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(7) ABSTRACT

The present disclosure provides an organic light emitting
diode comprising a first electrode; a second electrode facing
the first electrode; and an emitting material layer. The
emitting material layer includes a p-type host, a n-type host
and a phosphorescent dopant and positioned between the
first electrode and the second electrode, wherein a first
energy level of a HOMO of the p-type host is equal to or
lower than a second energy level of a HOMO of the n-type
host, and a difference between an energy level of a singlet
state of the n-type host and an energy level of a triplet state
of the n-type host is greater than 0.3 eV and smaller than 0.5
eVv.
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ORGANIC LIGHT EMITTING DIODE AND
ORGANIC LIGHT EMITTING DISPLAY
DEVICE INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the benefit of
Korean Patent Application No. 10-2018-0170830 filed in the
Republic of Korea on Dec. 27, 2018, which is hereby
incorporated by reference in its entirety.

BACKGROUND

Field of Technology

[0002] The present disclosure relates to an organic light
emitting diode, and more particularly, to an organic light
emitting diode (OLED) having high emitting efficiency and
long lifespan, and an organic light emitting display device
including the OLED.

Discussion of the Related Art

[0003] Recently, a need for flat panel display devices
having small occupied area has increased. Among the flat
panel display devices, a technology of an organic light
emitting display device, which includes an OLED, is being
rapidly developed.

[0004] The OLED emits light by injecting electrons from
a cathode as an electron injection electrode and holes from
an anode as a hole injection electrode into an organic
emitting layer, combining the electrons with the holes,
generating an exciton, and transforming the exciton from an
excited state to a ground state. A flexible transparent sub-
strate, for example, a plastic substrate, can be used as a base
substrate where elements are formed. In addition, the OLED
can be operated at a voltage (e.g., 10V or below) lower than
a voltage required to operate other display devices and has
low power consumption. Moreover, the light from the
OLED has excellent color purity.

[0005] The OLED includes a first electrode as an anode, a
second electrode as a cathode facing the first electrode, and
an organic emitting layer between the first and second
electrodes.

[0006] An emitting material layer in the organic emitting
layer includes a host and a dopant. In addition, to increase
a charge balance of a hole and an electron in the emitting
material layer and an emitting efficiency of the OLED, an
emitting system using a p-type host, an n-type host and a
phosphorescent dopant is introduced. However, the lifespan
of the OLED including the above emitting system is sig-
nificantly decreased.

SUMMARY

[0007] The present invention is directed an OLED and an
organic light emitting display device that substantially obvi-
ate one or more of the problems associated with the limi-
tations and disadvantages of the related art.

[0008] Additional features and advantages of the inven-
tion are set forth in the description which follows, and will
be apparent from the description, or evident by practice of
the invention. The objectives and other advantages of the
invention are realized and attained by the features described
herein as well as in the appended drawings.

[0009] To achieve these and other advantages in accor-
dance with the purpose of the embodiments of the invention,
as described herein, an aspect of the present disclosure is an

Jul. 2, 2020

organic light emitting diode comprising a first electrode; a
second electrode facing the first electrode; and an emitting
material layer including a p-type host, a n-type host and a
phosphorescent dopant and positioned between the first
electrode and the second electrode, wherein a first energy
level of a highest occupied molecular orbital (HOMO) of the
p-type host is equal to or lower than a second energy level
of the HOMO of the n-type host, and a difference between
an energy level of a singlet state of the n-type host and an
energy level of a triplet state of the n-type host is greater than
0.3 eV and smaller than 0.5 eV.

[0010] Another aspect of the present disclosure is an
organic light emitting display device comprising a substrate;
and an organic light emitting diode on the substrate and
including a first electrode, a second electrode facing the first
electrode, and an emitting material layer including a p-type
host, a n-type host and a phosphorescent dopant and posi-
tioned between the first electrode and the second electrode,
wherein a first energy level of a HOMO of the p-type host
is equal to or lower than a second energy level of the HOMO
of the n-type host, and a difference between an energy level
of a singlet state of the n-type host and an energy level of a
triplet state of the n-type host is greater than 0.3 eV and
smaller than 0.5 eV.

[0011] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to further
explain the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] 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 inven-
tion.

[0013] FIG. 1 is a schematic circuit diagram of an organic
light emitting display device according to one or more
embodiments of the present disclosure.

[0014] FIG. 2 is a schematic cross-sectional view of an
organic light emitting display device according to an
embodiment of the present disclosure.

[0015] FIG. 3 is a schematic cross-sectional view of an
OLED according to an example of the present disclosure.
[0016] FIG. 4 is a schematic view illustrating an energy
band diagram in an emitting material layer of a related art
OLED.

[0017] FIG. 5 is a schematic view illustrating an energy
band diagram in an emitting material layer of an OLED
according to an example of the present disclosure.

[0018] FIGS. 6A to 6H are schematic views illustrating an
energy relation among a p-type host, an n-type delayed
fluorescent host and a phosphorescent dopant in an emitting
material layer of an OLED of Comparative Examples 1 1o 4
and Examples 1 to 4.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0019] Reference will now be made in detail to some of
the examples and preferred embodiments, which are illus-
trated in the accompanying drawings.

[0020] FIG. 1 is a schematic circuit diagram of an organic
light emitting display device according to one or more
embodiments of the present disclosure.

[0021] As shown in FIG. 1, the organic light emitting
display device includes a gate line GL, a data line DL, a
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power line PL, a switching thin film transistor TFT Ts, a
driving TFT Td, a storage capacitor Cst, and an OLED D.
The gate line GL and the data line DL cross each other to
define a pixel region P. The pixel region P may include a red
pixel region, a green pixel region and a blue pixel region.
[0022] The switching TFT Ts is connected to the gate line
GL and the data line DL, and the driving TFT Td and the
storage capacitor Cst are connected to the switching TFT Ts
and the power line PL. The OLED D is connected to the
driving TFT Td.

[0023] In the organic light emitting display device, when
the switching TFT Ts is turned on by a gate signal applied
through the gate line GL, a data signal from the data line DL
is applied to the gate electrode of the driving TFT Td and an
electrode of the storage capacitor Cst.

[0024] When the driving TFT Td is turned on by the data
signal, an electric current is supplied to the OLED D from
the power line PL. As a result, the OLED D emits light. In
this case, when the driving TFT Td is turned on, a level of
an electric current applied from the power line PL to the
OLED D is determined such that the OLED D can produce
a gray scale.

[0025] The storage capacitor Cst serves to maintain the
voltage of the gate electrode of the driving TFT Td when the
switching TFT Ts is turned off. Accordingly, even if the
switching TFT Ts is turned off, a level of an electric current
applied from the power line PL to the OLED D is maintained
to next frame.

[0026] As a result, the organic light emitting display
device displays a desired image.

[0027] FIG. 2 is a schematic cross-sectional view of an
organic light emitting display device 100 of the present
disclosure. The device 100 can be the same as the organic
light emitting display device of FIG. 1.

