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(7) ABSTRACT

Discussed is an organic electroluminescent device including
a first charge carrying layer being disposed adjacent to a first
electrode; and a second charge carrying layer disposed adja-
cent to a second electrode, wherein the first charge carrying
layer includes an emitting part, a hole injection part and a hole
transporting part between the hole injection part and the emit-
ting part, wherein at least one of the hole injection part, the
hole transporting part and the emitting part includes a host
material having an organic compound of Formula:

A// \ / 1‘B,

—

wherein R is substituted or non-substituted C1 to C12 alkyl,
and A and B are symmetrically or asymmetrically positioned
in 2-position or 7-position of the fluorene core, and wherein
each of A and B is independently selected from substituted or
non-substituted aromatic group or substituted or non-substi-
tuted heterocyclic group.
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ORGANIC COMPOUND AND ORGANIC
LIGHT EMITTING DIODE USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This Application is a Continuation of co-pending
U.S. patent application Ser. No. 14/560,981 filed on Dec. 4,
2014, which claims the benefit under 35 U.S.C. §119(a) to
Korean Patent Application Nos. 10-2014-0089253 and
10-2013-0150833, filed on Jul. 15, 2014 and Dec. 5, 2013,
respectively, all of which are hereby expressly incorporated
by reference into the present application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The embodiments of the invention relate to an
organic light emitting diode (OLED) and more particularly to
an organic compound being capable of reducing a driving
voltage and being adequate to a simple structure OLED and
an OLED including the organic compound.

[0004] 2. Discussion of the Related Art

[0005] Developments in information have led to develop-
ments in flat panel display devices as an image displaying
device. The flat panel display device includes a liquid crystal
display (LCD), a plasma display panel (PDP), a field emis-
sion display (FED) and an organic light emitting diode device
(OLED), and the flat panel display device meeting the
demand for thinness, light-weight and low power consump-
tion are introduced.

[0006] Among the flat panel display devices, the OLED has
various advantages as compared to the LCD, the PDP and the
FED. 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 driving voltage and power con-
sumption.

[0007] FIG. 1 is a cross-sectional view of a related art
OLED.
[0008] As shown in FIG. 1, the OLED 20 is formed on a

substrate 10 and includes a first electrode 21 as an anode, a
second electrode 27 as a cathode, and an organic emitting
layer therebetween. To increase an emission efficiency, the
organic emitting layer includes a hole injection layer (HIL)
22, a hole transporting layer (HTL) 23, an emitting material
layer (EML) 24 and an electron transporting layer (ETL) 25
and an electron injection layer (EIL) 26.

[0009] Holes are provided from the first electrode 21 into
the EML 24 through the HIL 22 and the HTL 23, and elec-
trons are provided from the second electrode 27 into the EML
24 through the EIL 26 and the ETL 25.

[0010] The holes and the electrons are combined to form
excitons, and the excitons are transformed from an excited
state to a ground state. As a result, the OLED 20 emits light.
[0011] As mentioned above, the OLED requires a plurality
of layers to increase the emission efficiency. To prevent the
quenching problem of the excitons, the OLED further
requires an electron blocking layer and a hole blocking layer.
As a result, the production costs of the OLED are increased,
and the production yield of the OLED is decreased.

[0012] In addition, there are still barriers between adjacent
layers. Particularly, there is a hole injection barrier between
the HIL 22 and the HTL 23 and/or between the HTL 23 and
the ML 24, and the velocity of the electron injection and the
electron transporting is larger than that of the hole injection
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and the hole transporting. Accordingly, the combination of
the holes and the electrons is generated in a boundary region
between the EML 24 and the HTL 23—not a center region of
the EML 24—such that the emission efficiency is decreased
and the driving voltage is increased.

[0013] To resolve the above problems, the simple structure
OLED s required. In addition, a balance of the velocity of the
holes and the electrons is required to form the excitons in the
center region of the EML.

SUMMARY OF THE INVENTION

[0014] Accordingly, the embodiment of the invention is
directed to an organic compound and an OLED using the
same that substantially obviate one or more of the problems
due to limitations and disadvantages of the related art.
[0015] An object of the embodiment of the invention is to
provide an organic compound being capable of reducing a
driving voltage.

[0016] An object of the embodiment of the invention is to
provide an organic compound being adequate to a simple
structure OLED.

[0017] Another object of the embodiment of the invention
is to provide an OLED having a simple structure and an
improved emission efficiency.

[0018] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. The objectives and other advantages
of the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0019] To achieve these and other advantages and in accor-
dance with the purpose of the embodiments of the invention,
as embodied and broadly described herein, an aspect of an
embodiment of the invention provides an organic electrolu-
minescent device including a first electrode; a second elec-
trode facing the first electrode; a first charge carrying layer
disposed between the first electrode and the second electrode,
the first charge carrying layer being disposed adjacent to the
first electrode; and a second charge carrying layer disposed
between the first electrode and the second electrode, the sec-
ond charge carrying layer disposed adjacent to the second
electrode, wherein the first charge carrying layer includes an
emitting part, ahole injection part and a hole transporting part
between the hole injection part and the emitting part, wherein
at least one of the hole injection part, the hole transporting
part and the emitting part includes a host material having an
organic compound of Formula:

4 A\
A\ \ / B
] —

wherein R is substituted or non-substituted C1 to C12 alkyl,
and A and B are symmetrically or asymmetrically positioned
in 2-position or 7-position of the fluorene core, and wherein
each of A and B is independently selected from substituted or
non-substituted aromatic group or substituted or non-substi-
tuted heterocyclic group.
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[0020] In another aspect of the embodiment of the inven-
tion, provided is an organic electroluminescent device includ-
ing a first electrode; a second electrode facing the first elec-
trode; a first charge carrying layer disposed between the first
electrode and the second electrode, the first charge carrying
layer being disposed adjacent to the first electrode; and a
second charge carrying layer disposed between the first elec-
trode and the second electrode, the second charge carrying
layer disposed adjacent to the second electrode, wherein the
first charge carrying layer includes an emitting part, a hole
injection part and a hole transporting part between the hole
injection part and the emitting part, wherein at least one of the
hole injection part, the hole transporting part and the emitting
part includes a host material having an organic compound of
Formula:

Y

o N//X\’
o%

wherein X is selected from carbon, nitrogen, oxygen and
sulfur, and Y is selected from aryl and arylamine.

[0021] In another aspect of the embodiment of the inven-
tion provided is an organic electroluminescent device includ-
ing a first electrode; a second electrode facing the first elec-
trode; a first charge carrying layer disposed between the first
electrode and the second electrode, the first charge carrying
layer being disposed adjacent to the first electrode; and a
second charge carrying layer disposed between the first elec-
trode and the second electrode, the second charge carrying
layer disposed adjacent to the second electrode, wherein the
first charge carrying layer includes an emitting part, a hole
injection part and a hole transporting part between the hole
injection part and the emitting part, and wherein at least two
of the emitting part, the hole injection part and the hole
transporting part include the same host material.

[0022] Itisto beunderstood 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 invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.

[0024] FIG. 1 is a cross-sectional view of the related art
OLED.
[0025] FIG. 2 is a schematic cross-sectional view of an

OLED according to a first embodiment of the invention.
[0026] FIG. 3 is a schematic cross-sectional view of an
OLED according to a second embodiment of the invention.
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[0027] FIG. 4 is a schematic cross-sectional view of an
OLED according to a third embodiment of the invention.

[0028] FIG. 5 is a graph showing a current density accord-
ing to a driving voltage in an OLED of an example 1 of the
embodiment of the invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0029] Reference will now be made in detail to example
embodiments, examples of which are illustrated in the
accompanying drawings.

[0030] FIG. 2 is a schematic cross-sectional view of an
OLED according to a first embodiment of the invention.

