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(57) ABSTRACT 

An organic electro-luminescence device comprising a Sub 
Strate, an anode, a light-emitting layer, a cathode and a 
protection layer. The anode is configured over the Substrate. 
The light-emitting layer is configured over the anode layer. 
The cathode is configured over the light-emitting layer. The 
protection layer is configured over the Substrate, around the 
Substrate and the anode as well as around the light-emitting 
layer and the cathode. The protection layer is made from a 
metallocene based cyclic olefin copolymer. 
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ORGANIC ELECTRO-LUMINESCENCE DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the priority benefit of Tai 
wan application serial no. 91109411, filed May 7, 2002. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of Invention 
0003. The present invention relates to an organic electro 
luminescence device. More particularly, the present inven 
tion relates to an organic electro-luminescence device hav 
ing a highly transparent, low oxygen and moisture 
penetrating protective layer. 

0004 2. Description of Related Art 
0005 Lightweight and high performance displays such as 
liquid crystal displays are being rapidly developed. How 
ever, liquid crystal displayS. Still have Some performance 
problems that need to be tackled, Such as a narrow viewing 
angle, a slow response to Signal and a need to have back 
ground lighting. Hence, a liquid crystal display is unsuitable 
for high-speed image animation and wastes a lot of energy 
powering the background lighting. There is additional dif 
ficulty in producing a large liquid crystal display panel. 
0006. At present, a new technology for forming a flat 
panel display capable of addressing all the intrinsic prob 
lems of a conventional liquid crystal display has been 
developed. The new flat panel display is the So-called 
organic electro-luminescence display (OED). OED is a 
display device formed using an organic light-emitting mate 
rial. Each OED device comprises a pair of electrodes and a 
light-emitting layer. The light-emitting layer contains 
organic light-emitting material. When an electric current 
passes between the cathode to the anode of the OED device, 
light is emitted through the light-emitting mechanism. 

0007 Organic electro-luminescence devices may be clas 
sified further into organic light emitting diode (OLED) and 
polymer light emitting diode (PLED). The major difference 
between the two devices lies in the material application 
within the light-emitting layer. The light-emitting layer in 
the organic light emitting diode uses Small light-emitting 
organic molecules. On the other hand, the light-emitting 
layer in the polymer light emitting diode uses large light 
emitting molecules. 

0008. In general, an electro-luminescence device is 
enclosed by a protective layermade from material Such as 
glass, metal, plastic or other high molecular weight polymer. 
0009 For example, high molecular weight polymer con 
taining fluorine is used in U.S. Pat. No. 5,427,858, the 
chemical siloxane is used in U.S. Pat. Nos. 5,734,225 and 
5,895228, epoxy resin or polyethylene is used in U.S. Pat. 
No. 5,811,177, the chemicals polysiloxane, teflon and 
branching polyolefin are used in U.S. Pat. No. 5,952,778, the 
chemicals polyvinyl alcohol, polyvinyl acetate derivatives 
and polyethylene are used in U.S. Pat. No. 6,150,187, the 
chemicals acrylic polymer, Silicon dioxide and Silicon car 
bide are used in U.S. Pat. No. 6,198,217 and diamond 
shaped carbon, Silicon oxide, Silicon nitride or metallic 
material are used in U.S. Pat. No. 6,198,217. 
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0010. However, if the organic electro-luminescence 
device has a top emitting structure (in other words, reflective 
type with light emitting from the anode), the protective layer 
must have high transparency for Visible light. In addition, 
the protective layer must block out unwanted contaminants 
Such as moisture and oxygen. In brief, the protective layer 
has to have high transparency and low permeability for 
moisture and oxygen. So far, none of the aforementioned 
materials for forming the protective layer has a high light 
transparency and a low permeability to moisture and oxygen 
at the same time. 