[0028] As shown in FIG. 2, the organic light emitting
display device 100 includes a substrate 110, a TFT Tr and an
OLED D connected to the TFT Tr.

[0029] The substrate 110 may be a glass substrate or a
plastic substrate. For example, the substrate 110 may be a
polyimide substrate.

[0030] A buffer layer 120 is formed on the substrate, and
the TFT Tr is formed on the buffer layer 120. The buffer
layer 120 may be omitted.

[0031] A semiconductor layer 122 is formed on the buffer
layer 120. The semiconductor layer 122 may include an
oxide semiconductor material or polycrystalline silicon.
[0032] When the semiconductor layer 122 includes the
oxide semiconductor material, a light-shielding pattern may
be formed under the semiconductor layer 122. The light to
the semiconductor layer 122 is shielded or blocked by the
light-shielding pattern such that thermal degradation of the
semiconductor layer 122 can be prevented. On the other
hand, when the semiconductor layer 122 includes polycrys-
talline silicon, impurities may be doped into both sides of the
semiconductor layer 122.

[0033] A gate insulating layer 124 is formed on the
semiconductor layer 122. The gate insulating layer 124 may
be formed of an inorganic insulating material such as silicon
oxide or silicon nitride.

[0034] A gate electrode 130, which is formed of a con-
ductive material, e.g., metal, is formed on the gate insulating
layer 124 to correspond to a center of the semiconductor
layer 122.

[0035] InFIG. 2, the gate insulating layer 124 is formed on
an entire surface of the substrate 110. Alternatively, the gate
insulating layer 124 may be patterned to have the same
shape as the gate electrode 130.
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[0036] An interlayer insulating layer 132, which is formed
of an insulating material, is formed on the gate electrode
130. The interlayer insulating layer 132 may be formed of an
inorganic insulating material, e.g., silicon oxide or silicon
nitride, or an organic insulating material, e.g., benzocy-
clobutene or photo-acryl.

[0037] The interlayer insulating layer 132 includes first
and second contact holes 134 and 136 exposing both sides
of the semiconductor layer 122. The first and second contact
holes 134 and 136 are positioned at both sides of the gate
electrode 130 to be spaced apart from the gate electrode 130.
[0038] The first and second contact holes 134 and 136 are
formed through the gate insulating layer 124. Alternatively,
when the gate insulating layer 124 is patterned to have the
same shape as the gate electrode 130, the first and second
contact holes 134 and 136 is formed only through the
interlayer insulating layer 132.

[0039] A source electrode 140 and a drain electrode 142,
which are formed of a conductive material, e.g., metal, are
formed on the interlayer insulating layer 132.

[0040] The source electrode 140 and the drain electrode
142 are spaced apart from each other with respect to the gate
electrode 130 and respectively contact both sides of the
semiconductor layer 122 through the first and second contact
holes 134 and 136.

[0041] The semiconductor layer 122, the gate electrode
130, the source electrode 140 and the drain electrode 142
constitute the TFT Tr. The TFT Tr serves as a driving
element.

[0042] In the TFT Tr, the gate electrode 130, the source
electrode 140, and the drain electrode 142 are positioned
over the semiconductor layer 122. Namely, the TFT Tr has
a coplanar structure.

[0043] Alternatively, in the TFT Tr, the gate electrode may
be positioned under the semiconductor layer, and the source
and drain electrodes may be positioned over the semicon-
ductor layer such that the TFT Tr may have an inverted
staggered structure. In this instance, the semiconductor layer
may include amorphous silicon.

[0044] Although not shown, the gate line and the data line
cross each other to define the pixel region, and the switching
TFT is formed to be connected to the gate and data lines. The
switching TFT is connected to the TFT Tr as the driving
element.

[0045] In addition, the power line, which may be formed
to be parallel to and spaced apart from one of the gate and
data lines, and the storage capacitor for maintaining the
voltage of the gate electrode of the TFT Tr in one frame may
be further formed.

[0046] A passivation layer 150, which includes a drain
contact hole 152 exposing the drain electrode 142 of the TFT
Tr, 1s formed to cover the TFT Tr.

[0047] A first electrode 160, which is connected to the
drain electrode 142 of the TFT Tr through the drain contact
hole 152, is separately formed in each pixel region. The first
electrode 160 may be an anode and may be formed of a
conductive material having a relatively high work function.
For example, the first electrode 160 may be formed of a
transparent conductive material such as indium-tin-oxide
(ITO) or indium-zinc-oxide (1Z0).

[0048] When the organic light emitting display device 100
is operated in a top-emission type, a reflection electrode or
a reflection layer may be formed under the first electrode
160. For example, the reflection electrode or the reflection
layer may be formed of aluminum-palladium-copper (APC)
alloy.
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[0049] Abank layer 166 is formed on the passivation layer
150 to cover an edge of the first electrode 160. Namely, the
bank layer 166 is positioned at a boundary of the pixel
region and exposes a center of the first electrode 160 in the
pixel region.

[0050] An organic emitting layer 162 is formed on the first
electrode 160. The organic emitting layer 162 may have a
single-layered structure of an emitting material layer includ-
ing an emitting material. To increase an emitting efliciency
of the organic light emitting display device, the organic
emitting layer 162 may have a multi-layered structure.

[0051] The organic emitting layer 162 is positioned in a
red pixel region, a green pixel region and a blue pixel region.
As described below, the organic emitting layer 162 in the
green pixel region includes a p-type host, an n-type host as
a delayed fluorescent compound and a phosphorescent dop-
ant. As a result, the emitting efficiency and the lifespan of the
OLED D in the green pixel region are improved.

[0052] A second electrode 164 is formed over the substrate
110 where the organic emitting layer 162 is formed. The
second electrode 164 covers an entire surface of the display
area and may be formed of a conductive material having a
relatively low work function to serve as a cathode. For
example, the second electrode 164 may be formed of alu-
minum (Al), magnesium (Mg) or AI—Mg alloy.

[0053] The first electrode 160, the organic emitting layer
162 and the second electrode 164 constitute the OLED D.

[0054] An encapsulation film 170 is formed on the second
electrode 164 to prevent penetration of moisture into the
OLED D. The encapsulation film 170 includes a first inor-
ganic insulating layer 172, an organic insulating layer 174
and a second inorganic insulating layer 176 sequentially
stacked, but it is not limited thereto. The encapsulation film
170 may be omitted.

[0055] A polarization plate for reducing an ambient light
reflection may be disposed over the top-emission type
OLED D. For example, the polarization plate may be a
circular polarization plate.

[0056] In addition, a cover window may be attached to the
encapsulation film 170 or the polarization plate. In this
instance, the substrate 110 and the cover window have a
flexible property such that a flexible organic light emitting
display device may be provided.

[0057] FIG. 3 is a schematic cross-sectional view of an
OLED of the present disclosure. The OLED of FIG. 3 can
be the OLED shown in FIG. 1 and/or 2.