[0031] As shown in FIG. 2, OLED 200 is formed on a
substrate 100 and includes a first electrode 210, a hole injec-
tion layer (HIL) 230, a hole transporting layer (HTL) 240, an
emitting material layer (EML) 250 and an electron transport-
ing laver (ETL) 260, an electron injection layer (E1L) 270 and
a second electrode 280.

[0032] The first electrode 210 includes a conductive mate-
rial having a relatively high work function. For example, the
first electrode 210 may include indium-tin-oxide (ITO) or
indium-zinc-oxide (IZ0). However, the material is not lim-
ited thereto.

[0033] The HIL 230 is formed on the first electrode 210 as
an anode, and includes an organic compound in Formula 1.
The organic compound in Formula 1 has a hole transporting

property.

[Formula 1]

SN,

——

[0034] InFormulal,R is substituted or non-substituted C1
to C12 alkyl. A and B are symmetrically or asymmetrically
positioned in 2-position or 7-position of the fluorene core, and
each of A and B is independently selected from substituted or
non-substituted aromatic group or substituted or non-substi-
tuted heterocyclic group.

[0035] For example, each of A and B is independently
selected from substituted or non-substituted carbazole, sub-
stituted or non-substituted a-carboline, substituted or non-
substituted f-carboline, substituted or non-substituted y-car-
boline, substituted or non-substituted dibenzofuran,
substituted or non-substituted dibenzothiophene, substituted
or non-substituted aryl amine, substituted or non-substituted
aryl silane and substituted or non-substituted phenyl.

[0036] Each of A and B is independently selected from the
following compounds.
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-continued -continued

Y 0

FL-25

FL-26

Q [0038] The HIL 230 further includes a dopant material 220
having a lowest unoccupied molecular orbital (LUMO) level
. N of -4.5 eV to =6.0 eV. For example, the dopant material 220
may be an organic compound in Formula 2, but it is not
limited thereto. The dopant material 220 may have 0.1 to 20
S weight % with respect to a total weight of the HIL 230.
Namely, the dopant material 220 is doped to the organic
compound in Formula 1 to form the HIL 230 of the OLED
200.
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[Formula 2]
NC CN
>/ \<
N N

— =
NC CN
SYNTHESIS EXAMPLE
[0039] A synthesis example of the organic compound is
explained.
[0040] 1. Synthesis of the compound FL-1

[Reaction Formula 1]

) Q'D o
N
Cul, trans-1,

2-cyclohexane-diamine, K3POy
1,4-dioxane -

o L O
&

[0041] 2,7-dibromo-9,9-dimethyl-9H-fluorene (10 g,
28.403 mmol), carbazole (9.5 g, 56.806 mmol), copper iodide
(Cul) (4.3 g, 22.722 mmol), K;PO, (36 g, 170.418 mmol),
and trans-1,2-cyclohexanediamine (2.7 mL, 22.722 mmol)
were dissolved in 1,4-dioxane. The solution was refluxed and

stirred for 12 hours. After completion of the reaction, the
solution was distilled under reduced pressure to remove the
solvent. The resultant was columned with a solvent of n-hex-
ane and methylene chloride (4:1) and was short-columned
with toluene. The solution was distilled under reduced pres-
sure and was re-crystallized in a solution of methylene chlo-
ride and petroleum ether such that the compound FL-1 was
obtained, (4.0 g, yield: 67%).
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[0042] 2. Synthesis of the Compound FL-2

[Reaction Formula 2]
Br Q.O Br +

{
Cul, trans-1,

2-cyclohexane-diamine, K3POy
1,4-dioxane

&

X1

[0043] 2.7-dibromo-9,9-dimethyl-9H-fluorene (10 g,
28.403 mmol), carbazole (2.37 g, 14.20 mmol), copper iodide
(Cul) (540 mg, 2.840 mmol), K,PO, (6.03 g, 28.404 mmol),
and trans-1,2-cyclohexanediamine (0.34 mL, 2.840 mmol)
were dissolved in 1,4-dioxane. The solution was refluxed and
stirred for 12 hours. After completion of the reaction, the
solution was distilled under reduced pressure to remove the
solvent. The resultant was columned with a solvent of n-hex-
ane and methylene chloride (4:1). The solution was distilled
under reduced pressure and was re-crystallized in a solution
of methylene chloride and petroleum ether such that the com-
pound X1 was obtained, (4.17 g, yield: 67%).

[Reaction Formula 3]

()

Pd(OAc),, tris-(t-butyl)-phosphine

NH

sodium t-butoxide, toluene
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-continued

0
Q?&

[0044] The compound X1 (2.0 g, 4.562 mmol), dipheny-
lamine (701 mg, 4.148 mmol), tris-(t-butyl)-phosphine (49
ul, 0.207 mmol), and sodium tert-butoxide (798 mg, 8.296
mmol) were dissolved in toluene. The solution was refluxed
and stirred for 12 hours with catalyst of palladium(IT)acetate
(Pd(OAc),). After completion of the reaction, the solution
was distilled under reduced pressure to remove the solvent.
The resultant was columned with a solvent of n-hexane and
methylene chloride (3:1). The solution was distilled under
reduced pressure and was re-crystallized in a solution of
methylene chloride and petroleum ether such that the com-
pound FL-2 was obtained, (1.5 g, yield: 69%).

[0045] 3. Synthesis of the Compound FL-3

[Reaction Formula 4]
Br
Pd(dba)s,
NH tri-o-tolyphosphine
’ sodium t-butoxide, toluene
Br
N Br
X2

[0046] 1,3-dibromobenzene (24.9 mL, 206.83 mmol),

diphenylamine (10 g, 59.095 mmol), tri-ortho-tolyphosphine
(899 mg, 2.955 mmol) and sodium tert-butoxide (11.4 g,
118.19 mmol) were dissolved in toluene. The solution was
refluxed and stirred for 12 hours with catalyst of tris(diben-
zylideneacetone)dipalladium(0) (Pd,(dba),). After comple-
tion of the reaction, the solution was distilled under reduced
pressure to remove the solvent. The resultant was columned
with n-hexane. The solution was distilled under reduced pres-
sure and was re-crystallized in a solution of methylene chlo-
ride and petroleum ether such that the compound X2 was
obtained, (9.26 g, yield: 48%).
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[Reaction Formula 5]

POt

N S N igl\]?lgcll B(OEt),, THF
7z
N

X2

7~
N X B(OH),
a
AN
X3

[0047] The compound X2 (8.9 g, 27.451 mmol) was dis-
solved in tetrahydrofuran (THF). The solution was cooled
into -78° C., and 2.5M n-butyl lithium (n-BuLi) solution
(14.3 mL) was slowly dropped. The solution was stirred in a
room temperature for 1 hour. The solution was cooled again
into -78° C., and triethyl borate (7.0 mL, 41.176 mmol) was
slowly dropped. The solution was stirred in a room tempera-
ture for 12 hours. After 12 hours, SN HCI solution (50 mL)
was added, and THF was removed. The resultant was
extracted by distilled water and methylene chloride. The
resultant was distilled under reduced pressure to remove the
solvent and was columned with methylene chloride. The
solution was distilled under reduced pressure such that the
compound X-3 was obtained, (4.73 g, vield: 60%).

Reaction Formula 6]

[
BrN : +
X1
(j\N/<j\Bm)2 KaCOy, Pd(pphy)s

toluene/H,O

X3
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SRSaetenes

FL-3

()

[0048] The compound X1 (2.06 g, 4.7 mmol), the com-
pound X3 (1.63 g, 5.64 mmol), potassium carbonate (K,CO,)
(1.30 mg, 9.4 nnol) were dissolved in toluene and distilled
water. The solution was refluxed and stirred for 12 hours with
catalyst of tetrakis(triphenylphosphine)palladium(0) (217
mg, 0.19 mmol). After completion of the reaction, the solu-
tion was distilled under reduced pressure to remove the sol-
vent. The resultant was columned with a solvent of n-hexane
and methylene chloride (4:1). The solution was distilled
under reduced pressure and was re-crystallized in a solution
of methylene chloride and petroleum ether such that the com-
pound FL-3 was obtained, (0.74 g, yield: 26%).

