US 20060127697A1

12) Patent Application Publication (o) Pub. No.: US 2006/0127697 A1l

a9y United States

Lee et al.

43) Pub. Date: Jun, 15, 2006

(54) ORGANIC ELECTROLUMINESCENT
ELEMENTS INCLUDING TRIAZINE
DERIVATIVE COMPOUNDS

(76) Inventors: Hyoyoung Lee, Daejeon-city (KR);
Hye Yong Chu, Daejeon-city (KR)

Correspondence Address:

LADAS & PARRY LLP

224 SOUTH MICHIGAN AVENUE
SUITE 1600

CHICAGO, IL 60604 (US)

(21) Appl. No.:  11/183,207

(22) Filed: Jul. 15, 2005
(30) Foreign Application Priority Data
Dec. 15,2004  (KR) ccovveovcvcrieccreccncens 10-2004-0106499
Jan. 19, 2005 (KR) oo 10-2005-0004972
Publication Classification
(51) Imt. CL
HOIL 51/50 (2006.01)
HO5B  33/12 (2006.01)

(52) US.ClL . 428/690; 428/917; 313/504;
313/506; 313/512

7) ABSTRACT

An organic electroluminescent element including an organic
compound layer which is composed of a C—F compound
(PFPT) having a triazine group is provided. The organic
electroluminescent element includes: two electrodes; and at
least one organic compound layer formed between the two
electrodes, in which the organic compound layer is doped
with a triazine derivative compound represented by the
following Formula:

where each of R, R, and R; is a perfluorophenylene
derivative.
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ORGANIC ELECTROLUMINESCENT ELEMENTS
INCLUDING TRIAZINE DERIVATIVE
COMPOUNDS

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims the benefit of Korean
Patent Application Nos. 10-2004-0106499, filed on Dec. 15,
2004, and 10-2005-0004972, filed on Jan. 19, 2005, in the
Korean Intellectual Property Office, the disclosures of which
are incorporated herein in their entirety by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to organic electrolu-
minescent elements, and more particularly, to organic elec-
troluminescent elements comprising functional organic
compound layers including triazine derivative compounds.

[0004] 2. Description of the Related Art

[0005] An organic electroluminescent element has a lay-
ered structure in which a hole injection layer (HIL) and an
electron injection layer (EIL) are formed on a substrate, and
an emitting layer (EML) and a carrier transport layer, i.e. an
electron transport layer (ETL) or a hole transport layer
(HTL) are formed between the HIL and the EIL. Generally,
the HIL, the HTL, the ETL and the EIL in the layered
structure are organic thin layers.

[0006] Compounds having C—H bonds, such as CHg
(benzene ring), have been generally used as organic mate-
rials for the functional organic thin layer. However, since
C—H bonds have a low bond energy, they are easily broken
and the material containing them is deteriorated when irra-
diated with ultra violet rays or a high voltage is applied
thereto, thereby causing a reduction in the lifespan of the
organic electroluminescent element.

[0007] Recently, attempts have been made to extend
lifespan of an organic electroluminescent element by form-
ing an organic electroluminescent element using a functional
organic thin layer composed of a perfluorophenylene deriva-
tive compound which has fluoro substituents with a C—F
bond instead of the C—H bond (for example, Japanese
Laid-Open Patent Publication Nos. 2001-247498 and 2002-
359086). However, despite these efforts, due to a difficulty
in substituting fluorine, organic electroluminescent materials
and elements using the perfluorophenylene derivative com-
pound are not easily developed.

1. Field of the Invention

SUMMARY OF THE INVENTION

[0008] The present invention provides an organic elec-
troluminescent element having increased luminous effi-
ciency and lifespan by using an organic compound having a
strong C—F bond.

[0009] According to an aspect of the present invention,
there is provided an organic electroluminescent element
including: two electrodes; and at least one organic com-
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pound layer formed between the two electrodes, in which the
organic compound layer is composed of an organic com-
pound doped with a triazine derivative compound repre-
sented by the following Formula:

Ry

ﬁ*\N
)\ )\
Rs N R3

[0010] where each of R, R, and R; is a perfluorophe-
nylene derivative.

