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7) ABSTRACT

An organic light-emitting diode comprises an anode, an
organic electroluminescent layer, a metal doped layer, and a
cathode, in sequence, on a substrate; wherein the metal
doped layer comprises an organic compound represented by
the formula (1) doped with a metal.
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ORGANIC LIGHT-EMITTING DIODE AND
MATERIAL APPLIED THERETO

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 91125125, filed on Oct. 25, 2002.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to an organic light-
emitting diode and a material applied thereto, and more
particularly to an organic light-emitting diode having low
driving voltage and a material applied thereto.

[0004] 2. Description of the Related Art

[0005] Because of low weight and high efficiency, dis-
plays, such liquid crystal displays, have been widely devel-
oped. However, liquid crystal displays have some problems,
such as view angle, speed, driving power and color. More
particularly, liquid crystal displays cannot be fabricated with
large size.

[0006] To date, organic light-emitting diode displays have
gradually overcome the size issue.

[0007] The organic light-emitting diodes perform display
by using organic electroluminescent material. The diode
includes two electrodes and an organic functional layer
between the electrodes. The organic functional layer
includes small molecule OLED (SM-OLED) and polymer
light-emitting device (PLED). When a voltage or current is
applied to the diode, holes from the anode will recombine
with electrons form the cathode within the organic electrolu-
minescent layer and generate excitons. When the excitons
release energy and are back to the ground state, a portion of
energy generated therefrom will transfer into photons.

[0008] In Applied Physics Letters, Vol. 51, No. 12, pp
913-915 (1987), C. W. Tang and S. A. VanSlyke disclosed a
double-layer organic light-emitting diode, which includes a
pair of electrodes, an organic functional layer and a hole or
electron transporting layer. When electrons and holes are
supplied by the electrodes and go through the electron or
hole transporting layer, they combine within the organic
electroluminescent layer and generate photons. The colors
of light generated form the diode depend on the organic
electroluminescent material.

[0009] In Toppan Printing Co. (cf, 51 st periodical meet-
ing, Society of Applied Physics, Preprint 28a-PB-4, p.1040)
and Pioneer Co. (cf, 54st periodical meeting, Society of
Applied Physics, Preprint 29p-2¢-15, p1127), the cathode is
Li and Al can reduce the driving voltage of OLED and
improve the brightness thereof.

[0010] InJP.Pat.No.10270171 and EP. Pat. No. 1089361,
an electron injection layer formed by co-evaporation of a
metal having a low work function and an organic compound
having electron withdrawing group can effectively reduce
the driving voltage of OLED.

[0011] However, in prior art technology there is limitation
by using the cathode is Li and Al to reduce the driving
voltage. Although the electron injection layer formed by
co-deposition of a metal having a low work function and an

1. Field of the Invention
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organic compound having electron withdrawing group can
reduce the driving voltage of OLED, the stability and
efficiency of the diodes are still not enough.

SUMMARY OF THE INVENTION

[0012] Therefore, the object of the present invention is to
provide an organic light-emitting diode and a material
thereof for reducing driving voltage.

[0013] Another object of the present invention is to pro-
vide an organic light-emitting diode and a material thereof
for serving an organic light-emitting diode having high
stability and efficiency.

[0014] The present invention discloses an organic light-
emitting diode, which comprises a transparent substrate; an
anode disposed on the transparent substrate; at least one
organic functional layer disposed on the anode; a cathode
disposed on the organic functional layer and a metal doped
layer disposed between the cathode and the organic func-
tional layer, wherein the metal doped layer comprises an
organic compound represented by a formula (1) doped with
a metal:

)
R5 R5 Ar1 Rl
Ar4\rx X\|/Ar3
DaGaPaN
R4 Arz R3 Rz

[0015] wherein R,~R, are a hydrogen, substituted or
unsubstituted alkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted alkyloxy, substituted or unsub-
stituted alkenyl, substituted or unsubstituted amino, substi-
tuted or unsubstituted aromatic hydroxyl, substituted or
unsubstituted polyeyclic aromatic or substituted or unsub-
stituted aromatic alkyl; Ar,~Ar, are substituted or unsubsti-
tuted aromatic hydroxyl, substituted or unsubstituted poly-
cyclic aromatic, substituted or unsubstituted aromatic alkyl
or substituted or unsubstituted aromatic heterocyclic; one
substitute of the functional groups can be halogen, cyano or
nitro; X is oxygen, sulfur, substituted or unsubstituted
amino, or substituted or unsubstituted silane.