[0049] 4. Synthesis of the Compound FT.-4
[Reaction Formula 7]

Cul, Nal, trans-1,
Br 2-diaminomethylamine

1.4-dioxane

X4

~J-0

[0050] 2,7-dibromo-9,9-dimethyl-9H-fluorene (5.0 g, 14.2
mmol), copper iodide (Cul) (649 mg, 3.41 mmol), sodium
iodide (Nal) (8.5 g, 56.804 mmol), and trans-1,2-diaminom-
ethylamine (0.99 mL, 6.25 mmol) were dissolved in 1,4-
dioxane. The solution was refluxed and stirred for 12 hours.
After completion of the reaction, the solution was distilled
under reduced pressure to remove the solvent. The resultant
was columned with n-hexane. The solution was distilled
under reduced pressure and was re-crystallized in a solution
of methylene chloride and petroleum ether such that the com-
pound X4 was obtained, (4.17 g, yield: 65%).

X4

[Reaction Formula 8]

Jun. 2, 2016
-continued
I
N N Cul, trans-1,2-cyclohexane-diamine,
/ \ K3PO4
1,4-dioxane
?/ \g a \
-4

[0051] The compound X4 (2.5 g, 5.59 mmol), carboline
(2.07 g, 12.307 mmol), copper iodide (Cul) (852 mg, 4.48
mmol), K,PO, (7.13 g,33.57 mmol), and trans-1,2-cyclohex-
anediamine (0.54 mL, 4.48 mmol) were dissolved in 1,4-
dioxane. The solution was refluxed and stirred for 12 hours.
After completion of the reaction, the solution was distilled
under reduced pressure to remove the solvent. The resultant
was columned with a solvent of n-hexane and ethylacetate
(3:1). The solution was distilled under reduced pressure and
was re-crystallized in a solution of methylene chloride and
petroleum ether such that the compound FL-4 was obtained,
(1.08 g, yield: 37%).

[0052] 5. Synthesis of the Compound FL-11

(1) Synthesis of 2-(7-bromo-9,9-dimethyl-9H-fluo-
ren-2-yl)dibenzo[b,d]thiophene
[0053]

5 K,CO3, Pd(pphs)s
B(OH)), —08 —»
! toluene/H,O

sixgt
sala®

[0054] 2.7-dibromo-9,9-dimethyl-9H-fluorene (5.0 g,
14.201 mmol), dibenzo[b,d]thiophen-2-ylboronic acid (1.62
g, 7.10 mmol), Pd(pph,), (820 mg, 0.71 mmol), K,CO, (1.96
2, 14.201 mmol) were put in a 250 mL two-neck flask and
dissolved in toluene/H,0. The solution was refluxed and
stirred for 12 hours. After completion of the reaction, the
solution was distilled under reduced pressure to remove the

[Reaction Formula 9]
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9
solvent. The resultant was columned with a solution of hex- contlnued
ane and methylenechloride (9:1). The solution was distilled
under reduced pressure and was re-crystallized in a solution choz’ Pd(ophs)y
of methylene chloride and petroleum ether such that the white
solid compound was obtained, (1.61 g, vield: 50%). tOIHEHE/Hzo

(2) Synthesis of the Compound FL-11 (HO):B

[Reaction Formula 10] O

s Oa0
Br
Q O * [0059] 2.7-dibromo-9,9-dimethyl-9H-fluorene (5.0 g,
O 14.201 mmol), dibenzo[b,d]furan-2-ylboronic acid (1.50 g,

7.10 mmol), Pd(pph3)4 (820 mg, 0.71 mmoel), K,CO, (1.96 g,

14.201 mmol) were put in a 250 ml two-neck flask and

dissolved in toluene/H,O. The solution was refluxed and

stirred for 12 hours. After completion of the reaction, the
N BOH); K,COs, Pd(pphyls solution was distilled under reduced pressure to remove the
solvent. The resultant was columned with a solution of hex-
ane and methylenechloride (8:1). The solution was distilled
under reduced pressure and was re-crystallized in a solution
of methylene chloride and petroleum ether such that the white
solid compound was obtained, (1.50 g, yield: 48%).

S
O Q.O O /@ (2) Synthesis of the Compound FL-12
® \

toluene/H,0

[0060]

[Reaction Formula 12]

[0056] 2-(7-bromo-9,9-dimethyl-9H-fluoren-2-yl)dibenzo
[b,d]thiophene (1.61 g, 3.54 mmol), 3-(diphenylamino)phe-
nylboronic acid (1.02 g, 3.54 mmol), Pd(pph3)4 (404 mg,
0.35 mmol), K,CO, (978 mg, 7.08 mmol) were put in a 250
mL two-neck flask and dissolved in toluene/H,O. The solu-
tion was refluxed and stirred for 12 hours. After completion of
the reaction, the solution was distilled under reduced pressure

to remove the solvent. The resultant was columned with a
solution of hexane and methylenechloride (4:1). The solution
was distilled under reduced pressure and was re-crystallized
in a solution of methylene chloride and petroleum ether such
that the compound FL-11 of white solid was obtained, (1.50 N BOH), K,CO;, Pd(pphy)s
g, yield: 68%). - 1-, 0
[0057] 6. Synthesis of the Compound FL-12 oenerty
(1) Synthesis of 2-(7-bromo-9,9-dimethy1-9H-fluo-

ren-2-yl)dibenzo[b,d[furan

[0058]
iw N
[Reaction Formula 11] O Q O N’O
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[0061] 2-(7-bromo-9,9-dimethyl-9H-fluoren-2-yl)dibenzo
[b,d]furan (1.50 g, 3.42 mmol), 3-(diphenylamino)phenylbo-
ronic acid (989 mg, 3.42 mmol), Pd(pph3)4 (393 mg, 0.34
mmol), K,CO; (945 mg, 6.84 mmol) were put in a 250 mL
two-neck flask and dissolved in toluene/H,O. The solution
was refluxed and stirred for 12 hours. After completion of the
reaction, the solution was distilled under reduced pressure to
remove the solvent. The resultant was columned with a solu-
tion of hexane and methylenechloride (3:1). The solution was
distilled under reduced pressure and was re-crystallized in a
solution of methylene chloride and petroleum ether such that
the compound F1.-12 of white solid was obtained, (1.20 g,
yield: 58%).

[0062] 7. Synthesis of the Compound FL-15

(1) Synthesis of 3-(7-bromo-9,9-dimethy1-9H-fluo-
ren-2-y1)-N,N-diphenylaniline

[0063]

Br Q.O Br +
K,CO;, Pd(pphs)y

N B(OH),

[Reaction Formula 13]

toluene/H,0

~0-

[0064] 2,7-dibromo-9,9-dimethyl-9H-fluorene (5.0 g,
14.201 mmol), 3-(diphenylamino)phenylboronic acid (2.05
2, 7.10 mmol), Pd(pph3)4 (820 mg, 0.71 mmol), K,CO, (1.96
g, 14.201 mmol) were put in a 250 mL two-neck flask and
dissolved in toluene/H,O. The solution was refluxed and
stirred for 12 hours. After completion of the reaction, the
solution was distilled under reduced pressure to remove the
solvent. The resultant was columned with a solution of hex-
ane and methylenechloride (4:1). The solution was distilled
under reduced pressure and was re-crystallized in a solution
of methylene chloride and petroleum ether such that the white
solid compound was obtained, (1.50 g, yield: 41%).
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[0065] (2) Synthesis of the Compound FL-15

[Reaction Formula 14]

~O

n-Buli, ether

Cl—Si _— >

O o0 o

[0066] 3-(7-bromo-9,9-dimethyl-9H-fluoren-2-y1)-N,N-
diphenylaniline (1.50 g, 2.90 mmol) were put in a 250 mL
two-neck flask and dissolved in diethylether. The solution
was cooled into —78° C., and n-Buli (2.5M, 1.74 mL) were
dropped. After three hours, chlorotriphenylsilane (989 mg,
3.42 mmol) dissolved in diethylether was slowly dropped,
and the solution was refluxed and stirred at a room tempera-
ture for 12 hours. After completion of the reaction, the solu-
tion was distilled under reduced pressure to remove the sol-
vent. The resultant was columned with a solution of hexane
and methylenechloride (5:1). The solution was distilled under
reduced pressure and was re-crystallized in a solution of
methylene chloride and petroleum ether such that the com-
pound FL-15 of white solid was obtained, (1.20 g, yield:
59%).

