG. 5C, it will be appreciated that the organic light
emitting display device according to the present invention
(curve C) has higher brightness and thus less efficiency dete-
rioration than that of the related art (curve A). Accordingly, it
will be appreciated that the ratio of efficiency at 50 mA/cm?to
efficiency at 10 mA/cm? is higher in the present invention
than in the related art, thus achieving reduced roll-off depend-
ing on brightness increase.

[0066] As described above, it will be appreciated that the
organic light emitting display device according to the second
embodiment of the present invention is superior to the organic
light emitting display device of the related art in terms of
lifespan, drive voltage (V), and luminance (cd/A) as exem-
plarily shown in table 2 and FIGS. 5A to 5C.

[0067] Although the organic light emitting display device
according to the second embodiment of the present invention
has been described as having a tandem configuration using a
plurality of light emitting units by way of example, the
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organic light emitting display device may be applied to a
configuration using a single light emitting unit.

[0068] FIG. 6 is a sectional view showing an organic light
emitting display device according to a third embodiment of
the present invention.

[0069] The organic light emitting display device exemplar-
ily shown in FIG. 6 includes the first and second electrodes
102 and 104 arranged to face each other as well as a hole
injection layer 142, hole transport layer 144, emission layer
126, and electron transport layer 148 which are formed
between the first and second electrodes 102 and 104. Here, the
other components except for the emission layer 126 have
been described above in the first embodiment of the present
invention, and thus a detailed description of these compo-
nents will be omitted hereinafter.

[0070] Theemission layer 126 includes the first and second
emission mixed layers (ML1 and ML2) 126 and 1265.
[0071] Thefirstemission mixed layer 126a is formed on the
hole transport layer 144 to come into contact with the hole
transport layer 144. The first emission mixed layer 126a is
formed by mixing a first hole-type host host_h1, a second
electron-typehost_e2, and a first phosphorescent dopant with
each other.

[0072] The second emission mixed layer 1264 is formed on
the first emission mixed layer 1264 to come into contact with
the electron transport layer 148. The second emission mixed
layer 1264 is formed by mixing a first electron-type host
host_el, a second hole-type host_h2, and a second phospho-
rescent dopant with each other.

[0073] Each of the first and second phosphorescent dopants
occupies about 5 to 15% of each of the first and second
emission mixed layers 1264 and 1265. A material of the first
phosphorescent dopant contained in the first emission mixed
layer 126a is equal to or different from a material of the
second phosphorescent dopant contained in the second emis-
sion mixed layer 126b.

[0074] A difference between the LUMO level of each of the
first and second electron-type hosts host_el and host_e2 and
the LUMO level of the electron transport layer 148 is +0.5 eV
or less. Each of the first and second electron-type hosts host_
el and host_e2 is formed of a material having an electron
mobility of 1.0x107° Vs/cm? to 5.0x107° Vs/cm?. To this end,
each of the first and second electron-type hosts host_el and
host_e2 is formed of a material equal to or different from that
of the electron transport layer 148. For example, the first and
second electron-typehosts host_el and host_e2 are formed of
UGH3 (m-bis-(triphenylsilyl)benzene), or TAZ (3-phenyl-4-
(1I"-naphthyl)-5-phenyl-1,2,4-triazole). Here, the second
electron-type host host_e2 in the first emission mixed layer
1264 and the first electron-type host host_el in the second
emission mixed layer 1265 are formed of the same material or
different materials.

[0075] A difference between the HOMO level of each of the
first and second hole-type hosts host_h1 and host_h2 and the
HOMO level of the hole transport layer 144 is 0.5 eV or less.
Each of the first and second hole-type hosts host_hl and
host_h2 is formed of a material having a hole mobility of
1.0x107 Vs/cm? to 5.0x10~> Vs/cm?. To this end, each of the
first and second hole-type hosts host_hl and host_h2 is
formed of a material equal to or different from that of the hole
transport layer 144. For example, the first and second hole-
type hosts host_e1 and host_e2 are formed of TCTA (4,4',4"-
tris(N-carbazolyl)-triphenylamine), or CBP (4,4'-bis(carba-
z01-9-y1)biphenyl), for example. Here, the first hole-type host
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host_h2 in the first emission mixed layer 126a and the second
hole-type host host_h2 in the second emission mixed layer
1265 are formed of the same material or different materials.

