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(57) ABSTRACT

A blue light emitting compound is provided. The blue light
emitting compound has a structure of the following Chemical
Formula 1:

[Chemical Formula []

wherein A, A,, and A; are each independently selected from
the group consisting of hydrogen, a substituted or unsubsti-
tuted aromatic group, a hetero ring group, and an aliphatic

group.
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BLUE LIGHT EMITTING COMPOUND AND
ORGANIC LIGHT EMITTING DIODE
DEVICE COMPRISING THE SAME

[0001] This application claims the benefit of Korean Patent
Application No. 10-2008-0124243 filed on Dec. 8, 2008,
which is hereby incorporated by in its entirety reference.

BACKGROUND

[0002] 1.TField

[0003] This document relates to an organic light emitting
diode device, and more particularly, to an organic light emit-
ting diode device comprising a blue light emitting compound.

[0004] 2. Related Art

[0005] The importance of a flat panel display (FPD) has
been emphasized following the development of multimedia
technologies. In response to this trend, kinds of displays such
as a liquid crystal display (LCD) device, a plasma display
panel (PDP), a field emission display (FED), and an organic
light emitting diode display device have been put to practical
use.

[0006] Among them, the organic light emitting diode
device is a self-emitting device which emits light in a manner
that electric charges are injected into an organic layer
between an electron injection electrode (cathode) and a hole
injection electrode (anode), electrons and holes are paired,
and then they become extinct to emit light.

[0007] Organic light emitting diode devices may have
advantages in that the devices may be fabricated on flexible
transparent substrates (e.g., plastic substrates) and may oper-
ate at a voltage (e.g., 10 V or below) lower than voltages
required to operate plasma display panels (PDPs) and inor-
ganic light emitting diode displays. Organic light emitting
diode devices may also have other advantages such as rela-
tively low power consumption and excellent color represen-
tation. Further, since organic light emitting diode devices may
emit light of three colors (i.e., green, blue and red), organic
light emitting diode devices may be considered next-genera-
tion full color display devices capable of producing images of
various colors.

[0008] A blue organic light emitting diode device can be
formed by sequentially stacking an anode, a hole injection
layer, a hole transport layer, an emission layer, an electron
transport layer, an electron injection layer, and a cathode.
Although the emission layer employs a host-dopant system,
conventionally used dopant materials exhibit relatively high
driving voltage and low emission efficiency.

[0009] Accordingly, thereis a demand for development ofa
dopant material having a new structure to obtain an organic
light emitting diode device with high luminance and high
efficiency.

SUMMARY

[0010] An aspect of this document is to provide a blue light
emitting compound and an organic light emitting diode
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device comprising the same, which can exhibit high lumi-
nance and high efficiency.

[0011] A blue light emitting compound may have a struc-
ture of the following Chemical Formula 1:

[Chemical Formula 1]

[0012] wherein A, A,, and A, are each independently
selected from the group consisting of hydrogen, a substituted
or unsubstituted aromatic group, a hetero ring group, and an
aliphatic group.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompany drawings, which are included to
provide a further understanding of the invention and are
incorporated on 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.
[0014] FIG. 1 is a view showing an organic light emitting
diode device according to one exemplary embodiment of the
present invention.

DETAILED DESCRIPTION

[0015] Reference will now be made in detail embodiments
of the invention examples of which are illustrated in the
accompanying drawings.

[0016] A blue light emitting compound according to one
exemplary embodiment of the present invention may have a
structure of the following Chemical Formula 1:
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[0017] wherein A, A,, and A, are each independently N \/
selected from the group consisting of hydrogen, a substituted \\ / Si
or unsubstituted aromatic group, a hetero ring group, and an

aliphatic group. NS

[0018] The substituted or unsubstituted A,, A,, and A are \ / CN
each independently selected from the group consisting of

phenyl, biphenyl, naphthyl, phenanthrenyl, terphenyl,

pyridyl, bipyridyl, phenylpyridyl, pyridylphenyl, terpyridyl, — O
quinolinyl, isoquinolinyl, phenoxalinyl, quinoxalinyl, X

methyl, ethyl, propyl, isopropyl, butyl, tert-butyl, trimethyl- \ / F

silyl, trifluoromethyl, cyano, fluoro, methoxy, and ethoxy.

