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SPACE-THROUGH CHARGE TRANSFER
COMPOUND, AND ORGANIC LIGHT
EMITTING DIODE AND ORGANIC LIGHT
EMITTING DISPLAY DEVICE INCLUDING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit
of Republic of Korea Patent Application No. 10-2018-
0067495 filed on Jun. 12, 2018, which is hereby incorpo-
rated by reference in its entirety.

BACKGROUND

Technical Field

[0002] The present disclosure relates to an emitting mate-
rial and more particularly to a space-through charge transfer
compound having excellent emitting efficiency and an
organic light emitting diode (OLED) and an organic light
emitting display device including the space-through charge
transfer compound.

Description of the Related Art

[0003] The requirements of the large-size display device
have led to developments in flat panel display devices as an
image display device. Among the flat panel display devices,
the OLED has rapidly developed.

[0004] In the OLED, when the electron from a cathode,
which serves as an electron-injecting electrode, and the hole
from an anode, which serves as a hole-injecting electrode,
are injected into an emitting material layer, the electron and
the hole are combined and become extinct such that the light
is emitted from the OLED. A flexible substrate, for example,
a plastic substrate, can be used as a base substrate for the
OLED, and the OLED has excellent characteristics of driv-
ing voltage, power consumption, and color purity.

[0005] The OLED includes a first electrode as an anode on
a substrate, a second electrode as a cathode facing the first
electrode, and an organic emitting layer therebetween.
[0006] To improve the emitting efficiency, the organic
emitting layer may include a hole injection layer (HIL), a
hole transporting layer (HTL), an emitting material layer
(EML), an electron transporting layer (HTL), and an elec-
tron injection layer (EIL) sequentially stacked on the first
electrode.

[0007] The hole is transferred into the EML from the first
electrode through the HIL and the HTL, and the electron is
transferred into the EML from the second electrode through
the EIL and the ETL.

[0008] The electron and the hole are combined in the EML
to generated excitons, and the excitons are transited from an
excited state to a ground state such the light is emitted.
[0009] The External quantum efficiency of the emitting
material for the EML can be expressed by the following
equation:

NexNineXIxDxM out-coupling

[0010] In the above equation, “v,,,” is the internal quan-
tum efficiency, “I" is the charge balance factor, “®” is the
radiative quantum efficiency, and “N,, couping 15 the out-
coupling efficiency.
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[0011] The charge balance factor “r” means a balance
between the hole and the electron when generating the
exciton. Generally, assuming 1:1 matching of the hole and
the electron, the charge balance factor has a value of “1”.
The radiative quantum efficiency “®” is a value regarding an
effective emitting efficiency of the emitting material. In the
host-dopant system, the radiative quantum efliciency
depends on a fluorescent quantum efficiency of the dopant.

[0012] The internal quantum efficiency “r),,” is a ratio of
the excitons generating the light to the excitons generated by
the combination of holes and electrons. In the fluorescent
compound, a maximum value of the internal quantum effi-
ciency is 0.25. When the hole and the electron are combined
to generate the exciton, a ratio of the singlet excitons to the
triplet excitons is 1:3 according to the spin structure. How-
ever, in the fluorescent compound, only the singlet excitons
excluding the triplet excitons are engaged in emission.

[0013] The out-coupling efficiency “,,,. qoupring 1 @ ratio
of the light emitted from the display device to the light
emitted from the EML. When the isotropic compounds are
deposited in a thermal evaporation method to form a thin
film, the emitting materials are randomly oriented. In this
instance, the out-coupling efliciency of the display device
may be assumed as 0.2.

[0014] Accordingly, the maximum emitting efficiency of
the OLED including the fluorescent compound as the emit-
ting material is less than approximately 5%.

[0015] To overcome the disadvantage of the emitting
efficiency of the fluorescent compound, the phosphorescent
compound, where both the singlet excitons and the triplet
excitons are engaged in the emission, has been developed for
the OLED.

[0016] The red and green phosphorescent compounds hav-
ing a relatively high efficiency are introduced and devel-
oped. However, there is no blue phosphorescent compound
meeting the requirements in emitting efficiency and reliabil-

1ty.
BRIEF SUMMARY

[0017] Accordingly, the embodiment of the present dis-
closure is directed to a space-through charge transfer com-
pound and an OLED and an organic light emitting display
device using the same that substantially obviate one or more
of the problems due to limitations and disadvantages of the
related art.

[0018] An objective of the embodiment of the present
disclosure is to provide a space-through charge transfer
compound having high emitting efficiency.

[0019] Another objective of the embodiment of the present
disclosure is to provide an OLED and an organic light
emitting display device having improved emission effi-
ciency.

[0020] Additional features and advantages of the disclo-
sure will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the disclosure. The objectives and
other advantages of the disclosure will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0021] To achieve these and other advantages and in
accordance with the purpose of the embodiments of the
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disclosure, as embodied and broadly described herein,
embodiments relate to a space-through charge transfer com-
pound of

7 ‘ X
X X

wherein X is carbon or nitrogen, wherein A s selected from
Formula 2, and D is selected from Formula 3:

R Formula 2
2
Ry,
Rl\( Xl§( Z / ]
X/ X3 \ \|
Rs
Formula 3
N N
D O |
Va
RS R6 R7

wherein each of X1, X2 and X3 is independently carbon or
nitrogen, and at least one of X1, X2 and X3 is nitrogen,
wherein each of R1 and R2 is independently selected from
the group consisting of hydrogen, C1 to C10 alkyl group and
C6 to C30 aryl group, wherein R3 is cyano group, and R4
is heteroaryl group and wherein R5 is selected from the
group consisting of hydrogen and heteroaryl group, and each
of R6 and R7 is hydrogen or R6 and R7 are bonded together
to form a fused ring.

[0022] Embodiments also relate to an organic light emit-
ting diode including a first electrode, a second electrode
facing the first electrode, and a first emitting material layer
between the first and second electrodes and including a
space-through charge transfer compound.

[0023] Embodiments also relate to an organic light emit-
ting display device including a substrate, an organic light
emitting diode on the substrate, and an encapsulation film
covering the organic light emitting diode.

[0024] It is to be understood that both the foregoing
general description and the following detailed description
are by example and explanatory and are intended to provide
further explanation of the disclosure as claimed.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0025] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
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incorporated in and constitute a part of this specification,
illustrate embodiments of the disclosure and together with
the description serve to explain the principles of the disclo-
sure.

[0026] FIG. 1 is a view illustrating an emission mecha-
nism of a space-through charge transfer compound accord-
ing to the present disclosure.

[0027] FIGS. 2A and 2B are views illustrating charge
transfer in a space-through charge transfer compound
according to the present disclosure.

[0028] FIGS. 3A and 3B are views showing highest occu-
pied molecular orbital (HOMO) distribution and lowest
occupied molecular orbital (LUMO) distribution of a space-
through charge transfer compound 1 according to the present
disclosure.

[0029] FIGS. 4A and 4B are views showing HOMO
distribution and LUMO distribution of a comparative com-
pound 1.