SUMMARY OF INVENTION 

0011. Accordingly, one object of the present invention is 
to provide an organic electro-luminescence device having a 
metallocene based cyclic olefin copolymer protective layer 
Such that the protective layer of the electro-luminescence 
device is highly transparent to light and has a low perme 
ability to both moisture and oxygen. 
0012. A second object of this invention is to provides an 
organic electro-luminescence device having a metallocene 
based cyclic olefin copolymer Substrate board Such that the 
Substrate board of the electro-luminescence device is highly 
transparent to light, and flexible in addition to having a low 
permeability to moisture and oxygen. 
0013 A third object of this invention is to provide an 
organic electro-luminescence device having a metallocene 
based cyclic olefin copolymer Substrate board and protective 
layer such that, in addition to providing a substrate board 
and protective layer having a high light transparency, flex 
ibility and a low permeability to moisture and oxygen, the 
Substrate board and the protective layer also have higher 
adhesive Strength and a lower coefficient of thermal expan 
sion (CTE). 
0014) To achieve these and other advantages and in 
accordance with the purpose of the invention, as embodied 
and broadly described herein, the invention provides an 
organic electro-luminescence device. The organic electro 
luminescence device comprises a Substrate board, a cathode, 
a light-emitting layer, an anode and a protective layer. The 
cathode is configured over the Substrate board and the 
light-emitting layer is configured over the cathode. The 
anode is configured over the light-emitting layer and the 
protective layer is configured around the Substrate board and 
the anode as well as around the light-emitting layer and the 
cathode. The protective layer is made from a metallocene 
based cyclic olefin copolymer. 
0015 This invention also provides a second type of 
organic electro-luminescence device. The organic electro 
luminescence device comprises a Substrate board, a cathode, 
a light-emitting layer, an anode and a protective layer. The 
cathode is configured over the Substrate board and the 
light-emitting layer is configured over the cathode. The 
anode is configured over the light-emitting layer and the 
protective layer is configured around the Substrate board and 
the anode as well as around the light-emitting layer and the 
cathode. The Substrate board is made from a metallocene 
based cyclic olefin copolymer. 

0016. This invention also provides a third type of organic 
electro-luminescence device. The organic electro-lumines 
cence device comprises a Substrate board, a cathode, a 
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light-emitting layer, an anode and a protective layer. The 
cathode is configured over the Substrate board and the 
light-emitting layer is configured over the cathode. The 
anode is configured over the light-emitting layer and the 
protective layer is configured around the Substrate board and 
the anode as well as around the light-emitting layer and the 
cathode. Both the protective layer and the substrate board 
are made from a metallocene based cyclic olefin copolymer. 
0.017. In this invention, a metallocene based cyclic olefin 
copolymer is used to form the protection layer. Thus, the 
protective layer has a high light transparency and a low 
permeability to moisture and oxygen. Aside from the pro 
tective properties, the protective layer is also an effective 
medium for dissipating light from a reflective anode emit 
ting (top Section emitting) type of organic electro-lumines 
cence device. 

0.018. The metallocene based cyclic olefin copolymer 
may also be used to form the Substrate board of an organic 
electro-luminescence device. The Substrate board is flexible 
in addition to having a highlight transparency and relatively 
impermeable to moisture and oxygen. Thus, the Substrate 
board has ideal properties as a component for a light 
penetrating and anode emitting (bottom Section emitting) 
type of organic electro-luminescence device. 
0019. In addition, the metallocene based cyclic olefin 
copolymer may also be used to form both the substrate board 
and the protective layer of an organic electro-luminescence 
device. Aside from having a high light transparency and 
flexibility and a low permeability to moisture and oxygen 
and high flexibility, the Substrate board and the protective 
layer also have a higher adhesive Strength and a lower 
coefficient of thermal expansion. 
0020. It is to be understood that both the foregoing 
general description and the following detailed description 
are exemplary, and are intended to provide further explana 
tion of the invention as claimed. 

BRIEF DESCRIPTION OF DRAWINGS 

0021. 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. In the drawings, 
0022 FIG. 1 is a schematic cross-sectional view of an 
organic electro-luminescence device fabricated according to 
a first embodiment of this invention; 

0023 FIG. 2 is a schematic cross-sectional view of an 
organic electro-luminescence device fabricated according to 
a Second embodiment of this invention; 

0024 FIG. 3 is a schematic cross-sectional view of an 
organic electro-luminescence device fabricated according to 
a third embodiment of this invention; 

0.025 FIG. 4 is a schematic cross-sectional view of an 
organic electro-luminescence device fabricated according to 
a fourth embodiment of this invention; 

0.026 FIG. 5 is a schematic cross-sectional view of an 
organic electro-luminescence device fabricated according to 
a fifth embodiment of this invention; and 
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0027 FIG. 6 is a schematic cross-sectional view of an 
organic electro-luminescence device fabricated according to 
a sixth embodiment of this invention. 