[0019] IfA,,A,, and A, are substituted, the substituents of O

A, A,, and A; are selected from the group consisting of aryl,

alkyl, alkoxy, halogen, cyano, and silyl groups. \ AN
[0020] IfA,, A,, and A, are substituted, the substituents of |
A,, A,, and A; are each independently selected from the A

group consisting of methyl, ethyl, propyl, isopropyl, butyl,
methoxy, ethoxy, butoxy, trimethylsilyl, fluorine, and chlo- |\ r T X (N\ “/Y
rine. — -
| {
[0021] A, A, and A, are represented by one of the follow- F /K F \/N

ing Chemical Formulae 2:

S Si
[Chemical Formulae 2] | AN N ' | AN 1\
| | |
-~~~ o T
F ——Si— —CN
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[0022] wherein R}, R,, R;, and R, comprises at least one
methyl group.

[0023] The blue light emitting compound is represented by
one of the following Chemical Formulae 3:

[Chemical Formulae 3]
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[0024] An organic light emitting diode device, which com-
prises an anode, a hole injection layer, a hole transport layer,
an emission layer, an electron transport layer, an electron
injection layer, and a cathode, according to one exemplary
embodiment of the present invention, may comprise the blue
light emitting compound of claims 1 to 6 as a dopant of the
emission layer.

[0025] The doping concentration of the dopant may range
from about 0.5 to about 10% by weight.

[0026] Hereinafter, exemplary embodiments of the present
invention will be described below with reference to the
accompanying drawings.

[0027] FIG. 1 is a view showing an organic light emitting
diode device according to one exemplary embodiment of the
present invention.

[0028] Referring to FIG. 1, the organic light emitting diode
device according to one exemplary embodiment of the
present invention comprises an anode 110, a hole injection
layer 120, a hole transport layer 130, an emission layer 140,
an electron transport layer 150, an electron injection layer
160, and a cathode 170.

[0029] The anode 110 is a hole injection electrode which is
formed of one of ITO (Indium Tin Oxide), IZO (Indium Zinc
Oxide), and ZnO (Zinc Oxide) having a high work function.
If the anode 110 is a reflective electrode, the anode 110 may
further comprise a reflective layer formed of one of aluminum
(Al), silver (Ag) or nickel (Ni) under the layer formed of one
of ITO, 1Z0, and ZnO.

[0030] The hole injection layer 120 functions to facilitate
the injection of holes from the anode 110 to the emission layer
140. The hole injection layer 120 may be formed of at least
one selected from the group consisting of copper phthalocya-
nine (CuPc), PEDOT (poly(3,4)-ethylenedioxythiophene),
polyaniline (PANI) and NPD (N,N-dinaphthyl-N,N'-diphe-
nyl benzidine), but is not limited thereto.

[0031] The thickness of the hole injection layer 120 may
range from 1 to 150 nm. If the thickness of the hole injection

50
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layer 120 is 1 nm or greater, a reduction in a hole injection
characteristic can be prevented. If the thickness of the hole
injection layer 120 is 150 nm or less, an increase in driving
voltage, which is applied in order to increase the movement of
holes when the thickness of the hole injection layer 120 is too
large, can be prevented.

[0032] The hole transport layer 130 functions to smoothly
transport holes. The hole transport layer 130 may be formed
of at least one selected from the group consisting of NPD
(N,N-dinaphthyl-N,N'-dipheny! benzidine), TPD (N,N'-bis-
(3-methylphenyl)-N,N'-bis-(phenyl)-benzidine, s-TAD and
MTDATA (4,4',4"-Tris(N-3-methylphenyl-N-phenyl-
amino)-triphenylamine), but is not limited thereto.

[0033] The hole transport layer 130 may also have a thick-
ness of 1 to 150 nm. Ifthe thickness of the hole transport layer
130 is 1 nm or more, a reduction in a hole transport charac-
teristic can be prevented. If the thickness of the hole transport
layer 130 is 150 nm or less, an increase in the driving voltage,
which is applied in order to increase movement of holes when
the thickness of the hole transport layer 130 is too large, can
be prevented.