[0067] The properties of the compounds FL-1 to FL-4,
FL11, FL-12 and F1-15 and NPB(N,N'-di(naphthalen-1-y1)-
N,N'-diphenyl-benzidine) were tested and listed in Table 1.

TABLE 1

Com- Mope® Aprf(nm) Bandgap LUMOY HOMO® Ej
pounds (nm) sol/77K  Energy® (eV) (eV) (eV)
NPB 414 540 3.00 -2.40 -540 230
(ref.)

FL-1 360 459 345 -2.13 -558 271
FL-2 390 439 3.18 -243 -5.61 2.54
FL-3 374 491 332 -2.33 -5.65 2.53
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TABLE 1-continued

Com- Mop? AprP(nm) Bandgap LUMOY HOMO°® Ej
pounds (nm) sol/77K  Energy© (eV) (eV) (eV)
FL-4 354 458 351 -2.06 =557 271
FL-11 371 491 3.34 -2.32 -5.66 253
FL-12 370 487 335 -233 -5.68 255
FL-15 372 485 3.34 -2.35 -5.69 256

“Absorption onset of 0.02 mM solutions in CH,Cly.

®PL, maxima of 2-methyl THF solutions upon excitation at UV maximum absorption.
¢ Estimated from the absorption onset.

4LUMO = —[Band gap energy - HOMO level]

¢ Estimated from the Cyclic Voltammetry instrument.

[0068] As shown in Table 1, a band gap energy of the
compounds FL-1 to FL-4, FL11, FL-12 and FL-15 of the
embodiment of the invention is larger than the band gap
energy 3.0 of NPB. Accordingly, the organic compound of the
embodiment of the invention can be used as a host material of
the EML as well as the material of HIL and HTL.

[0069] The HTL 240 is formed on the HIL 230. For
example, the HTL 240 may include NPB(N,N'-di(naphtha-
len-1-y1)-N,N'-diphenyl-benzidine), or PD(N,N'-bis-(3-me-
thylphenyl)-N,N'-bis-(phenyl )-benzidine), but it is not lim-
ited thereto.

[0070] The EML 250 is formed on the HTL 240 and may
include a host material with a dopant material, which may be
similar or the same as the dopant material 220. Each of the
host material and the dopant material is selected from a fluo-
rescent compound and a phosphorescent compound, but it is
not limited thereto. For example, for the blue EML 250, the
host material may be a fluorescent compound of one of
anthracene derivatives, pyrene derivatives and perylene
derivatives, and the blue fluorescent dopant may be doped to
the host compound. For the green EML 250, the host material
may be a phosphorescent compound of one of carbazole
derivatives or a metal complex, and the green phosphorescent
dopant may be doped to the host compound. For the red EML
250, the host material may be a phosphorescent compound of
one of carbazole derivatives or a metal complex, and the red
phosphorescent dopant may be doped to the host compound.

[0071] The ETL 260 is formed on the EML 250. The ETL
260 includes oxadiazole, triazole, phenanthroline, benzox-
azole or benzthiazole, but it is not limited thereto,

[0072] TheEIL 2701is formed onthe ETL 260. The EIL 270
includes LiF or lithium quinolate (LiQ), but it is not limited
thereto.

[0073] The second electrode 280 is formed on the EIL 270
and includes a metallic material having a relatively low work
function. For example, the second electrode 280 may include
aluminum (Al), silver (Ag), magnesium (Mg), lithium (Li) or
calcium (Ca), but it is not limited thereto.

[0074] FIG. 3 is a schematic cross-sectional view of an
OLED according to a second embodiment of the invention.
The OLED in FIG. 3 is substantially same as that in FIG. 2
except the material of the HTTL.. Accordingly, the explanation
is focused on the material of the HTL.

[0075] As shown in FIG. 3, each of the HIL. 230 and the
HTL 240" of the OLED 200 of the embodiment of the inven-
tion includes the organic compound in Formula 1. As
explained above, the HIL 230 further includes the dopant
material 220 having the LUMO level of -4.5 eV to -6.0 eV.
For example, the dopant material 220 may be an organic
compound in Formula 2.

Jun. 2, 2016

[0076] 1In the OLED 200, there is no hole injection barrier
between the HIL 230 and the HTT. 240" (indicated by a dashed
line), and the driving voltage of the OLED is lowered. In
addition, since the HIL 230 and the HTL 240' include the
same material, the production cost is decreased and the pro-
duction yield is improved. The dopant material 220 may have
0.1 to 20 weight % with respect to a total weight of the HIL
230.

[0077] FIG. 4 is a schematic cross-sectional view of an
OLED according to a third embodiment of the invention. The
OLED in FIG. 4 is substantially same as that in FIG. 2 except
the material of the HTL and the EML. Accordingly, the expla-
nation is focused on the material of the HTL and EML.
[0078] As shown in FIG. 4, not only the HIL 230 and the
HTL 240" but also the EML 250" of the OLED 200 of the
embodiment of the invention includes the organic compound
in Formula 1. As explained above, the HIL. 230 further
includes the dopant material 220 having the LUMO level of
-4.5eVto -6.0eV. Forexample, the dopant material 220 may
be an organic compound in Formula 2. The dopant material
220 may have 0.1 to 20 weight % with respect to a total weight
of the HIL 230.

[0079] In addition, the EML 250' may further include the
dopant material to the organic compound in Formula 1 as a
host material. The dopant material for the EML 250" may be
a fluorescent compound or a phosphorescent compound.
[0080] In the OLED 200, there is no hole injection barrier
between the HIL 230 and the HTL 240" and between the HTL
240" and the EML 250" (indicated by dashed lines), and the
driving voltage of the OLED is lowered. In addition, since the
HIL 230, the HTL 240" and the EML 250' include the same
material, the production costs is decreased and the production
vield is improved. The HIL 230, the HTL 240", and the EML
250" may be referred to as a hole injection part, a hole trans-
port part, and an emitting part in embodiments of the inven-
tion, for example, when no hole injection barrier is present
therebetween based on one or more of the parts containing a
same host material. Also, in embodiments of the invention,
the hole injection part, the hole transport part, and the emit-
ting part may be referred together as a first charge carrying
layer 201. That is, the first charge carrying layer may include
hole injection part, the hole transport part, and the emitting
part. Also, in embodiments of the invention, the ETL 260 and
the EIL 270 may be referred together as a second charge
carrying layer 202. That is, the second charge carrying layer
may include the ETL 260 and the EIL 270.