[0016] In addition, the metal doped with the organic
compound of formula (1) can be alkali metal, alkaline-carth
metal or transition metal and the work function of the metal
is preferred no more than 4.5¢V. The metal doped within the
organic compound is 0.5% ~10%, and it is preferred
1%~3%. Moreover, it is preferred the alkali metal is Li, Na,
K, Rb or Cs; the alkaline-earth metal is Be, Mg, Ca, Sr or Ba,
and the transition metal is Y, La, Sm or U.

[0017] The organic functional layer may comprise, in
sequence, a hole injection layer, a hole transporting layer, an
organic electroluminescent layer, an electron transporting
layer and an electron injection layer.

[0018] The organic light-emitting diode and the material
thereof of the present invention can reduce the driving
voltage and improve stability and efficiency thereof.
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[0019] In order to make the aforementioned and other
objects, features and advantages of the present invention
understandable, a preferred embodiment accompanied with
figures is described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a schematic cross-sectional view of a
double-layer structure of the organic light-emitting diode of
the present invention.

[0021] FIG. 2 is a schematic cross-sectional view of a
triple-layer structure of the organic light-emitting diode of
the present invention.

[0022] FIGS. 3 and 4 are schematic cross-sectional views
of four-layer organic light-emitting diodes of the present
invention.

[0023] FIG. 5 is a schematic cross-sectional view of a
five-layer structure of the organic light-emitting diode of the
present invention.

[0024] FIG. 6 is a schematic cross-sectional view of a
six-layer organic light-emitting diode of the present inven-
tion.

[0025] FIG. 7 is an I-V curve showing the test results of
the first example, the first comparative example and the
second comparative example.

[0026] FIG. 8 is a current-brightness figure showing the
test results of the first example, the first comparative
example and the second comparative example.

[0027] FIG. 9 is a voltage-efficiency figure showing the
test results of the first example, the first comparative
example and the second comparative example.

[0028] FIG. 10 is a brightness-efficiency figure showing
the test results of the first example, the first comparative
example and the second comparative example.

DESCRIPTION OF SOME EMBODIMENTS

[0029] FIG. 1 is a schematic cross-sectional view of a
double-layer structure of the organic light-emitting diode of
the present invention.

[0030] Please referring to FIG. 1, the organic light-emit-
ting diode is a double-layer structure, which comprises a
transparent substrate 100, an anode 102, an organic elec-
troluminescent layer 104, a metal doped layer 105, a cathode
106 and a protecting layer 108.

[0031] The transparent substrate 100 is, for example, a
glass substrate, a plastic substrate or a flexible substrate.

[0032] The anode 102 is disposed on the transparent
substrate 100, serving for injecting holes into the organic
electroluminescent layer 104. Therefore, a preferred work
function of the anode 102 is above 4.5 eV. The anode can be
indium tin oxide (ITO), tin oxide, gold, silver, Pt or copper.

[0033] The organic electroluminescent layer 104 is dis-
posed on the anode 102, which has the property of lumi-
nescence and transmits electrons and holes. The colors of the
lights generated from the organic electroluminescent layer
depend on the property thereof.

[0034] The cathode 106 is disposed on the organic elec-
troluminescent layer 104, serving for injecting electrons into
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the organic electroluminescent layer 104. It is preferred that
the cathode 106 has a lower work function. The cathode 106
can be, for example, In, Al, Mgln, MgAl, AlLi or MgAg.

[0035] In order to inject electrons from the cathode 106
into the organic electroluminescent layer 104 more effi-
ciently, the organic light-emitting diode of the present inven-
tion includes a metal doped layer 105 between the cathode
106 and the organic electroluminescent layer 104 for reduc-
ing the driving voltage thereof. In the structure of FIG. 1, the
metal doped layer 105 can serve as an electron injection
layer. However, in other non-double-layer the metal doped
layer 105 does not necessarily serve as an electron injection
layer. The composition of the metal doped layer 105 is the
feature of the present invention. Detailed descriptions will
be mentioned below.

[0036] The protecting layer 108 completely covers the
organic light-emitting diode and prevents the diode from
damage caused by the moisture and oxygen.

[0037] The current applied to the organic light-emitting
diode can be direct current, alternative current or plus
current. In addition, the light generated from the organic
light-emitting diode can pass through the anode 102 or
reflect from the cathode 106.

[0038] The organic light-emitting diode of the present
invention can also be a triple-layer structure as show in FIG.
2. Please referring to FIG. 2, in addition to the structure
shown in FIG. 1, the triple-layer structure further comprises
a hole transporting layer 112 disposed between the organic
electroluminescent layer 104 and the anode 102.

