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(57) ABSTRACT

The present invention relates to a novel red color emitting
compound of formula (I), an organic electroluminescent
device using the compound, and a method for manufacturing
the device. The present invention also relates to a red organic
electroluminescent emitting device having high chromatic-
ity and high brightness by using the compounds of the
following formula (I) having high luminescence efficiency;

O

wherein R! is independently selected from the group con-
sisting of hydrogen atom and substituted or unsubstituted
C,_salkyl; X represents N, S, or O; and Y represents hydro-
gen atom, substituted or unsubstituted C, salkyl, or substi-
tuted or unsubstituted C,_salkoxy.
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NOVEL RED COLOR EMITTING COMPOUNDS
AND ORGANIC ELECTROLUMINESCENT
DEVICE USING THEM

FIELD OF THE INVENTION

[0001] The present invention relates to novel red color
emitting compounds, particularly to red color emitting com-
pounds of the following formula (I) having good color purity
and high luminescence efficiency:

)

wherein,

[0002] R® is independently selected from the group con-
sisting of hydrogen atom and substituted or unsubstituted
C, salkyl;

[0003] X represents N, S or O; and

[0004] Y represents a hydrogen atom, substituted or
unsubstituted C,_salkyl, or substituted or unsubstituted
C, _salkoxy.

[0005] The present invention also relates to an organic
electroluminescent device containing said red color emitting
compounds, particularly to an organic electroluminescent
device having one or more organic thin layers comprising at
least one luminescence region formed between a first elec-
trode (an anode) and a second electrode (a cathode), wherein
at least one layer of the organic thin layers comprises one or
more compounds represented by the above formula (I).

BACKGROUND OF THE INVENTION

[0006] Recently, in accordance with the development of
information and communication technology, more advanced
performance in the field of display devices has been
requested. Displays can be divided into luminescent type
and non-luminescent type. The luminescent type of display
comprises Cathode Ray Tube (CRT), Electroluminescence
Display (ELD), Light Emitting Diode (LED), Plasma Dis-
play Panel (PDP), etc. The non-luminescent type of display
comprises Liquid Crystal Display (LCD), etc.

[0007] The luminescent and non-luminescent type of dis-
plays have such basic performances such as operation volt-
age, consumption power, brightness, contrast, response rate,
lifetime, etc. However, LCD, which has been widely used up
to now, has some problems in basic performances in regard
to response rate, contrast, and sight dependency. Thus,
displays using LED technology are anticipated to take the
place of next-generation display devices by solving the
above LCD problems and by providing many other advan-
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tages such as fast response speed, no need for back light due
to self-emission, and excellent brightness.

[0008] However, LED is mainly used with a crystal form
of inorganic material, and thus, is difficult to apply to a large
size electroluminescent devices. In addition, electrolumines-
cent devices using inorganic materials are very expensive
and need more than 200 V of operation voltage. However,
Eastman Kodak reported in 1987 that the company manu-
factured a device made of a material having a m-conjugate
structure such as alumina quinine, and thereafter, the study
for electroluminescent devices using organic material has
been more active.

[0009] Electroluminescent devices (EL device, below) can
be divided into inorganic EIL devices and organic EL
devices, depending on what material is used to form the
emission layer (emitter layer).

[0010] The organic EL device, which is a self-emitting
type of device that electrically excites a fluorescent organic
compound, is superior to the inorganic EL device in bright-
ness, operation voltage, and response rate, and also can emit
multiple colors.

[0011] In addition, the organic EL device is a luminescent
device that emits in a low voltage current, and has superior
properties such as enhanced brightness, high speed of
response, wide viewing angle, plane luminescence, slim
type, and multi-color luminescence.

[0012] Thus, the organic EL device is expected to be
applicable to a full-color plat panel display due to such
superior properties that cannot be found in other displays.