[0034] The emission layer 140 may be made of a material
that emits red, green, or blue color light. This material may
include a phosphorescence or fluorescent material. This
exemplary embodiment will be described with respect to a
material that emits green.

[0035] The emission layer 140 may comprise a host and a
dopant. The host may be formed of one selected from the
group consisting of spiro-DPVBi, DPVBA, spiro-6P, distilled
benzene (DSB), distilled arylene (DSA), PFO-based poly-
mer, and PPV-based polymer, but is not limited thereto.
[0036] The dopant may be a material represented by the
following Chemical Formula 1:

[Chemical Formula 1]

[0037] wherein A, A,, and A; are each independently
selected from the group consisting of hydrogen, a substituted
or unsubstituted aromatic group, a hetero ring group, and an
aliphatic group.
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[0038] The substituted or unsubstituted A,, a,d A, are each
independently selected from the group consisting of phenyl,
biphenyl, naphthyl, phenanthrenyl, terphenyl, pyridyl, bipy-
ridyl, phenylpyridyl, pyridylphenyl, terpyridyl, quinolinyl,
isoquinolinyl, phenoxalinyl, quinoxalinyl, methyl, ethyl, pro-
pyl, isopropyl, butyl, tert-butyl, trimethylsilyl, trifluorom-
ethyl, cyano, fluoro, methoxy, and ethoxy.

[0039] IfA,,A,, and A, are substituted, the substituents of
A, A,, and A, are selected from the group consisting of aryl,
alkyl, alkoxy, halogen, cyano, and silyl groups.

[0040] IfA,, A,, and A, are substituted, the substituents of
A,, A,, and A; are each independently selected from the
group consisting of methyl, ethyl, propyl, isopropyl, butyl,
methoxy, ethoxy, butoxy, trimethylsilyl, fluorine, and chlo-
rine.

[0041] A, A,,and A, are represented by one of the follow-
ing Chemical Formulae 2:

[Chemical Formulae 2]
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[0042] wherein R;, R,, R;, and R, comprises at least one

methyl group.
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[0043] The blue light emitting compound is represented by
one of the following Chemical Formulae 3:

[Chemical Formulae 3]
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[0044] The doping concentration of the dopant may range
from about 0.5 to about 10% by weight.

[0045] The hole transport layer 150 functions to smoothly
transport holes. The hole transport layer 150 may be formed
of at least one selected from the group consisting of Alq3(tris
(8-hydroxyquinolino)aluminum, PBD, TAZ, spiro-PBD,
BAlq, and SAlg, but is not limited thereto.

[0046] The hole transport layer 150 may also have a thick-
ness of 1 to 50 nm. If the thickness of the hole transport layer
150 is 1 nm or greater, a reduction in a hole transport charac-
teristic can be prevented. If the thickness of the hole transport
layer 150 is 50 nm or less, an increase in the driving voltage,
which is applied in order to increase movement of holes when
the thickness of the hole transport layer 150 is too large, can
be prevented.

[0047] The electron injection layer 160 functions to facili-
tate the injection of electrons. The electron injection layer 160
may be formed of Alq3(tris(8-hydroxyquinolino)aluminum),
PBD, TAZ, spiro-PBD, BAlq or SAlq, but is not limited
thereto.

[0048] The thickness of the hole injection layer 160 may
range from about 1 to about 50 nm. If the thickness of the hole
injection layer 160 is 1 nm or greater, a reduction in a hole
injection characteristic can be prevented. If the thickness of
the hole injection layer 160 is 50 nm or less, an increase in
driving voltage, which is applied in order to increase the
movement of holes when the thickness of the hole injection
layer 160 is too large, can be prevented.

[0049] The cathode 170 is an electron injection electrode
which is formed of magnesium (Mg), calcium (Ca), Alumi-
num (Al), and silver (Ag) having a low work function, or an
alloy thereof. In case that the organic light emitting diode
device has a top emission or dual emission structure, the
cathode 170 may be thin enough to transmit light. In case that

the organic light emitting diode device has a bottom emission
structure, the cathode 170 may be thick enough to reflect
light.