[0039] Moreover, the organic light-emitting diode of the
present invention can also be a four-layer structure as show
in FIGS. 3 and 4. Please referring to FIG. 3, the four-layer
structure further comprises a hole transporting layer 112
disposed between the organic electroluminescent layer 104
and the anode 102 and an electron transporting layer 110
disposed between the organic electroluminescent layer 104
and the metal doped layer 105. Please referring to FIG. 4,
another four-layer structure further comprises an electron
transporting layer 110 between the organic electrolumines-
cent layer 104 and the metal doped layer 105 and a hole
injection layer 1124 disposed between the organic electrolu-
minescent layer 104 and the anode 102.

[0040] Additionally, the organic light-emitting diode of
the present invention can also be a five-layer structure as
show in FIG. 5. Please referring to FIG. 5, the five-layer
structure further comprises an electron transporting layer
110 disposed between the organic electroluminescent layer
104 and the metal doped layer 105, a hole transporting layer
112 disposed between the organic electroluminescent layer
104 and the anode 102, and a hole injection layer 1124
disposed between the hole transporting layer 112 and the
anode 102.

[0041] Furthermore, the organic light-emitting diode of
the present invention can also be a six-layer structure as
show in FIG. 6. Please referring to FIG. 6, the six-layer
structure comprises an electron transporting layer 110 dis-
posed between the organic electroluminescent layer 104 and
the metal doped layer 105, an electron injection layer 110a
disposed between the electron transporting layer 110 and the
metal doped layer 105, a hole transporting layer 112 dis-
posed between the organic electroluminescent layer 104 and
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the anode 102, and a hole injection layer 112a disposed
between the hole transporting layer 112 and the anode 102.

[0042] In the organic light-emitting diode described
above, the metal doped layer 105 is the feature of the present
invention. The detail descriptions are as shown below.

[0043] The metal doped layer 105 of the present invention
comprises an organic compound and derivates thereof doped
with metal, wherein the organic compound has a high glass
transition temperature. The organic compound is repre-
sented by formula (1) below.

M

R5 R5 Al‘l Rl
AuYX X \(AQ
Lo~ <1
R4 Ar2 R3 R2

[0044] wherein R,~R, are a hydrogen, substituted or
unsubstituted alkyl, substituted or unsubstituted cycloalkyl,
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substituted or unsubstituted alkyloxy, substituted or unsub-
stituted alkenyl, substituted or unsubstituted amino, substi-
tuted or unsubstituted aromatic hydroxyl, substituted or
unsubstituted polyeyclic aromatic or substituted or unsub-
stituted aromatic alkyl; Ar,~Ar, are substituted or unsubsti-
tuted aromatic hydroxyl, substituted or unsubstituted poly-
cyclic aromatic, substituted or unsubstituted aromatic alkyl
or substituted or unsubstituted aromatic heterocyclic; one
substitute of the functional groups can be halogen, cyano or
nitro; X is oxygen, sulfur, substituted or unsubstituted
amino, or substituted or unsubstituted silane.

[0045] In addition, the metal doped with the organic
compound of formula (1) can be alkali metal, alkaline-carth
metal or transition metal and the work function of the metal
is preferred no more than 4.5¢V. The metal doped within the
organic compound is 0.5%~10%, and it is preferred 1%~3%.
Moreover, it is preferred the alkali metal is Li, Na, K, Rb or
Cs; the alkaline-earth metal is Be, Mg, Ca, Sr or Ba; and the
transition metal is Y, La, Sm or U.

[0046] Following are embodiments of the compounds
having high glass transition temperature within the organic
light-emitting diode of the present invention, which are a
portion of the formula (1), but not limited thereto.
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[0047] The metal doped layer 105 of the present invention ture higher than 100° C. Moreover, the thickness of the
can be formed by co-deposition or sputtering of the com- metal doped layer 105 of the present invention can be
pound of formula (1) and the metal. It should be noted that determined depending on the diode. If the layer is too thin,
the compound of formula (1) has glass transition tempera- pin holes will happen; if it is too thick, a higher voltage
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should be applied. Therefore, it is preferred that the thick-
ness of the organic electroluminescent layer is from about
0.5 nm to about 100 nm.

[0048] In addition, the material of the hole transporting
layer is not specified. Any material adapted to serve as the
hole transporting layer can be used, such as TPD or NPB(c.-
naphylhenyldiamine) as shown below.

TPD

PSS
YV
s

@?o @Q

RS

NPB

[0049] Additionally, the material of the electron transport-
ing layer is not specified. Any material adapted to serve as
the electron transporting -layer can be used, such as AlQ3,
Bebg2, TAZ or PCB as shown below.