[0013] C. W. Tang et al. reported the first practical device
performance of the organic EL device in Applied Physics
Letters, vol. 51 (12) pp 913-915 (1987). They developed a
laminated-structure thin film (a hole transport layer) formed
by diamine analogues as an organic layer and a thin film (an
electron transport layer) formed by tris(8-quinolinolate)alu-
minum (Alqg3, below). The laminated structure can lower the
injection barrier of electron and hole from both electrodes to
the organic layer, and also can enhance the re-combination
probability of electron and hole from the inner organic layer.

[0014] Later, C. Adachi et al. developed an organic EL
device having an organic luminescent layer with a three-
layer laminated structure of hole transport layer, emission
layer, and electron transport layer [Japanese Journal of
Applied Physics, vol. 27 (2), pp L269-1.271 (1988)], and a
two-layer laminated structure of hole transportable emission
layer and electron transport layer [Applied Physics Letter,
vol. 55 (15), pp 1489-1491 (1989)], and showed that the
optimization of device properties can be achieved by con-
structing a multi-layer structure suitable for materials and
combinations thereof.

[0015] The organic EL comprises a first electrode (anode),
a second electrode (cathode), and organic luminescent
media. The organic luminescent media have at least two
separate organic luminescent layers, i.e. one layer to inject
and transport electrons, and the other layer to inject and
transport holes into the device. In addition, another multi-
layer of a thin organic film can be involved. The above
layers to inject and transport electrons and holes can each be
divided into an electron injection layer, an electron transport
layer, a hole injection layer, and a hole transport layer. In
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addition, the organic luminescent media can further include
an emission layer besides the above layers.

[0016] The simple structure of an organic EL device
comprises a first electrode/an electron transport layer, an
emission layer/a second electrode. In addition, the structure
of an organic EL device can be separated into a first
electrode/a hole injection layer/a hole transport layer/an
emission layer/an electron transport layer/an electron injec-
tion layer/a second electrode. A hole blocking layer may
optionally be used between the emission layer and the
electron transport layer.

[0017] The operation principle of the organic EL device
having the above structure is as follows.

[0018] If voltage is applied to the anode and cathode, a
hole injected from the anode is transferred to the emission
layer via the hole transport layer. Meanwhile, the electron is
injected from the cathode to the emission layer via the
electron transport layer. The hole and the electron are
re-combined in the emission layer to form an exiton. The
exiton is changed from the excitation state to the basic state,
by which the fluorescent molecule of the emission layer
becomes luminescent to form images.

[0019] The manufacturing process of a conventional
organic EL device is explained with referring to FIG. 1 as
follows.

[0020] First of all, a first electrode (an anode) material 2
is formed on a transparent substrate such as glass 1. Indium
Tin Oxide (ITO: In,0;+Sn0,) may be generally used as the
anode material 2. A hole injection layer (HIL) 3 is formed on
the anode material 2. Copper (II) Phthalocyanine (CuPC) of
a thickness of 0 to 30 nm may be generally used as HIL 3.

[0021] Next, a hole transport layer (HTL) 4 is formed. And
N,N-di(naphthalen-1-y1)-N,N'-diphenylbenzidine (NPD) of
a thickness of about 30 to 60 nm may be generally used as
HTL 4.

[0022] Then, an organic emission layer 5 is formed on the
HTL 4. Particularly, the luminescent material may be used
alone as the emission layer 5, or used by doping a small
quantity of impurity to the host material according to
circumstances. For example, in case of green color emitting,
tris(8-hydroxyquinolate) aluminum (Alqg3) of a thickness of
about 30 to 60 nm may be used as a host, and MQD
(N-methylquinacridone) may be used as a dopant of the
organic emission layer 5.

[0023] Next, an electron transport layer 6 or an electron
injection layer 7 is independently or subsequently formed on
the emission layer 5. Alq3 may be used as the electron
transport layer in a thickness of about 20 to 50 nm, and an
alkali metal analogue is used as the electron injection layer
in a thickness of about 30 to 50 nm. In the case of green color
emission, since Alq3 used as the organic emission layer has
superior electron transport ability, the electron transport
layer 6 or the electron injection layer 7 need not necessarily
be used.