[0058] As shown in FIG. 3, the OLED D includes the first
and second substrates 160 and 164, which face each other,
and the organic emitting layer 162 therebetween. The
organic emitting layer 162 includes an emitting material
layer (EML) 240 between the first and second electrodes 160
and 164, a hole transporting layer (HTL) 220 between the
first electrode 160 and the EML 240 and an electron trans-
porting layer (ETL) 260 between the second electrode 164
and the EML 240.

[0059] The first electrode 160 includes a conductive mate-
rial having a relatively high work function to serve as an
anode. The second electrode 164 includes a conductive
material having a relatively low work function to serve as a
cathode.

[0060] In addition, the organic emitting layer 162 may
further include a hole injection layer (HIL) 210 between the
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first electrode 160 and the HTL 220 and an electron injection
layer (EIL) 270 between the second electrode 164 and the
ETL 260.

[0061] Moreover, the organic emitting layer 162 may
further include an electron blocking layer (EBL) 230
between the HTL 220 and the EML 240 and a hole blocking
layer (HBL) 250 between the EML 240 and the ETL 260.
[0062] The organic emitting layer 162, preferably the
EML 240 includes a p-type host 242, an n-type host 244 and
a phosphorescent dopant and emits green light.

[0063] The p-type host 242 has a first highest occupied
molecular orbital (HOMO) level (HOMO ), and the n-type
host 244 has a second HOMO level (HOMO,,,,,) being
equal to or smaller than the first HOMO level. The p-type
host 242 has a first lowest unoccupied molecular orbital
(LUMO) level (LUMOy,,), and the n-type host 244 has a
second LUMO level (LUMO,,,,,) being greater than the first

LUMO level. (IHOMO |2zl HOMOy 7/,
ILUMO 757/ >ILUMO 1)
[0064] Namely, the first HOMO level of the p-type host

242 is equal to or lower than the second HOMO level of the
n-type host 244. The first LUMO level of the p-type host 242
is higher than the second LUMO level of the n-type host
244. For example, the first HOMO level of the p-type host
242 may be lower than the second HOMO level of the n-type
host 244, and the first LUMO level of the p-type host 242
may be higher than the second LUMO level of the n-type
host 244.

[0065] The phosphorescent dopant has a third HOMO
level (HOMO,,,,) being equal to or smaller than the second
HOMO level and a third LUMO level (LUMO,,,) being
greater than the first LUMO level and being smaller than the
third LUMO level. (IHOMO,,,|2IHOMO,,,|1=IHOMO |,
ILUMO 7 >ILUMO,, /> LUMO )

[0066] Namely, the third LUMO level of the phosphores-
cent dopant is lower than the first LUMO level and higher
than the second LUMO level, and the third HOMO level of
the phosphorescent dopant is equal to or higher than the
second HOMO level.

[0067] Referring to FIG. 4, which is a schematic view
illustrating an energy band diagram in an emitting material
layer of the related art OLED, the n-type host 244 has wide
energy band gap. Namely, the HOMO level is lower than the
HOMO level of the p-type host 242 such that the hole is
transferred to the phosphorescent dopant PD through the
n-type host 244. As a result, the triplet excitons are over-
presented in the phosphorescent dopant PD such that a
quenching problem between the triplet exciton and the
polaron is generated.

[0068] However, referring to FIG. 5, which is a schematic
view illustrating an energy band diagram in an emitting
material layer of an OLED of the present disclosure, the
n-type host 244 has narrow energy band gap, and the HOMO
level of the n-type host 244 is higher than the that of the
p-type host 242. As a result, the above problem is prevented
or effectively addressed.

[0069] In addition, in the present disclosure, a difference
(AEg,) between the energy level of the singlet state of the
n-type host 244 and the energy level of the triplet state of the
n-type host 244 is larger than 0.3 eV and smaller than 0.5 eV.
(0.3<AE;<0.5) The n-type host 244 has a delayed fluores-
cent property and satisfies the above condition between the
energy level of the singlet state and the energy level of the
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triplet state, i.e., 0.3<AE;<0.5, the emitting efficiency and [0073] For example, the p-type host 242 may be one of
the lifespan of the OLED D are further improved. Formula 2.

[0070] For example, the p-type host 242 may be repre- [Formula 2]

sented by Formula 1-1 or Formula 1-2. O
[Formula 1-1]
O O

O O
S
[Formula 1-2] O

.®

g

(O

QQO

$%5e

S

[0071] In Formulas 1-1 and 1-2, each of X and Y is

independently selected from the group consisting of oxygen

and sulfur, and 7Z is N or CR5. Each of R| to R 5 is

independently selected from the group consisting of hydro-

gen (protium), deuterium, alkylsilyl, arylsilyl, C1 to C10 N

alkyl, C1 to C10 alkoxy, C6 to C30 aryl, C5 to C30 O
heteroaryl, alkylamine, heteroarylamine and arylamine.

Adjacent two of R; to R, 5 may form a fused ring.

C

[0072] As shown in Formulas 1-1 and 1-2, a 1st-position
of a heteroaryl moiety including X is combined (or bonded)
to a Ist-position or a 4th-position of a heteroaryl moiety
including Y such that a triplet energy level of the p-type host
242 is increased. Accordingly, the emitting efficiency and
the lifespan of the OLED D are improved.
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29
[0074] The n-type host 244 may be represented by For-
mula 3-1 or Formula 3-2. [Formula 4]
N
[Formula 3-1] X
N > N

[Formula 3-2]

[0075] In Formulas 3-1 and 3-2, each of R, to R; is
independently selected from the group consisting of hydro-
gen (protium), deuterium, C1 to C10 alkyl, C6 to C30 aryl
and C5 to C30 heteroaryl, and m is an integer of 0 to 4. For
example, each of R1 to R3 may be independently selected
from the group consisting of hydrogen, methyl, phenyl,
carbazolyl and dibenzofuranyl, and m may be 1.

[0076] For example, the n-type host 244 may be one of
Formula 4.
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-continued

[Formula 6]

16 —

[0077] The phosphorescent dopant may be represented by
Formula 5.

[Formula 5]

Rp

Rp

Ry

Rig

[0078] In Formula 5, each of R, to R, is independently

selected from the group consisting of hydrogen (protium), N,
deuterium, halogen, cyano, C1 to C10 alkyl, C1 to C10 h
alkoxy, C6 to C30 aryl and C5 to C30 heteroaryl. Adjacent

two of R, to R, may form a fused ring, and n is an integer,

e.g., between 1 and 3.