[0011] The concentration of the triazine derivative com-
pound doped in the organic compound layer is 0.001 to 10%
by weight.

[0012] Ahole injection layer (HIL), a hole transport layer
(HTL), an emitting layer (EML), an electron transport layer
(ETL) and an electron injection layer (EIL) may be sequen-
tially deposited between the two electrodes and the organic
compound layer may be at least one layer selected from the
group consisting of the HIL, the HTL, the EML, the ETL
and the EIL.

[0013] The organic electroluminescent element may fur-
ther include a protecting layer for protecting the two elec-
trodes and the organic compound layer from external mois-
ture and oxygen.

[0014] According to another aspect of the present inven-
tion, there is provided an organic electroluminescent ele-
ment including: two electrodes; and a HIL, a HTL, an EML,
an ETL and an EIL sequentially formed between the two
electrodes. At least one layer selected from the group
consisting of the HIL, the HTL, the EML, the ETL and the
EIL are composed of a triazine derivative compound repre-
sented by the following Formula:

R

ﬁ*\N
)\ )\
RS N R3

[0015] where each of R}, R, and R, is the same as defined

above.

[0016] According to another aspect of the present inven-
tion, there is provided an organic electroluminescent ele-
ment including: two electrodes, a layered element including
a HIL, a HTL, an EML, an ETL and an EIL sequentially
formed between the two electrodes: and a protecting layer
for protecting the layered element from external moisture
and oxygen. The protecting layer is composed of a triazine
derivative compound represented by the following Formula:
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Ry

ﬁ*\N
)\ )\
Ry N R3

[0017] where eachof R}, R, and R, is the same as defined
above.
[0018] The organic electroluminescent element according

to the present invention can present an extended lifespan and
an increased luminous efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The above and other features and advantages of the
present invention will become more apparent by describing
in detail exemplary embodiments thereof with reference to
the attached drawings in which:

[0020] FIG. 1 is a schematic diagram of an organic
electroluminescent element according to an embodiment of
the present invention;

[0021] FIG. 2 is a schematic diagram of an organic
electroluminescent element according to another embodi-
ment of the present invention;

[0022] FIG. 3 is a schematic diagram of an organic
electroluminescent element according to still another
embodiment of the present invention;

[0023] FIG. 4 is a schematic diagram of an organic
electroluminescent element according to yet another
embodiment of the present invention;

[0024] FIG. 5 is a schematic diagram of an organic
electroluminescent element manufactured in Example 1 of
the present invention;

[0025] FIG. 6 is a graph illustrating voltage vs. current
density and voltage vs. luminance of an organic electrolu-
minescent element according to an embodiment of the
present invention;

[0026] FIG. 7 is a schematic diagram of a conventional
organic electroluminescent element evaluated for compari-
son in FIG. 6;

[0027] FIG. 8 is a graph illustrating voltage vs. current
density and voltage vs. luminance of an organic electrolu-
minescent element according to another embodiment of the
present invention;

[0028] FIG. 9 is a schematic diagram of an organic
electroluminescent element according to an embodiment of
the present invention evaluated in FIG. 8;

[0029] FIG. 10 is a graph illustrating voltage vs. current
density and voltage vs. luminance of an organic electrolu-
minescent element according to still another embodiment of
the present invention; and

[0030] FIG. 11 is a schematic diagram of an organic
electroluminescent element according to an embodiment of
the present invention evaluated in FIG. 10.
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DETAILED DESCRIPTION OF THE
INVENTION

[0031] FIG. 1 is a schematic diagram of an organic
electroluminescent element according to an embodiment of
the present invention.

[0032] Referring to FIG. 1, an anode 110 and a cathode
120 face each other by a predetermined distance on a
substrate 100. An emitting layer (EML) 130 which emits
light when applying voltage or current to the anode 110 and
the cathode 120 is interposed between the anode 110 and the
cathode 120.

[0033] A hole injection layer (HIL) 132 and a hole trans-
port layer (HTL) 134 are sequentially formed between the
anode 110 and the EML 130. An electron transport layer
(ETL) 136 and an electron injection layer (EIL) 138 are
sequentially formed between the EML 130 and the cathode
120. The HIL 132, the HTL 134, the ETL 136 and the EIL
138 are composed of organic compounds. In particular, at
least one organic compound layer selected from the group
consisting of the HIL, 132, the HTL 134, the ETL 136 and the
EIL 138 is doped with a triazine derivative compound
represented by Formula (1):

M

[0034] where each of Ry, R, and R; is a perfluorophe-
nylene derivative.