[0076] The rate of the electron-type host host_el in the
second emission mixed layer 1265 proximate to the electron
transport layer 148 is higher than the rate of the electron-type
host host_e?2 in the first emission mixed layer 126a, and the
rate of the hole-type host host_h! in the first emission mixed
layer 1264 proximate to the hole transport layer 144 is higher
than the rate of the hole-type host host_h2 in the second
emission mixed layer 1265. For example, the ratio of the first
hole-type host host_h1 to the second electron-type host host_
€2 in the first emission mixed layer 1264 proximate to the hole
transport layer 144 is 4~7:3~6. In addition, the ratio of the
first electron-type host host_el to the second hole-type host
host_h2 in the second emission mixed layer 1265 proximate
to the electron transport layer 148 is 6~9:1~4.

[0077] As such, the organic light emitting display device
according to the present invention ensures easy hole and
electron injection into the first and second emission mixed
layers 1264 and 1265, achieving voltage reduction as com-
pared to the related art. In addition, in the organic light emit-
ting display device according to the present invention, the
hole and the electron, injected through the hole transport layer
and the electron transport layer, move to an interface between
the first and second emission mixed layers 126a and 1265,
which may prevent loss of an exciton (i.e. electron-hole pair),
and consequently prevent deterioration of luminous effi-
ciency. Moreover, limiting an area for recombination of the
hole and the electron to the emission layer 126 may prevent
deterioration of the electron transport layer 148 and the hole
transport layer 144 proximate to the emission layer 126,
achieving extended lifespan and enhanced stability.

[0078] Table 3 represents electro-optic properties of an
organic light emitting display device of the related art and the
white organic light emitting display device according to the
third embodiment of the present invention.

TABLE 3
10 mA/em?
Condition Volt(V) Cd'A CIEx CIEy
Related At 7.2 62.6 0301 0337
Third Embodiment 7.1 67.8 0.300 0.351
[0079] Intable 3, a configuration of the related art includes

a single emission layer in which two hosts and a dopant are
mixed with each other, and in the third embodiment of the
present invention, the ratio of the first hole-type host host_h1
to the second electron-type host host_e2 in the first emission
mixed layer 126a is 5.5:4.5, and the ratio of the second
hole-type host host_h2 to the first electron-type host host_el
in the second emission mixed layer 1265 is 3:7. As exemplar-
ily shown in table 3, it will be appreciated that the third
embodiment of the present invention is superior to the organic
light emitting display device of the related art in terms of drive
voltage (V), luminance (cd/A), and chromaticity coordinates
(CIEx and CIEy).

[0080] Although the organic light emitting display device
according to the third embodiment of the present invention
has been described as including a single light emitting unit by
way of example, the organic light emitting display device
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may be applied to a tandem configuration including a plural-
ity of light emitting units 110 and 130 as exemplarily shown
in FIG. 7.

[0081] FIG. 8 is a sectional view showing an organic light
emitting display device according to a fourth embodiment of
the present invention.

[0082] The organic light emitting display device exemplar-
ily shown in FIG. 8 includes the same components as those of
the organic light emitting display device exemplarily shown
in FIG. 1 except for the second emission mixed layer includ-
ing two electron-type hosts. Thus, a detailed description of
these same components will be omitted hereinafter.

[0083] The second emission layer 126 exemplarily shown
in FIG. 8 includes the first and second emission mixed layers
(ML1 and ML2) 1264 and 1265.