[0079] For example, the phosphorescent dopant may be
one of Formula 6.
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[0080] [Synthesis of P-Type Host]
[0081] 1. Compound PHI
[0082] (1) Compound A

Reaction Formula 1-1

Br
O,

-0

D+ Ph—I(0Ac),
H2504, AcOH, Ac20

Br
(0]

(-0

A

[0083] Under the N, condition, 4-bromo dibenzofuran (10
g, 40.65 mmol), iodine (5.1 g, 20.32 mmol) and phenyl
iodide diacetate (6.6 g, 20.32 mmol) were put into a mixed
solution of acetic acid (150 ml) and acetic anhydride (150
ml). Three drops of sulfuric acid were added into the mixed
solution, and the mixed solution was stirred for 10 hrs. After
completion of reaction, ethyl acetate was added into the
mixed solution, and the mixed solution was washed by
water. After separation of layers, anhydrous magnesium
sulfate was added to the obtained organic layer, and the
mixture was stirred. The mixture was filtered by using silica
pad, and the resultant was concentrated under reduced-
pressure. Then, the resultant was refined such that the
compound A (yield: 65%) was obtained.

[0084] (2) Compound B

Reaction Formula 1-2

Cu, K2C03
—_—
DMAc

Br
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[0085] The compound A (9.8 g, 26.35 mmol), carbazole
(2.2 g, 13.18 mmol), copper powder (2 g, 32.53 mmol) and
potassium carbonate (3.6 g, 26.35 mmol) were put into
dimethyl acetoamide (70 ml), and the mixture was stirred
under the temperature of 130° C. for 24 hrs.

[0086] After completion of reaction, the mixture was
cooled into the room temperature and was filtered using
silica pad to remove copper powder. After the resultant was
washed with water, anhydrous magnesium sulfate was added
into the obtained organic layer, and the mixture was stirred.
The mixture was filtered using silica pad and was concen-
trated under the reduced pressure. The mixture was refined
such that the compound B (yield: 68%) was obtained.

[0087] (3) Compound PH1

Reaction Formula 1-3
Br
O,

C

2
(0]

O
i

N

Pd(PPh3)4, K2CO3

i e ———————

THF/H20
0 O

.

[0088] The compound B (8.4 g, 20.43 mmol), dibenzol[b,
d]furan-4-ylboronic acid (4.76 g, 22.47 mmol) and tetrakis
(triphenylphosphine)palladium (2 mol %) were put into
tetrahydrofuran (50 ml), and potassium carbonate (40.86
mmol) dissolved in water (25 ml) was added. The mixture
was stirred under the temperature of 80° C. for 12 hrs, and
the reaction was completed. The water and the organic layer
was separated from the mixture under the room temperature.
Anhydrous magnesium sulfate was added into the obtained
organic layer, and the mixture was stirred. The mixture was
filtered using silica pad and was concentrated under the
reduced pressure. The mixture was refined such that the
compound PH1 (vield: 78%) was obtained.
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[0089] 2. Compound PH2

Reaction Formula 2

Br
0,

-0

B
O
Pd(PPh3)4, K2CO3
_— -
THF/H20
(HO)»B

o

-0

[0090] The compound B (8.4 g, 20.43 mmol) and dibenzo
[b,d]furan-1-ylboronic acid (4.76 g, 22.47 mmol) were used
in “Reaction Formula 1-3” such that the compound PH2
(vield: 57%) was obtained.

[0091] 3. Compound PH3

Reaction Formula 3
Br

~ 50
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-continued
B(OH),
S

-0

o
e

[0092] The compound B (8.4 g, 20.43 mmol) and dibenzo
[b,d]thiophen-4-ylboronic acid (5.12 g, 22.47 mmol) were
used in “Reaction Formula 1-3” such that the compound
PH3 (yield: 62%) was obtained.

[0093] 4. Compound PH4

[0094] (1) Compound C

Pd(PPh3)4, K2CO3

THF/H20
0 S

PH3

Reaction Formula 4-1

B—B
Br

et

/
[0) (0]

KOAc, Pd(dba)2,
PCy3
Dioxane

[0095] The compound B (5 g, 12.16 mmol), bis(pinaco-
lato)diboron (3.7 g, 14.59 mmol), potassium acetate (2.39 g,
24.32 mmol), bis(dibenzylideneacetone)palladium (4 mol
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%) and tricyclohexylphosphine (0.27 g, 0.97 mmol) were [0098] 5. Compound PHS5

put into dioxane (50 ml), and the mixture was stirred under ~ [0099] (1) Compound D

the temperature of 100° C. for 12 hrs. After completion of [Reaction Formula 5-1]
reaction, the mixture was cooled into the room temperature.

Anhydrous magnesium sulfate was added into the mixture, o

Br
and the mixture was stirred. The mixture was filtered using
silica pad and was concentrated under the reduced pressure. +
The mixture was refined such that the compound C (yield:
85%) was obtained.
[0096] (2) Compound PH4

Reaction Formula 4-2 Q
O
\B _0 O
DMAG

O
O

Pd(PPh3)4, O
K2C03
—_—
THF/H20

‘ [0100] The compound A (5 g, 13.45 mmol) and 5-phenyl-

Cu, K2CO3

T

QO

Q

5,12-dihydroindolo[3,2-a]carbazole (4.47 g, 13.45 mmol,
Cas No. 1247053-55-9) were used in “Reaction Formula
1-2” such that the compound D (yield: 51%) was obtained.
[0101] (2) Compound PH5

N ,
@

PH4 N
[0097] The compound C (4.75 g, 10.34 mmol) and the @
D

Z

compound B (4.25 g, 10.34 mmol) were used in “Reaction
Formula 1-3” such that the compound PH4 (vield: 70%) was
obtained.
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38
-continued -continued
B(OH),
O,
Pd(PPR3 )M,
K2C03
THE/H20
A

PH6

[0104] The compound D (4 g, 6.94 mmol) and dibenzol[b,

d]furan-1-ylboronic acid (1.62 g, 7.63 mmol) were used in

“Reaction Formula 1-3” such that the compound PH6 (yield:
PH> 60%) was obtained.

[0105] 7. compound PH7

[0102] The compound D (4 g, 6.94 mmol) and dibenzol[b, 01061 (1) C dE
d]furan-4-ylboronic acid (1.62 g, 7.63 mmol) were used in [ I (1) Compoun
“Reaction Formula 1-3” such that the compound PHS (yield:
64%) was obtained.
[0103] 6. Compound PH6
Reaction Formula 7-1

Br
Reaction Formula 6

N

N Cu, K2C0O3
@ e oo
D
O,
Pd(PPh3)4,
K2C03
THE/H20 HN ]

(HO),B
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-continued

[0107] The compound A (5 g, 13.45 mmol) and 5-(naph-
thalen-2-y1)-5,12-dihydroindolo[3,2-a]carbazole (5.14 g,
13.45 mmol) were used in “Reaction Formula 1-2” such that
the compound E (yield: 57%) was obtained.

(2) Compound PH7

[0108]

Reaction Formula 7-2

0
.