[0030] FIGS. 5A and 5B are views showing HOMO
distribution and LUMO distribution of a space-through
charge transfer compound 5 according to the present dis-
closure.

[0031] FIGS. 6A and 6B are views showing HOMO
distribution and LUMO distribution of a comparative com-
pound 2.

[0032] FIG. 7 is a schematic cross-sectional view of an
organic light emitting display device according to the pres-
ent disclosure.

[0033] FIG. 8 is a schematic cross-sectional view of an
organic light emitting diode (OLED) according to the pres-
ent disclosure.

[0034] FIG. 9 is a schematic cross-sectional view of an
OLED according to the present disclosure.

[0035] FIG. 10 is a schematic cross-sectional view of an
OLED according to the present disclosure.

DETAILED DESCRIPTION

[0036] Reference will now be made in detail to example
embodiments, examples of which are illustrated in the
accompanying drawings.

[0037] A space-through charge transfer compound of the
present disclosure has a spiro-xanthane core (or bridge), an
electron acceptor moiety, which is bonded (connected) to
one of a 4'-positon of the spiro-xanthane core and a 5'-po-
sition of the spiro-xanthane, and an electron donor moiety,
which is bonded to the other one of a 4'-positon of the
spiro-xanthane core and a 5'-position of the spiro-xanthane
core. The space-through charge transfer compound may
have Formula 1 of the following.

Formula 1

[0038] In Formula 1, X is carbon or nitrogen.
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[0039] 1Inthe Formula 1, A as the electron acceptor moiety
is selected from Formula 2.

Formula 2

XZ:S’W \

[0040] In the Formula 2, each of X1, X2 and X3 is
independently carbon or nitrogen, and at least one of X1, X2
and X3 is nitrogen. In addition, each of R1 and R2 is
independently selected from the group consisting of hydro-
gen, C1 to C10 alkyl group and C6 to C30 aryl group. For
example, each of R1 and R2 may be phenyl. In addition, R3
is cyano group, and R4 is heteroaryl group. For example, the
heteroaryl group for R4 may be pyridyl or diazinyl.

[0041] For example, the electron acceptor moiety A may
be selected from Formula 3.

Formula 3
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[0042] 1Inthe Formula 1, D as the electron donor moiety is
selected from Formula 4.

Formula 4

T

N
X
e

-

Rs Re Rs

[0043] In the Formula 4, R5 is selected from the group
consisting of hydrogen and heteroaryl group. For example,
the heteroaryl group for R5 may be carbazolyl. In addition,
each of R6 and R7 is hydrogen or R6 and R7 are bonded
together to form a fused ring.

[0044] For example, the electron donor moiety D may be
selected from Formula 5.

Formula 5

KZQ

®
)
0

a9

KZQWZ

[0045] Inthe space-through charge transfer compound, the
electron donor moiety and the electron acceptor moiety are
bonded (combined or linked) in the molecule such that an
overlap between the highest occupied molecular orbital
(HOMO) and the lowest unoccupied molecular orbital
(LUMO) is reduced. As a result, a charge transfer complex
is generated, and the emitting efficiency of the space-through
charge transfer compound is improved. Namely, in the
space-through charge transfer compound, the triplet exciton
is used for emission such that the emitting efficiency is
improved.
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[0046] In other words, since the space-through charge
transfer compound of the present disclosure includes both of
the electron donor moiety and the electron acceptor moiety,
the charge is easily transferred in the molecule, and emission
efficiency is improved.

[0047] In the space-through charge transfer compound of

the present disclosure, since the electron donor moiety and
the electron acceptor moiety are boned to the 4'-position and
the 5'-position of the spiro-xanthane core, respectively, a gap
or a distance between the electron donor moiety and the
electron acceptor moiety is decreased or minimized. Accord-
ingly, the charge transfer is directly generated through a
space between the electron donor moiety and the electron
acceptor moiety such that the conjugation length in the
space-through charge transfer compound becomes shorter
than another compound where the charge transfer is gener-
ated through a bonding orbital. As a result, a red shift
problem in the emitted light can be prevented, and the
space-through charge transfer compound of the present
disclosure can provide deep blue emission.

[0048] Referring to FIG. 1, which is a view illustrating an
emission mechanism of a space-through charge transfer
compound according to the present disclosure, in the space-
through charge transfer compound of the present disclosure,
the triplet excitons as well as the singlet excitons are
engaged in the emission such that the emitting efficiency is
improved.

[0049] Namely, the triplet exciton is activated by a field or
heat, and the triplet exciton and the singlet exciton are
transferred into an intermediated state I, and transited into
a ground state “So” to emit the light. In other words, the
singlet state “S,” and the triplet state “T,” are transited into
the intermediated state “I,” (S,->1,<-T,), and the singlet
exciton and the triplet exciton in the intermediated state “I,”
are engaged in the emission such that the emitting efficiency
is improved. The compound having the above emission

Formula 6

compound 1

N

0%
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mechanism may be referred to as a field activated delayed
fluorescence (FADF) compound or a thermally activated
delayed fluorescence (TADF) compound.

[0050] In the related art fluorescence compound, since the
HOMO and the LUMO are dispersed throughout an entirety
of the molecule, the interconversion of the HOMO and the
LUMO is impossible. (Selection Rule.)

[0051] However, in the FADF compound, since the over-
lap between the HOMO and the LUMO in the molecule is
relatively small, the interaction between the HOMO and the
LUMO is small. Accordingly, changes of the spin state of
one electron do not affect other electrons, and a new charge
transfer band, which does not comply with the Selection
Rule, is generated.

[0052] Moreover, since the electron donor moiety and the
electron acceptor moiety is spatially spaced apart from each
other in the molecule, the dipole moment is generated in a
polarized state. In the polarized state dipole moment, the
interaction between the HOMO and the LUMO is further
reduced such that the emission mechanism does not comply
with the Selection Rule. Accordingly, in the FADF com-
pound or the TADF compound, the transition from the triplet
state “T,” and the singlet state ““S,” into the intermediated
state “I,” can be generated such that the triplet exciton can
be engaged in the emission.

[0053] When the OLED is driven, the intersystem transi-
tion (intersystem crossing) from 25% singlet state “S;”
excitons and 75% triplet state “T,” excitons to the interme-
diated state “I,” is generated, and the singlet and triplet
excitons in the intermediated state “I,” are transited into the
ground state to emit the light. As a result, the FADF
compound has the theoretic quantum efficiency of 100%.
[0054] For example, the space-through charge transfer

compound in Formula 1 may be one of compounds in
Formula 6.

compound 2

@«@ng
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-continued
compound 45

[0055] The space-through charge transfer compound of
the present disclosure has a wide energy band gap such that
the emission efliciency of the OLED using the compound is
improved.

[0056] The space-through charge transfer compound of
the present disclosure has an energy bandgap, i.e., a differ-
ence between an energy level of the HOMO and an energy
level of the LUMO, above about 3.6 eV. For example, the
energy bandgap of the space-through charge transfer com-
pound may have a range of about 3.6 to 3.8 eV.