AlQ3
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-continued

Bebq2
N—N
N
Bu!
TAZ
BCP
[0050] In the organic light-emitting diode of the present

invention, the methods of forming the electron transporting
layer, the hole transporting layer, the electron injection layer
and the hole injection layer are not specified. Any traditional
deposition method, such as vacuum evaporation or spin
coating, can be used. Additionally, the thickness of the
electron transporting layer, the hole transporting layer, the
electron injection layer and the hole injection layer are not
specified. Generally, if the films are too thick, a high voltage
is required to be applied thereto. Therefore, the thickness of
the electron transporting layer, the hole transporting layer,
the electron injection layer and the hole injection layer are
preferred from about 1 nm to about 1 ym.

[0051] Following are examples forming the organic light-
emitting diodes. But the scope of the invention is not limited
thereto.

[0052] The first example is a process flow of forming a
four-layer structure of the organic light-emitting diode.
Please referring to FIG. 3, an ITO is formed on the substrate
100, serving as the anode 102. Then a hole transporting layer
112 having thickness about 60 nm is formed on the anode
102 by a vacuum deposition under 10° Pa, wherein the hole
transporting layer 112 is NPB.
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[0053] Then the organic electroluminescent layer 104 is
formed on the hole transporting layer 112, wherein the
organic electroluminescent layer 104 has a thickness about
20 nm. In the embodiment, the material of the organic
electroluminescent layer 104 is represented by formula (19)
below.

19

[0054] An AIQ3 layer is formed on the organic electrolu-
minescent layer 104, serving as an electron transporting
layer 110, wherein the electron transporting layer 110 has a
thickness about 20 nm.

[0055] A metal doped layer 105 is then formed on the
electron transporting layer 110, wherein the metal doped
layer 105 is formed by a co-evaporation of the organic
compound and Cs with mole ratio 2:1. The metal doped
layer 105 has a thickness about 20 nm.

[0056] An Al layer is formed on the metal doped layer
105, serving as the cathode 106, which has a thickness about
100 nm. Finally, a protecting layer 108 is formed, covering
the diode. Then, the organic light-emitting diode is com-
pleted.

[0057] To prove that the organic light-emitting diode hav-
ing the metal doped layer can substantially reduce the
driving voltage and improve efficiency thereof. Two com-
parative examples are presented below.

[0058] In the first comparative example, it has all layers
shown in the first example except the metal doped layer 105.
It is a prior art structure.

[0059] The second comparative example has the same
structure as the first example. The difference is the organic
compound of the metal doped layer 105 is replaced by one
having lower glass transition temperature. The organic com-
pound having lower glass transition temperature is repre-
sented by formula (20) below.

(20)

[0060] FIG. 7 is an I-V curve showing the test results of
the first example, the first comparative example and the
second comparative example.
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[0061] Please referring to FIG. 7, the driving voltage of
the organic light-emitting diode of the first example is lower
than that of the first comparative example. It shows that the
organic light-emitting diode having the metal doped layer
can reduce the driving voltage. In the first example, Cs is
doped within the compound of formula (1). Compared with
the organic light-emitting diode without the metal doped
layer, the driving voltage difference is about 2 V.

[0062] The organic compound within the second compara-
tive example has a lower glass transition temperature. Com-
paring the second comparative example and the first
example, the organic light-emitting diode having higher
glass transition temperature has lower driving voltage.

[0063] FIG. 8 is a current-brightness figure showing the
test results of the first example, the first comparative
example and the second comparative example.

[0064] Please referring to FIG. 8, the organic light-emit-
ting diode of the first example does not reduce the brightness
thereof. It shows that the organic light-emitting diode having
the metal doped layer can reduce the driving voltage and will
not affect the brightness thereof.

[0065] FIG. 9 is a voltage-efficiency figure showing the
test results of the first example, the first comparative
example and the second comparative example. FIG. 10 is a
brightness-efficiency figure showing the test results of the
first example, the first comparative example and the second
comparative example.

[0066] Please referring to FIGS. 9 and 10, the organic
light-emitting diode of the first example has better efficiency
than those of the first and second comparative examples.

[0067] The organic light-emitting diode of the present
invention has a metal doped layer, which is formed by
doping alkali metal, alkaline-earth metal or transition metal
in organic compound. Because of the combination of the
metal doped layer and the cathode, the driving voltage of the
organic light-emitting diode is reduced and the diode effi-
ciency is improved. Moreover, the stability of the organic
light-emitting diode having the metal doped layer with high
glass transition temperature has better stability.

[0068] Although the present invention has been described
in terms of exemplary embodiments, it is not limited thereto.
Rather, the appended claims should be constructed broadly
to include other variants and embodiments of the invention
which may be made by those skilled in the field of this art
without departing from the scope and range of equivalents of
the invention.