5

B(OH),

30

Pd(PPh3)4,
_ K03
TTHFH20
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-continued

PH7

[0109] The compound E (4.8 g, 7.67 mmol) and dibenzo
[b,d]thiophen-4-ylboronic acid (1.92 g, 8.44 mmol) were
used in “Reaction Formula 1-3” such that the compound
PH7 (yield: 60%) was obtained.

[0110] 8. Compound PH8
[0111] (1) Compound F

[Reaction Formula 8-1]

R oorE

B(OH),

Pd(PPh3)4,
K2C03

THF/HZO

gey
&

[0112] Dibenzo[b,d]furan-2-ylboronic acid (10 g, 47.16
mmol) and 1-bromo-2-nitrobenzene (9.48 g, 47.16 mmol)
were used in “Reaction Formula 1-3” such that the com-
pound F (yield: 78%) was obtained.
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[0113] (2) Compound G
Reaction Formula 8-2
O,
Q P(OE1)3
NOo, ——
F
H
o] O N
G
[0114] The compoundF (10.6 g, 36.78 mmol) was put into

triethyl phosphite (90 ml), and the mixture was refluxed and
stirred for 10 hrs. The mixture was cooled into the room
temperature and concentrated under the reduced pressure.
The mixture was washed by water and extracted by ethyl
acetate. Anhydrous magnesium sulfate was added into the
obtained organic layer, and the mixture was stirred. The
mixture was filtered using silica pad and was concentrated
under the reduced pressure. The mixture was refined such
that the compound G (yield: 66%) was obtained.

[0115] (3) Compound H
Reaction Formula 8-3

H
0 O N
Q Q )
G
Br
0
A

Cu, K2C03
DMAc

I

Br
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[0116] The compound G (6.24 g, 24.27 mmol) and the
compound A (9.02 g, 24.27 mmol) were used in “Reaction
Formula 1-2” such that the compound H (yield: 55%) was
obtained.

[0117] (4) Compound PHS

Reaction Formula 8-4

Br
(0)

(-0

O X

B(OH),
0
Pd(PPh3)4,
K203
Q O THEF/H20

PH3

[0118] The compound H (6.69 g, 13.35 mmol) and
dibenzo[b,d]furan-4-ylboronic acid (3.12 g, 14.69 mmol)
were used in “Reaction Formula 1-3” such that the com-
pound PHS (yield: 72%) was obtained.

[0119] In the EML 240, a percentage by weight of the
n-type host 244 may be equal to or greater than that of the
p-type host 242. As a result, a recombination zone in the
EML 240 may be shifted toward the first electrode 160, e.g,,
toward the EBL 230, such that the lifespan of the OLED D
1s further increased.

[0120] The percentage by weight of the phosphorescent
dopant in the EML 240 may be about 1 to 5. For example,
when the percentage by weight of the phosphorescent dop-
ant is above 5, the concentration quenching problem may be
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generated such that the emitting efficiency and the lifespan
of the OLED D may be decreased. However, in the OLED
D of the present disclosure, the EML 240 includes the
phosphorescent dopant having the percentage by weight of
about 1 to 5 with the p-type host 242 and the n-type host 244,
the decrease of the emitting efliciency and the lifespan of the
OLED D is prevented.

[0121] As described above, the EML 240 of the OLED D
in the present disclosure includes the p-type host 242, the
n-type host 244 and the phosphorescent dopant. The energy
level of the HOMO of the n-type host 244 is equal to or
smaller (higher) than that of the p-type host 242 and is equal
to or greater (lower) than that of the phosphorescent dopant.
The difference between the energy level of the singlet state
of the n-type host 244 and the energy level of the triplet state
of the n-type host 244 is larger than 0.3 ¢V and smaller than
0.5 eV. As a result, the emitting efficiency and the lifespan
of the OLED D and the organic light emitting display device
100 are improved.

[0122] In addition, the energy level of the LUMO of the
phosphorescent dopant may be equal to or smaller (higher)
than that of the n-type host 244 and may be equal to or
greater (lower) than that of the p-type host 242. As a result,
the emitting efficiency and the lifespan of the OLED D and
the organic light emitting display device 100 are further
improved.

[0123] Moreover, in the EML 240, the percentage by
weight of the n-type host 244 may be equal to or greater than
that of the p-type host 242, and the phosphorescent dopant
may have the percentage by weight of about 1 to 5. As a
result, the emitting efficiency and the lifespan of the OLED
D and the organic light emitting display device 100 are
further improved.

[OLED]

[0124] An HIL (the compound of Formula 7, 10 nm), an
HTL (NPB (the compound of Formula 8), 75 nm), an EBL
(m-CBP (the compound of Formula 9), 15 nm), an EML (35
nm), an EBL (B3PYMPM (the compound of Formula 10),
10 nm), an ETL (TPBi (the compound of Formula 11), 25
nm), an EIL (LiF), and a cathode (Al) are sequentially
stacked on an anode (ITO, 50 nm).

[Formula 7]
NC CN
>/ \<
N N

—y N=
NC CN

Jul. 2, 2020

-continued
[Formula 8]

[Formula 9]

[Formula 10]

[Formula 11]

7
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[0125] (1) Comparative Example 1 (Refl)

[0126] The EML is formed by using the compound of
Formula 12 as the p-type host, the compound of Formula 13
as the n-type host and the compound 1 of Formula 6 as the
phosphorescent dopant.

[0127] (2) Comparative Example 2 (Ref2)

[0128] The EML is formed by using the compound PH1 as
the p-type host, the compound of Formula 14 as the n-type
host and the compound 1 of Formula 6 as the phosphores-
cent dopant.

[0129] (3) Comparative Example 3 (Ref3)

[0130] The EML is formed by using the compound PH4 as
the p-type host, the compound of Formula 14 as the n-type
host and the compound 1 of Formula 6 as the phosphores-
cent dopant.

[0131] (4) Comparative Example 4 (Ref4)

[0132] The EML is formed by using the compound PH4 as
the p-type host, the compound of Formula 13 as the n-type
host and the compound 1 of Formula 6 as the phosphores-
cent dopant.

[0133] (5) Example | (ExI)

[0134] The EML is formed by using the compound PH1 as
the p-type host, the compound 1 of Formula 4 as the n-type
host and the compound 1 of Formula 6 as the phosphores-
cent dopant.

[0135] (6) Example 2 (Ex2)

[0136] The EML is formed by using the compound PH4 as
the p-type host, the compound 9 of Formula 4 as the n-type
host and the compound 1 of Formula 6 as the phosphores-
cent dopant.

[0137] (7) Example 3 (Ex3)

[0138] The EML is formed by using the compound PH1 as
the p-type host, the compound 2 of Formula 4 as the n-type
host and the compound 1 of Formula 6 as the phosphores-
cent dopant.

[0139] (8) Example 4 (Ex4)

[0140] The EML is formed by using the compound PH4 as
the p-type host, the compound 10 of Formula 4 as the n-type
host and the compound 1 of Formula 6 as the phosphores-
cent dopant.