[0057] The HOMO distribution and the LUMO distribu-
tion of the compound 1 in the Formula 6 is shown in FIGS.
3A and 3B, and the HOMO distribution and the LUMO
distribution of a comparative compound 1 of Formula 7 is
shown in FIGS. 4A and 4B. The HOMO distribution and the
LUMO distribution of the compound 5 in the Formula 6 is
shown in FIGS. 5A and 5B, and the HOMO distribution and
the LUMO distribution of a comparative compound 2 of
Formula 8 is shown in FIGS. 6A and 6B. The energy level
of HOMO, the energy level LUMO and the energy bandgap

compound 47

compound 46

compound 48

(Eg) of the compounds 1 and 13 and the comparative
compounds 1 and 2 are listed in Table 1.

00

S

Formula 7
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Formula 8
B
N y N
o)
‘ N
TABLE 1
HOMO LUMO Eg
Compound] 522 1.61 3.61
Comparative 522 1.89 3.33
compoundl
Compound$ 522 1.47 3.75
Comparative 5.17 1.77 3.4
compound?
[0058] As shown in FIGS. 3A to 6B and Table 1, in the

space-through charge transfer compound of the present
disclosure, the HOMO and the LUMO are easily separated,
and the energy bandgap is above 3.6 eV. Accordingly, in the
space-through charge transfer compound of the present
disclosure, the triplet exciton is engaged in the emission
such that the emitting efficiency is improved and the deep
blue emission is provided.

Synthesis

[0059] Synthesis of Compound 1

Reaction Formula 1-1

Compound A

Dec. 12,2019

[0060] In the rounded-bottom flask (500 ml), fluorenone
(180.06 g/mol) and 4-bromophenol (171.95 g/mol) were
added in chloroform (200 ml) and the N, gas is purged.
Methanesulfonic acid was slowly dropped into the mixture
and stirred under the room temperature for 24 hrs. After
completion of the reaction, the organic layer was extracted
using dichloromethane and distilled water, and the solvent
was removed by a reduced-pressure distillation. The column
chromatography using the developing solvent of hexane and
ethylacetate (9:1) is performed such that the compound A of
white solid was obtained.

Reaction Formula 1-2

Cempound C
N,
| -
NY N

Cl

N

| X
N / N
B(OH),
C

[0061] Inthe N, gas purging system, the compound B and
butyl-lithium (Buli, 1.5 equivalent) were added into ether,
and the mixture was stirred under the temperature of -78° C.
After the mixture was reacted for 2 hrs, trimethyl borate (1.2
equivalent) was added, and the mixture was stirred under the
temperature of -78° C. for 30 minutes. The mixture was
reacted under the room temperature for 8 hrs. HCI in DI
water (30 ml) was added, and the organic solvent was
removed. The residual was filtered such that the compound
C in white solid was obtained.

Reaction Formula 1-3

:

Compound D
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-continued
Br N O
O
D

[0062] In the N, gas purging system, the compound A,
carbazole (0.4 equivalent), tris(dibenzylideneacetone)dipal-
ladium(0) (0.1 equivalent), triphenylphosphine (0.2 equiva-
lent) and sodium tert-butoxide (4.0 equivalent) were added
in toluene, and the mixture was stirred in the oil bath under
the temperature of 100° C. for 16 hrs. Water was added into
the mixture and was extracted. The column chromatography
using the developing solvent of hexane and methylenechlo-
ride (2:1) is performed such that the compound D of white
solid was obtained.

Reaction Formula 1-4

Compound 1
N,
=

| +

/ N

B(OH),

C
Br N O

(o) —_—
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-continued

compound 1

[0063] Inthe N, gas purging system, the compound D, the
compound C (1.3 equivalent), Pd(0) (0.1 equivalent) and
potassium carbonate (4.0 equivalent) was added in toluene,
and the mixture was stirred in the oil bath under the
temperature of 80° C. for 24 hrs. Water was added into the
mixture and was extracted. The column chromatography
using the developing solvent of hexane and ethylacetate
(6:1) is performed such that the compound 1 of white solid
was obtained.

[0064] Synthesis of Compound 2
Reaction Formula 2-1
Compound E
Br Br
(0]
‘ +
A
H
N
—_—
O 0 O
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[0065] In the N, gas purging system, the compound A,
spiroacridine (0.5 equivalent), tris(dibenzylideneacetone)di-
palladium(0) (0.11 equivalent), triphenylphosphine (0.2
equivalent) and sodium tert-butoxide (4.0 equivalent) were
added in toluene, and the mixture was stirred in the oil bath
under the temperature of 90° C. for 14 hrs. Water was added
into the mixture and was extracted. The column chromatog-
raphy using the developing solvent of hexane and methyl-
enechloride (3:1) is performed such that the compound E of
white solid was obtained.

Reaction Formula 2-2

Compound 2
N
X
| +
N . N
B(OH),
Br
—_—

Dec. 12,2019

-continued

compound 2

[0066] Inthe N, gas purging system, the compound E, the
compound C (1.2 equivalent), Pd(0) (0.1 equivalent) and
potassium carbonate (4.0 equivalent) was added in toluene,
and the mixture was stirred in the oil bath under the
temperature of 80° C. for 16 hrs. Water was added into the
mixture and was extracted. The column chromatography
using the developing solvent of hexane and ethylacetate
(7:1) is performed such that the compound 2 of white solid
was obtained.

[0067] Synthesis of Compound 3
Reaction Formula 3-1
Compound F
Br Br
(0]
‘ |
A

ZT
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[0068] In the N, gas purging system, the compound A, [0070] Synthesis of Compound 5

dimethylacridine (0.35 equivalent), tris(dibenzylideneac-

etone)dipalladium(0) (0.1 equivalent), triphenylphosphine

(0.2 equivalent) and sodium tert-butoxide (4.0 equivalent) Reaction Formula 4-1

wete added in toluene, and the mixture was stirred in the oil

bath under the temperature of 100° C. for 12 hrs. Water was Compound H
added into the mixture and was extracted. The column

chromatography using the developing solvent of hexane and

methylenechloride (5:1) is performed such that the com- AN
pound F of white solid was obtained. | —
N > N
Reaction Formula 3-2 \(
Br
Compound 3
G
N\
| ’ | N
B(OH), \B(KOH)?
¢ H
O [0071] Inthe N, gas purging system, the compound G and
BulLi (1.5 equivalent) were added into ether, and the mixture
Br N was stirred under the temperature of -78° C. After the
0 mixture was reacted for 2 hrs, trimethyl borate (1.2 equiva-
e

lent) was added, and the mixture was stirred under the
temperature of =78° C. for 30 minutes. The mixture was
reacted under the room temperature for 14 hrs. HCI in DI
water (30 ml) was added, and the organic solvent was
removed. The residual was filtered such that the compound
H in white solid was obtained.