[0024] Further, a second electrode (cathode) 8 is formed
on the electron injection layer 7, and a protecting layer may
be formed as a last layer.

[0025] Three luminescent devices emitting green, red and
blue colors are usually needed to actualize the full color of
the organic EL device.
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[0026] The blue color is actualized by doping a blue color
emitting dopant onto a blue color emitting host and using
Alg3 as the electron transport layer, and Alq3 may be
omitted depending on the properties of the blue host. In the
case of a red color emitting device, a red wavelength can be
obtained by doping a red color emitting dopant, instead of a
green color emitting dopant, during the above preparation of
the device.

[0027] In the case of a green color emitting device, Cou-
marine 6 or Quinacridone analogue is used as a dopant, and
in the case of a red color emitting device, a DCM (4-dicya-
nomethylene-6-(p-dimethylaminostylyl)-2-methyl-4H-pyr-

nae) analogue, such as DCM1 or DCM2, etc., may be used
as a dopant [see, Journal of Applied Physics, 3610 (1989)].

[0028] However, in the case of a green color emitting
device, the safety of the device is evaluated to have reached
a practical level, but the red color emitting device has a
problem that the luminescent color and the safety of the
device have not reached such a level.

[0029] That is, among the three luminescent devices of
red/green/blue, the development of a red color emitting
device has been last, and sufficient brightness and chroma-
ticity therefor could not yet be obtained. For example, the
peak wavelength of luminescent spectrum of the above
DCM is about 600 nm, and the half band width is as broad
as about 100 nm, therefore, the chromaticity as red corre-
sponding to full-color is greatly lowered. In addition, if the
concentration of the red color emitting dopant such as DCM
is small, an orange region spectrum is obtained, and if that
concentration is high, the red region is emitting but the
luminescent efliciency is lowered by self-quenching. Fur-
ther, a red color emitting device using Alq3 [tris(8-hydroxy
quinolate)aluminum] doped by DCIJTB [4-(Dicyanomethyl-
ene)-2-tert-butyl-6-(tetramethyljulolidi-4-yl)-4H-pyran] as
an electron transport material is not satisfactory as a display
material in view of brightness and chromaticity.

[0030] However, organic metal complexes whose central
metal is europium, have been known as red color emitting
devices having high chromaticity, but the maximum bright-
ness of the organic EL device using them is very low [see,
Applied Physics Letter, 65 (17), 2124~2126 (1994)].

[0031] In addition, Japanese Patent Publication No. 1999-
329731 disclosed the manufacture of a red color emitting
organic EL device having a high brightness by using specific
di-styryl compounds. However, the half band width of
luminescent spectrum is more than 100 nm, and thus its
chromaticity cannot be said to be complete.

[0032] To solve the above problems, the present inventors
have conducted intensive studies to develop a red color
emitting material that is safe at a high brightness and has
good chromaticity.

SUMMARY OF THE INVENTION

[0033] One embodiment of the present invention is to
provide a novel red color emitting material having high
luminescence efficiency, high red chromaticity, and high
brightness.

[0034] Another embodiment of the present invention is to
provide an organic electroluminescent device comprising
said red emitting material, which has high brightness and
high luminescence efficiency.
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[0035] Therefore, an embodiment of the present invention
provides for red color emitting compounds represented by
the following formula (I):

)

wherein

[0036] R’ is independently selected from the group con-
sisting of hydrogen atom and substituted or unsubstituted
C, _salkyl;

[0037]

[0038] Y represents hydrogen atom, substituted or
unsubstituted C,_galkyl, or substituted or unsubstituted
C, _salkoxy.

X represents N, S, or O; and

[0039] Inoneembodiment, R' represents a hydrogen atom
or C, salkyl, X represents N, S or O, and Y represents a
hydrogen atom, C, salkyl, or C, salkoxy. In an embodiment
of the present invention, in the compound according to
formula (I), R* is methyl. In another embodiment, X is S. In
yet another embodiment, Y is methyl. And, in yet another
embodiment, R' is methyl, X is S, and Y is hydrogen or
methyl. In one embodiment, the compound is a red color
emitting material.