EXAMPLE 1
[0081] 1. Example Diode 1
[0082] An indium-tin-oxide (ITO) layer is patterned on a

substrate and washed such that an emission area of the ITO
layer is to be 3 mm*3 mm. The substrate is washed by the UV
ozone and is loaded in an evaporation system. The substrate is
loaded in a vacuum chamber, and the process pressure is
adjusted to 1#107°~1%107 torr. The compound FL-1 as a host
material is deposited with HAT-CN in Formula 2 (10%) as a
dopant material to form the HIL (50 A). NPB is deposited on
the HIL to form the HTL (600 A). MADN (2-methyl-9,10-
bis(naphthalene-2-yl)anthracene) is deposited on the HTL to
form the EML (250 A). NPB is deposited on the EML to form
the hole blocking layer (100 A). Aluminum is deposited on
the hole blocking layer to form the cathode (1500 A). The UV
curable epoxy and the getter are used for encapsulation such
that the diode is obtained.
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NPB
MADN

[0083] 2. Example Diode 2

[0084] The compound FL-2 is used instead of the com-
pound FL-1.

[0085] 3. Comparative Example Diode 1

[0086] The HIL is formed by depositing HAT-CN without
the host material in the HIL of the Example diode 1.

[0087] 4. Comparative Example Diode 2

[0088] NPB is used instead of the host material in the HIL
of the Example diode 1.

[0089] The current and voltage property in the Example
diodes 1 and 2 and the Comparative Example diodes 1 and 2
were tested and shown in FIG. 5.

[0090] As shown in FIG. 5, in comparison to the Compara-
tive Example diode 1, where only HAT-CN is used for the
HIL, thedriving voltage of the Comparative Example diode 2,
where NPB with HAT-CN is used for the HIL, is lowered. At
10 mA/em?2, the Comparative Example diode 1 has the driv-
ing voltage of 8.5V, and the Comparative Example diode 2
has the driving voltage of 7.7V.

[0091] In addition, in comparison to the Comparative
Example diodes 1 and 2, the driving voltage of the Example
diodes 1 and 2, where each of the compounds FL.-1 and FL-2
with HAT-CN is used for the HIL, is lowered. At 10 mA/cm2,
the Example diode 1 has the driving voltage of 7.3V, and the
Example diode 2 has the driving voltage of 6.3V.

EXAMPLE 2
[0092] 1.Example Diode 3
[0093] An indium-tin-oxide (ITO) layer is patterned on a

substrate and washed such that an emission area of the ITO
layer is to be 3 mm*3 mm. The substrate is washed by the UV
ozone and is loaded in an evaporation system. The substrate is
loaded in a vacuum chamber, and the process pressure is
adjusted to 1*107°~1%107 torr. The compound FL-1 as a host
material is deposited with HAT-CN in Formula 2 (10%) as a
dopant material to form the HIL (50 A). Only the compound
FL-1 is deposited on the HIL to form the HTL (300 A). The
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compound FL-1 as a host material with 4,48-bis(2,28-diphe-
nylvinyl)-1,18-biphenyl (DPVBi) (15%) as a dopant material
is deposited on the HTL to form the EML (400 A). Alg, is
deposited on the EML to form ETL (200 A), and LiF is
deposited on the ETL to form the EIL (10 A). Aluminum is
deposited on the EIL to form the cathode (1000 A). The UV
curable epoxy and the getter are used for encapsulation such
that the diode is obtained.

DPVBIi

[0094]
[0095]

2. Example Diode 4
The compound FL-2 is used instead of the com-
pound FL-1 in the Example diode 3.

[0096] 3. Example Diode 5

[0097] The compound FL-11 is used instead of the com-
pound FL-1 in the Example diode 3.

[0098] 4. Example Diode 6

[0099] The compound FL-12 is used instead of the com-
pound FL-1 in the Example diode 3.

[0100] 5. Example Diode 7

[0101] The compound FL-15 is used instead of the com-
pound FL-1 in the Example diode 3.

[0102] 6. Comparative Example Diode

[0103] NPB is used instead of the compound FL-1 in the
Example diode 3.

[0104] The properties of the Example diodes 3 to 7 and the
Comparative Example diode were tested and listed in Table 2.
TABLE 2

Emission Quantum

Voltage efficiency efficiency
V] Cd/A Lmw/w [%] CIEx CIEy
Com. Ex. 3.9 101 099 117 0.144 0.098
Ex. 1 320 330 3.24 3.70 0.142 0.110
Ex.2 3.07 350 358 4.06 0.141 0.108
Ex. 3 310 173 175 2.02 0.143  0.098
Ex. 4 310 172 174 2.00 0.144 0.098
Ex. 5 310 133 135 1.57 0.142  0.098

[0105] Referring to Table 2, in comparison to the Compara-
tive Example diode, the properties of the Example diodes 3 to
7 (listed as Ex. 1 to 5, respectively in Table 2) using the
organic compound of the embodiment of the invention are
improved. Particularly, the emission efficiency and the quan-
tum efficiency of the Example diode 4 (listed as Ex. 2) are
remarkably improved, and the driving voltage of the Example
diode 4 (listed as Ex. 2) is remarkably lowered.

[0106] In the embodiment of the invention, the organic
compound, which has large band gap energy and an excellent
hole transporting property, is used for the host material of the
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HIL and EML and the material of the HTL such that the
OLED has a simple structure and problems in the production
costs and the production yield are overcome. In addition, the
dopant material, which has adeep LUMO level, is used for the
HIL such that the emission efficiency is improved and the
driving voltage is reduced.

[0107] The HIL 230 in FIG. 2, the HIL 230 and the HTL
240" in FIG. 3 and the HIL 230, the HTL 240' and the EML
250" in FIG. 4 include an organic compound in Formula 3
instead of the organic compound in Formula 1. The HIL 230
may further include a dopant material having a lowest unoc-
cupied molecular orbital (LUMO) level of -4.5eVto-6.0eV.
For example, the dopant material may be HAT-CN, which has
0.1 to 20 weight % with respect to a total weight of the HIL
230. The EML 250" may further include a blue dopant mate-
rialhaving 0.1 to 30 weight % with respect to a total weight of
the EML 250" to emit blue light. For example, the dopant
material for the EML 250" may be N,N'-bis(2,4-diphenyl)-N,
N'-bis(2-fluorophenyl)-pyrene-1,6-diamine.

[0108] Namely, in the OLED including the first electrode,
the HIL, the HTL, the EML and the second electrode, at least
one of the HIL, the HTL and the EML includes the organic
compound in Formula 3 such that the OLED has advantages
in the emission efficiency, the quantum efficiency and the
driving voltage. Particularly, all of the HIL, the HTL and the
EML include the organic compound in Formula 3 such that
the structure of the OLED is simplified and the problems in
the production costs and the production yield are overcome.

[0109] In addition, when all of the HIL, the HTL and the
EML include the organic compound in Formula 3, which has
an excellent hole transporting property, the hole injection or
transporting barrier is reduced such that the emission effi-
ciency is further improved. Namely, since the hole injection
or transporting barrier is reduced, the combination of the
holes and the electrons is generated at a center region of the
EML such that the emission efficiency is improved.

o N//X\
DOQ

[0110] In Formula 3, X is selected from carbon, nitrogen,
oxygen and sulfur, and Y is selected from aryl and arylamine.
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For example, Y may be selected from phenyl, naphthyl, ter-
phenyl, xylene, triphenlyamine, diphenylamine and phenan-
threnylamine.

[0111] In Formula 2,Y is selected from the followings.