F Reaction Formula 4-2
Compound 5
O J
\ X N

N/ . -
> N
0 Y
B(OH),
H
compound 3 Br N O

[0069] In the N, gas purging system, the compound F, the
compound C (1.2 equivalent), Pd(0) (0.1 equivalent) and
potassium carbonate (4.0 equivalent) was added in toluene,
and the mixture was stirred in the oil bath under the

temperature of 80° C. for 18 hrs. Water was added into the '
mixture and was extracted. The column chromatography
D

Z—

using the developing solvent of hexane and ethylacetate
(5:1) is performed such that the compound 3 of white solid
was obtained.
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-continued

compound 5

[0072] 1Inthe N, gas purging system, the compound D, the
compound H (1.4 equivalent), Pd(0) (0.1 equivalent) and
potassium carbonate (4.0 equivalent) was added in toluene,
and the mixture was stirred in the oil bath under the
temperature of 80° C. for 18 hrs. Water was added into the
mixture and was extracted. The column chromatography
using the developing solvent of hexane and ethylacetate
(9:1) is performed such that the compound 5 of white solid
was obtained.

[0073] Synthesis of Compound 9

Reaction Formula 5-1

N0
N

Br B(OI),
I 7

Compound J

[0074] In the N, gas purging system, the compound I and
BulLi (1.5 equivalent) were added into ether, and the mixture
was stirred under the temperature of =78° C. After the
mixture was reacted for 1 hr, trimethyl borate (1.2 equiva-
lent) was added, and the mixture was stirred under the
temperature of -78° C. for 30 minutes. The mixture was
reacted under the room temperature for 12 hrs. HCI in DI
water (30 ml) was added, and the organic solvent was
removed. The residual was filtered such that the compound
J in white solid was obtained.

Reaction Formula 5-2

Compound L

x

Br |

N N N
(\‘ 4 =
YN +

B(OH),
T Br
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[0075] 1In the N, gas purging system, the compound J, the
compound K (2.1 equivalent), Pd(0) (0.1 equivalent) and
potassium carbonate (4.0 equivalent) was added in toluene,
and the mixture was stirred in the oil bath under the
temperature of 80° C. for 10 hrs. Water was added into the
mixture and was extracted. The column chromatography
using the developing solvent of hexane and methylenechlo-
ride (5:1) is performed such that the compound L of white
solid was obtained.
Reaction Formula 5-3

Compound M
S B
—
B(OH)2
L
[0076] In the N, gas purging system, the compound [ and

BulLi (1.5 equivalent) were added into ether, and the mixture
was stirred under the temperature of -78° C. After the
mixture was reacted for 30 minutes, trimethyl borate (1.2
equivalent) was added, and the mixture was stirred under the
temperature of —78° C. for 1 hr. The mixture was reacted
under the room temperature for 20 hrs. HC in DI water (20
ml) was added, and the organic solvent was removed. The
residual was filtered such that the compound M in white
solid was obtained.

Reaction Formula 5-4

Compound 9

B
N p N

4N

B(OH);
M
Br N O
0 —



US 2019/0378995 Al

-continued

compound 9

[0077] Inthe N, gas purging system, the compound D, the
compound M (1.3 equivalent), Pd(0) (0.1 equivalent) and
potassium carbonate (4.0 equivalent) was added in toluene,
and the mixture was stirred in the oil bath under the
temperature of 100° C. for 24 hrs. Water was added into the
mixture and was extracted. The column chromatography
using the developing solvent of hexane and ethylacetate
(10:1) is performed such that the compound 9 of white solid
was obtained.

[0078] Synthesis of Compound 25

Reaction Formula 6-1

Compound P
+ —
OH
Br
0]
N
Br Br
(0]
g1
x> S
N N

P

[0079]
the compound O (1.1 equivalent) were dissolved in the
tetrahydrofuran (THF) solvent, and he mixture was cooled
into -78° C. BuLi (1.1 equivalent) was dropped into the
mixture and stirred for 1 hr. After the mixture was heated
into =70° C., HC1 (10 ml) and acetic acid aqueous solution
(10 ml) were added. The mixture was stirred under the

In the N, gas purging system, the compound N and
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temperature of 70° C. for 8 hrs. Water was slowly added to
finish the reaction and extract. The column chromatography
using the developing solvent of hexane and methylenechlo-
ride (5:1) is performed such that the compound P of white
solid was obtained.

Reaction Formula 6-2

Compound Q

/\
N N
Q

[0080] In the N, gas purging system, the compound P,
carbazole (0.5 equivalent), tris(dibenzylideneacetone)dipal-
ladium(0) (0.1 equivalent), triphenylphosphine (0.2 equiva-
lent) and sodium tert-butoxide (4.0 equivalent) were added
in toluene, and the mixture was stirred in the oil bath under
the temperature of 80° C. for 13 hrs. Water was added into
the mixture and was extracted. The column chromatography
using the developing solvent of hexane and methylenechlo-
ride (3:1) is performed such that the compound Q of white
solid was obtained.

Reaction Formula 6-3

Compound 25

/Z

\
z

B(OH),
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-continued

compound 25

[0081] Inthe N, gas purging system, the compound Q, the
compound C (1.2 equivalent), Pd(0) (0.1 equivalent) and
potassium carbonate (4.0 equivalent) was added in toluene,
and the mixture was stirred in the oil bath under the
temperature of 100° C. for 36 hrs. Water was added into the
mixture and was extracted. The column chromatography
using the developing solvent of hexane and ethylacetate
(10:1) is performed such that the compound 25 of white
solid was obtained.

[0082] In the space-through charge transfer compound of
the present disclosure, the 25% excitons in the singlet state
and the 75% excitons in the triplet state are transited into the
intermediate state by an outer force, i.e., a field generated
when the OLED is driven. (Intersystem crossing.) The
excitons in the intermediate state are transited into the
ground state such that the emitting efficiency is improved.
Namely, in the fluorescent compound, since the singlet
exciton and the triplet exciton are engaged in emission, the
emitting efficiency is improved.

OLED

[0083] An ITO layer is deposited on a substrate and
washed to form an anode (3 mm*3 mm). The substrate is
loaded in a vacuum chamber, and a hole injecting layer, a
hole transporting layer, an emitting material layer, an elec-
tron transporting layer, an electron injecting layer, and a
cathode (Al) are sequentially formed on the anode under a
base pressure of about 107 to 1077 Torr. The emitting
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material layer is formed using a host of a material in
Formula 9 and a dopant (30 wt %).

Formula 9

O N

Example 1 (Ex1)

[0084] The compound ! in Formula 6 is used as the dopant
in the emitting material layer.

Example 2 (Ex2)

[0085] The compound 5 in Formula 6 is used as the dopant
in the emitting material layer.

Example 3 (Ex3)

[0086] The compound 2 in Formula 6 is used as the dopant
in the emitting material layer.

Example 4 (Ex4)

[0087] The compound 25 in Formula 6 is used as the
dopant in the emitting material layer.

Comparative Example 1 (Refl)

[0088] The compound in Formula 7 is used as the dopant
in the emitting material layer.

Comparative Example 2 (Ref2)

[0089] The compound in Formula 8 is used as the dopant
in the emitting material layer.