[0040] One embodiment of the present invention also
provides for an organic electroluminescent device, compris-
ing: a first electrode; a second electrode opposing the first
electrode; and at least one organic layer located between the
first electrode and the second electrode, wherein the at least
one organic layer comprises at least one compound accord-
ing to formula (I) above. In one embodiment, the at least one
organic layer comprises a light-emitting layer. In another
embodiment, the at least one organic layer is located
between an anode that injects holes and a cathode that injects
electrons. In yet another embodiment, one or more com-
pound represented by formula (I) is used as a dopant and/or
a host material.

[0041] According to the present organic electrolumines-
cent device, the device may comprise the following a
substrate, an anode over the substrate, a hole injection layer
over the anode, a hole transportation layer over the hole
injection layer, an emitting layer over the transportation
layer, an electron transporting layer over the emitting layer
and a cathode over the electron transporting layer; wherein
a compound of formula (I) is contained in at least the
emitting layer.

[0042] 1In yet another embodiment, the present invention
provides for a method of manufacturing an organic elec-
troluminescent device, comprising: (a) providing a sub-
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strate; (b) forming a first electrode; (c) forming at least one
layer on the first electrode, the at least one layer comprising
a compound of formula (I) above; and (d) forming a second
electrode on the at least one layer comprising the compound
of formula ().

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] The present invention will be more clearly under-
stood from the detailed description in conjunction with the
following drawings.

[0044] FIG. 1 is a schematic sectional view of the con-
ventional organic electroluminescent emitting device.

DETAILED DESCRIPTION OF THE
INVENTION

[0045] Hereinafter, the embodiments of the present inven-
tion will be described in detail with reference to those
accompanying drawings.

[0046] The present invention provides red color emitting
compounds represented by the following formula (I):

@

wherein

[0047] R' is independently selected from the group con-
sisting of hydrogen atom and substituted or unsubstituted
C,_salkyl;

[0048] X represents N, S, or O; and

[0049] Y represents hydrogen atom, substituted or unsub-
stituted C, calkyl, or substituted or unsubstituted
C,_salkoxy.

PREFERRED EMBODIMENTS OF THE
INVENTION

[0050] Each definition in the above formula will be shown
in detail below.

[0051] According to the present invention, “C, salkyl
group” means a straight or branched chain saturated hydro-
carbon group having 1 to 6 carbon atoms, for example,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, t-butyl,
pentyl, isopentyl, hexyl, isohexyl group, etc., preferably
methyl group or ethyl group, more preferably methyl group.

[0052] Also, “C,_salkoxy group” means a group contain-
ing a straight or branched alkyl having 1 to 6 carbon atoms,
for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy,
isobutoxy, t-butoxy, pentoxy, isopentoxy, hexoxy, etc., pref-
erably methoxy group or ethoxy.
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[0053] When ‘“substituted”, whether a substituted

C, ¢alkyl group, or a substituted C, calkoxy group, the

substituents may be selected from the group consisting of Scheme 1
hydroxy and halogen.

NH
[0054] The representative examples of compounds of for- CaCO;
mula (I) are described below. However, the present inven- + oME
tion shall not be limited by these representative examples. Cl
OH