DETAILED DESCRIPTION 

0028 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. 
0029 FIG. 1 is a schematic cross-sectional view of an 
organic electro-luminescence device fabricated according to 
a first embodiment of this invention. As shown in FIG. 1, the 
organic electro-luminescence device has a single-layered 
structure. The device includes a transparent substrate 100, an 
anode 102, a light-emitting layer 104, a cathode 106 and a 
protection layer 110. To form the organic electro-lumines 
cence device, an anode 102, a light-emitting layer 104 and 
a cathode 106 are Sequentially formed over the transparent 
substrate 100. Thereafter, the protection layer 110 is formed 
over the transparent substrate 100 and around the cathode 
106 as well as around the light-emitting layer 104 and the 
anode 102 So that the organic electro-luminescence device is 
encapsulated. 

0030 The transparent substrate 100 is a glass panel, a 
plastic panel or a flexible panel, for example. The anode 102 
is configured over the transparent substrate 100. The anode 
102 is the place for injecting electron holes into the light 
emitting layer 104 in an efficient manner. Thus, the anode 
102 preferably has a work function greater than 4.5 eV. 
Material for forming the anode 102 includes, for example, 
indium-tin-oxide (ITO), tin oxide, gold, Silver, platinum or 
copper. 

0031. The light-emitting layer 104 is configured over the 
anode layer 102. The light-emitting layer 104 can be a 
light-emitting polymeric layer or a light-emitting layer of 
Small organic molecules formed, for example, by Spin coat 
ing. The light-emitting layer 104 may produce light of 
different colors according to the energy gap between the 
base State and the activated State of a particular material. 
0032. The cathode 106 is configured over the light 
emitting layer 104 for injecting electrons into the light 
emitting layer 104 in an efficient manner. The cathode 106 
can be a Single conductive layer having a high work function 
Such as an aluminum layer or a Silver layer. Alternatively, the 
cathode 106 can be a double conductive layer such as a 
lithium fluoride/aluminum layer, a barium/aluminum layer 
or a magnesium/silver layer. The cathode layer 106 is 
formed, for example, by vacuum evaporation. 
0033. The protection layer 110 is configured over the 
substrate 100 and around the dielectric layer 108 for encap 
sulating the entire device. The protection layer 110 is formed 
using a material having a high light transparency and a low 
permeability to both moisture and oxygen Such as a metal 
locene based cyclic olefin copolymer. The protection layer 
110 is formed, for example, by Spin coating copolymer 
material over the device or evaporating Single copolymer 
over the device followed by heating to form the copolymer 
layer. Alternatively, the protection layer 110 is formed by 
heating target copolymer material and Sputtering the copoly 
mer material over the device under a vacuum environment 
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with a Surface temperature of the device (Substrate) not 
exceeding 100° C. The protection layer 110 can also be 
formed by casting the copolymer material Over the device or 
using a plasma-enhanced chemical vapor deposition to poly 
merize Single copolymers into a layer above the device. A 
roll-to-roll method may also be used. In the roll-to-roll 
method, a copolymer material layer shaped into a plastic 
film is printed over the device using rollers. 
0034 Since the metallocene based cyclic olefin copoly 
mer has a high light transparency and a low permeability to 
moisture and oxygen, the protection layer 110 provides 
Strong protection to the organic electro-luminescence 
device. Aside from the protective properties, the protective 
layer is also an ideal medium for transmitting light away 
from a reflective, anode emission (top section emitting) type 
of organic electro-luminescence device. 
0.035 FIG. 2 is a schematic cross-sectional view of an 
organic electro-luminescence device fabricated according to 
a second embodiment of this invention. As shown in FIG. 2, 
the organic electro-luminescence device has a double-lay 
ered structure. Aside from all the films in FIG. 1, an electron 
hole transmission layer 112 is also formed between the 
light-emitting layer 104 and the anode 102. 
0036) This invention also provides an organic electro 
luminescence device having a three-layered structure (as 
shown in FIGS. 3 and 4). In the three-layered organic 
electro-luminescence device structure in FIG. 3, aside from 
an electron hole transmission layer 112 between the light 
emitting layer 104 and the anode 102, an electron transmis 
sion layer 114 is also formed between the light-emitting 
layer 104 and the cathode 106. FIG. 4 shows an alternative 
three-layered organic electro-luminescence device. An elec 
tron transmission layer 114 is formed between the light 
emitting layer 104 and the cathode 106 while an electron 
hole injection layer 112a is formed between the light 
emitting layer 104 and the anode 102. 
0037. This invention also provides a four-layered organic 
light emitting diode as shown in FIG. 5. In FIG. 5, an 
electron transmission layer 114 is configured between the 
light-emitting layer 104 and the cathode 106 and an electron 
hole transmission layer 112 is configured between the light 
emitting layer 104 and the anode 102. Furthermore, an 
electron hole injection layer 112a is configured between the 
anode 102 and the electron hole transmission layer 112. 
0.038. The organic light emitting diode according to this 
invention can have a five-layered structure as shown in FIG. 
6. In addition to an electron transmission layer 114 between 
the light-emitting layer 104 and the cathode 106, an electron 
injection layer 114a is configured between the electron 
transmission layer 114 and the cathode 106. Furthermore, in 
addition to an electron hole transmission layer 112 between 
the light-emitting layer 104 and the anode 102, an electron 
hole injection layer 112a is configured between the anode 
102 and the electron transmission layer 112. 
0.039 The electron hole transmission layer 112, the elec 
tron transmission layer 114, the electron hole injection layer 
112a and the electron injection layer 114a are formed by 
Spin coating, for example. 