[0141] In the OLED of Comparative Examples 1 to 4 and
Examples 1 to 4, a weight percentage ratio of the p-type host
to the n-type host is 1:1, and the phosphorescent dopant has
a weight percentage of 5.

[Formula 12]

O

9 !

QOO
O
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-continued

[Formula 13]

[Formula 14]

[0142] The energy level of the singlet state, the energy
level of the triplet state and the difference between the
energy level of the singlet state and the energy level of the
triplet state of the n-type host used in Comparative
Examples 1 to 4 and Examples 1 to 4 are measured and listed
in Table 1.

TABLE 1
s1 T1 A Egp

Compound of Formula 13 2.85 2.30 0.55
Compound of Formula 14 2.60 2.50 0.1

Compound 1 of Formula 4 2.86 2.55 0.31
Compound 9 of Formula 4 2.84 248 0.36
Compound 2 of Formula 4 2.86 244 0.42
Compound 10 of Formula 4 2.83 2.35 0.48

[0143] As shown in Table 1, in the compounds of Formula
4, the difference between the energy level of the singlet state
and the energy level of the triplet state is greater than 0.3 eV
and smaller than 0.5 eV.

[0144] The properties of the driving voltage (V), the
current efficiency (cd/A), the power efficiency (1 m/W), the
external quantum efficiency (EQE), the CIE color coordi-
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nate, the maximum emission wavelength (A, ), and the
lifespan (T95) in the OLEDs of Comparative Examples 1 to
4 and Examples 1 to 4 are measured and listed in Table 2.

TABLE 2

T95

EQE CIE A, FWHM  @3000

rax

Vo ocdA ImW  [%] X Y [mm] [nm] nit

Refl 42 55 44 16 038 059 536 70 300
Ref2 43 37 26 11 046 055 341 80 200
Ref3 45 38 24 10 045 054 542 85 200
Ref4 4.6 34 22 8 038 058 525 70 50
Ex1 43 60 54 19 037 0.60 525 71 600
Ex2 43 61 55 19 037 0.60 525 71 400
Ex3 44 58 51 17 038 059 525 70 550
Ex4 44 59 51 18 038 0.60 525 70 500

[0145] As shown in Table 2, in comparison to the OLEDs
of Comparative Examples 1 to 4, the OLEDs of Examples
1 to 4 has higher emitting efficiency and longer lifespan.

[0146] Referring to FIGS. 6A to 6H, which are schematic
views illustrating an energy relation among a p-type host, an
n-type delayed fluorescent host and a phosphorescent dopant
in an emitting material layer of an OLED of Comparative
Examples 1 to 4 and Examples 1 to 4, the emitting efficiency
difference and the lifespan difference will be explained.

[0147] Referring to FIGS. 6A and 6B, in the OLED of
Comparative Examples 1 and 2, the energy level of the
HOMO of the n-type host H2 is lower than that of the p-type
host H1. Namely, the OLED of Comparative Examples 1
and 2 does not satisfy the condition of
‘IHOMO |2 HOMO,, ;! such that the emitting efficiency
and the lifespan of the OLED are decreased.

[0148] Referring to FIGS. 6C and 6D, the OLED of
Comparative Examples 3 and 4 satisfy the above condition.
However, in the OLED of Comparative Example 3, the
difference (AE,,) between the energy level of the singlet
state and the energy level of the triplet state is smaller than
03 eV. In the OLED of Comparative Example 4, the
difference (AEg;) between the energy level of the singlet
state and the energy level of the triplet state is greater than
0.5 eV. Namely, the OLED of Comparative Examples 3 and
4 does not satisfy the condition of ‘0.3<AE,<0.5” such that
the emitting efliciency and the lifespan of the OLED are
decreased.

[0149] Referring to FIGS. 6E to 6H, the OLED of
Examples 1 to 4 satisfy the condition of
‘HOMO,,|zlHOMO, I and  the condition of
‘0.3<AE;<0.5” such that the emitting efficiency and the
lifespan of the OLED are improved. In addition, the energy
level of the LUMO of the phosphorescent dopant PD is
lower than that of the p-type host H1 and higher than the
n-type host H2, and the energy level of the HOMO of the
phosphorescent dopant PD is higher than that of the p-type
host H1 and that of the n-type host H2. As a result, the
emitting efficiency and the lifespan of the OLED are further
improved.
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[OLED]

[0150] (1) Example 5

[0151] The EML is formed by using the compound PH1 as
the p-type host, the compound 1 of Formula 4 as the n-type
host and the compound 1 of Formula 6 as the phosphores-
cent dopant. A weight percentage ratio of the p-type host to
the n-type host is 1:1, and the phosphorescent dopant has a
weight percentage of 5.

[0152] (2) Example 6

[0153] The EML is formed by using the compound PHI as
the p-type host, the compound 1 of Formula 4 as the n-type
host and the compound 1 of Formula 6 as the phosphores-
cent dopant. A weight percentage ratio of the p-type host to
the n-type host is 1:2, and the phosphorescent dopant has a
weight percentage of 5.

[0154] (3) Example 7

[0155] The EML is formed by using the compound PH1 as
the p-type host, the compound 1 of Formula 4 as the n-type
host and the compound 1 of Formula 6 as the phosphores-
cent dopant. A weight percentage ratio of the p-type host to
the n-type host is 2:1, and the phosphorescent dopant has a
weight percentage of 5.

[0156] (4) Example 8

[0157] The EML is formed by using the compound PH4 as
the p-type host, the compound 9 of Formula 4 as the n-type
host and the compound 1 of Formula 6 as the phosphores-
cent dopant. A weight percentage ratio of the p-type host to
the n-type host is 1:1, and the phosphorescent dopant has a
weight percentage of 5.

[0158] (5) Example 9

[0159] The EML is formed by using the compound PH4 as
the p-type host, the compound 9 of Formula 4 as the n-type
host and the compound 1 of Formula 6 as the phosphores-
cent dopant. A weight percentage ratio of the p-type host to
the n-type host is 1:2, and the phosphorescent dopant has a
weight percentage of 5.

[0160] (6) Example 10

[0161] The EML is formed by using the compound PH4 as
the p-type host, the compound 9 of Formula 4 as the n-type
host and the compound 1 of Formula 6 as the phosphores-
cent dopant. A weight percentage ratio of the p-type host to
the n-type host is 2:1, and the phosphorescent dopant has a
weight percentage of 5.

[0162] (7) Example 11

[0163] The EML is formed by using the compound PH1 as
the p-type host, the compound 2 of Formula 4 as the n-type
host and the compound 1 of Formula 6 as the phosphores-
cent dopant. A weight percentage ratio of the p-type host to
the n-type host is 1:1, and the phosphorescent dopant has a
weight percentage of 5.