HCI

N
| | CH3SO3H
B m—
NaOH
OH
@

N

Compound |

POCIy/DMF
it el
NaOHW/H,0

Compound 2
OH
3

OH

CHO
@

Ethyl alcohol/piperidine
HCI

tion may be prepared by methods known in the art. For
example, Compound 1 according to the present invention is
prepared by the following method (shown as Scheme 1).
2-aminophenol and calcium carbonate are dissolved in dim-
ethylformamide, following by addition of 1-chloro-3-me-
thyl-2-butene to prepare a compound of formula (2). Adding
methanesulfonic acid to the compound of formula (2), the
solution is stirred, following by neutralizing the solution
using NaOH (sodium hydroxide) to obtain a compound of
formula (3). And then, phosphorus oxychloride and dim-
ethyl formamide are added to the obtained compound of
formula (3) to obtain a compound of formula (4). After that,
the compound of formula (4) and a compound of formula (5)
(2-acetonitrile-benzotriazole) are added to ethanol with pip-
eridine and the solution is stirred. After confirming that the
reaction is completed by the TLC (thin layer chromatogra-
phy), the solution is neutralized by using a suitable amount
of HCl to obtain a compound of formula (6). And then, the
compound of formula (6) is dissolved in water, and NaOH
is added to the solution following by stirring to obtain a
compound of formula (7). And then, NaCN (sodium cya-
nide), Br,, and DMF(dimethyl formamide) are added to the
compound of formula (7), and reacted to obtain the above
Compound 1. This method may be changed by known
methods in the art, and the compounds used and reaction
conditions may be easily changed by the skilled person in
the art to use a chemical preparing method known in the art.

S
N
)

[0055] The compounds of formula (1) in the present inven- NCH,C <\
&

L0
—_—
NaOH

NaCN/Br2
—_—
DMF
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-continued

Compound |

[0056] The compounds of formula (I) according to the
above present invention may be used as a red color emitting
material, specifically, used to provide a red color organic
electroluminescent (EL) device.

[0057] The present invention provides an organic EL
device comprising a compound of formula (I), more spe-
cifically, an organic EL device having one or more organic
thin layers formed between the first electrode (anode) and
the second electrode (cathode), wherein at least one layer of
the organic thin layers comprises one or more red color
emitting materials according to the present invention.

[0058] The compounds of formula (I) can be used alone,
in a type of combination, or as a host doped by other
materials, in any of the organic thin layers, or used as a
dopant to other hole transport material, emission material,
electron transport material, etc. Preferably, the compounds
of the present invention are used as dopant or host to the
emission layer.

[0059] A variety of embodiments of the organic EL device
using the red color emitting materials of the present inven-
tion can be achieved. Basically, the emission layer, if nec-
essary, is introduced between the pair of electrodes (anode
and cathode). Then, if necessary, a hole injection layer
and/or a hole transport layer and/or an electron injection
layer and/or an electron transport layer can be introduced.
Non-limiting examples of the device are: (i) anode/emission
layer/cathode; (ii) anode/hole transport layer/emission layer/
cathode; (iii) anode/hole transport layer/electron transport
layer/cathode; (iv) anode/hole injection layer/hole transport
layer/emission layer/cathode; (v) anode/hole injection layer/
hole transport layer/emission layer/electron transport layer/
cathode; (vi) anode/hole injection layer/hole transport layer/
emission layer/electron transport layer/electron injection
layer/cathode; and (vii) anode/hole injection layer/emission
layer/electron injection layer/cathode, etc. A hole blocking
layer may also optionally be placed between the emission
layer and the electron transport layer. In one embodiment, a
device having the above structures is supported by a sub-
strate. No particular limitation exists for the substrate, and
any conventional substrate may be used in the organic EL
device, such as glass, transparent plastics, quartz, etc.

[0060] Each layer constructing the organic EL device of
the present invention can be formed by applying the mate-
rials using conventional methods such as deposition meth-
ods, spin-coat methods, or cast methods, to apply the layers.

[0061] No particular limitation exists on the thickness of
each layer, such as the emission layer, formed by such
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methods, and a suitable selection may be made depending on
the desired conditions of the device.

[0062] In addition, for the anode of the organic EL device,
a metal having a work function of more than 4.0 eV, alloy,
electric-conductive compound, or combinations thereof, can
be used as electrode. Non-limiting examples of such elec-
trode materials are electric conductive transparent or non-
transparent materials, such as ITO, SnO,, ZnO, Au, etc. The
anode can be manufactured by forming a thin film through
deposition methods, sputtering methods, etc.

[0063] Besides, for the cathode of the organic EL device,
a metal having a work function of less than 4.2 eV, alloy,
electric-conductive compound, or combination thereof, can
be used as electrode. Non-limiting examples of such elec-
trode materials are calcium, magnesium, lithium, aluminum,
magnesium alloy, lithium alloy, aluminum alloy, aluminum/
lithium mixture, magnesium/silver mixture, indium, etc.