SEPORS
Cﬁ@ —(j
CL g
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[0112] For example, the organic compound in Formula 3 _continued
includes the following compounds AN-1 to AN-16.

oo oY
> oC
N (3

S0 G

Q0. 4ve
C
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-continued -continued

N

AN-15

QN O O N/ \
oS
o

N,
O ~ [
N O
N,
/ A\
o SYNTHESIS EXAMPLE
O [0113] A synthesis example of the organic compound is

explained.
[0114] 1. Synthesis of the Compound AN-1

(1) synthesis of
3-(10-phenylanthracen-9-y1)-9H-carbazole
[0115]

[Reaction Formula 15]

H
N

-0

Br
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-continued

Na;CO;, Pd(PPhy),
_—

toluene, EtOH, H,O

B(OH),

H
N

s
o
o"

[0116] 3-bromocarbazole (2.54 g, 10.320 mmol), 9-phe-
nyl-boronic acid (3.69 g, 12.384 mmol), Na,CO; (2.2 g,
20.64 mmol), Pd(PPh,), (1.19 g, 1.032 mmol) were put in a
250 mL two-neck flask and dissolved in toluene/ethanol/
H,0. The solution was refluxed and stirred at 120° C. for 12
hours. After completion of the reaction, the solution was
extracted with methylenechloride/H,O and distilled under
reduced pressure to remove the solvent. The resultant was
columned with a solution of n-hexane and methylenechloride
(4:1) and was re-crystallized in a solution of methylene chlo-
ride and petroleum ether such that the white solid compound
was obtained, (2.60 g, yield: 60%).

[0117] (2) Synthesis of the Compound AN-1

O

[Reaction Formula 16]

~ 00

sodium t-butoxide, toluene

18
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-continued

L

[0118] 3-(10-phenylanthracen-9-y1)-9H-carbazole (1.68 g,
4.00 mmol), 4-bromo-triphenylamine (1.43 g, 4.401 mmol),
Pd,(dba), (110 mg, 0.120 mmol), tris-t-butylphosphine (47
l, 0.200 mmol), sodium tert-butoxide (770 mg, 8.00 mmol)
were putina 250 mL two-neck flask and dissolved in toluene.
The solution was refluxed and stirred for 12 hours. After
completion of the reaction, the solution was distilled under
reduced pressure to remove the solvent. The resultant was
columned with a solution of n-hexane and methylenechloride
(4:1) and was re-crystallized in a solution of methylene chlo-
ride and petroleum ether such that the white solid compound
AN-1 was obtained, (2.53 g, yield: 95%).

[0119] 2. Synthesis of the Compound AN-2

[Reaction Formula 17]

Br
Pd;(dba)s, tirs-t-butylphosphine : “N” : Pd;(dba);, tirs-t-butylphosphine

sodium t-butoxide, toluene
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_continued [0123] 9-bromophenanthrene (7.00g,27.22 mmol), aniline
(3.7 mL, 40.84 mmol), Pd,(dba), (499 mg, 0.544 mmol),
tris-t-butylphosphine (0.123 mL, 0.544 mmol), sodium tert-

N butoxide (3.90 mg, 40.84 mmol) were put in a 250 mL two-
neck flask and dissolved in toluene. The solution was refluxed
and stirred for 12 hours. After completion of the reaction, the
solution was extracted with DI water/methylenechloride and
distilled under reduced pressure to remove the solvent. The
resultant was columned with a solution of n-hexane and meth-

N ylenechloride (3:1) and was re-crystallized in a solution of

methylene chloride and petroleum ether such that the solid
O compound was obtained, (4.60 g, yield: 63%).

(2) synthesis of

N-(3-bromophenyl)-N-phenylphenanthren-9-amine
o8>

[Reaction Formula 19]

[0120] 3-(10-phenylanthracen-9-y1)-9H-carbazole (1.59 g,
3.80 mmol), N-(4-bromophenyl)-N-phenyl-naphthalen-1-
amine (1.56 g, 4.17 mmol), Pd,(dba), (69 mg, 0.076 mmol),
tris-t-butylphosphine (27 pl, 0.114 mmol), sodium tert-butox-

ide (728 mg, 7.58 mmol) were put in a 250 mL two-neck flask AN B Pds(dba);,
and dissolved in toluene. The solution was refluxed and tirs-o-tolyphosphine
stirred for 12 hours. After completion of the reaction, the + e ——
solution was distilled under reduced pressure to remove the SOdlumthEe_Elemme’
solvent. The resultant was columned with a solution of n-hex- Br
ane and methylenechloride (3:1) and was re-crystallized in a
solution of methylene chloride and petroleum ether such that
the greenish solid compound AN-2 was obtained, (1.64 g,
vield: 61%).
[0121] 3. Synthesis of the Compound AN-3 Br
(1) synthesis of N-phenylphenanthren-9-amine
[0122]
N

[Reaction Formula 18]
Br
NH,
Pd(dba);,
‘ tirs-t-butylphosphine
+

sodium t-butoxide, toluene

[0125] N-phenylphenanthren-9-amine (4.51 g, 16.74
mmol), 1,3-dibromobenzene (6.05 mL, 50.23 mmol), Pd,
(dba), (307 mg, 0.355 mmol), tris-o-tolyphosphine (0.255
mL, 0.837 mmol), sodium tert-butoxide (3.2 g, 33.49 mmol)

HN were putina 250 mL two-neck flask and dissolved in toluene.
The solution was refluxed and stirred for 12 hours. After
completion of the reaction, the solution was extracted with DI
water/methylenechloride and distilled under reduced pres-
sure to remove the solvent. The resultant was columned with
a solution of n-hexane and methylenechloride (7:1). The
resultant was distilled under reduced pressure and re-crystal-
lized such that the wax compound was obtained, (2.9 g, yield:
41%).
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(3) Synthesis of the Compound AN-3

[0126]
[Reaction Formula 20]
Br
N
r |
qH
N,
Pd;(dba)s,
tirs-t-
butylphosphine
— =
sodium
t-butoxide,
Q toluene

~ 0
QOQ

[0127] 3-(10-phenylanthracen-9-y1)-9H-carbazole (1.25 g,
2.98 mmol), N-(3-bromophenyl)-N-phenylphenanthren-9-
amine (1.39 g, 3.28 mmol), Pd,(dba); (55 mg, 0.060 mmol),
tris-t-butylphosphine (0.014 mL, 0.060 mmol), sodium tert-
butoxide (572 mg, 5.96 mmol) were putin a 250 mL two-neck
flask and dissolved in toluene. The solution was refluxed and

O

20
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stirred for 12 hours. After completion of the reaction, the
solution was extracted with DI water/methylenechloride and
distilled under reduced pressure to remove the solvent. The
resultant was columned with a solution of n-hexane and meth-
vlenechloride (3:1) and was re-crystallized in a solution of
methylene chloride and petroleum ether such that the solid
compound AN-3 was obtained, (1.14 g, yield: 50%).

[0128] 4. Synthesis of the Compound AN-4

(1) Synthesis of 6-(10-phenylanthracen-9-y1)-9H-
pyrido[2,3-blindole

[0129]
[Reaction Formula 21]
H
N
N
/ N+
—
Br
B(OH),
N32C03, Pd(PPh3)4
B
toluene, EtOH, H,O
H
N
N,
O =
[0130] bromo-carboline (3.0 g, 12.14 mmol), 9-phenyl-bo-

ronic acid (3.98 g, 13.36 mmol), Na,CO; (2.57 g, 24.28
mmol), Pd(PPh,), (1.40 g, 1.21 mmol) were put in a 250 mL
two-neck flask and dissolved in toluene/ethanol/H,O. The
solution was refluxed and stirred at 120° C. for 12 hours. After
completion of the reaction, the solution was extracted with
methylenechloride/H,O and distilled under reduced pressure
to remove the solvent. The resultant was columned with a
solution of n-hexane and ethylacetate (3:1) and was re-crys-
tallized in a solution of methylene chloride and petroleum
ether such that the solid compound was obtained, (2.32 g,
vield: 45%).
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(2) Synthesis of 9-(4-iodopheny1)-6-(10-phenylan-
thracen-9-yl)-9H-pyrido[2,3-blindole

[0131]

[Reaction Formula 22]