[0084] Thefirst emission mixed layer 126a is formed on the
third hole transport layer 1245 to come into contact with the
third hole transport layer 1245. The first emission mixed layer
126a is formed by mixing a hole-type host host_h having
excellent transport of a hole into the second emission layer
126 and a first phosphorescent dopant with each other. The
first phosphorescent dopant is a phosphorescent yellow-green
dopant, and is formed of tris(2-phenylpyridine)iridium, for
example. The first phosphorescent dopant occupies about S to
15% of the first emission mixed layer 126a. A difference
between the HOMO level of the hole-type hosthost_h and the
HOMO level of the third hole transport layer 1245 is £0.5 eV
or less. To this end, the hole-type host host_h is formed of a
material different from or equal to that of the third hole
transport layer 1245. The hole-type host host_h is formed of
a material having a hole mobility of 1.0x107% Vs/ecm® to
5.0x107* Vs/cm?. For example, the hole-type host host_h is
formed of TCTA (4,4',4"-tris(N-carbazolyl)-tripheny-
lamine), or CBP (4,4'-bis(carbazol-9-yl)biphenyl). Although
the first emission mixed layer 126a including a single hole-
type host has been described by way of example, the first
emission mixed layer 126a may include a plurality of differ-
ent hole-type hosts as exemplarily shown in FIG. 4.

[0085] The second emission mixed layer 1264 is formed on
the first emission mixed layer 1264 to come into contact with
the second electron transport layer 128. The second emission
mixed layer 1265 is formed by mixing first and second elec-
tron-type hosts host_e1 and host_e2, and a second phospho-
rescent dopant with each other. The second phosphorescent
dopant is a phosphorescent yellow-green dopant equal to that
of the first emission mixed layer 126«, and occupies about 5
to 15% of the second emission mixed layer 1265. A difference
between the LUMO level of each of the first and second
electron-typehosts host_el and host_e2 and the LUMO level
of the second electron transport layer 128 is £0.5 eV or less.
The electron-type host host_e is formed of a material having
an electron mobility of 1.0x107° Vs/em® to 5.0x107> Vs/cm?.
To this end, the first and second electron-type hosts host_el
and host_e2 are formed of a material different from or equal
to that of the second electron transport layer 128, and the first
and second electron-type hosts host_el and host_e2 are
formed of the same material or different materials. In particu-
lar, any one electron-type host among the first and second
electron-type hosts host_e1 and host_e2 is formed of a mate-
rial having excellent transport of an electron into the second
emission layer 126, and the other electron-type host is formed
of a material having excellent energy transfer to the second
phosphorescent dopant. For example, the first and second
electron-typehosts host_el and host_e2 are formed of UGH3
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(m-bis-(triphenylsilyl)benzene), or TAZ (3-phenyl-4-(1'-
naphthyl)-5-phenyl-1,2,4-triazole).

[0086] As such, the organic light emitting display device
according to the present invention ensures easy hole and
electron injection into the first and second emission mixed
layers 1264 and 1264, achieving voltage reduction as com-
pared to the related art. In addition, in the organic light emit-
ting display device according to the present invention, the
hole and the electron, injected through the hole transport layer
and the electron transport layer, move to an interface between
the first and second emission mixed layers 126a and 1265,
which may prevent loss of an exciton (i.e. electron-hole pair),
and consequently prevent deterioration of luminous effi-
ciency. Moreover, limiting an area for recombination of the
hole and the electron to the emission layer 126 may prevent
deterioration of the electron transport layer 128 and the hole
transport layer 1245 proximate to the emission layer 126,
achieving extended lifespan and enhanced stability.

[0087] FIG. 9 is a sectional view showing an organic light
emitting display device according to a fifth embodiment of
the present invention.