[0164] (8) Example 12

[0165] The EML is formed by using the compound PH1 as
the p-type host, the compound 2 of Formula 4 as the n-type
host and the compound 1 of Formula 6 as the phosphores-
cent dopant. A weight percentage ratio of the p-type host to
the n-type host is 1:2, and the phosphorescent dopant has a
weight percentage of 5.

[0166] (9) Example 13

[0167] The EML is formed by using the compound PH1 as
the p-type host, the compound 2 of Formula 4 as the n-type
host and the compound 1 of Formula 6 as the phosphores-
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cent dopant. A weight percentage ratio of the p-type host to
the n-type host is 2:1, and the phosphorescent dopant has a
weight percentage of 5.

[0168] The properties of the driving voltage (V), the
current efficiency (cd/A), the power efficiency (1 m/W), the
external quantum efficiency (EQE), the CIE color coordi-
nate, the maximum emission wavelength (A, ), and the
lifespan (T95) in the OLEDs of Examples 5 to 13 are
measured and listed in Table 3.

TABLE 3

T95

EQE CIE A FWHM @3000

“max

Vo ood/A Im/W  [%] X Y [om] [nm] mt

Ex5 43 60 54 19 037 060 525 71 600
Ex6 42 60 56 19 038 060 528 71 650
BEx7 43 60 54 19 038 060 524 70 530
Ex8 43 61 55 19 037 060 525 71 400
Ex9 43 61 55 18 037 061 530 71 500
Ex10 44 61 53 17 036 059 523 69 280
Bx1l 44 S8 51 17 038 059 525 70 530
Bx12 44 57 51 18 039 060 525 70 580
Bx13 45 59 50 17 038 059 525 69 480
[0169] As shown in Table 3, when the amount of the

p-type host is greater than that of the n-type host, the lifespan
of the OLED is decreased. Accordingly, in the EML of the
OLED of the present disclosure, the amount (the percentage
by weight) of the n-type host may be equal to or greater than
that of the p-type host. For example, the n-type host and the
p-type host may have a weight percentage ratio of about 1:1
to 2:1.

[OLED]

[0170] (1) Example 14

[0171] The EML is formed by using the compound PH1 as
the p-type host, the compound 1 of Formula 4 as the n-type
host and the compound 1 of Formula 6 as the phosphores-
cent dopant. A weight percentage ratio of the p-type host to
the n-type host is 1:1, and the phosphorescent dopant has a
weight percentage of 5.

[0172] (2) Example 15

[0173] The EML is formed by using the compound PH1 as
the p-type host, the compound 1 of Formula 4 as the n-type
host and the compound 1 of Formula 6 as the phosphores-
cent dopant. A weight percentage ratio of the p-type host to
the n-type host is 1:1, and the phosphorescent dopant has a
weight percentage of 10.

[0174] (3) Example 16

[0175] The EML is formed by using the compound PH1 as
the p-type host, the compound 1 of Formula 4 as the n-type
host and the compound 1 of Formula 6 as the phosphores-
cent dopant. A weight percentage ratio of the p-type host to
the n-type host is 1:1, and the phosphorescent dopant has a
weight percentage of 15.

[0176] (4) Example 17

[0177] The EML is formed by using the compound PH4 as
the p-type host, the compound 9 of Formula 4 as the n-type
host and the compound 1 of Formula 6 as the phosphores-
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cent dopant. A weight percentage ratio of the p-type host to
the n-type host is 1:1, and the phosphorescent dopant has a
weight percentage of 5.

[0178] (5) Example 18

[0179] The EML is formed by using the compound PH4 as
the p-type host, the compound 9 of Formula 4 as the n-type
host and the compound 1 of Formula 6 as the phosphores-
cent dopant. A weight percentage ratio of the p-type host to
the n-type host is 1:1, and the phosphorescent dopant has a
weight percentage of 10.

[0180] (6) Example 19

[0181] The EML is formed by using the compound PH4 as
the p-type host, the compound 9 of Formula 4 as the n-type
host and the compound 1 of Formula 6 as the phosphores-
cent dopant. A weight percentage ratio of the p-type host to
the n-type host is 1:1, and the phosphorescent dopant has a
weight percentage of 15.

[0182] (7) Example 20

[0183] The EML is formed by using the compound PH1 as
the p-type host, the compound 2 of Formula 4 as the n-type
host and the compound 1 of Formula 6 as the phosphores-
cent dopant. A weight percentage ratio of the p-type host to
the n-type host is 1:1, and the phosphorescent dopant has a
weight percentage of 5.

[0184] (8) Example 21

[0185] The EML is formed by using the compound PH1 as
the p-type host, the compound 2 of Formula 4 as the n-type
host and the compound 1 of Formula 6 as the phosphores-
cent dopant. A weight percentage ratio of the p-type host to
the n-type host is 1:1, and the phosphorescent dopant has a
weight percentage of 10.

[0186] (9) Example 22

[0187] The EML is formed by using the compound PH1 as
the p-type host, the compound 2 of Formula 4 as the n-type
host and the compound 1 of Formula 6 as the phosphores-
cent dopant. A weight percentage ratio of the p-type host to
the n-type host is 1:1, and the phosphorescent dopant has a
weight percentage of 15.

[0188] The properties of the driving voltage (V), the
current efficiency (cd/A), the power efficiency (1 mW), the
external quantum efficiency (EQE), the CIE color coordi-
nate, the maximum emission wavelength (A, ), and the
lifespan (T95) in the OLEDs of Examples 14 to 22 are
measured and listed in Table 4.

TABLE 4
T95
EQE CIE Max  FWHM - @3000

Vo ood/A Im/W  [%] X Y [om] [om] nit

Ex14 43 60 54 19 037 0.60 525 71 600
Ex15 42 60 56 18 037 0.60 525 70 550
Ex16 43 60 54 17 037 0.60 525 70 500
Ex17 43 61 55 19 037 0.60 525 71 400
Ex18 43 61 55 18 037 0.60 525 71 300
Ex19 44 o6l 53 16 037 0.60 525 70 320
Ex20 44 58 51 17 038 039 525 70 550
Ex21 44 57 51 17 038 039 525 69 300
Ex22 45 59 50 15 038 039 525 71 520
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[0189] As shown in Table 4, as the percentage by weight
of the phosphorescent dopant is increased, the emitting
efficiency and the lifespan of the OLED are decreased. In the
EML of the OLED of the present disclosure, the phospho-
rescent dopant may have a percentage by weight of about 1
to 5.

[0190] As described above, the EML 240 of the OLED D
in the present disclosure includes the p-type host 242, the
n-type host 244 and the phosphorescent dopant. The energy
level of the HOMO of the n-type host 244 is equal to or
smaller (higher) than that of the p-type host 242 and is equal
to or greater (lower) than that of the phosphorescent dopant.
The difference between the energy level of the singlet state
of the n-type host 244 and the energy level of the triplet state
of the n-type host 244 is larger than 0.3 eV and smaller than
0.5 eV.