What is claimed is:
1. An organic light-emitting diode, comprising:

a transparent substrate;
an anode disposed on the transparent substrate;

at least one organic functional layer disposed on the
anode;

a cathode disposed on the organic functional layer; and

a metal doped layer disposed between the cathode and the
organic functional layer, wherein the metal doped layer
comprises an organic compound represented by a for-
mula (1) doped with a metal:
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@

R5 R5 Al‘1 Rl
AmYX X\(Ar3
N— N/ Q O \N/ N
R4 Arz R3 Rz

wherein R;~Rg are a hydrogen, substituted or unsubsti-
tuted alkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted alkyloxy, substituted or
unsubstituted alkenyl, substituted or unsubstituted
amino, substituted or unsubstituted aromatic hydroxyl,
substituted or unsubstituted polycyclic aromatic or sub-
stituted or unsubstituted aromatic alkyl; Ar,~Ar, are
substituted or unsubstituted aromatic hydroxyl, substi-
tuted or unsubstituted polycyclic aromatic, substituted
or unsubstituted aromatic alkyl or substituted or unsub-
stituted aromatic heterocyclic; X is oxygen, sulfur,
substituted or unsubstituted amino, or substituted or
unsubstituted silane.

2. The organic light-emitting diode of claim 1, wherein
one substitute of the functional groups is halogen, cyano or
nitro.

3. The organic light-emitting diode of claim 1, wherein a
glass transition temperature is higher than 100° C.

4. The organic light-emitting diode of claim 1, wherein
the organic compound is alkali metal, alkaline-earth metal or
transition metal.

5. The organic light-emitting diode of claim 4, wherein
the alkali metal is Li, Na, K, Rb or Cs.

6. The organic light-emitting diode of claim 4, wherein
the alkaline-earth metal is Be, Mg, Ca, Sr or Ba.

7. The organic light-emitting diode of claim 4, wherein
the transition metal is Y, La, Sm or U.

8. The organic light-emitting diode of claim 1, wherein a
work finction of the metal is no more than 4.5 eV.

9. The organic light-emitting diode of claim 1, wherein
the metal doped within the organic compound is 0.5%~10%.

10. The organic light-emitting diode of claim 9, wherein
the metal doped within the organic compound is preferred
10%~3%.

11. The organic light-emitting diode of claim 1, wherein
the metal doped layer has a thickness from about 0.5 nm to
about 100 nm.

12. A material utilized for organic light-emitting diodes,
the material comprising an organic compound doped with a
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metal, the organic compound represented by formula (1)
below:

M
R5 Rg Ar1 R1
Ar4\rx XT/AQ
DataPaN
Ry Ary Ry Rz

wherein R,~R, are a hydrogen, substituted or unsubstituted
alkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted alkyloxy, substituted or unsubstituted alkenyl,
substituted or unsubstituted amino, substituted or unsubsti-
tuted aromatic hydroxyl, substituted or unsubstituted poly-
cyclic aromatic or substituted or unsubstituted aromatic
alkyl; Ar,~Ar, are substituted or unsubstituted aromatic
hydroxyl, substituted or unsubstituted polycyclic aromatic,
substituted or unsubstituted aromatic alkyl or substituted or
unsubstituted aromatic heterocyclic; X is oxygen, sulfur,
substituted or unsubstituted amino, or substituted or unsub-
stituted silane.

13. The material utilized for organic light-emitting diodes
of claim 12, wherein one substitute of the functional groups
is halogen, cyano or nitro.

14. The material utilized for organic light-emitting diodes
of claim 12, wherein a glass transition temperature is higher
than 100° C.

15. The material utilized for organic light-emitting diodes
of claim 12, wherein the organic compound is alkali metal,
alkaline-earth metal or transition metal.

16. The material utilized for organic light-emitting diodes
of claim 15, wherein the alkali metal is Li, Na, K, Rb or Cs.

17. The material utilized for organic light-emitting diodes
of claim 15, wherein the alkaline-carth metal is Be, Mg, Ca,
Sr or Ba.

18. The material utilized for organic light-emitting diodes
of claim 15, the transition metal is Y, La, Sm or U.

19. The material utilized for organic light-emitting diodes
of claim 12, wherein a work function of the metal is no more
than 4.5 eV

20. The material utilized for organic light-emitting diodes
of claim 12, wherein the metal doped within the organic
compound is 0.5%~10%.

21. The material utilized for organic light-emitting diodes
of claim 20, wherein the metal doped within the organic
compound is preferred 1%~3%.
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