[0050] Hereinafter, the blue light emitting compound and
the organic light emitting diode device comprising this com-
pound according to the present invention will be described in
detail in the following Synthesis Examples and Examples.
However, it should be noted that the following examples are
merely illustrative of the present invention, and the present
invention is not limited thereto.

SYNTHESIS EXAMPLES
1) Synthesis of 2,6-dibromoanthraquinone

[0051]

NH,

CuBr, tert-butyl nitrite
CH3CN

o
Z O‘O

H



US 2010/0140603 A1

-continued
Br

o
| l . !
o

B

[0052] Ina 2-neck round flask, copper (II) bromide (24 g,
0.1 mol) and tert-butyl nitrite (10.8 g, 0.1 mol) were added to
200 mL of acetonitrile and stirred, the mixture was warned to
-65° C., and then 2,6-diaminoanthraquinone (10 g, 0.04 mol)
was gradually added dropwise thereto for 10 minutes. The
reaction was monitored with TLC, the reaction mixture was
cooled down to room temperature, and then 200 mL of aq. 2N
HCI was added thereto. The resulting solid was filtered and
washed with diluted water and methanol, thereby obtaining
2,6-dibromoanthraquinone (9.2 g, yield: 60%).

2) Synthesis of 2,6-dibromo-9,10-di-o-tolylan-

thracene

[0053]
Br
Br
25M n-BuLi Ki, NaH,PO,
Br ether Acetic acid
Br
Br

[0054] In a 2-neck round flask, 2-bromo-o-toluene (5 g,

31.3 mmol) was added to 50 mL of ether and stirred, the
mixture was cooled down to =75° C., and then 2.5M n-Buli

Jun. 10, 2010

(12.5 mL, 31.3 mmol) was gradually added dropwise thereto
and stirred for 1 hour. The mixture was cooled down again to
-78°, and then 2,6-dibromoanthraquinone (5 g, 14.9 mmol)
was added thereto and stirred for 4 hours at room temperature.
Then, the reaction mixture was quenched with 1N HCI aq.
solution, extracted with methylene chloride, evaporated with
a solvent, and purified through silica gel column chromatog-
raphy, thereby obtaining 2,6-dibromo-9,10-di-o-tolylan-
thraquinone. To the resulting mixture, potassium iodide (12.4
g, 0.07 mol), sodium hypophosphite (13 g, 0.15 mol), and 50
mL of acetic acid were added and stirred for 6 hours at 100°.
Then, the reaction mixture was cooled down to room tem-
perature, and 100 mL of aq. 2N HC1 was added thereto. The
resulting solid was filtered and washed with diluted water and
methanol, thereby obtaining 2,6-dibromo-9,10-di-o-tolylan-
thracene (5.4 g, yield: 70%).

3) Synthesis of 2,6-dicarbazolyl-9,10-di-o-tolyan-
thracene

[0055]

B

H
m

o]

!‘!H

Z,

Pd(OAc),, (t-butyl);P
_—
NaO-t-Bu, toluene

S

)
OO0 o

[0056] In a 2-neck round flask, 2,6-dibromo-9,10-di-o-
tolyanthracene (2 g, 3.9 mmol), carbazole (1.4 g, 8.8 mmol),
palladium acetate (0.03 g, 11.6 mmol %), tri(tert-butyl)phos-
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phine (0.03 g, 15.5 mmol %), and sodium tert-butoxide (1.1 g,
11.6 mmol) were added to 30 mL of toluene and refluxed for
12 hours at 130[]. Then, the reaction was monitored with
TLC, and the reaction mixture was cooled down to room
temperature and quenched with 50 mL of methanol. The
resulting solid was filtered and purified through silica gel
column chromatography, thereby obtaining 2,6-dicarbazolyl-
9,10-di-o-tolyanthracene (2.1 g, yield: 80%).

