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ABSTRACT

An organic electro-luminescent device including an anode,
a cathode, a light-emitting layer and a hole-transport layer is
provided. The light-emitting layer is disposed between the
anode and the cathode. The hole-transport layer is disposed
between the light-emitting layer and the anode. The hole-
transport layer has a formula as follows:

wherein R is an alkyl group having 1~3 carbon atoms.
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ORGANIC ELECTRO-LUMINESCENT DEVICE
AND MATERIAL OF HOLE-TRANSPORT LAYER

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 94129915, filed on Aug. 31, 2005.
All disclosure of the Taiwan application is incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention generally relates to a light-
emitting device and a film material thereof. More particu-
larly, the present invention relates to an organic electro-
luminescent device and the material of a hole-transport
layer.

[0004] 2. Description of Related Art

[0005] Display devices having light weight and high effi-
ciency such as LCD have been broadly developed. But LCD
still has many problems, for example the viewing angle is
not wide enough, the response time is not high enough to
apply to high speed cartoons, and it needs a back light
module to cooperate with and so on.

[0006] Among the newly developed display panels,
organic electro-luminescent display (OELD) can overcome
the above mentioned problems. Compared with other dis-
play panels, OLED has many advantages including self-
illuminating screen, wide viewing angle, low power con-
sumption, simple manufacturing process, low cost, a wide
temperature operating range, a high response speed and
full-color display. So, the OLED has become the major
display product in the next generation.

[0007] The Organic electro-luminescent display (OELD)
utilizes the self-illuminating property of the organic light-
emitting material to display an image. The OELD comprises
a pair of electrodes and an organic material layer sand-
wiched between the two electrodes. The organic material
layer comprises organic light-emitting material. When a
current travels through the electrodes, the hole and electron
carriers moving inside the organic light-emitting material
layer may collide and recombine with each other. A portion
of the energy released by the recombination of electron-hole
pairs may excite the organic light-emitting molecules into an
excited state. When the excited molecule releases its energy
and returns to a ground state, a definite portion of the energy
1s released as photons to emit light. Hence, the OLED panel
will emit light on activation.

[0008] Generally, in the OLED having stacked films,
NPB, N.,N'-diphenyl-N,N'-(3-methylphenyl)-1,1-biphenyl-
4,4'-diamine (TPD) and the like with the structure of triph-
enyamine are the most popular material of the hole-transport
layer and are cooperated with the light-emitting layer com-
posed of metal complex like tris-(8-hydroxy quinolinol)a-
luminium (Alg3). The above mentioned hole-transport layer
having the characteristics of ionization potential lower than
5.7 eV and aromatic hydrocarbon group stacked above the
light-emitting layer can make the hole and electron carriers
recombine with each other inside the light-emitting layer, to
emit light.
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[0009] The brightness and light-emitting efficiency are
important factors for the OLED. So, how to increase the
brightness and light-emitting efficiency of the OLED is a
critical issue.

SUMMARY OF THE INVENTION

[0010] Accordingly, the present invention is directed to an
organic electro-luminescent device, which utilizes a new
hole-transport material as the hole-transport layer.

[0011] The present invention is also directed to providing
an organic electro-luminescent device having higher light-
emitting efliciency than that of the conventional one.

[0012] The present invention is to provide an organic
electro-luminescent device for replacing the hole-transport
material of the conventional cne.

[0013] According to an embodiment of the present inven-
tion, the organic electro-luminescent device comprises an
anode, a cathode, a light-emitting layer and a hole-transport
layer. The light-emitting layer is disposed between the anode
and the cathode. The hole-transport layer is disposed
between the light-emitting layer and the anode. The hole-
transport layer has a formula as follows:

wherein R is an alkyl group having 1~3 carbon atoms.

[0014] According to an embodiment of the present inven-
tion, the hole-transport layer is a P-type acceptor doped with

2-methyl-9,10-di(2-napthyl)anthracene ~ (MADN)  for
example.
[0015] According to an embodiment of the present inven-

tion, the acceptor is FeCl3 or tetrafluoro-tetracyano-quin-
odimethane (F4-TCNQ).