[0035] In FIG. 1, the HIL 132 is exemplarily doped with
a perfluorophenylene triazine compound (PFPT) represented
by Formula (1).

[0036] Preferably, the concentration of PFPT in the
organic compound layer is about 0.001 to 10% by weight.

[0037] Each of R, R, and R, may be represented by
Formula (2), Formula (3) or Formula (4):

@
F F F F
F F F F
F F T F
n
F F T F

&)
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-continued

@

[0038] where n is an integer from 0 to 20.

[0039] In FIG. 1, the substrate 100 may be composed of
glass or plastics. The anode 110 may be composed of a
transparent conductive layer, for example, indium tin oxide
(ITO) or ZnO and the cathode layer 120 may be composed
of a metal, for example, Al.

[0040] The HIL 132 and the HTL 134 may be composed
of NPB (N,N'-di(naphthalen-1-y1)-N,N'-diphenyl-benzi-
dine) or TPD (N,N'-diphenyl-N,N'-bis(3-methylphenyl)-1,
1'-bi-phenyl-4,4'-diamine). For example, as illustrated in
FIG. 1, the HIL 132 may be composed of NPB doped with
PFPT and the HTL 134 may be composed of NPB.

[0041] The EML 130 is composed of a material selected
according to color to be emitted. For example, the EML 130
may be composed of Alq, (tris(8-hydroxyquinoline) alu-
minium) for a green organic electroluminescent element and
may be composed of DCJTB (4-(dicyanomethylene)-2-t-
butyl-6-(1,1,7,7-tetramethyljulolidyl-9-enyl)-4H-pyran) for
a red organic electroluminescent element. Also, for a blue
organic electroluminescent element, the EML 130 may be
composed of DPVBi (4,4'-bis(2,2-didphenylethen-1-yl)bi-
phenyl).

[0042] When the EML 130 is composed of Alq,, which is
known as a light emitting material which also transports
electron, it is not necessary to separately form the ETL 136.
Alqg, primarily transports electron, but can also transport
hole. Thus, an Alg, layer may be formed as the EML 130,
which also acts as an ETL, without separately forming the
ETL 136 and an Alg, layer may be formed as the EML 130,
which also acts as a HTL, without separately forming the
HTL 134. The EIL 138 may be composed of LiF.

[0043] FIG. 2 is a schematic diagram of an organic
electroluminescent element according to another embodi-
ment of the present invention.

[0044] The organic electroluminescent element illustrated
in FIG. 2 is similar to the organic electroluminescent
element illustrated in FIG. 1, except that an Alq, layer doped
with PFPT is formed as an ETL 236 and a HIL 232 is
composed of NPB. Like reference numerals in the drawings
denote like elements, and thus their description will be
omitted. The concentration of PFPT doped in the ETL 236
may be 0.001 to 10% by weight.

[0045] FIG. 3 is a schematic diagram of an organic
electroluminescent element according to still another
embodiment of the present invention.

[0046] The organic electroluminescent element illustrated
in FIG. 3 is similar to the organic electroluminescent
element illustrated in FIG. 1, except that an EIL 338 is
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composed of PFPT and a HIL 332 is composed of NPB. Like
reference numerals in the drawings denote like elements,
and thus their description will be omitted. The PFPT layer as
the EIL 338 may be formed, for example, by vacuum
deposition, spin coating, inkjet coating, or screen printing.

[0047] In the present embodiment, one Alg, layer may act
as both the EML 130 and the ETL136.

[0048] FIG. 4 is a schematic diagram of an organic
electroluminescent element according to yet another
embodiment of the present invention.

[0049] The organic electroluminescent element of the
present embodiment has the same structure as that of the
organic electroluminescent element of FIG. 1, except that a
protecting layer 400 for protecting the two electrodes 110
and 120 and organic compound layers deposited between the
two electrodes 110 and 120 from external moisture and
oxygen is further included. The protecting layer 400 is
composed of the triazine derivative compound represented
by Formula (1). Like reference numerals in the drawings
denote like elements, and thus their description will be
omitted.