0040. In all the aforementioned organic electro-lumines 
cence devices (FIGS. 1 to 6), high light transparency and 
low oxygen/moisture permeability material may be used to 
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fabricate the substrate 100 while conventional material may 
be used to form the protection layer 110. For example, a 
metallocene based cyclic olefin copolymer may be used to 
form the substrate 100. Metallocene based cyclic olefin 
copolymer is a Suitable material for forming a Substrate 
because the material is also highly flexible aside from 
having a highlight transparency and a low oxygen/moisture 
permeability. A metallocene based cyclic olefin copolymer 
Substrate has Superior properties over a conventional Sub 
Strate and hence is often used as a component in a light 
penetrating and anode emitting (bottom Section emitting) 
type of organic electro-luminescence device. 
0041 Moreover, in all the aforementioned organic elec 
tro-luminescence devices (FIGS. 1 to 6), high light trans 
parency and low oxygen/moisture permeability material 
may be used to fabricate both the Substrate 100 and the 
protection layer 110. For example, a metallocene based 
cyclic olefin copolymer may be used to form the Substrate 
100 and the protection layer 110 of the organic electro 
luminescence device. Using metallocene based cyclic olefin 
copolymer material, the substrate 100 and the protection 
layer 110 not only has a higher transparency, a lower 
oxygen/moisture permeability and a higher flexibility, but 
also a better mutual adhesion and a Smaller difference in 
their coefficient of thermal expansion. Hence, an organic 
electro-luminescence device having Such a configuration is 
advantageous to both cathode emission (light passing type) 
and anode emission (light reflecting type) of light-emitting 
devices. 

0042. In addition, the aforementioned organic electro 
luminescence device Structure may include the Special func 
tion dielectric layer 108 between the organic electro-lumi 
nescence Stack layer (that is, the stack Structure between the 
anode 102 and the cathode 106) and the protection layer 110. 
0043. In Summary, the invention includes the following 
advantages: 

0044) 1. In this invention, a metallocene based 
cyclic olefin copolymer is used to form the protec 
tion layer. Thus, the protective layer has a high light 
transparency and a low permeability to moisture and 
oxygen. Aside from the protective properties, the 
protective layer is also an effective medium for 
dissipating light from a reflective anode emitting 
(emission from the top Section) type of organic 
electro-luminescence device. 

0045 2. The metallocene based cyclic olefin copoly 
mer may also be used to form the substrate board of 
an organic electro-luminescence device. The Sub 
Strate board is flexible in addition to having a high 
light transparency and relatively impermeable to 
moisture and oxygen. Thus, the Substrate board has 
ideal properties as a component for a light penetrat 
ing and anode emitting (bottom Section emission) 
type of organic electro-luminescence device. 

0046 3. The metallocene based cyclic olefin copoly 
mer may also be used to form both the substrate 
board and the protective layer of an organic electro 
luminescence device. Aside from having a highlight 
transparency and flexibility and a low permeability 
to moisture and oxygen and high flexibility, the 
Substrate board and the protective layer have a higher 
mutual adhesive Strength and a Smaller difference in 
thermal expansion. 
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0047. 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. 