[0191] In addition, the energy level of the LUMO of the
phosphorescent dopant may be equal to or smaller (higher)
than that of the n-type host 244 and may be equal to or
greater (lower) than that of the p-type host 242.

[0192] Moreover, in the EML 240, the percentage by
weight of the n-type host 244 may be equal to or greater than
that of the p-type host 242, and the phosphorescent dopant
may have the percentage by weight of about 1 to 5.
[0193] As a result, the emitting efficiency and the lifespan
of the OLED D and the organic light emitting display device
100 are improved.

[0194] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:

1. An organic light emitting diode, comprising:

a first electrode;

a second electrode facing the first electrode; and

an emitting material layer including a p-type host, a

n-type host and a phosphorescent dopant, the emitting
material layer positioned between the first electrode
and the second electrode,

wherein a first energy level of a highest occupied molecu-

lar orbital (HOMO) of the p-type host is equal to or
lower than a second energy level of the HOMO of the
n-type host, and a difference between an energy level of
a singlet state of the n-type host and an energy level of
a triplet state of the n-type host is greater than 0.3 eV
and smaller than 0.5 eV.

2. The organic light emitting diode of claim 1, wherein a
percentage by weight of the n-type host is equal to or greater
than a percentage by weight of the p-type host.

3. The organic light emitting diode of claim 1, wherein the
phosphorescent dopant is 1% to 5% by weight in the
emitting material layer.

4. The organic light emitting diode of claim 1, wherein a
first energy level of a lowest unoccupied molecular orbital
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(LUMO) of the p-type host is higher than a second energy
level of the LUMO of the n-type host.

5. The organic light emitting diode of claim 4, wherein a
third energy level of the LUMO of the phosphorescent
dopant is lower than the first energy level of the LUMO and
is higher than the second energy level of the LUMO.

6. The organic light emitting diode of claim 1, wherein a
third energy level of the HOMO of the phosphorescent
dopant is equal to or higher than the second energy level of
the HOMO.

7. The organic light emitting diode of claim 1, wherein the
p-type host is represented by Formula 1-1 or Formula 1-2:

[Formula 1-1]

[Formula 1-2]

wherein each of X and Y is independently selected from
the group consisting of oxygen and sulfur, and Z is N
or CR s,

wherein each of R, to R is independently selected from
the group consisting of protium, deuterium, alkylsilyl,
arylsilyl, C1 to C10 alkyl, C1 to C10 alkoxy, C6 to C30
aryl, C5 to C30 heteroaryl, alkylamine, heteroarylam-
ine and arylamine, or adjacent two of R, to R, may
form a fused ring.
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8. The organic light emitting diode of claim 1, wherein the 9. The organic light emitting diode of claim 8, wherein the
n-type host is represented by Formula 2-1 or Formula 2-2: n-type host is a compound selected from:

[Formula 2-1]

2
[Formula 2-2]
N
| x
N /N
3
7 |
€0
N

wherein each of R, to R, is independently selected from
the group consisting of protium, deuterium, C1 to C10
alkyl, C6 to C30 aryl and C5 to C30 heteroaryl, and m
is an integer of 0 to 4.
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10. The organic light emitting diode of claim 1, wherein
the phosphorescent dopant is represented by Formula 3:

[Formula 3]

R, Ryo

Ry Ry Ry

N N
Ry 7 / N Ry

e |
/Ir\
Rs Ry
R¢ Re Ris Ry
Ry Rys ,
— —n — —3:n

wherein each of R, to R ¢ is independently selected from
the group consisting of protium, deuterium, halogen,
cyano, C1 to C10 alkyl, C1 to C10 alkoxy, C6 to C30
aryl and C5 to C30 heteroaryl, or adjacent two of R, to
R,¢ may form a fused ring, and n is an integer between
1 and 3.

Jul. 2, 2020

11. An organic light emitting display device, comprising:
a substrate; and

an organic light emitting diode on the substrate and
including a first electrode, a second electrode facing the
first electrode, and an emitting material layer including
a p-type host, a n-type host and a phosphorescent
dopant, the emitting material layer positioned between
the first electrode and the second electrode,

wherein a first energy level of a highest occupied molecu-
lar orbital (HOMO) of the p-type host is equal to or
lower than a second energy level of a HOMO of the
n-type host, and a difference between an energy level of
a singlet state of the n-type host and an energy level of
a triplet state of the n-type host is greater than 0.3 eV
and smaller than 0.5 eV.

12. The organic light emitting display device of claim 11,
wherein a percentage by weight of the n-type host is equal
to or greater than a percentage by weight of the p-type host.

13. The organic light emitting display device of claim 11,
wherein the phosphorescent dopant is 1% to 5% by weight
in the emitting material layer.

14. The organic light emitting display device of claim 11,
wherein a first energy level of a lowest unoccupied molecu-
lar orbital (LUMO) of the p-type host is higher than a second
energy level of the LUMO of the n-type host.

15. The organic light emitting display device of claim 14,
wherein a third energy level of the LUMO of the phospho-
rescent dopant is lower than the first energy level of the
LUMO of the p-type host and is higher than the second
energy level of the LUMO of the n-type host.

16. The organic light emitting display device of claim 11,
wherein a third energy level of the HOMO of the phospho-
rescent dopant is equal to or higher than the second energy
level of the HOMO of the n-type host.

17. The organic light emitting display device of claim 11,
wherein the p-type host is represented by Formula 1-1 or
Formula 1-2:

[Formula 1-1]
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-continued -continued

[Formula 1-2] [Formula 2-2]

wherein each of X and Y is independently selected from
the group consisting of oxygen and sulfur, and 7 is N
or CRys,

wherein each of R, to R, 5 is independently selected from
the group consisting of protium, deuterium, alkylsilyl,
arylsilyl, C1 to C10 alkyl, C1 to C10 alkoxy, C6 to C30
aryl, C5 to C30 heteroaryl, alkylamine, heteroarylam-
ine and arylamine, or two adjacent groups of R, to Ry
may form a fused ring. wherein each of R, to R, is independently selected from
the group consisting of protium, deuterium, C1 to C10
alkyl, C6 to C30 aryl and C5 to C30 heteroaryl, and m
is an integer of 0 to 4.

18. The organic light emitting display device of claim 11,
wherein the n-type host is represented by Formula 2-1 or
Formula 2-2:

19. The organic light emitting display device of claim 18,

wherein the n-type host is a compound selected from:
[Formula 2-1]
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N
N_ 2N
N
x
N /N
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20. The organic light emitting display device of claim 11,
wherein the phosphorescent dopant is represented by For-
mula 3:

15

©\( \(@ [Formula 3]
N,
AN —

wherein each of R, to R ¢ is independently selected from
the group consisting of protium, deuterium, halogen,
cyano, C1 to C10 alkyl, C1 to C10 alkoxy, C6 to C30
aryl and C5 to C30 heteroaryl or two adjacent groups
of R, to R s may form a fused ring, and n is an integer
between 1 and 3.
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