[0016] According to an embodiment of the present inven-
tion, the organic electro-luminescent device further com-
prises a hole injection layer disposed between the anode and
the hole-transport layer.

[0017] According to an embodiment of the present inven-
tion, the organic electro-luminescent device further com-
prises an electron-transport layer disposed between the
cathode and the light-emitting layer.

[0018] According to an embodiment of the present inven-
tion, the organic electro-luminescent device further com-
prises an electron injection layer disposed between the
cathode and the light-emitting layer.

[0019] According to an embodiment of the present inven-
tion, the above mentioned anode comprises transparent
conductive material.
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[0020] According to an embodiment of the present inven-
tion, the above mentioned cathode comprises metal material.

[0021] According to an embodiment of the present inven-
tion, the above mentioned light-emitting layer comprises
small molecule organic electro-luminescent material.

[0022] According to an embodiment of the present inven-
tion, the above mentioned light-emitting layer comprises
polymer electro-luminescent material.

[0023] According to another embodiment of the present
invention, an organic electro-luminescent device is
described. The organic electro-luminescent device com-
prises a substrate, a plurality of organic electro-luminescent
units and at least one charge generation layer. The organic
electro-luminescent units are stacked on the substrate. At
least one charge generation layer is disposed between two of
the adjacent organic electro-luminescent units. Besides, each
organic electro-luminescent unit comprises an anode, a
cathode, a light-emitting layer and a hole-transport layer.
The light-emitting layer is disposed between the anode and
the cathode. The hole-transport layer is disposed between
the light-emitting layer and the anode, and it has a formula
as follows:

wherein R 1s an alkyl group having 1~3 carbon atoms.

[0024] According to an embodiment of the present inven-
tion, the hole-transport layer is a P-type acceptor doped with
2-methyl-9,10-di(2-napthyl)anthracene =~ (MADN)  for
example.

[0025] According to an embodiment of the present inven-
tion, the acceptor is FeCl3 or tetrafluoro-tetracyano-quin-
odimethane (F4-TCNQ).

[0026] According to an embodiment of the present inven-
tion, each organic electro-luminescent unit further com-
prises a hole injection layer disposed between the anode and
the hole-transport layer.

[0027] According to an embodiment of the present inven-
tion, each organic electro-luminescent unit further com-
prises an electron-transport layer disposed between the
cathode and the light-emitting layer.

[0028] According to an embodiment of the present inven-
tion, each organic electro-luminescent unit further com-
prises an electron injection layer disposed between the
cathode and the light-emitting layer.

[0029] According to an embodiment of the present inven-
tion, the anode of each organic electro-luminescent unit
comprises transparent conductive material.
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[0030] According to an embodiment of the present inven-
tion, the cathode of each organic electro-luminescent unit
comprises metal material.

[0031] According to an embodiment of the present inven-
tion, the light-emitting layer of each organic electro-lumi-
nescent unit comprises small molecule organic electro-
luminescent material.

[0032] According to an embodiment of the present inven-
tion, the above mentioned light-emitting layer comprises
polymer electro-luminescent material.

[0033] According to another embodiment of the present
invention, a material of the hole-transport layer is disclosed.
The material of the hole-transport layer has the following
formula:

wherein R is an alkyl group having 1~3 carbon atoms.

[0034] The invention utilizes a new organic material
2-methyl-9,10-di(2-napthyl)anthracene (MADN) for replac-
ing the NPB, TPD and the like in the conventional structure
as the hole-transport layer. The hole-transport layer made of
new organic material not only can replace the hole-transport
material of the conventional one but also can apply to the
organic electro-luminescent device composed of stacked
films. So, the organic electro-luminescent device having the
new organic material will have higher light-emitting effi-
ciency than that of the conventional one.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are
incorporated in and constitute a part of this specification.
The drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention.

[0036] FIG. 1Ais a schematic cross-section view showing
an organic electro-luminescent device according to the first
embodiment of the present invention.

[0037] FIG. 1B is a schematic cross-section view showing
an organic electro-luminescent device according to the sec-
ond embodiment of the present invention.

[0038] FIG. 2Ais a schematic cross-section view showing
an organic electro-luminescent device according to the third
embodiment of the present invention.