Examples

[0057] Hereinafter, there are disclosed examples in which
an organic light emitting diode device is manufactured by
using the aforementioned blue light emitting compound of
the present invention represented by D-1 or D-194.

Example 1

[0058] AnITO glass was patterned to have a luminescence
area of 3 mmx3 mm, and then washed. Then, the substrate
was mounted to a vacuum chamber, the base pressure was set
to 1x1076 Torr, and then CuPc as a hole injection layer was
deposited on the ITO (anode) at a thickness of 650 A, NPD
used as a hole transport layer was deposited at a thickness of
400 A, and DPBVi (200 A) as a host and a compound (50 A)
as a dopant represented by D-01 were deposited as an emis-
sion layer at a doping concentration of 1% by weight. Then,
Alg3 as an electron transport layer was deposited at a thick-
ness of 350 A, LiF as an electron injection layer was deposited

at a thickness of 5 A, and Al as a cathode was deposited at a
thickness of 1000 A, thereby preparing an organic light emit-
ting diode device.

Example 2

[0059] Anorganiclight emitting diode device was prepared
under the same condition as the above Example 1 except that
the dopant is a compound represented by D-02.

Example 3

[0060] Anorganic light emitting diode device was prepared
under the same condition as the above Example 1 except that
the dopant is a compound represented by D-07.

Example 4

[0061] An organic light emitting diode device was prepared
under the same condition as the above Example 1 except that
the dopant is a compound represented by D-19.

Example 5

[0062] Anorganiclight emitting diode device was prepared
under the same condition as the above Example 1 except that
the dopant is a compound represented by D-22.

Comparative Example

[0063] Anorganiclight emitting diode device was prepared
under the same condition as the above Example 1 except that
the dopant is a compound having a distyryl which is repre-
sented by the following BD-1.

BD-1

[0064] The voltages, currents, luminance, current efficien-
cies, power efficiencies, and color coordinates of the organic
light emitting diode devices of Examples 1 to 5 and Com-
parative Example 1 were measured and shown in the follow-
ing Table 1.

TABLE 1
Color
Current Power coordinates
Current Luminance efficiency efficiency CIE CIE
Voltage (v)  (mA) (cd/m?) (cd/A) (lmvW) X)) &)
Example 1 5.2 0.9 779 7.8 4.74 0.137 0.177
Example 2 5.3 0.9 730 7.3 4.32 0.129 0.163
Example 3 5.7 0.9 848 8.5 4.67 0.137 0.187
Example 4 5.7 0.9 896 8.9 4.93 0.138 0.193
Example 5 5.7 0.9 778 7.8 4.28 0.136 0.195
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TABLE 1-continued
Color
Current Power coordinates
Current Luminance efficiency efficiency CIE CIE
Voltage (v) (mA) (cd/m?) (cd/A) (Im/W) xX) )
Comparative 6.7 0.9 526 5.26 2.47 0.136 0.188

Example 1

[0065] As shown inthe above Table 1, it can be seen that the
organic light emitting diode devices according to the present
Examples 1 to 5 show color coordinates equivalent to those of
Comparative Example and have better voltages, luminance,
current efficiencies, and power efficiencies, compared to
Comparative Example.
[0066] Accordingly, the blue light emitting compound and
the organic light emitting diode display according to one
exemplary embodiment of the present invention can have
better voltage, luminance, current efficiency, and power effi-
ciency compared to the conventional organic light emitting
diode device.
[0067] The foregoing embodiments and advantages are
merely exemplary and are not to be construed as limiting the
present invention. The present teaching can be readily applied
to other types of apparatuses. The description of the present
invention is intended to be illustrative, and not to limit the
scope of the claims. Many alternatives, modifications, and
variations will be apparent to those skilled in the art. In the
claims, means-plus-function clauses are intended to cover the
structures described herein as performing the recited function
and not only structural equivalents but also equivalent struc-
tures. Moreover, unless the term “means” is explicitly recited
in a limitation of the claims, such limitation is not intended to
be interpreted under 35 USC 112(6).