[0050] The present invention will now be described in
greater detail with reference to the following examples. The
following examples are for illustrative purposes only and are
not intended to limit the scope of the invention.

EXAMPLE 1

[0051] To obtain the organic electroluminescent element
illustrated in FIG. 1, an element having a layered structure
illustrated in FIG. 5 was formed. The manufacturing process
will be briefly described with reference to FIG. 5.

[0052] A transparent ITO electrode as an anode was
deposited on a cleaned glass substrate, and then organic
compound layers are sequentially deposited on the ITO
electrode using a thermal depositing method with a vacuum
deposition system under the pressure less than about 10 -
10-° Torr. For the purpose of this, NPB and PFPT were
simultaneously supplied onto the substrate and deposited as
a HIL. The thickness of NPB deposited was about 20 to 60
nm and the content of PFPT doped in NPB was about 0.1 to
10% by weight based on the total weight of NPB. NPB was
used to form a HTL and Alq, was deposited as an EML and
ETL to a thickness of about 50 to 100 nm. LiF was deposited
as an EIL to a thickness of about 0.1 to 3 nm. Al was
deposited as a cathode to a thickness of 50 to 150 nm.

[0053] While this example describes a specific embodi-
ment, it will be understood by those skilled in the art that
various changes in form and details may be made. For
example, the substrate may also be composed of polycar-
bonate, polyimide, polyethyleneterephthalate or polyethyl-
enenaphthalate. Also, the transparent electrode may be
formed using indium oxide, tin oxide, zinc oxide or a
mixture thereof.

EXAMPLE 2

[0054] An EL spectrum for the organic electroluminescent
element manufactured in Example 1 was evaluated and
illustrated in FIG. 6. In FIG. 6, the EL properties, i.e.,
voltage vs. current density and voltage vs. luminance of the
organic electroluminescent element manufactured in
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Example 1 of the present invention were compared with
those of a conventional organic electroluminescent element.
The organic electroluminescent element evaluated for com-
parison in the present Example is schematically illustrated in
FIG. 7.

[0055] Tt can be seen from the results of FIG. 6 that the
organic electroluminescent element according to an embodi-
ment of the present invention has higher current density and
luminance than the conventional organic electroluminescent
element without changing turn-on voltage, indicating that
there was no change in barrier to electron injection, but
doping of NPB as the HTL with PFPT significantly
increased electrical conductivity of holes compared to
before doping. In addition, the PFPT material composed of
C—F did not react with oxygen in air, which significantly
increased the lifespan of the element.

EXAMPLE 3

[0056] FIG. 8 illustrates voltage vs. current density and
voltage vs. luminance of the organic electroluminescent
element in which PFPT was doped in an ETL as illustrated
in FIG. 2. The organic electroluminescent element used in
this evaluation is schematically illustrated in FIG. 9.

EXAMPLE 4

[0057] FIG. 10 illustrates voltage vs. current density and
voltage vs. luminance of the organic electroluminescent
element in which an EIL was composed of PFPT as illus-
trated in FIG. 3. The organic electroluminescent element
used in this evaluation is schematically illustrated in FIG.
11.

[0058] While organic electroluminescent elements includ-
ing the triazine derivative compound having a C—F bond
according to embodiments of the present invention were
described, the present invention is not limited thereto. It will
be understood by those skilled in the art that various layered
structures and deposition methods may be applied in order
to manufacture organic electroluminescent elements.

[0059] Organic electroluminescent elements according to
embodiments of the present invention include an organic
compound layer composed of a C—F compound (PFPT)
having a triazine group rather than a benzene group, which
is commonly known, as a central molecular group. The
compounds according to embodiments of the present inven-
tion have lower energy levels (HOMO, LUMO) than any
conventional n-type organic semiconductor material due to
the triazine group having an electron-attracting property, and
thus, can be used as a blocking layer in a HIL, a HTL, an
EML, an ETL and an EIL according to the structure of an
organic electroluminescent element and electrodes used. In
particular, in the organic electroluminescent element, when
PFPT is doped in the HTL to act as the HIL, high current
density and luminance can be obtained. In addition, a
protecting layer composed of PFPT can contribute to extend
the lifespan of the organic electroluminescent element.