® N/,N,\
OOQ

CHL K3P04

trans-1,2-dicyclohexanediamine, 1,4-dioxane

[0132] 6-(10-phenylanthracen-9-y1)-9H-pyrido|[2,3-b]in-
dole (1.76 g, 4.19 mmol), 1,4-diiodobenzene (2.76 g, 8.37
mmol), Cul (319 mg, 1.67 mmol), K,PO, (1.78 g, 8.37
mmol), trans-1,2-dicyclohexanediamine (0.2 ml, 1.67
mmol) were put in a 250 mL two-neck flask and dissolved in
1,4-dioxane. The solution was refluxed and stirred at 120° C,
for 12 hours. After completion of the reaction, the solution
was extracted with methylenechloride/H,O and distilled
under reduced pressure to remove the solvent. The resultant
was columned with a solution of n-hexane and methyl-
enechloride (1:5) and was re-crystallized in a solution of
methylene chloride and petroleum ether such that the solid
compound was obtained, (1.67 g, yield: 64%).
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(3) Synthesis of the Compound AN-4

¢
O /
» 0

[0133]

[Reaction Formula 23]

N,

N\

e

+

Pd,(dba)s, tirs-t-butylphosphine

sodium t-butoxide, toluene

Swe

9 N//N\
OOQ

[0134] 6-(10-phenylanthracen-9-y1)-9H-pyrido|[2,3-b]in-

dole (1.58 g, 2.54 mmol), diphenylamine (430 mg, 2.54
mmol), Pd,(dba), (46 mg, 0.050 mmol), tris-t-butylphos-
phine (0.012 mL, 0.050 mmol), sodium tert-butoxide (488
mg, 5.08 mmol) were put in a 250 mL two-neck flask and
dissolved in toluene. The solution was refluxed and stirred at
120° C. for 12 hours. After completion of the reaction, the
solution was extracted with methylenechloride/H,O and dis-
tilled under reduced pressure to remove the solvent. The
resultant was columned with a solution of n-hexane and meth-
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ylenechloride (1:5) and was re-crystallized in a solution of
methylene chloride and petroleum ether such that the solid

methylene chloride and petroleum ether such that the com-
pound AN-6 of greenish solid was obtained, (1.64 g, yield:

compound AN-4 was obtained, (0.54 g, yield: 32%).
[0135] 5. Synthesis of the Compound AN-6

[Reaction Formula 24]
el
N

~ 00
s

Pdj(dba)s, tirs-t-butylphosphine

N
O sodium t-butoxide, toluene
Br O

@9
(C
~ 00

OOQ

[0136] 3-(10-phenylanthracen-9-y1)-9H-carbazole (1.59 g,
3.80 mmol), N-(3-bromophenyl)-N-phenyl-naphthalen-1-
amine (1.56 g, 4.17 mmol), Pd2(dba)3 (69 mg, 0.076 mmol),
tris-t-butylphosphine (27 pl, 0.114 mmol), sodium tert-butox-
ide (728 mg, 7.58 mmol) were put in a 250 mL two-neck flask
and dissolved in toluene. The solution was refluxed and
stirred for 12 hours. After completion of the reaction, the
solution was distilled under reduced pressure to remove the
solvent. The resultant was columned with a solution of hex-
ane and ethylacetate (3:1). The solution was distilled under
reduced pressure and was re-crystallized in a solution of

61%).

[0137] 6. Synthesis of the Compound AN-8

(1) Synthesis of 9-(3-iodophenyl)-6-(10-phenylan-
thracen-9-y1)-9H-pyrido[2,3-blindole

[0138]

[Reaction Formula 25]

9 N//N\+
OOQ

I
Cul, K;PO,

trans-1,2-dicyclohexanediamine, 1,4-dioxane

I

)

[0139] 6-(10-phenylanthracen-9-y1)-9H-pyrido|[2,3-b]in-

dole (1.76 g, 4.19 mmol), 1,3-diiodobenzene (2.76 g, 8.37
mmol), Cul (319 mg, 1.67 mmol), K3PO4 (1.78 g, 8.37
mmol), trans-1,2-dicyclohexanediamine (0.2 ml, 1.67
mmol) were put in a 250 mL two-neck flask and dissolved in
1,4-dioxane. The solution was refluxed and stirred at 120° C,
for 12 hours. After completion of the reaction, the solution
was extracted with methylenechloride and H20 and was dis-
tilled under reduced pressure to remove the solvent. The
resultant was columned with a solution of hexane and meth-
ylenechloride (1:5). The solution was re-crystallized in a
solution of methylene chloride and petroleum ether such that
the white solid compound was obtained, (1.66 g, yield: 63%).



US 2016/0155956 A1l Jun. 2, 2016
23

(2) Synthesis of the Compound AN-8 [0142] 7. Synthesis of the Compound AN-11

[0140] (1) Synthesis of diphenanthren-9-ylamine
[0143]

[Reaction Formula 27]
Br

r |

N
N
/ Ny -+
NH,
——
Pdy(dba)s, tirs-t-butylphosphine
O sodium t-butoxide, toluene

Pd,(dba)s, tirs-t-butylphosphine

[Reaction Formula 26]
1

NH
sodium t-butoxide, toluene

N [0144] 9-bromophenanthrene (7.00 g, 27.22 mmol),
phenanthren-9-amine (5.26 g, 27.22 mmol), Pd2(dba)3 (499
mg, 0.544 mmol), tris-t-butylphosphine (0.123 mL, 0.544
mmol), sodium tert-butoxide (3.90 mg, 40.84 mmol) were put
in a 250 mL two-neck flask and dissolved in toluene. The
solution was refluxed and stirred for 12 hours. After comple-

N tion of the reaction, the solution was extracted with DI water/

/ N\ methylenechloride and distilled under reduced pressure to
remove the solvent. The resultant was columned with a solu-

/ tion of n-hexane and methylenechloride (3:1) and was re-

crystallized in a solution of methylene chloride and petro-

% leum ether such that the solid compound was obtained, (4.50

g, yield: 45%).

(2) Synthesis of N-(4-bromophenyl)-N-(phenan-
thren-9-yl)phenanthren-9-amine
O [0145]

[Reaction Formula 28]

[0141] 9-(3-iodophenyl)-6-(10-phenylanthracen-9-yl)-
9H-pyrido[2,3-b]indole (1.58 g, 2.54 mmol), diphenylamine
(430 mg, 2.54 mmol), Pd2(dba)3 (46 mg, 0.050 mmol), tris-
t-butylphosphine (0.012 mL, 0.050 mmol), sodium tert-bu-
toxide (488 mg, 5.08 mmol) were put in a 250 mL two-neck
flask and dissolved in toluene. The solution was refluxed and
stirred at 120° C. for 12 hours. After completion of the reac-
tion, the solution was extracted with H20 and was distilled
under reduced pressure to remove the solvent. The resultant
was columned with a solution of hexane and methylenechlo-
ride (1:5). The solution was distilled under reduced pressure
and was re-crystallized in a solution of methylene chloride
and petroleum ether such that the compound AN-8 of solid
was obtained, (0.53 g, yield: 31%).
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-continued
Br

Pdy(dba)s, tirs-o-tolyphosphine

sodium tert-butoxide, toluene

Br

Br.

[0146] Diphenanthren-9-ylamine (4.50 g, 12.18 mmol),
1,4-dibromobenzene (3.02 mL, 25.12 mmol), Pd2(dba)3
(307 mg, 0.355 mmol), tris-o-tolyphosphine (0.255 mlL,
0.837 mmol), sodium tert-butoxide (3.2 g, 33.49 mmol) were
putin a 250 mL two-neck flask and dissolved in toluene. The
solution was refluxed and stirred for 12 hours. After comple-
tion of the reaction, the solution was extracted with DI water/
methylenechloride and distilled under reduced pressure to
remove the solvent. The resultant was columned with a solu-
tion of n-hexane and methylenechloride (7:1). The resultant
was distilled under reduced pressure and re-crystallized such
that the wax compound was obtained, (2.8 g, yield: 44%).