[0090] The properties, i.e., a PL, maximum value (PL,,,.,
nm), an extinction time of an emitting exciton (Tau, ps),
voltate (V), current efficiency (cd/A), power efficiency (Im/
W), external quantum efficiency (EQE, %), color coordinate
index (CIE(X), CIE(Y)), lifespan (T95, hr), of the OLED in
Examples 1 to 4 and Comparative Examples 1 and 2 are
measured and listed in Table 2. The lifespan is a time taking
the brightness from the initial brightness (300 nit) into 95%.

TABLE 2
CIE CIE
PL.. Taw V oA W EQE (X) (Y) T95
Exl 455 5.6 3.3 24.08 2027 1323 0152 0.220 42
Ex2 452 78 375 2511 21.02 1409 0.157 0.232 53
Ex3 453 43 381 2543 2096 1428 0.156 0.219 49
Exd 460 2.5 376 26.87 2244 1583 0.58 0.232 70
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TABLE 2-continued

CIE CIE

Pl Tau V odA W EQE (X) (Y) 195

‘max

Refl 471 23
Ref2 468 3.1

3.89 2397 19.35 13.17 0.152 0217 6.0
3.77 23.03 19.18 12.85 0.156 0.221 5.5

[0091] As shown in Table 2, in comparison to the OLED
of Comparative Examples 1 and 2, the OLED including the
space-through charge transfer compound of the present
disclosure has high emitting efficiency and long lifespan and
provides a deep blue emission.

[0092] For example, the compounds 1 and 5 of Formula 6
and the comparative compounds 1 and 2 of Formulas 7 and
8 have a difference in a bonding position of the electron
donor moiety, and a distance between the electron acceptor
moiety and the electron donor moiety in the compounds 1
and 5 is decreased. Accordingly, the charge transfer property
through a space between the electron donor moiety and the
electron acceptor moiety is improved such that the space-
through charge transfer compound of the present disclosure
has advantages of high emitting efficiency, long lifespan and
deep blue emission.

[0093] In addition, since the extinction time of the emit-
ting exciton is several micro seconds, the space-through
charge transfer compound of the present disclosure has a
delayed fluorescence property. General fluorescence mate-
rial has the extinction time of several nano-seconds.
[0094] FIG. 7 is a schematic cross-sectional view of an
organic light emitting display device according to the pres-
ent disclosure.

[0095] As shown in FIG. 7, the OLED device 100 includes
asubstrate 110, a thin film transistor (TFT) Tr and an organic
light emitting diode D connected to the TFT Tr.

[0096] The substrate 110 may be a glass substrate or a
plastic substrate. For example, the substrate 110 may be a
polyimide substrate.

[0097] 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.

[0098] A semiconductor layer 122 is formed on the buffer
layer 120. The semiconductor layer 122 may include an
oxide semiconductor material or polycrystalline silicon.
[0099] When the semiconductor layer 122 includes the
oxide semiconductor material, a light-shielding pattern (not
shown) 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 pre-
vented. On the other hand, when the semiconductor layer
122 includes polycrystalline silicon, impurities may be
doped into both sides of the semiconductor layer 122.
[0100] 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.

[0101] 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.

[0102] InFIG.7, 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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[0103] 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.

[0104] 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.
[0105] 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.

[0106] 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.

[0107] 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.

[0108] 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.

[0109] 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.

[0110] 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.

[0111] 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.

[0112] 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.

[0113] A passivation layer 150, which includes a drain
contact hole 152 exposing the drain electrode 142 of the TFT
Tr, is formed to cover the TFT Tr.

[0114] 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 (IZ0).

[0115] When the OLED 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,
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the reflection electrode or the reflection layer may be formed
of aluminum-palladium-copper (APC) alloy.

[0116] 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.

[0117] An organic emitting layer 162 is formed on the first
electrode 160. The organic emitting layer 162 includes the
space-through charge transfer compound of Formula 1. The
space-through charge transfer compound may be used as a
dopant, and the organic emitting layer 162 may further
include a host. For example, the dopant may have a weight
% of about 1 to 30 with respect to the host. The organic
emitting layer 162 provides blue light.

[0118] The organic emitting layer 162 may have a single-
layered structure of an emitting material layer including an
emitting material. To increase an emitting efficiency of the
OLED device, the organic emitting layer 162 may have a
multi-layered structure.

[0119] 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.

[0120] The first electrode 160, the organic emitting layer
162 and the second electrode 164 constitute the organic light
emitting diode D.

[0121] An encapsulation film 170 is formed on the second
electrode 164 to prevent penetration of moisture into the
organic light emitting diode D. The encapsulation film 170
includes a first inorganic insulating layer 172, an organic
insulating layer 174 and a second inorganic insulating layer
176 sequentially stacked, but it is not limited thereto.
[0122] A polarization plate (not shown) for reducing an
ambient light reflection may be disposed over the top-
emission type organic light emitting diode D. For example,
the polarization plate may be a circular polarization plate.
[0123] In addition, a cover window (not shown) 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 OLED
device may be provided.

[0124] FIG. 8 is a schematic cross-sectional view of an
organic light emitting diode (OLED) according to the pres-
ent disclosure.

[0125] As shown in FIG. 8, the organic light emitting
diode D includes the first and second electrodes 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 transporting layer (ETL) 260 between the
second electrode 164 and the EML 240.

[0126] In addition, the organic emitting layer 162 may
further include a hole injection layer (HIL) 210 between the
first electrode 160 and the HTL 220 and an electron injection
layer (EIL) 270 between the second electrode 164 and the
ETL 260.

[0127] Moreover, the organic emitting layer 162 may
further include an electron blocking layer (EBL) 230
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between the HTL 220 and the EML 240 and a hole blocking
layer (HBL) 250 between the EML 240 and the ETL 260.
[0128] The EML 240 includes the space-through charge
transfer compound of Formula 1 as a dopant and may further
include a host.

[0129] A difference between an energy level of the HOMO
of the host “HOMOy,,,” and an energy level of the HOMO
of the dopant “HOMOy,,,,,.,” or a difference between an
energy level of the LUMO of the host “LUMO,,,,” and an
energy level of the LUMO of the dopant “LUMO,,,,,,.,,” is
less than about 0.5 eV. In this instance, the charge transfer
efficiency from the host to the dopant may be improved.
[0130] The energy level of triplet state of the dopant is
smaller than the energy level of triplet state of the host, and
a difference between the energy level of singlet state of the
dopant and the energy level of triplet state of the dopant is
equal to less than 0.3 eV. (AE4,=0.3 eV.) As the difference
“AEg,” is smaller, the emitting eﬂiciency is higher. In
addition, even if the difference “AE.,” between the energy
level of singlet state of the dopant and the energy level of
triplet state of the dopant is about 0.3 eV, which is relatively
large, the excitons in the singlet state and the excitons in the
triplet state can be transited into the intermediate state.
[0131] For example. the host, which meets the above
condition, may be selected from materials in Formula 10.
(Bis[2-(diphenylphosphino)phenyl]ether oxide (DPEPO),
2,8-bis(diphenylphosphoryl)dibenzothiophene (PPT), 2,8-di
(9H-carbazol-9-yl)dibenzothiophene (DCzDBT), m-bis(car-
bazol-9-yl)biphenyl (m-CBP), Diphenyl-4-triphenylsilyl-
phenyl-phosphine  oxide (TPSO1),  9-(9-phenyl-9H-
carbazol-6-y1)-9H-carbazole (CCP) in order.)
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[0132] On the other hand, the space-through charge trans-
fer compound of the present disclosure may act as a host in
the EML 240, and the EML 240 may further include a
dopant to emit the blue light. In this instance, the dopant has
about 1 to 30 weight % with respect to the host. Since the
development of the blue host having excellent properties is
insufficient, the space-through charge transfer compound of
the present disclosure may be used as the host to increase the
degree of freedom for the host. In this instance, the energy
level of triplet state of the dopant may be smaller than the
energy level of triplet state of the host of the space-through
charge transfer compound of the present disclosure.