[0064] The cathode also can be manufactured by forming
a thin film through deposition methods, sputtering methods,
etc. Preferably, the sheet resistance of the electrode is less
than several hundreds Q/mm, and the thickness of the film
is selected from the range of 10 nm to 1 pum, preferably 50
to 200 nm.

[0065] Any material conventionally used as a hole trans-
port material among photo-conductive materials and any
random material among known materials used as a hole
injection layer or a hole transport layer can be used as
materials for the hole injection layer and the hole transport
layer in the organic EL device of the present invention.

[0066] For the organic EL device of the present invention,
the electron transport layer comprises an electron transport
compound, and has a role of transporting electrons injected
from the cathode to the emission layer. No particular limi-
tation exists for such an electron transport compound, and
any conventionally known compound can be selected there-
for.

[0067] One embodiment of a suitable method to manufac-
ture the organic EL device of the present invention having
the above six (vi) structures is explained as follows:

[0068] First, a first electrode (2) is formed on a transparent
substrate (1), for example, by using sputtering method.
Then, a hole injection layer (3) and a hole transport layer (4)
are formed thereon in order by deposition in a vacuum. After
that, an organic emission layer (5) and an electron transport
layer (6) are formed on the hole transport layer (4), and an
electron injection layer (7) and a cathode (8) are formed on
the electron transport layer (6).

[0069] The emission layer (5) can be formed with a
conventional host doped with one or more dopants of
formula (I) of the present invention, or by only the com-
pounds of formula (I) of the present invention. In addition,
the compounds of formula (I) of the present invention can be
formed as the emission layer by using each other as host and
dopant.

[0070] ITO (In,O;+Sn0,) or 1ZO (In,O;+Zn0O) can be
used for the material of the anode (2), and copper (II)
phthalocyanine can be used for the material of the hole
injection layer. Triphenylamine or diphenyl amine analogues
such as NPD(N,N-di(naphthalen-1-y1)-N,N'-diphenylbenzi-
dine) can be used for the material of the hole transport layer
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(4), and Alg3 (tris(8-hydroxyquinolate)aluminum) can be
used for the host material of the emission layer (5). In -continued
addition, Alg3 can also be used for the electron transport N

layer (6) due to good electron transport property, and oxa-

diazole or triazole analogues such as 2-(4-bi-phenyl)-5-(4- il
tert-butylphenyl)-1,3,4-oxadiazole can also be used for the NaOH/H0
electron transport layer (6). Alkali metal (Cs, Rb, K, Na, Li)

analogues (Li,0, etc.) can be used for the electron injection OH

layer (7), and Mg/Ag, Al, Al/Li, or AI/Nd can be used for the 3)
cathode (8).

POCI;/DMF

[0071] The synthetic examples of the compounds of for-
mula (I) of the present invention, and the organic EL device +
applied with the compounds are explained through the
synthetic examples and practicing examples below. How-

ever, the scope of the present invention is not limited by the ot
following Examples, and it should be noted that various CHO
modifications can be made by a skilled person in the art e
within the scope of the present invention. S
Ethyl alcohol/piperidine
[0072] Synthesis of Compound 1 NCH.C <\ HCL
N