(3) Synthesis of the Compound AN-11

[0147]

[Reaction Formula 29]

Jun. 2, 2016
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-continued
H
N.
Pd(dba)s,
tirs-t-
butylphosphine

sodium t-butoxide,
toluene

® N//N\
OOQ

[0148] 3-(10-phenylanthracen-9-y1}-9H-carbazole (1.25 g,
2.98 mmol), N-(4-bromophenyl)-N-phenylphenanthren-9-
amine (1.56 g, 2.98 mmol), Pd2(dba)3 (55 mg, 0.060 mmol),
tris-t-butylphosphine (0.014 mL, 0.060 mmol), sodium tert-
butoxide (572 mg, 5.96 mmol) were putina 250 mL two-neck
flask and dissolved in toluene. The solution was refluxed and
stirred for 12 hours. After completion of the reaction, the
solution was extracted with DI water/methylenechloride and
distilled under reduced pressure to remove the solvent. The
resultant was columned with a solution of n-hexane and meth-
ylenechloride (5:1). The solution was distilled under reduced
pressure and was re-crystallized in a solution of methylene
chloride and petroleum ether such that the solid compound
AN-11 was obtained, (1.14 g, yield: 44%).

[0149] The properties of the compounds AN-1 to AN-4,
AN-6, AN-8 and AN-11 and a host compound (Host(ref.)) in
Formula 4 were tested and listed in Table 3.

[Formula 4]
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TABLE 3 TABLE 4
Com- Paps” hprt Band gap LUMO 4 HOMO°© @ 10 mA/cm?
pounds (nm) (nm) Energy © (eV) (eV)

EQE  cd/m?

Host 417 421 3.00 -2.50 -5.50 Host  Volt(V) CdA Im'W (%) (max) CIEx CIEy
(ref.)
AN-1 419 434 2.96 -2.30 -5.26 Ref. 3.19 1.01 0.99 1.17 100 0.144 0.098
AN-2 422 451 2.94 -2.21 -5.15 AN-1 298 4.30 453 4.46 453 0.147 0.116
AN-3 419 431 2.96 -2.55 -5.51 AN-3 299 4.12 433 4.53 433 0.143 0.107
AN-4 418 436 297 -2.30 -5.27 AN-6 3.00 4.04 423 3.61 423 0.145 0.144
AN-6 419 451 2.96 -2.23 -5.19 AN-8 3.10 1.91 1.93 242 193 0.144 0.087
AN-8 415 436 2.99 -2.28 -5.27 AN-11 3.12 391 3.94 4.15 394 0.147 0.111
AN-11 419 431 2.96 -2.63 -5.59

“Absorption onset of 0.02 mM solutions in CH,Cl,.

P maxima of 2-methyl THF solutions upon excitation at UV maximum absorption.
¢ Estimated from the absorption onset.

4LUMO = -[Band gap energy - HOMO level]

¢ Estimated from the Cyclic Voltammetry instrument.

EXAMPLE 3

Diode Structure

[0150] An indium-tin-oxide (ITO) layer is patterned on a
substrate and washed such that an emission area of the ITO
layer is to be 3 mm*3 mm. The substrate is washed by the UV
ozone and is loaded in an evaporation system. The substrate is
loaded in a vacuum chamber, and the process pressure is
adjusted to 1*¥107°~1*107" torr. On the ITO layer, i) HIL (50
A, host material/HAT-CN (10%)), ii) HTL (300 A, host mate-
rial), iii) EML (700 A, host material/dopant material (15%)),
iv) ETL (200 A, Alg3), v) EIL (10 A, LiF), and vi) cathode
(1000 A, Al) are sequentially deposited. The UV curable
epoxy and the getter are used for encapsulation such that the
diode is obtained. The dopant material for the EML is N,N'-
bis(2,4-diphenyl)-N,N'-bis(2-fluorophenyl)-pyrene-1,6-di-
amine.

[0151]

[0152] The compound in Formula 4 is used the host mate-
rial of the EIL, the ETL and the EML..

[0153] 2.AN-1 diode

[0154] Thecompound AN-1 is used the host material of the
EIL, the ETL and the EML.

1. Comparative Example diode (Ref.)

[0155] 3. AN-3 diode

[0156] Thecompound AN-3 is used the host material of the
EIL, the ETL and the EML.

[0157] 4. AN-6 diode

[0158] Thecompound AN-6 is used the host material of the
EIL, the ETL and the EML.

[0159] 5. AN-8 diode

[0160] Thecompound AN-8 is used the host material of the

EIL, the ETL and the EML.
[0161] 6. AN-11 diode

[0162] The compound AN-11 is used the host material of
the EIL, the ETL and the EML.

[0163] The above diodes are fabricated with the same con-
ditions except the host material of the EIL, the ETL and the
EML. The properties of the diodes were tested and listed in
Table 4.

[0164] Referring to Table 4, in comparison to the Compara-
tive Example (Ref.), the diode including the organic com-
pounds AN-1, AN-3, AN-6, AN-8 and AN-11 of the embodi-
ment of the invention has advantages in the driving voltage,
the emission efficiency, and so on. Since the organic com-
pound has an excellent hole injection and/or transporting
property, the combination of the holes and the electrons is
generated at a center region of the EML such that the emission
efficiency is improved.

[0165] Namely, referring to Table 3, the organic com-
pounds of the embodiment of the invention and the reference
host have similar properties, e.g., LUMO and HOMO. How-
ever, the reference host has a strong electron property such
that the hole injection and/or transportation is restricted by
the reference host. On the other hand, since the organic com-
pound of the embodiment of the invention has a strong hole
property, the hole injection and/or transportation becomes
easier. As a result, in the OLED including the organic com-
pound of the embodiment of the invention, the combination of
the holes and the electrons is generated at a center region of
the EML such that the emission efficiency is improved.

[0166] In addition, since the organic compounds of the
embodiment of the invention can be used for all of the HIL,
the HTL and the EML, the structure and the fabricating pro-
cess of the OLED are simplified.

[0167] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
embodiment of the invention without departing from the
spirit or scope of the invention. Thus, it is intended that the
embodiment of the invention 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 electroluminescent device, comprising:
a first electrode;

a second electrode facing the first electrode;

a first charge carrying layer disposed between the first
electrode and the second electrode, the first charge car-
rying layer being disposed adjacent to the first electrode;
and

a second charge carrying layer disposed between the first
electrode and the second electrode, the second charge
carrying layer disposed adjacent to the second electrode,
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wherein the first charge carrying layer includes an emitting
sub-layer, a hole injection sub-layer and a hole trans-
porting sub-layer between the hole injection sub-layer
and the emitting sub-layer,

wherein the hole injection sub-layer includes an organic
compound of Formula:

o N//X\’
OOQ

wherein X is selected from carbon and nitrogen, and Y is
selected from aryl and arylamine, and

wherein the hole injection sub-layer further includes an
organic material having a lowest unoccupied molecular
orbital (LUMO) level of -4.5eV to 6.0 eV.

2. The organic electroluminescent device according to
claim 1, wherein the Y is selected from phenyl, naphthyl,
terphenyl, xylene, triphenlyamine, diphenylamine and
phenanthrenylamine.

3. The organic electroluminescent device according to
claim 1, wherein the organic compound of the Formula is
selected from the followings:

9\
()

;
0

)
QOQ
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_continued 4. The organic electroluminescent device according to
AN-16 claim 1, wherein the hole transporting sub-layer includes the
organic compound of the Formula.

5. The organic electroluminescent device according to
claim 1, wherein the emitting sub-layer includes the organic

N
compound as a host material and a dopant material doped to
the host material.
N 6. The organic electroluminescent device according to
N\ claim 5, wherein the organic material of the Formula has 0.1
/ to 20 weight % with respect to a total weight of the hole

O === injection sub-layer.

7. The organic electroluminescent device according to
claim 1, wherein the organic compound has a band gap energy

being larger than about 2.9 eV.
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