1. An organic electro-luminescence device, comprising: 
a Substrate; 
an anode configured over the Substrate; 
a light-emitting layer configured over the cathode, 
a cathode configured over the light-emitting layer, and 
a protection layer configured over the Substrate and 

around the anode as well as around the light-emitting 
layer and the cathode, wherein the protection layer is 
made from a metallocene based cyclic olefin copoly 
C. 

2. The device of claim 1, wherein the light-emitting layer 
includes an organic layer capable of emitting light. 

3. The device of claim 1, wherein the light-emitting layer 
includes a polymer layer capable of emitting light. 

4. The device of claim 1, wherein the organic electro 
luminescence device further includes an electron hole trans 
mission layer configured between the cathode and the light 
emitting layer. 

5. The device of claim 1, wherein the organic electro 
luminescence device further includes an electron hole injec 
tion layer configured between the light-emitting layer and 
the cathode. 

6. The device of claim 1, wherein the organic electro 
luminescence device further includes an electron injection 
layer configured between the anode and the light-emitting 
layer. 

7. The device of claim 1, wherein the organic electro 
luminescence device further includes an electron transmis 
Sion layer configured between the light-emitting layer and 
the anode. 

8. The device of claim 1, wherein the organic electro 
luminescence device further includes a dielectric layer con 
figured over the Substrate and around the anode, the light 
emitting layer, and the cathode and between the protection 
layer and the anode, light-emitting layer, and cathode. 

9. An organic electro-luminescence device, comprising: 
a Substrate, wherein the Substrate is made from a metal 

locene based cyclic olefin copolymer; 
an anode configured over the Substrate; 
a light-emitting layer configured over the cathode, 
a cathode configured over the light-emitting layer, and 
a protection layer configured over the Substrate and 

around the anode as well as around the light-emitting 
layer and the cathode. 

10. The device of claim 9, wherein the light-emitting layer 
includes an organic layer capable of emitting light. 

11. The device of claim 9, wherein the light-emitting layer 
includes a polymer layer capable of emitting light. 
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12. The device of claim 9, wherein the organic electro 
luminescence device further includes an electron hole trans 
mission layer configured between the cathode and the light 
emitting layer. 

13. The device of claim 9, wherein the organic electro 
luminescence device further includes an electron hole injec 
tion layer configured between the light-emitting layer and 
the cathode. 

14. The device of claim 9, wherein the organic electro 
luminescence device further includes an electron injection 
layer configured between the anode and the light-emitting 
layer. 

15. The device of claim 9, wherein the organic electro 
luminescence device further includes an electron transmis 
Sion layer configured between the light-emitting layer and 
the anode. 

16. The device of claim 9, wherein the organic electro 
luminescence device further includes a dielectric layer con 
figured over the Substrate and around the anode, the light 
emitting layer, and the cathode and between the protection 
layer and the anode, light-emitting layer, and cathode. 

17. An organic electro-luminescence device, comprising: 
a Substrate, wherein the Substrate is made from a metal 

locene based cyclic olefin copolymer; 
an anode configured over the Substrate; 
a light-emitting layer configured over the cathode; 
a cathode configured over the light-emitting layer; and 
a protection layer configured over the Substrate and 

around the anode as well as around the light-emitting 
layer and the cathode, wherein the protective layer is 
made from a metallocene based cyclic olefin copoly 
mer, 

18. The device of claim 17, wherein the light-emitting 
layer includes an organic layer capable of emitting light. 

19. The device of claim 17, wherein the light-emitting 
layer includes a polymer layer capable of emitting light. 

20. The device of claim 17, wherein the organic electro 
luminescence device further includes an electron hole trans 
mission layer configured between the cathode and the light 
emitting layer. 

21. The device of claim 17, wherein the organic electro 
luminescence device further includes an electron hole injec 
tion layer configured between the light-emitting layer and 
the cathode. 

22. The device of claim 17, wherein the organic electro 
luminescence device further includes an electron injection 
layer configured between the anode and the light-emitting 
layer. 

23. The device of claim 17, wherein the organic electro 
luminescence device further includes an electron transmis 
Sion layer configured between the light-emitting layer and 
the anode. 

24. The device of claim 17, wherein the organic electro 
luminescence device further includes a dielectric layer con 
figured over the Substrate and around the anode, the light 
emitting layer, and the cathode and between the protection 
layer and the anode, light-emitting layer, and cathode. 
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