[0133] The EML 240 may include a first dopant of the
space-through charge transfer compound of the present
disclosure, a host, and a second dopant. The weight %
summation of the first and second dopants may be about 1
to 30 to emit the blue light. The second dopant may be a
fluorescence material (compound). In this instance, the
emitting efficiency and the color purity may be further
improved.

[0134] An energy level of singlet state of the first dopant
(the space-through charge transfer compound) is greater
than that of the second dopant. An energy level of triplet
state of the first dopant is smaller than that of the host and
greater than that of the second dopant.

[0135] In this instance, the energy level of triplet state of
the first dopant, i.e., the space-through charge transfer com-
pound of the present disclosure, may be smaller than the
energy level of triplet state of the host and larger than the
energy level of triplet state of the second dopant. In addition,
a difference between the energy level of singlet state of the
first dopant and the energy level of triplet state of the first
dopant is less than 0.3 eV. (AE¢;=<0.3 eV) As the difference

22
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“AEg,” is smaller, the emitting efficiency is higher. In the
space-through charge transfer compound of the present
disclosure, even if the difference “AE_,” between the energy
level of singlet state of the dopant and the energy level of
triplet state of the dopant is about 0.3 eV, which is relatively
large, the excitons in the singlet state “S,” and the excitons
in the triplet state “T,” can be transited into the intermediate
state “I,”.

[0136] As mentioned above, in the space-through charge
transfer compound of the present disclosure, since the elec-
tron donor moiety and the electron acceptor moiety are
bonded to the spiro-xanthane core in one molecule and the
overlap between the HOMO and the LUMO is decreased,
the space-through charge transfer compound of the present
disclosure acts as a charge transfer complex such that the
emitting efliciency of the compound is improved. Namely, in
the space-through charge transfer compound of the present
disclosure, the excitons in the triplet state are engaged in the
emission such that the emitting efficiency of the compound
is improved.

[0137] Since the electron donor moiety and the electron
acceptor moiety are boned to the 4'-position and the 5'-po-
sition of the spiro-xanthane core, respectively, a gap or a
distance between the electron donor moiety and the electron
acceptor moiety is decreased or minimized. Accordingly, the
charge transfer is directly generated through a space
between the electron donor moiety and the electron acceptor
moiety such that the conjugation length in the space-through
charge transfer compound becomes shorter than another
compound where the charge transfer is generated through a
bonding orbital. As a result, a red shift problem in the
emitted light can be prevented, and the space-through charge
transfer compound of the present disclosure can provide
deep blue emission.

[0138] As a result, the OLED and the organic light emit-
ting display device including the space-through charge
transfer compound has high emitting efficiency and lifespan
and provides high quality image.

[0139] FIG. 9 is a schematic cross-sectional view of an
organic light emitting diode (OLED) according to the pres-
ent disclosure.

[0140] As shown in FIG. 9, an organic light emitting diode
D includes the first and second electrodes 160 and 164,
which face each other, and the organic emitting layer 162
therebetween. The organic emitting layer 162 includes an
EML 340, which includes first and second layers 342 and
344 and is positioned between the first and second electrodes
160 and 164, a HTL 320 between the first electrode 160 and
the EML 340 and an ETL 360 between the second electrode
164 and the EML 340.

[0141] In addition, the organic emitting layer 162 may
further include a HIL 310 between the first electrode 160 and
the HTL 320 and an EIL 370 between the second electrode
164 and the ETL 360.

[0142] Moreover, the organic emitting layer 162 may
further include an EBL 330 between the HTL 320 and the
EML 340 and a HBL 350 between the EML 340 and the ETL
360.

[0143] In the EML 340, one of the first and second layers
342 and 344 includes the space-through charge transfer
compound of the present disclosure as a dopant, and the
other one of the first and second layers 342 and 344 includes
a fluorescence material as a dopant. An energy level of



US 2019/0378995 Al

singlet state of the space-through charge transfer compound
is greater than that of the fluorescence material.

[0144] The organic light emitting diode, where the first
layer 342 includes the space-through charge transfer com-
pound and the second layer 344 includes the fluorescent
dopant, will be explained.

[0145] In the organic light emitting diode D, the energy
level of singlet state and the energy level of triplet state of
the space-through charge transfer compound are transferred
into the fluorescence material such that the emission is
generated from the fluorescence material. Accordingly, the
quantum efficiency of the organic light emitting diode D is
increased, and the full width at half maximum (FWHM) of
the organic light emitting diode D is narrowed.

[0146] The space-through charge transfer compound hav-
ing a delayed fluorescence property has high quantum
efficiency. However, since the light emitted from the space-
through charge transfer compound has wide FWHM, the
light from the space-through charge transfer compound has
poor color purity. On the other hand, the fluorescence
material has narrow FWHM and high color purity. However,
since the energy level of triplet state of the fluorescence
material is not engaged in the emission, the fluorescence
material has low quantum efficiency.

[0147] Since the EML 340 of the organic light emitting
diode D in the present disclosure includes the first layer 342,
which includes space-through charge transfer compound as
the dopant, and the second layer 344, which includes the
fluorescence material as the dopant, the organic light emit-
ting diode D has advantages in both the emitting efficiency
and the color purity.

[0148] The energy level of triplet state of the space-
through charge transfer compound is converted into the
energy level of singlet state of the space-through charge
transfer compound by the reverse intersystem crossing
(RISC) effect, and the energy level of singlet state of the
space-through charge transfer compound is transferred into
the energy level of singlet state of the fluorescence material.
Namely, the difference between the energy level of triplet
state of the space-through charge transfer compound and the
energy level of singlet state of the space-through charge
transfer compound is not greater than 0.3 eV such that the
energy level of triplet state of the space-through charge
transfer compound is converted into the energy level of
singlet state of the space-through charge transfer compound
by the RISC effect.