[0073] 2-aminophenol (8.66 g) and calcium carbonate
(3.87 g) are dissolved in dimethylformamide (27.63 ml), to
which 1-chloro-3-methyl-2-butene (18.32 ml) is added, The
mixture is reacted at 80° C. to obtain 8.25 g of a compound
of formula (2). Methanesulfonic acid (9.5 ml, 5 times mol
basis of the compound of formula (2) used), is added to the
compound of formula (2) (8.25 g), which is reacted at 100°
C. After that, the solution is neutralized by using water and
sodium hydroxide to obtain a compound of formula (3) (6.78
g). Phosphorus oxychloride (4.12 ml) and dimethylforma-
mide (11.8 g) are added to the obtained compound of
formula (3) (6.78 g), which is reacted to obtain a compound
of formula (4) (5.64 g). Ethanol (36 g) and piperidine (0.3
ml) are added to the compound of formula (4) (5.64 g) and
a compound of formula (5) (2-acetonitrile-benzotriazole)
(3.82 g), and the solution was stirred. After confirming that
the reaction was completed by the TLC (thin layer chroma-
tography), the solution was neutralized by using a suitable
amount of HCI to obtain a compound of formula (6). And
then, water and sodium hydroxide are added to the obtained
compound of formula (6), which is reacted to obtain a
compound of formula (7) (3 g). And, NaCN (sodium cya-
nide, 0.55 g), Br, and DMF are added to the compound of
formula (7) (3 g), which is reacted to obtain Compound 1

(1.5 g).

NaCN/Br2
——
DMF

NH
CaCO;3
+ —_—
DMF
Cl
OH

HCI

N
| | CH3SO3H Compound |
NaOH
OH Compound 1: NMR Analysis (‘H NMR(CDCl,): CH,(4H,
@

1.77, d), CH,(4H, 3.35, d), CH,(12H, 139, s), PH(1H, 7.28,
s), PH(1H, 8.12, d), PH(1H, 8.23, d), PH(2H, 7.55, m).
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EXAMPLE

[0074] This example is one to manufacture the organic EL
device by using Alg3 as a host, and Compound 1 prepared
by the above method as a dopant of a red color emitting
layer.
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luminescent color was red. The result of a voltage-brightness
test showed 1.95 cd/A of brightness at 8.46 V, at which point
the efficiency was 0.73 Im/W.

[0080] The results of the Example and Comparative
example are summarized in Table 1 below.

TABLE 1

Applied Voltage Color coordinates Brightness Efficiency

Host Dopant V) X Y (cd/A) (lm/W)
Example 1  Alg3 Compound 1 8.0 0.636  0.354 24 1.10
Comparative Algq3 DCITB 8.46 0.639 0.357 1.95 0.73

Example 1

[0075] First, a hole injection layer was formed with a
thickness of 30 nm by depositing CuPC in a vacuum on an
ITO-deposited glass washed by a microwave. After the hole
transport layer was formed with a thickness of 50 nm by
depositing NPD (N,N'-dinaphthyl-N,N'-phenyl-(1,1'-biphe-
nyl)-4,4'-diamine) on the top of the hole injection layer, an
emission layer was formed with a thickness of 30 nm on the
hole transport layer by depositing Alq3 (host), which was
doped with Compound 1 (dopant) by 2.0%. An electron
transport layer (Alq3; 40 nm), an electron injection layer
(Lim; ,im), and a cathode (Mg/Ag; 100 nm) were formed in
this order thereon by depositing in a vacuum to complete the
organic EL device.

[0076] A direct voltage of forward bias was applied to the
organic ELL device manufactured by this example, and its
luminescent property was evaluated. The luminescent color
was red. The result of a voltage-brightness test showed 2.4
cd/A of brightness at 8.0V, at which point the efficiency was
1.10 Im/W (see Table 1) The values were measured by the
machine, MINOLTA CS-1000(measurement standard: 50
mA/cm?).

Comparative Example

[0077] Comparative Example 1 manufactured an organic
EL device using Alq3 as a host and DCJTB as a dopant of
the red color emitting layer.

[0078] First, a hole injection layer was formed with a
thickness of 30 nm by depositing CuPC in a vacuum on an
ITO-deposited glass washed by a microwave. Then, a hole
transport layer was formed with a thickness of 50 nm by
depositing NPD (N,N'-di(naphthylen-1-y1)-N,N'-diphenyl-
benzidine) on the top of the hole injection layer, and an
emission layer was formed with a thickness of 30 nm on the
hole transport layer by depositing Alq3 (host), which was
doped with DCJTB (dopant) by 2.0%. An electron transport
layer (Alq3; 40 nm), an electron injection layer (Li,O; 25
nm), and a cathode (Mg/Ag; 100 nm) were formed in this
order thereon by depositing in a vacuum to complete the
organic EL device.