‘What is claimed is:

1. A blue light emitting compound represented by the fol-
lowing Chemical Formula 1:

[Chemical Formula 1]

wherein A}, A,, and A, are each independently selected
from the group consisting of hydrogen, a substituted or
unsubstituted aromatic group, a hetero ring group, and
an aliphatic group.

2. The blue light emitting compound of claim 1, wherein
the substituted or unsubstituted A, A,, and A, are each inde-
pendently selected from the group consisting of phenyl,
biphenyl, naphthyl, phenanthrenyl, terphenyl, pyridyl, bipy-
ridyl, phenylpyridyl, pyridylphenyl, terpyridyl, quinolinyl,
isoquinolinyl, phenoxalinyl, quinoxalinyl, methyl, ethyl, pro-
pyl, isopropyl, butyl, tert-butyl, trimethylsilyl, trifluvorom-
ethyl, cyano, fluoro, methoxy, and ethoxy.

3. The blue light emitting compound of claim 2, wherein if
A, A,, and A, are substituted, the substituents of A, A,, and
A, are selected from the group consisting of aryl, alkyl,
alkoxy, halogen, cyano, and silyl groups.

4. The blue light emitting compound of claim 3, wherein if
A, A,, and A, are substituted, the substituents of A, A,, and
A are each independently selected from the group consisting
of methyl, ethyl, propyl, isopropyl, butyl, methoxy, ethoxy,
butoxy, trimethylsilyl, fluorine, and chlorine.

5. The blue light emitting compound of claim 1, wherein
A,,A,, and A; are represented by one of the following Chemi-
cal Formulae 2:

[Chemical Formulae 2]

A
S oD
QV @ '\Clg/
| |
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wherein R, R,, R;, and R, comprises at least one methyl
group.
6. The blue light emitting compound of claim 1, wherein
the blue light emitting compound is represented by one of the
following Chemical Formulae 3:

[Chemical Formulae 3]

o
°
OO
o
S
(
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7. An organic light emitting diode device comprising:

an anode,

a hole injection layer,

a hole transport layer,

an emission layer,

an electron transport layer,

an electron injection layer,

a cathode, and

a blue light emitting compound represented by the follow-
ing Chemical Formula 1 as a dopant of the emission
layer:

[Chemical Formula 1]

Jun. 10, 2010

wherein A,, A,, and A, are each independently selected from
the group consisting of hydrogen, a substituted or unsubsti-
tuted aromatic group, a hetero ring group, and an aliphatic
group.

8. The organic light emitting diode device of claim 7,
wherein the substituted or unsubstituted A, A,, and A, are
each independently selected from the group consisting of
phenyl, biphenyl, naphthyl, phenanthrenyl, terphenyl,
pyridyl, bipyridyl, phenylpyridyl, pyridylphenyl, terpyridyl,
quinolinyl, isoquinolinyl, phenoxalinyl, quinoxalinyl,
methyl, ethyl, propyl, isopropyl, butyl, tert-butyl, trimethyl-
silyl, trifluvoromethyl, cyano, fluoro, methoxy, and ethoxy.

9. The organic light emitting diode device of claim 8,
wherein if A}, A,, and A, are substituted, the substituents of
A, A,, and A, are selected from the group consisting of aryl,
alkyl, alkoxy, halogen, cyano, and silyl groups.

10. The organic light emitting diode device of claim 9,
wherein if A, A,, and A, are substituted, the substituents of
A, A,, and A; are each independently selected from the
group consisting of methyl, ethyl, propyl, isopropyl, butyl,
methoxy, ethoxy, butoxy, trimethylsilyl, fluorine, and chlo-
rine.

11. The organic light emitting diode device of claim 7,
wherein A, A,, and A; are represented by one of the follow-
ing Chemical Formulae 2:

[Chemical Formulae 2]

—CN

SN N
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wherein R, R,, R, and R, comprises at least one methyl
group.
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12. The organic light emitting diode device of claim 7,
wherein the blue light emitting compound is represented by
one of the following Chemical Formulae 3:

[Chemical Formulae 3]
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13. The organic light emitting diode device of claim 7,
wherein the doping concentration of the dopant ranges from
about 0.5 to about 10% by weight.
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