[0088] The organic light emitting display device exemplar-
ily shown in FIG. 9 includes the same components as those of
the organic light emitting display device exemplarily shown
in FIG. 8 except for the first emission mixed layer further
including an electron-type host. Thus, a detailed description
of these same components will be omitted hereinafter.
[0089] The first emission mixed layer 126a exemplarily
shown in FIG. 9 is formed on the third hole transport layer
1245 to come into contact with the third hole transport layer
1245. The first emission mixed layer 1264 is formed by mix-
ing a hole-type host host_h having excellent transport of a
hole into the second emission layer 126, an electron-type host
host_e, and a first phosphorescent dopant with each other.
[0090] The first phosphorescent dopant is a phosphorescent
yellow-green dopant, and is formed of tris(2-phenylpyridine)
iridium, for example. The first phosphorescent dopant occu-
pies about 5 to 15% of the first emission mixed layer 126a.
[0091] A difference between the HOMO level of the hole-
type host host_h and the HOMO level of the third hole trans-
port layer 1245 is £0.5 eV or less. To this end, the hole-type
host host_h is formed of a material different from or equal to
that of the third hole transport layer 1245. The hole-type host
host_h is formed of a material having a hole mobility of
1.0x107° Vs/cm? to 5.0x1072 Vs/em?. For example, the hole-
type host host_h is formed of TCTA (4,4',4"-tris(N-carba-
zolyl)-triphenylamine), or CBP (4,4'-bis(carbazol-9-yl)bi-
phenyl).

[0092] A difference between the LUMO level of the elec-
tron-type host host_e and the LUMO level of the electron
transport layer 128 is 0.5 eV or less. The electron-type host
host_e is formed of a material having an electron mobility of
1.0x107% Vs/cm? to 5.0x10~* Vs/cm?. To this end, the elec-
tron-type host host_e is formed of a material equal to or
different from a material of any one of the first and second
electron-type hosts hostel and host_e2 or a material of the
electron transport layer 128. For example, the electron-type
host host_e is formed of UGH3 (m-bis-(triphenylsilyl)ben-
zene), or TAZ (3-phenyl-4-(1'-naphthyl)-5-phenyl-1,2,4-tria-
zole).

[0093] The rate of the electron-type host host_e in the sec-
ond emission mixed layer 1265 proximate to the electron
transport layer 128 is higher than the rate of the electron-type
host host_e in the first emission mixed layer 126a. For
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example, the ratio ofthe hole-type host host_hto the electron-
type host host_e in the first emission mixed layer 1264 proxi-
mate to the hole transport layer 1245 is 4~7:3~6.

[0094] As such, the organic light emitting display device
according to the present invention ensures easy hole and
electron injection into the first and second emission mixed
layers 1264 and 1264, achieving voltage reduction as com-
pared to the related art. In addition, in the organic light emit-
ting display device according to the present invention, the
hole and the electron, injected through the hole transport layer
and the electron transport layer, move to an interface between
the first and second emission mixed layers 126a and 1265,
which may prevent loss of an exciton (i.e. electron-hole pair),
and consequently prevent deterioration of luminous effi-
ciency. Moreover, limiting an area for recombination of the
hole and the electron to the emission layer 126 may prevent
deterioration of the electron transport layer 128 and the hole
transport layer 1245 proximate to the emission layer 126,
achieving extended lifespan and enhanced stability.

[0095] Although the organic light emitting display device
according to the present invention has been described has
including two emission mixed layers by way of example, the
organic light emitting display device may include three or
more emission mixed layers. In this case, the content of the
hole-type host host_h gradually increases with decreasing
distance to the hole transport layer 1245, and the content of
the electron-type host host_e gradually increases with
decreasing distance to the electron transport layer 128.

[0096] Although the organic light emitting display device
according to the present invention has been described has
including two light emitting units by way of example, the
organic light emitting display device may include three or
more light emitting units. For example, three light emitting
units 110, 120, and 140 may be provided as exemplarily
shown in FIG. 10.

[0097] More specifically, it will be appreciated from the
following table 4 that a configuration of the present invention
as exemplarily shown in FIG. 10 in which the first emission
mixed layer 126a includes the first and second hole-type hosts
and the phosphorescent dopant and the second emission
mixed layer 1265 includes the electron-type host and the
phosphorescent dopant as exemplarily shown in FIG. 4 has
longer lifespan and higher luminance as well as lower oper-
ating voltage than a configuration of the related art including
a single emission layer in which two hosts and a dopant are
mixed.