[0079] A direct voltage of forward bias was applied to the
organic EL device manufactured by this comparative
example, and its luminescent property was evaluated. The

[0081] As shown in the above table, an organic EL device
prepared with the red color emitting material of the present
invention shows high advanced luminescent efficiency and
brightness compared to an organic EL device prepared with
a conventional red color emitting material. In addition, the
present materials contribute to enhanced safety and lifetime
of the device.

What is claimed is:
1. A compound represented by formula (I):

M

wherein

R! is independently selected from the group consisting of
hydrogen atom and substituted or unsubstituted

C,.salkyl;
X represents N, S, or O; and

Y represents hydrogen atom, substituted or unsubstituted
C,_salkyl, or substituted or unsubstituted C,_salkoxy.

2. The compound according to claim 1, wherein R' is
methyl.

3. The compound according to claim 1, wherein X is S.

4. The compound according to claim 1, wherein Y is
methyl.

5. The compound according to claim 1, wherein R' is
methyl, X is S, and Y is hydrogen or methyl.

6. The compound according to claim 1, wherein the
compound is a red color emitting material.

7. An organic electroluminescent device, comprising:

a first electrode;

a second electrode opposing said first electrode; and
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at least one organic layer located between the first elec-
trode and the second electrode, the organic layer com-
prising at least one compound according to formula (I):

)

wherein

R is independently selected from the group consisting of
hydrogen atom and substituted or unsubstituted

C_alkyl;
X represents N, S, or O; and

Y represents hydrogen atom, substituted or unsubstituted
C,_salkyl, or substituted or unsubstituted C, _salkoxy.

8. The organic electroluminescent device according to
claim 7, wherein the organic layer comprises a light-emitting
layer.

9. The organic electroluminescent device according to
claim 7, wherein the organic layer is located between an
anode that injects holes and a cathode that injects electrons.

10. The organic electroluminescent device according to
claim 7, wherein one or more compound represented by
formula (I) is used as a dopant and/or a host material.

11. The organic electroluminescent device according to
claim 5, wherein the organic electroluminescent device
comprises a substrate, an anode over the substrate, a hole
injection layer over the anode, a hole transportation layer
over the hole injection layer, an emitting layer over the
transportation layer, an electron transporting layer over the
emitting layer and a cathode over the electron transporting
layer; and the compound of formula (I) is contained in at
least the emitting layer.

12. The organic electroluminescent device according to
claim 5, wherein in the compound of formula (I), R' is
methyl.

13. The organic electroluminescent device according to
claim 5, wherein in the compound of formula (I), X is S.

14. The organic electroluminescent device according to
claim 5, wherein in the compound of formula (I), Y is
methyl.
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15. The organic electroluminescent device according to
claim 5, wherein in the compound of formula (I), R! is
methyl, X is S, and Y is hydrogen or methyl.

16. The organic electroluminescent device according to
claim 5, wherein the compound of formula (I) is a red color
emitting material.

17. A method of manufacturing an organic electrolumi-
nescent device, comprising:

(a) providing a substrate;
(b) forming a first electrode;

(c) forming at least one layer on said first electrode, the
layer comprising a compound of formula (I):

)

wherein

R! is independently selected from the group consisting of
hydrogen atom and substituted or unsubstituted
Cy.salkyl;

X represents N, S, or O; and

Y represents hydrogen atom, substituted or unsubstituted
C,_salkyl, or substituted or unsubstituted C,_salkoxy;
and

(d) forming a second electrode on the layer comprising
the compound of formula (I).

18. The method of manufacturing an organic electrolu-
minescent device according to claim 17, wherein in the
compound of formula (I), R* is methyl.

19. The method of manufacturing an organic electrolu-
minescent device according to claim 17, wherein in the
compound of formula (I), X is S.

20. The method of manufacturing an organic electrolu-
minescent device according to claim 17, wherein in the
compound of formula (I), Y is methyl.
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