[0149] As aresult, the space-through charge transfer com-
pound has an energy transfer function, and the first layer 342
including the space-through charge transfer compound is not
engaged in the emission. The emission is generated in the
second layer 344 including the fluorescence material.
[0150] The energy level of triplet state of the space-
through charge transfer compound is converted into the
energy level of singlet state of the space-through charge
transfer compound by the RISC effect. In addition, since the
energy level of singlet state of the space-through charge
transfer compound is higher than that of the fluorescence
material, the energy level of singlet state of the space-
through charge transfer compound is transferred into the
energy level of singlet state of the fluorescence material. As
a result, the fluorescence material emits the light using the
energy level of singlet state and the energy level of triplet
state such that the quantum efficiency (emitting efliciency)
of the organic light emitting diode D is improved.
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[0151] 1In other words, the organic light emitting diode D
and the OLED device 100 (of FIG. 7) including the organic
light emitting diode D has advantages in both the emitting
efficiency and the color purity.

[0152] The first and second layers 342 and 344 may
further includes first and second hosts, respectively. The first
and second hosts may have a percentage by weight being
larger than the space-through charge transfer compound and
the fluorescence material, respectively. In addition, the per-
centage by weight of the space-through charge transfer
compound in the first layer 342 may be greater than that of
the fluorescence material in the second layer 344. As a result,
the energy transfer from the space-through charge transfer
compound into the fluorescence material is sufficiently gen-
erated.

[0153] The energy level of singlet state of the first host is
greater than that of the space-through charge transfer com-
pound (first dopant), and the energy level of triplet state of
the first host is greater than that of the space-through charge
transfer compound. In addition, the energy level of singlet
state of the second host is greater than that of the fluores-
cence material (second dopant).

[0154] When not satisfying this condition, a quenching
happens at the first and second dopants or an energy transfer
from the host to the dopant does not happen, and thus the
quantum efficiency of the organic light emitting diode D 1s
reduced.

[0155] For example, the second host, which is included in
the second layer 344 with the fluorescence material, may be
same as a material of the HBL 350. In this instance, the
second layer 344 may have a hole blocking function with an
emission function. Namely, the second layer 344 may serve
as a buffer layer for blocking the hole. When the HBL 350
is omitted, the second layer 344 serves as an emitting layer
and a hole blocking layer.

[0156] When the first layer 342 includes the fluorescence
dopant and the second layer 344 includes the space-through
charge transfer compound, the first host of the first layer 342
may be same as a material of the EBL 330. In this instance,
the first layer 342 may have an electron blocking function
with an emission function. Namely, the first layer 342 may
serve as a buffer layer for blocking the electron. When the
EBL 330 is omitted, the first layer 342 serves as an emitting
layer and an electron blocking layer.

[0157] FIG. 10 is a schematic cross-sectional view of an
organic light emitting diode (OLED) according to the pres-
ent disclosure.

[0158] As shown in FIG. 10, an organic light emitting
diode D includes the first and second electrodes 160 and
164, which face each other, and the organic emitting layer
162 therebetween. The organic emitting layer 162 includes
an EML 440, which includes first to third layers 442, 444
and 446 and is positioned between the first and second
electrodes 160 and 164, a HTL 420 between the first
electrode 160 and the EML 440 and an ETL 460 between the
second electrode 164 and the EML 440.

[0159] In addition, the organic emitting layer 162 may
further include a HIL 410 between the first electrode 160 and
the HTL 420 and an EIL 470 between the second electrode
164 and the ETL 460.

[0160] Moreover, the organic emitting layer 162 may
further include an EBL 430 between the HTL 420 and the
EML 440 and a HBL 450 between the EML 440 and the ETL
460.
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[0161] In the EML 440, the first layer 442 is positioned
between the second layer 444 and the third layer 446.
Namely, the second layer 444 is positioned between the EBL
430 and the first layer 442, and the third layer 446 is
positioned between the first layer 442 and the HBL 450.
[0162] The first layer 442 (e.g., a first emitting material
layer) may include the space-through charge transfer com-
pound of the present disclosure as a dopant, and each of the
second layer 344 (e.g., a second emitting material layer) and
the third layer 446 (e.g., a third emitting material layer) may
include the fluorescence material as a dopant. The fluores-
cence material in the second and third layers 444 and 446
may be same or different. The space-through charge transfer
compound has an energy level of singlet state being larger
than the fluorescence material.

[0163] In the organic light emitting diode D, the energy
level of singlet state and the energy level of triplet state of
the space-through charge transfer compound in the first layer
442 are transferred into the fluorescence material in the
second layer 444 and/or the third layer 446 such that the
emission is generated from the fluorescence material. As a
result, the quantum efficiency of the OLED D is increased,
and the FWHM of the OLED is narrowed.

[0164] The first to third layers 442, 444 and 446 may
further include first to third host, respectively. The first to
third hosts are same material or different materials. For
example, each of the first to third hosts may be selected from
materials of Formula 10.

[0165] In each of the first to third layers 442, 444 and 446,
the first to third hosts may have a percentage by weight
being larger than the space-through charge transfer com-
pound and the fluorescence material, respectively. In addi-
tion, the percentage by weight of the space-through charge
transfer compound (i.e., the first dopant) in the first layer 442
may be greater than that of each of the fluorescence material
(i.e., the second dopant) in the second layer 444 and the
fluorescence material (i.e., the third dopant) in the third layer
446.

[0166] The energy level of singlet state of the first host is
greater than that of the space-through charge transfer com-
pound, and the energy level of triplet state of the first host
is greater than that of the space-through charge transfer
compound. In addition, the energy level of singlet state of
the second host is greater than that of the fluorescence
material in the second layer 444, and the energy level of
singlet state of the third host is greater than that of the
fluorescence material in the third layer 446.

[0167] For example, the second host in the second layer
444 may be same as a material of the EBL 430. In this
instance, the second layer 444 may have an electron block-
ing function with an emission function. Namely, the second
layer 444 may serve as a buffer layer for blocking the
electron. When the EBL 430 is omitted, the second layer 444
serves as an emitting layer and an electron blocking layer.
[0168] The third host in the third layer 446 may be same
as a material of the HBL 450. In this instance, the third layer
446 may have a hole blocking function with an emission
function. Namely, the third layer 446 may serve as a buffer
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layer for blocking the hole. When the HBL 450 is omitted,
the third layer 446 serves as an emitting layer and a hole
blocking layer.
[0169] The second host in the second layer 444 may be
same as a material of the EBL 430, and the third host in the
third layer 446 may be same as a material of the HBL 450.
In this instance, the second layer 444 may have an electron
blocking function with an emission function, and the third
layer 446 may have a hole blocking function with an
emission function. Namely, the second layer 444 may serve
as a buffer layer for blocking the electron, and the third layer
446 may serve as a buffer layer for blocking the hole. When
the EBL 430 and the HBL 450 are omitted, the second layer
444 serves as an emitting layer and an electron blocking
layer and the third layer 446 serves as an emitting layer and
a hole blocking layer.
[0170] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
embodiment of the triple disclosure without departing from
the spirit or scope of the disclosure. Thus, it is intended that
the embodiment of the disclosure cover the modifications
and variations of this disclosure provided they come within
the scope of the appended claims and their equivalents.
[0171] The various embodiments described above can be
combined to provide further embodiments. All of the U.S.
patents, U.S. patent application publications, U.S. patent
applications, foreign patents, foreign patent applications and
non-patent publications referred to in this specification and/
or listed in the Application Data Sheet are incorporated
herein by reference, in their entirety. Aspects of the embodi-
ments can be modified, if necessary to employ concepts of
the various patents, applications and publications to provide
yet further embodiments.
[0172] These and other changes can be made to the
embodiments in light of the above-detailed description. In
general, in the following claims, the terms used should not
be construed to limit the claims to the specific embodiments
disclosed in the specification and the claims, but should be
construed to include all possible embodiments along with
the full scope of equivalents to which such claims are
entitled. Accordingly, the claims are not limited by the
disclosure.