TABLE 4
T95(50 50 mA/em’
Condition mA/em?®)  Volt(V)  Cd/A
Related Art 100% 100%  100%
Embodiment(Configuration of FIG. 10) 120% 96%  103%
[0098] Itwill beappreciated from the following table 5 that

aconfiguration of the present invention as exemplarily shown
in FIG. 10 in which the first emission mixed layer 126a
includes the first and second hole-type hosts and the phos-
phorescent dopant and the second emission mixed layer 1265
includes the first and second electron-type hosts and the phos-
phorescent dopant has longer lifespan and lower operating
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voltage than a configuration of the related art including a
single emission layer in which two hosts and a dopant are
mixed.

TABLE 5
T95(50 50 mA/em?
Condition mA/em?)  Volt(V)  Cd/A
Related Att 100% 100%  100%
Embodiment(Configuration of FIG. 10) 120% 99%  100%
[0099] The organic light emitting display device according

to the present invention, as exemplarily shown in FIG. 11,
may be applied to a configuration including red, green, and
blue color filters 150R, 150G, and 150B. That is, white light
generated in the emission layers 116 and 126 exemplarily
shown in FIGS. 1, 4, 6, and 7 to 10 is changed into red light
while passing through a sub-pixel area provided with the red
color filter 150R, into green light while passing through a
sub-pixel area provided with the green color filter 150G, and
into blue light while passing through a sub-pixel area pro-
vided with the blue color filter 1508, and directly passes
through a sub-pixel area provided with no color filter.
[0100] As is apparent from the above description, an
organic light emitting display device according to the present
invention ensures easy hole and electron injection into first
and second emission mixed layers, achieving voltage reduc-
tion as compared to the related art. In addition, in the organic
light emitting display device according to the present inven-
tion, a hole and an electron, injected through a hole transport
layer and an electron transport layer, move to an interface
between the first and second emission mixed layers, which
may prevent loss of an exciton (i.e. electron-hole pair), and
consequently prevent deterioration of luminous efficiency.
Moreover, limiting an area for recombination of the hole and
the electron to the emission layer may achieve extended
lifespan and enhanced stability. Moreover, price reduction
may be accomplished via reduction in the content of a phos-
phorescent dopant.

[0101] It will be apparent that, although the preferred
embodiments have been shown and described above, the
invention is not limited to the above-described specific
embodiments, and various modifications and variations can
be made by those skilled in the art without departing from the
gist of the appended claims. Thus, it is intended that the
modifications and variations should not be understood inde-
pendently of the technical sprit or prospect of the invention.

What is claimed is:

1. An organic light emitting display device comprising:

first and second electrodes facing each other on a substrate;

at least one emission layer formed between the first and
second electrodes;

a hole transport layer formed between the first electrode
and the emission layer; and

an electron transport layer formed between the second
electrode and the emission layer,

wherein the emission layer includes:

a first emission mixed layer formed on the hole transport
layer, the first emission mixed layer including a first
hole-type host and a first phosphorescent dopant; and

a second emission mixed layer formed between the first
emission mixed layer and the electron transport layer,
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the second emission mixed layer including a first elec-
tron-type host and a second phosphorescent dopant.

2. The device according to claim 1, wherein the first emis-
sion mixed layer further includes a second hole-type host.

3. The device according to claim 2, wherein a difference
between the Highest Occupied Molecular Orbital (HOMO)
level of each of the first and second hole-type hosts and the
HOMO level of the hole transport layer is +0.5 eV or less.

4. The device according to claim 3, wherein the first and
second hole-type hosts have a hole mobility of 1.0x107°
Vs/em? t0 5.0x1073 Vs/em?.

5. The device according to claim 1, wherein the second
emission mixed layer further includes a second electron-type
host.

6. The device according to claim 5, wherein a difference
between the Lowest Unoccupied Molecular Orbital (LUMO)
level of each of the first and second electron-type hosts and
the LUMO level of the electron transport layer is 0.5 eV or
less.

7. The device according to claim 6, wherein the first and
second electron-type hosts have an electron mobility of 1.0x
107° Vs/em® to 5.0x107> Vs/em®,

8. The device according to claim 1, wherein the second
emission mixed layer further includes a second electron-type
host, and

wherein the first emission mixed layer further includes at

least one electron-type host among the first and second
electron-type hosts, or a second hole-type host.