[0060] While the present invention has been particularly
shown and described with reference to exemplary embodi-
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ments thereof, it will be understood by those of ordinary
skill in the art that various changes in form and details may
be made therein without departing from the spirit and scope
of the present invention as defined by the following claims.

What is claimed is:
1. An organic electroluminescent element comprising:

two electrodes; and

at least one organic compound layer formed between the
two electrodes,

wherein the organic compound layer is composed of an
organic compound doped with a triazine derivative
compound represented by following Formula:

R

A
A A

R2 R3

in which each of R}, R, and R, is a perfluorophenylene

derivative.

2. The organic electroluminescent element of claim 1,
wherein the concentration of the triazine derivative com-
pound doped in the organic compound layer is 0.001 to 10%
by weight.

3. The organic electroluminescent element of claim 1,
wherein each of R;, R, and R, is represented by the follow-
ing Formula:

3 F F F
n
F F F F

where n is an integer from 0 to 20.

4. The organic electroluminescent element of claim 1,
wherein each of R;, R, and R, is represented by the follow-
ing Formula:

F F F F
n
F F F F

where n is an integer from 0 to 20.

5. The organic electroluminescent element of claim 1,
wherein each of R}, R, and R is represented by the follow-
ing Formula:
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where 1 is an integer from 0 to 20.

6. The organic electroluminescent element of claim 1,
wherein a hole injection layer, a hole transport layer, an
emitting layer, an electron transport layer and an electron
injection layer is sequentially deposited between the two
electrodes and the organic compound is composed of at least
one layer selected from the group consisting of the hole
injection layer, the hole transport layer, the emitting layer,
the electron transport layer and the electron injection layer.

7. The organic electroluminescent element of claim 1,
wherein the organic compound layer is composed of NPB
(N,N'-di(naphthalen-1-y1)-N,N'-diphenyl-benzidine) or
TPD (N,N'-diphenyl-N,N'-bis(3-methylphenyl)-1,1'-bi-phe-
nyl-4,4'-diamine) and the concentration of the triazine
derivative compound doped in the organic compound layer
is 0.001 to 10% by weight.

8. The organic electroluminescent element of claim 1,
wherein the organic compound layer is composed of at least
one compound selected from the group consisting of Alq,
(tris(8-hydroxyquinoline) aluminium), DCITB (4-(dicya-
nomethylene)-2-t-butyl-6-(1,1,7,7-tetramethyljulolidyl-9-
enyl)-4H-pyran) and DPVBIi (4,4'-bis(2,2-diphenylethen-1-
yl)biphenyl) and the concentration of the triazine derivative
compound doped in the organic compound layer is 0.001 to
10% by weight.

9. The organic electroluminescent element of claim 1,
which further comprises a protecting layer for protecting the
two electrodes and the organic compound layer from exter-
nal moisture and oxygen, the protecting layer being com-
posed of the triazine derivative compound.

10. An organic electroluminescent element comprising:

two electrodes; and

a hole injection layer, a hole transport layer, an emitting
layer, an electron transport layer and an electron injec-
tion layer sequentially formed between the two elec-
trodes,
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wherein at least one layer selected from the group con-
sisting of the hole injection layer, a hole transport layer,
an emitting layer, an electron transport layer and an
electron injection layer is composed of a triazine
derivative compound represented by the following For-
mula:

A A

RS N R3

in which each of R, R, and R; is a perfluorophenylene

derivative.

11. The organic electroluminescent element of claim 10,
wherein the electron injection layer is composed of the
triazine derivative compound.

12. An organic electroluminescent element comprising:

two electrodes;

a layered element including a hole injection layer, a hole
transport layer, an emitting layer, an electron transport
layer and an electron injection layer sequentially
formed between the two electrodes; and

a protecting layer for protecting the layered element from
external moisture and oxygen,

wherein the protecting layer is composed of a triazine
derivative compound represented by the following For-
mula:

A A

RS N R3

in which each of R, R, and R; is a perfluorophenylene
derivative.
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