What is claimed is:

1. A space-through charge transfer compound of Formula
1:

Formula 1
A D
(0]
gip
XN S
X { »

wherein X is carbon or nitrogen,
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wherein A is selected from Formula 2, and D is selected
from Formula 3:

Formula 2

Ry
X Ry,

RN
T

Formula 3
N

R

-

//

Rs
R¢ Ry

wherein each of X1, X2 and X3 is independently carbon
or nitrogen, and at least one of X1, X2 and X3 is
nitrogen,

wherein each of R1 and R2 is independently selected from
the group consisting of hydrogen, C1 to C10 alkyl
group and C6 to C30 aryl group,

wherein R3 is cyano group, and R4 is heteroaryl group,
and

wherein RS is selected from the group consisting of
hydrogen and heteroaryl group, and each of R6 and R7
is hydrogen or R6 and R7 are bonded together to form
a fused ring.

2. The space-through charge transfer compound accord-
ing to claim 1, wherein A is selected from Formula 4:

Formula 4

-
>
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-continued
TN\

%N I(f/ N\¢N

3. The space-through charge transfer compound accord-
ing to claim 1, wherein D is selected from Formula 5:

Formula 5

g

g

4. The space-through charge transfer compound accord-
ing to claim 1, wherein the space-through charge transfer
compound is one of the following compounds from Formula
o:
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Formula 6 compound 1 compound 2
compound 3 compound 4

%;2 @“3

compound 5 compound 6

2~ \ O
povas
JC Y
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compound 7 compound 8
O~ ()
\ N
N
O O O i
compound 9 compound 10

compound 11 compound 12
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compound 13 compound 14

compound 15 compound 16

compound 17 compound 18
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compound 19 compound 20

compound 21 compound 22

compound 23 compound 24
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compound 25 compound 26

compound 27 compound 28

compound 29 compound 30
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compound 31 compound 32

compound 33 compound 34

compound 35 compound 36
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compound 37

compound 38

compound 40

compound 39

compound 42

compound 41
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compound 43 compound 44

compound 45 compound 46

compound 47 compound 48

5. The space-through charge transfer compound accord- a first emitting material layer between the first and second
ing to claim 1, wherein a difference between an energy level electrodes, the first emitting material layer including a
of singlet state of the space-through charge transfer com- space-through charge transfer compound of claim 1.
pound and an energy level of triplet state of the space- 7. The organic light emitting diode according to claim 6,
through charge transfer compound is less than about 0.3 eV.  wherein the first emitting material layer further includes a

6. An organic light emitting diode, comprising: first host, and the space-through charge transfer compound

is used as a dopant.
8. The organic light emitting diode according to claim 7,
a second electrode facing the first electrode; and wherein a difference between an energy level of a highest

a first electrode;
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occupied molecular orbital (HOMO) of the first host and an
energy level of a HOMO of the dopant or a difference
between an energy level of a lowest unoccupied molecular
orbital (LUMO) of the first host and an energy level of a
LUMO of the dopant is less than about 0.5 eV.

9. The organic light emitting diode according to claim 6,

wherein the first emitting material layer further includes a
host and a first dopant, and the space-through charge transfer
compound is used as a second dopant, and

wherein an energy level of singlet state of the second
dopant is greater than an energy level of singlet state of
the first dopant.

10. The organic light emitting diode according to claim 9,
wherein an energy level of triplet state of the second dopant
is smaller than an energy level of triplet state of the host and
greater than an energy level of triplet state of the first dopant.

11. The organic light emitting diode according to claim 7,
further comprising:

a second emitting material layer including a second host
and a first fluorescence dopant, wherein the second
emitting material layer is positioned between the first
electrode and the first emitting material layer.

12. The organic light emitting diode according to claim

11, further comprising:

an electron blocking layer between the first electrode and
the second emitting material layer,

wherein a material of the second host is the same as a
material of the electron blocking layer.

13. The organic light emitting diode according to claim

11, further comprising;

a third emitting material layer including a third host and
a second fluorescent dopant, wherein the third emitting
material layer is positioned between the second elec-
trode and the first emitting material layer.

14. The organic light emitting diode according to claim

13, further comprising:

Formula 6

compound 1

N

O
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a hole blocking layer between the second electrode and

the third emitting material layer,

wherein a material of the third host is the same as a

material of the hole blocking layer.

15. The organic light emitting diode according to claim
13, wherein an energy level of singlet state of the space-
through charge transfer compound is greater than each of an
energy level of singlet state of the first fluorescent dopant
and an energy level of singlet state of the second fluorescent
dopant.

16. The organic light emitting diode according to claim
13, wherein an energy level of singlet state and an energy
level of triplet state of the first host is greater than an energy
level of singlet state and an energy level of triplet state of the
space-through charge transfer compound, respectively, and

wherein an energy level of singlet state of the second host

is greater than an energy level of singlet state of the first
fluorescent dopant, and an energy level of singlet state
of the third host is greater than an energy level of
singlet state of the second fluorescent dopant.

17. The organic light emitting diode according to claim
11, wherein an energy level of singlet state of the space-
through charge transfer compound is greater than an energy
level of singlet state of the first fluorescent dopant.

18. The organic light emitting diode according to claim
11, wherein an energy level of singlet state and an energy
level of triplet state of the first host are greater than an
energy level of singlet state and an energy level of triplet
state of the space-through charge transfer compound,
respectively, and

wherein an energy level of singlet state of the second host

is greater than an energy level of singlet state of the first
fluorescent dopant.

19. The organic light emitting diode according to claim 6,
wherein the space-through charge transfer compound is one
of the following compounds from Formula 6:

compound 2

Q*“@‘E‘
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LB et

compound 3 compound 6

\2: g L\/N

compound 7 compound §
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compound 9 compound 10

compound 11 compound 12

compound 13 compound 14
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compound 15 compound 16

compound 17 compound 18

compound 19 compound 20
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compound 21 compound 22

compound 23 compound 24

compound 25 compound 26
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compound 27 compound 28

compound 29 compound 30

compound 31 compound 32
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compound 33

compound 34

o
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compound 38

compound 37
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compound 39 compound 40

compound 41 compound 42

compound 43 compound 44
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compound 45 compound 46

compound 47 compound 48

20. An organic light emitting display device, comprising: an encapsulation film covering the organic light emitting
a substrate; diode.
an organic light emitting diode of claim 6 disposed on the

substrate; and L T T
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