[0039] FIG. 2B is a schematic cross-section view showing
an organic electro-luminescent device according to the
fourth embodiment of the present invention.
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[0040] FIG. 3 shows a relationship of the current and
voltage of the OLED devices when using MADN and NPB
as the hole-transport layer under forward and reverse bias
conditions, respectively.

DESCRIPTION OF THE EMBODIMENTS

[0041] Reference will now be made in detail to the present
preferred embodiments of the invention, examples of which
are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers are used in the draw-
ings and the description to refer to the same or like parts.

[0042] FIG. 1A is a schematic cross-section view showing
an organic electro-luminescent device according to the first
embodiment of the present invention. Please refer to FIG.
1A, the organic electro-luminescent device 100 comprises
an anode 104, a hole-transport layer 108, a light-emitting
layer 110 and a cathode 116. The anode 104 is arranged on
a substrate 102. The light-emitting layer 110 is disposed
between the anode 104 and the cathode 116. The hole-
transport layer 108 is disposed between the light-emitting
layer 110 and the anode 104. The hole-transport layer 108
has a formula as follows:

wherein R is an alkyl group having 1~3 carbon atoms. The
hole-transport layer is a P-type acceptor doped with 2-me-
thyl-9,10-di(2-napthyl)anthracene (MADN) for example.
Furthermore, the acceptor is FeCl3 or tetrafluoro-tetracy-
ano-quinodimethane (F4-TCNQ).

[0043] Besides, in one embodiment of the present inven-
tion, the anode 104 comprises transparent conductive mate-
rial, the cathode 116 comprises metal material, and the
light-emitting layer 110 comprises small molecule organic
electro-luminescent material or polymer electro-lumines-
cent material.

[0044] In another embodiment of the present invention,
the organic electro-luminescent device further comprises a
hole injection layer, an electron-transport layer and an
electron injection layer. FIG. 1B is a schematic cross-section
view showing an organic electro-luminescent device accord-
ing to the second embodiment of the present invention. As
shown in FIG. 1B, the organic electro-luminescent device
100 comprises an anode 104, a hole injection layer 106, a
hole-transport layer 108, a light-emitting layer 110, an
electron-transport layer 112, an electron injection layer 114
and a cathode 116. The anode 104 is arranged on a substrate
102. The hole injection layer 106 is arranged on the anode
104. The hole-transport layer 108 is disposed on the hole
injection layer 106. The light-emitting layer 110 is placed on
the hole-transport layer 108. The electron-transport layer
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112 is disposed on the light-emitting layer 110. The electron
injection layer 114 is arranged on the electron-transport
layer 112. The cathode 116 is placed on the electron injection
layer 114.

[0045] The organic electro-luminescent device of the
invention is not restricted to the four-layer structure shown
in FIG. 1A or the seven-layer structure shown in FIG. 1B. It
can be a five-layer or a six-layer structure according to the
demand. For example, in one embodiment of the present
invention, except to the anode, the hole-transport layer, the
light-emitting layer and the cathode, the organic electro-
luminescent device can further comprise an electron-trans-
port layer disposed between the cathode and the light-
emitting layer. In another embodiment of the present
invention, except to the anode, the hole-transport layer, the
light-emitting layer and the cathode, the organic electro-
luminescent device can further comprise an electron injec-
tion layer disposed between the cathode and the light-
emitting layer. The mentioned hole injection layer, the
electron-transport layer and the electron injection layer can
use the same material as that in the conventional structure
and their material is not limited. The organic electro-lumi-
nescent can comprise one, any two or all of the hole injection
layer, the electron-transport layer and the electron injection
layer according to the demand.