9. The device according to claim 8, wherein a difference
between the Lowest Unoccupied Molecular Orbital (LUMO)
level of each of the first and second electron-type hosts and
the LUMO level of the electron transport layer is 0.5 eV or
less, and

wherein a difference between the Highest Occupied

Molecular Orbital (HOMO) level of each of the first and
second hole-type hosts and the HOMO level of the hole
transport layer is +0.5 eV or less.

10. The device according to claim 9, wherein the first and
second hole-type hosts have a hole mobility of 1.0x10~°
Vs/em® to 5.0x1073 Vs/em®, and
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wherein the first and second electron-type hosts have an
electron mobility of 1.0x107% Vs/cm? to 5.0x107°
Vs/em?,

11. The device according to claim 1, wherein the first
emission mixed layer further includes a second electron-type
host, and

wherein the second emission mixed layer further includes

a second hole-type host.

12. The device according to claim 11, wherein the content
of the first hole-type host is higher than the content of the
second electron-type host in the first emission mixed layer,
and the content of the first electron-type host is higher than the
content of the second hole-type host in the second emission
mixed layer.

13. The device according to claim 11, wherein a difference
between the Lowest Unoccupied Molecular Orbital (LUMQO)
level of each of the first and second electron-type hosts and
the LUMO level of the electron transport layer is 0.5 eV or
less, and

wherein a difference between the Highest Occupied

Molecular Orbital (HOMO) level of each of the first and
second hole-type hosts and the HOMO level of the hole
transport layer is £0.5 eV or less.

14. The device according to claim 13, wherein the first and
second hole-type hosts have a hole mobility of 1.0x107°
Vs/em? 10 5.0x1072 Vs/em?, and

wherein the first and second electron-type hosts have an

electron mobility of 1.0x10°% Vs/icm® to 5.0x107°
Vs/em?,

15. The device according to claim 1, wherein the at least
one emission layer includes at least two emission layers, and

wherein the organic light emitting display device further

includes an N-type charge generation layer and a P-type
charge generation layer sequentially stacked one above
another between the emission layers.

16. The device according to claim 1, wherein the first and
second phosphorescent dopants are formed of the same mate-
rial or different materials.

* ok % % ¥



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

KRN

IPCH %5
CPCH%E=

£

H b2 FF SRRk
HAEREEEE

E)

BHNAXEREECREEREBUEANNE-—ME_ER , £F—H
FBBRZAFERNED—NEKE , EE—LRNE KR Z R K
ZRfERE , URBTFEREERES —BRMEALEZE , HPREX
BRREFREZMERRELNE-RXESR  F— XX EERES
—EREEEMB-BXABEA  NE-RAXBEEVWEFE-RKEERE
MEFEAECATEENE  F-AXEERBEF —LFEIFNE

—BERBEN.

BHRKAETREE
US20140124766A1 K (AE)B
US14/073709 FER
FEERERAF

LG DISPLAY CO. , LTD.

LG DISPLAY CO. , LTD.

SONG KI WOOG
PIEH SUNG HOON
OH SEOK JOON
KAM YOUN SEOK
KIM DONG HYUK
YOO SEON KEUN
KIM TAE SHICK

SONG, KI-WOOG
PIEH, SUNG-HOON
OH, SEOK-JOON
KAM, YOUN-SEOK
KIM, DONG-HYUK
YOO, SEON-KEUN
KIM, TAE-SHICK

HO1L51/50

patsnap

2014-05-08

2013-11-06

HO01L51/5024 HO1L27/3209 HO1L51/5004 HO1L51/5016 HO1L51/504 HO1L2251/5376 H01L2251/5384

1020120125922 2012-11-08 KR
1020130123784 2013-10-17 KR

US9184405

Espacenet USPTO

R~



https://share-analytics.zhihuiya.com/view/f6d2ac96-a748-4094-b8c1-d3ddbfd6b45f
https://worldwide.espacenet.com/patent/search/family/050489930/publication/US2014124766A1?q=US2014124766A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220140124766%22.PGNR.&OS=DN/20140124766&RS=DN/20140124766