[0046] FIG. 2Ais a schematic cross-section view showing
an organic electro-luminescent device according to the third
embodiment of the present invention. As shown in FIG. 24,
the organic electro-luminescent device 200 comprises a
plurality of organic electro-luminescent units 201,203
stacked on a substrate 202 and at least one charge generation
layer 218 sandwiched between two adjacent organic electro-
luminescent units 201,203. More specifically, the organic
electro-luminescent units 201 is arranged on the substrate
202, the charge generation layer 218 is arranged on the
organic electro-luminescent units 201, and the organic elec-
tro-luminescent units 203 is arranged on the charge genera-
tion layer 218. In this embodiment, the organic electro-
luminescent units 200, 201 are four-layer structures. The
organic electro-luminescent unit 200 comprises an anode
204, a hole-transport layer 208, a light-emitting layer 210
and a cathode 216. The organic electro-luminescent unit 201
comprises an anode 220, a hole-transport layer 224, a
light-emitting layer 226 and a cathode 232. The hole-
transport layers 208, 224 have a formula as follows:

wherein R is an alkyl group having 1~3 carbon atoms.

[0047] According to an embodiment of the present inven-
tion, the material of the charge generation layer 218 is WO3.
The anode 220 comprises transparent conductive material.
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The cathodes 216, 232 comprise metal material. The light-
emitting layers 210,226 comprise small molecule organic
electro-luminescent material or polymer electro-lumines-
cent material.

[0048] Each ofthe organic electro-luminescent device can
also have a hole injection layer, an electron-transport layer
and an electron injection layer. As shown in FIG. 2B, the
organic electro-luminescent device 200' includes organic
electro-luminescent units 201', 203' and a charge generation
layer 218. The organic electro-luminescent units 201' com-
prises an anode 214, a hole injection layer 206, a hole-
transport layer 218, a light-emitting layer 210, an electron-
transport layer 212, an electron injection layer 214 and a
cathode 216. The organic electro-luminescent units 203'
comprises an anode 220, a hole injection layer 222, a
hole-transport layer 224, a light-emitting layer 226, an
electron-transport layer 228, an electron injection layer 230
and a cathode 232.

[0049] The organic electro-luminescent units 201", 203'
are not restricted to a four-layer or a seven-layer structure.
It can be a five-layer or a six-layer structure according to the
demand. The organic electro-luminescent units 201", 203'
may have the same or different number of films, and they can
be composed of the same or different film layers.

[0050] Further, the charge generation layer 218 sand-
wiched between two adjacent organic electro-luminescent
units 201', 203' can be used as the cathode of the lower
organic electro-luminescent unit and the anode of the upper
organic electro-luminescent unit. So, the cathode 216 of the
organic electro-luminescent unit 201" and the anode 220 of
the organic electro-luminescent unit 203' can be omitted.

[0051] In this invention, the stacked type organic electro-
luminescent unit 200" utilizing MADN as the hole-transport
layer and the charge generation layer for connecting two
organic electro-luminescent units can provide higher light-
emitting efficiency than that of the conventional one.

[0052] For further understanding the characteristics of
MADN, which is the material of the hole-transport layer of
the invention, a comparison between two light-emitting
devices using MADN and NPB as the hole-transport layer is
shown in the following.

[0053] First, comparing the energy level of the lowest
unoccupied molecular orbital (LUMO) and the highest occu-
pied molecular orbital (HOMO) potential of MADN and
NPB. The LUMO potential of MADN and NPB are all 2.3
eV. The HOMO potential of MADN is 5.5 eV, and the
HOMO potential of NPB is 5.4 eV. Please refer to FIG. 3,
which shows a relationship of the current and voltage of the
OLED devices when using MADN and NPB as the hole-
transport layer under forward and reverse bias conditions
respectively.

[0054] Tt is clear that the LUMO and HOMO potential of
MADN and NPB is similar. From FIG. 3, the organic
electro-luminescent devices using MADN and NPB as the
hole-transport layer have similar curves. So, it proves that
MADN can also be used as the material of the hole-transport
layer. The invention provides a new opportunity for the
hole-transport layer.
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[0055] Insummary, the invention has the following advan-
tages:
[0056] 1. The invention provides a new material (MADN)

of the hole-transport layer for replacing the organic material
like NPB and TPD of the conventional structure.

[0057] 2. The hole-transport layer composed of MADN
can apply to the stacked type organic electro-luminescent
devices. The organic electro-luminescent device having the
new organic material will have higher light-emitting effi-
ciency than that of the conventional one.

[0058] It will be apparent to those skilled in the art that
various modifications and variations can be made to the
structure of the present invention without departing from the
scope or spirit of the invention. In view of the foregoing, it
is intended that the present invention cover modifications
and variations of this invention provided they fall within the
scope of the following claims and their equivalents.

What is claimed is:
1. An organic electro-luminescent device, comprising:

an anode;
a cathode;

a light-emitting layer disposed between the anode and the
cathode; and

a hole-transport layer disposed between the light-emitting
layer and the anode, wherein the hole-transport layer
has a formula as follows:

wherein R is an alkyl group having 1~3 carbon atoms.

2. The organic electro-luminescent device according to
claim 1, wherein the hole-transport layer is a P-type acceptor
doped with 2-methyl-9,10-di(2-napthyl)anthracene
(MADN) for example.

3. The organic electro-luminescent device according to
claim 2, wherein the acceptor comprises FeCl3 or tet-
rafluoro-tetracyano-quinodimethane (F4-TCNQ).

4. The organic electro-luminescent device according to
claim 1, further comprises a hole injection layer disposed
between the anode and the hole-transport layer.

5. The organic electro-luminescent device according to
claim 1, further comprises an electron-transport layer dis-
posed between the cathode and the light-emitting layer.

6. The organic electro-luminescent device according to
claim 1, further comprises an electron injection layer dis-
posed between the cathode and the light-emitting layer.

7. The organic electro-luminescent device according to
claim 1, wherein a material of the anode comprises trans-
parent conductive material.
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8. The organic electro-luminescent device according to
claim 1, wherein a material of the cathode comprises metal
material.

9. The organic electro-luminescent device according to
claim 1, wherein the light-emitting layer comprises small
molecule organic electro-luminescent material.

10. The organic electro-luminescent device according to
claim 1, wherein the light-emitting layer comprises polymer
electro-luminescent material.

11. An organic electro-luminescent device, comprising:

a plurality of organic electro-luminescent units stacked on
a substrate, wherein each of the organic electro-lumi-
nescent units comprising:

an anode;
a cathode;

a light-emitting layer disposed between the anode and
the cathode; and

a hole-transport layer disposed between the light-emitting
layer and the anode, wherein the hole-transport layer
has a formula as follows:

wherein R is an alkyl group having 1~3 carbon atoms; and

at least one charge generation layer disposed between two

of the adjacent organic electro-luminescent units.

12. The organic electro-luminescent device according to
claim 11, wherein the hole-transport layer is a P-type accep-
tor doped with 2-methyl-9,10-di(2-napthyl)anthracene
(MADN) for example.

13. The organic electro-luminescent device according to
claim 12, wherein the acceptor comprises FeCI3 or tet-
rafluoro-tetracyano-quinodimethane (F4-TCNQ).

14. The organic electro-luminescent device according to
claim 11, wherein a material of the charge generation layer
comprises WO,.
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15. The organic electro-luminescent device according to
claim 11, wherein each organic electro-luminescent unit
further comprises a hole injection layer disposed between
the anode and the hole-transport layer.

16. The organic electro-luminescent device according to
claim 11, wherein each organic electro-luminescent unit
further comprises an electron-transport layer disposed
between the cathode and the light-emitting layer.

17. The organic electro-luminescent device according to
claim 11, wherein each organic electro-luminescent unit
further comprises an electron injection layer disposed
between the cathode and the light-emitting layer.

18. The organic electro-luminescent device according to
claim 11, wherein a material of the anode of each organic
electro-luminescent unit comprises transparent conductive
material.

19. The organic electro-luminescent device according to
claim 11, wherein a material of the cathode of each organic
electro-luminescent unit comprises metal material.

20. The organic electro-luminescent device according to
claim 11, wherein a material of the light-emitting layer of
each organic electro-luminescent unit comprises small mol-
ecule organic electro-luminescent material.

21. The organic electro-luminescent device according to
claim 11, wherein a material of the light-emitting layer of
each organic electro-luminescent unit comprises polymer
electro-luminescent material.

22. A material of hole-transport layer. comprising a for-
mula as follows:

wherein R is an alkyl group having 1~3 carbon atoms.
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